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This invention relates to adjustable choke coils
particularly adapted for controlling the current
of & non-rotary welding device fed by polyphase
current. In connection with. such -devices- it -is
to control or regulate the current by modi-

fying the reactance of a multi-phase choke coil
-which is inserted in the primary circuit of the
welding transformer. :

In such known devices a continuous control
is obtained by providing the iron core of the
choke coil with a variable air gap. The great
magnetic forces produced in said devices cause
constructional difficulties and to obtain a satis-
factory construction is comparatively expensive.

An intermittent regulation may be obtained
by the simultaneous and stepwise change of the
number of turns of the :individual choke-coil
‘phases, by providing these phases with a plural-
ity of taps. However, a sufficiently fine adjust-
ment cannot be obtained with such regulation,
unless a large number of taps is provided and a
cuc;:rdespondingly complicated switching device
 7The invention has for its purpose to provide
:nx’nore simple and substantially continuous con~

1. '

" In the control device according to the invention
the choke coil winding comprises in each phase
a plurality of taps, the taps being connected (and
numbered) in a cyclical order of the phases and
in the order of their distances from the starting
point of the phase winding to a series of contacts

of a switch device by means of which the different .

taps may be connected to the phase supply con-
ductors or to a star point so as to obtain a series of
- control' stages. In any of the stages three
successively numbered taps are either connected
to the preceding or succeeding phase supply con-
ductor in order %o obtain a polygon connection
or are connected to the starpoint so as to obtain
a star connection. In this manner, the number

of stages obtained with a given number of taps

is much larger than obtainable with the known

adjustable choke coils, since successive stages -

are obtained by merely adding or omitting a por-
tion falling between two successive taps of a
single winding and furthermore by using the
same taps and branches for a series of control
stages obtained with star connection and a series
of control stages obtained with delta connection.

The adjustable choke coil above referred to may i

- be of quite small size and of a simple and cheap

construction. In one embodiment of the:inven-
tion this is obtained by providing in the switch
device three series or rows of contacts, each hav-

ing an equal number of contacts, the contacts .
of the middle row being connected to the taps of
the choke coil, the contacts of one outer row be-
ing connected in a cyclical order to the phase sup-
ply conductors and the contacts of the other outer
row being all electrically interconnected. The
différent connections are obtained by connecting
each time a number of successive contacts of the
middle row, which number corresponds to that
of the phases, to the adjacent contacts of either
one of the outside rows. .

Preferably the contact points of the switch
device consist of contact sleeves, while. the con-
nection between these sleeves is effected by means
of a contact plug comprising two rows of three,
pairwise interconnected, pins. |

Circuit connections of the type above referred
to, do not properly lend themselves for use with
an ordinary multi-phase transformer or with a
multi-phase choke coil, since in all or at least
in some of the polygon switch positions the num-
ber of turns which the different -phases have in
the circuits is not equal, so that the sum of the
magnetic fields of the individual choke coil
cores, does not give zero in these cases. In order
to nevertheless obtain a compact assembly and
a saving in material a three-phase choke coil .
construction may be advantageously used, which
consists of three single-phase shell type choke
coils of the usual form, but in which two yokes
are omitted and in which one yoke, for instance -
the lower, of one of the choke coils serves at the
same times as the other, for instance the upper
yoke of the succeeding choke coll, and in which
the coil of the intermediate choke coll is con- ‘
‘nected oppositely with respect to the outer choke.
coils. - oo

The invention will be more clearly understood
by reference to the accompanying drawings, rep+
resenting, by way of example, one embodiment
thereof. . , v

Fig. 1 is a circuit diagram of & direct current
welding device in which the alternating current
is rectified by means of gasfilled rectifier tubes . ~
and in which a choke coil according to the in- 45
vention is used. ’

Fig. 2 is a diagrammatic showing of the.con-
nection of the choke-coil winding for some of the
control stages. o )

- PFig. 3 is a graphical representation of the
welding current as measured in the different po-
sitions of the contact plug. »

. Fig. 4 is a schematic representation of the con-
struction of the iron core of an adjustable choke
coil according to the invention.~ .
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Fig, 5 is a plan view and Fig. 6 is a side view
of an adjustable welding apparatus comprising g
regulating choke coil according to the invention.-

Referring to Fig. 1 the welding transformer 1
may be connected to the network through a
switch 2 and a contact plug 3. This also connects
to the network the windings of the regulating
choke coil 4, hereafter more fully described. By
the insertion of plug 3 o heating transformer 5
Is switched on at the same time. The secondary
side of the welding transformer has three wind-
ings, which by means of center taps form g 6-
phase winding. ' These windings are connected at
their ends to the anodes of three full-wave recti-
fier tubes 6, 7-and 8, whose cathodes are connected

. across the secondary winding of the heating
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transformer 5. The middle tap of the secondary
winding of transformer 5 is connected to s, work-
biece 9, and the center taps of the secondary
windings of the welding transformer 1 are con-
nected:to a welding electrode 10.

‘'The regulating choke coil 4 comprises three
phase windings, the starting points or terminsls
A1, Az anid Az of which may be connected to the
network through the welding current transformer:
Each phase winding of the regulating choke coil
is provided with four taps, including the free ends
of the windings. These taps are marked by the
reference numerals 11—-22 in the order of their
distance from the starting points or terminals
A1, A2, and’ A3 of the Tespective windings.

~When going round the three phases always in
the same sense the twelve taps are traversed in
the order of the numbering. . Consequently of the
optional three successive taps there is each time

one.on each phase. -

A series of ten star-connécted.control Qtagés'

is obtained by interconnecting each time three
successively numbered taps so as to form a star
point. : : ‘

-is obtained by connecting each of three succes-

sively numbered taps to the beginning of the pre~ .

ceding. (or succeeding) phase winding. .
‘The position of the taps may be such that the

ten star conneeted control stages join the ten

delta-connected control stages. .

.- The upper portion of Fig. 1 shows how the con-

" nections are established in the switch arrange-

ment. . .

The taps 11—22 are connected to a series of
contact sleeves which are shown at the top of the
drawings. Thekse sleeves are disposed in an in-
sulating plate 23 and are marked with the refer-
enc:* numerals of the taps to which they are con--
nected. s : ’

- 'These contact sleeves just referred to ‘constitutq;

" the middle series or row of three series of contact

.- 65
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sleeves. For the sake of clarity, the connections

- between the contact sleeves and the taps are

omitted from the. drawings. - :
The twelve- contact-sleeves of the upper row
are connected in groups of three in a cyclical
order to the starting points A1, Az and A3 of the
three phase windings and in such a manner that
obposing contact sleeves. of the two rows are al-
ways connected to different phases, S
. All of the contact sleeves of the lower row are
inter-connected and- form ‘the . star-point) for
star-connection, o
These contact sleeves cooperate with a contact
plug provided with six pairwise. inter-connected
pins, . This plug is: separately shown in: Fig. 1
and denoted by 24. - . '
This arrangement of - the contact sleeves per-

A series of ten delta-connected control stages -

arithmic scale. 'The fact that the curve is sub- ,

- 1,894,258

mits the above-referred to connections to be es-
tablished in & very simple manner. In order
to obtain a star-connection each of three succeed-
ing contact sleeves of the intermediate row is
connected by means of the plug to the corre-
sponding contact sleeve of the lower row and
for obtaining a delta-connection each of them is
connected to the corresponding contact’ sleeve
of the upper row. )

In the drawings four
indicated in dotted lines by way of example.
These four positions eorrespond to the four con-
nection diagrams marked I, IT, XIX, XX of Fig.
2 and give corresponding adjustments of the
welding current. :

. 1
In the position I, the windings of the regulat-

ing choke coil are connected in the manner indi-
cated in Fig. 2, on the upper left. In this case
the full phase windings A;—22, A2—20, Ax—21

5

poSitibns of the plug are j

are star-connected. "Phe current fed from the oy

welding transformer 1, viz. the welding current,-
has its minimum value, ~ ] .

When the plug is moved to the right in the po-
sition marked “I1” so as to engage the succeeding

contact sleeve, the full phase-winding A>—20 and 25

A3;—21 remain in the circuit, but from the phase- -

-winding Ai—22 the portion 22—19 is cut out and

only the
at the top
circuit connections thus cbtained.
tion of the switch apparatus, the current is in-
creased compared with position I.

When threugh successive displacement of the

portion Ai—I18 remains in the circuit;
and on the right of Fig, 2 are shown the

‘plug to the right so as to engage successive sleeves
all of the star-connected stages have been trav- 23

ersed, the plug is returned to the left, but now

in the position to intérconnect the sleeves of the

upper and middle rows for delta-connection. .
After a number of these stages have been trav-_ -
ersed the plug occuples for instance the position.
XIX, to provide for the ‘delta-connection shown
in Fig. 2 at the bottom on the left. If it is
desired to still further increase the current, the
plug is moved further to the right so as to occupy
the position XX thus cutting out the portion
11—14 in the corresponding winding of the regu-
lating choke coil. The connection thus obtained™

'is shown in Fig. 2 at the bottom on the right.

This position corresponds to ‘the last stage and -
gives the maximum current strength obtainable.
Fig. 3 shows a curve corresponding to the actu~
ally measured welding currents for the successive
control stages, the numbers of amperes of the
welding current obtained at the secondary side of
the- welding transformer being plotted in a log- .

5

stantially a straight line, shows that the per-
centage of current increase with the transition
from any stage to the succeeding stage is the .
same throughout. - - : e
.- 'Thus the device makes it possible to obtain

‘twenty different stages .or adjustments in the

welding eurrent strength and requires only four
taps per phase, including the free end -terminals

- .

In this posi- s,

40-

0

o

O

of the phases. ‘At the same time the maximum’ o

current carried by the conductors connecting
choke coil-to the switch apparatus and by
pins and sleeves of the switching apparatus
amounts only to T B

the

times the maximum network current, so that the
switch device may-have a small size, - :

The transitign from one connection to another 5

the . -

1 N Y
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may be readily effected under tension, provided
the welding operation be interrupted at this mo-
ment, in which case the current to be interrupted

by the switching apparatus amounts only to -

1
times the no-load current of the transformer.

The regulating apparatus is small, simple and
cheap and the control in twenty stages allows a
practically continuous control. Of course, the
number of stages may be increased in.a simple
manner. .

In case the taps of the different phase wind-
ings are provided at equal distances from the
starting point, in certain stages the different
phases will be symmetrically loaded, while in other
stages will be asymmetrically loaded, as appears
from Fig. 2. However, the last stage will be a
symmetrical one so that the maximum power of
the r'w&lding apparatus is not decreased by the
control device. : '

In one embodiment of the invention the dis-
tance between the starting points of the windings
and the successive taps increase toward the free
end terminals of the phase windings. Such a di-
vision has the adva}ltage that the maximum load
difference between’the individual phases is ma-
terially smaller than in the case of an equal
spacing of the taps. ' ’ o

As has already been stated it is not advisable.to
use the regulating arrangement referred to with
a normal three-phase transformer or a three-
phase choke coil. In fact, since these have only
three cores which are magnetically interconnect-

of ‘'yokes, the sum of the flelds is zero. Conse-
quently the sum of the electro-motive forces in-
duced by the fields in the three windings is not
zero for those connections in which the number
of turns are unequal. Due to this, unduly large
compensating currents would occur in the asym-
metrical delta-connections. This also holds good |

-for the multi-phase constructions having a phase

number other than three. )

The arrangement according to the invention
may be also used if instead of .a combined m-
phase core, m separate single phase cores are pro-
vided. However, the combined core has the ad-
vantage of a saving in materials and of greater
compactness. This advantage is also partially
lost when the multi-phase construction is pro-
vided with an additional unwound core by which
the yokes are magnetically interconnected. How-
ever, the construction in which the compensating
current.is suppressed has other drawbacks.

The same important saving in material ob-
tained with the standard three-leg construction
can, however, also be obtained by means of a con-
struction of the multi-phase core as shown in Fig.
4, which construction has several further practical
advantages. . ' .

The device illustrated may be regarded as con-
sisting of an assembly of three single-phase shell

5 - type cores 25, 26 and 27 in which two yokes are

omitted. When denoting the magnetic fields of
the three cores by Fi, Fa, and F3, the yokes 28, 29, -
30 and 31 carry the following fields: L

1L, % (Fa—F), %(F—Fp, —%Fs
The flelds F1; F2, and Fa are assumed to be posi-

. tive in the directions indicated by arrows in the

drawings. Should the three coils be wound and

- connected in the same sense, each of the two mid-

. dle’ yokes would in accordance with the above

3

terms, carry a field having a value which is a.p-
proximately

\ V3
times that of the field of the end yokes. However,
when the coil of the middle winding of the three
single-phase windings is oppositely connected, in-
stead of the usual relation existing between the
core flelds namely:

7 F1+F3+F:=0
the relation will be .
Fi—F1+4F3=0 or Fa=F1+{-F3

When inserting the so found value of ¥ in the
above terms for the yoke fields, the latter become
P %P, —%F; —1%Fs
¥rom this it appears that in this case the four yoke
fields are equal. Consequently the two middle
yokes need not be thicker than the terminal yokes.
Thus with this construction the amount of mate-
rial required is practically the same as that re-
quired for the normal combined three-phase con-
struction. Furthermore the above arrangement

has the following advantages: :

1. The mutual inductance due to the leakage
fields are practically zero. Consequently, the
troublesome effect due to unequal mutual induc-
tances is absent, whereas this is quite pronounced

-in the case of a standard three-legged choke coil

and results in unequal loading of the rectifying
valves, which drawback also manifests itself even
when the number of turns on each of the three
cores is the same.

2. The air gap of each choke coil core may be
adjusted separately,. in contradistinction to the

three-leg construction, thus making it possihle to-

compensate for differences which may. exist for
some reasons between the three phases.

3. The same type of stamps and punches may
be used as for single-phase choke coils.

4. Instead of clamping the yokes between ungle
bars the side cores are clamped between brass
strips. For this purpose the bolt apertures al-
ready normally provided in the core sheets may
be used. When using common strips for the
three choke coils they ate assembled so as to
form a unit. The strips must be provided with
oblong apertures so that the air gaps may be
adjusted. There is no danger of the brass strips
being heated by Foucault currents as may be the
case with angle bars.

5. The core sheets need not be wound into the
coils but the coils may be slipped over previously
formed -cores. :

Figs. 5 and 6 show the arrangement of the regu-
lating choke coil 4 in a welding apparatus com-
prising wheels.

In Fig. 5 the rectifier tubes 6, 7 and 8 are shown
as disposed in a separate space. Furthermore
this figure shows the plate 23 together with the
contact sleeves and the plug 24 in plan view. '

¥ig. 6 shows the switch device arranged cen-
trally above the choke coil 4 so that the twelve
connecting wires are as short as possible while
the assembly remains clear. )

The regulating device is mounted on the top of
the casing, thus at a readily accessible and
properly illuminated place. A hinged cover may
be provided above this regulating devive.

A ventilator (not shown) may serve for cool-
ing the rectifying valves, and may be placed at

15

70"

the bottom of the case, whereby it also cools the -

choke coil and other parts of the apparatus.
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Of course, the inventlon is not limited to the
forms of construction described and Hlustrated;
for instance it is possible to replace the lower row
of contact sleeves, shown in Fig. 1, by & trlpolar
plug whose pins are electrically interconnected,
and which plug may be inserted in the contact
sleeves of the middle row for those regulating
stages which require star-cennection.

It will be appreciated that the regulating de-
vice may also be equipped with sinigle-phese choke
ceils. In this case, however, the advantages re-

* sulting from the combined constructiom are not

15
20

25"

45

obtained.

What I claim is:— '

1. A control device for the control of s poly-
phase current comprising an adjustable choke-
coil to regulate said current, said choke-coil
having a plurality of phase windings, and each
winding having a plurality of taps, a conductor

-for each phase and connected to one end of its

respective phase winding, a switching device
having a series of contacts, the taps of said wind-
ings being connected to said contacts in a cyclical
‘order of the phases and in the order of their dis-
tance from the starting point of their respective

phase, said switching device comprising means to -

connect successive taps, one of each phase, to the
preceding or succeeding phase conductor to ob-
tain a polygon connection of said phases.

2. A control device for the control of a three-
phase current comprising an adjustable choke coil
to regulate said current, said choke coil having
three phase windings each having a plurality of

taps, a conductor for each phase and connected:
*.to one end of its respective phase winding, g

switching device having a series of contacts, the
taps of said windings being connected to said
contacts in a cyclical order of the phases and in

the order of their distance from the starting point

of their respective phase winding, said switching
device comprising means to connect three suc-
cessive taps to the preceding or succeeding phase

~ conductor to obtain a polygon connection of said

phase windings.

3. A control device for the control of three
phase. current comprising an  adjustable choke
coil to regulate said current, said choke coil having
three phase windings, each phase winding having

& plurality of taps, a switching device having a

‘series of contacts, the tape of said windings being

connected to sald contacts in a cyclical order of
the phases and in the order of their distances

-from the starting point of their respective phase,

said switching device comprising means to con-

inectthreesuccessivetapstoacominonpoint to
‘obtain a

connection of said phase windings,

4. ‘A control device for controlling three-phase
current comprising an -adjustable choke coil to
regulate said current, sa.ldchokeooilhavingt.hree

fphasew!ndings.eachphasewindinzhavinga

Plurality of taps, a supply conductor for each
phasze and connected to one end of its respective

" phase winding, a switching'apparatus comprising

& serles of contacts, the taps of said windings being
connected to said contacts in a cyclical order of
the phases and in the order of their distance from

- the starting point of their respective phase wind-
. ing, said switching device comprising means to

70’

alternatively corinect three successive taps to the.

preceding or succeeding phase supply conductor

‘to obtain a polygon connection of said phase

, windings and to connect three successive taps to

(1

aeommonpointtoobtainastarconnectiono!

" sald Y

5. A control device for the oontrol of a poly-

1,094,068

phase current comprising, a choke coil to :eéu-
late said current, sald choke coil having a plu-
rality of phase windings and each phase winding

having a plurality of taps, a supply conductor for

each phase and connected to one end of its re-
spective phase winding, a switching apparatus
having a series of contacts connected to the taps
of said windings in a cyclical order of the phases
and in the order of the distance of the taps from
the starting point of their respective phase wind-
ings, said switching device having & sécond se-
ries of contacts connected in a cyclical order to
the phase supply conductors, the numbers of the
contacts of each series being equal to the total
number of taps, and means to interconnect the
contacts of the two series to connect three suc-
cessive taps of the phase windings to the phase
supply conductors to cbtain a po]ygon connection
of said phases.

6. A control device for the control of three-
phase current comprising, an adjustable choke
coil to regulate said current; a supply conductor
for each phase and connected to one end .of its
respective phase winding, said choke coil having
three phase-windings, the starting point of each
phase winding being connected._to one of said

10

B

phase supply conductors, each phase winding

having a plurality of taps, a switching device
having a series of contacts, the taps of said wind-
ings being connected to said contacts in & cycli-
cal order of the phases and in the order of their
distance from the starting point of their respec-

tive phase winding, and a second series of con-
tacts on sald switching device connected in cycli-
cal order to said phase supply conductors, -and
means to connect three successive taps to. the
phase supply conductor so that the taps are con-
nected to different supply conductors as are the
starting point of their respective phase-winding.

7. A control device for the control of three=

phase current comprising a&n sdjustable .choke

coil to regulate said current, said choke coil hav-.

ing three phase-windings and each having a

‘plurality of taps, a supply conductor for each

phase and connected to one end of its respective

phase winding, a switching device having a se-

ries of contacts the number of which equals the
total number of taps, said taps being connected

“to said contacts in a cyclical order of the phases

and the order of the distance of the iaps from
the starting point of their respective windings, &
second series of contacts connected in a cyclical
order to the phase supply conductors, a third se-
ries of electrically interconnected contacts, and
means to alternatively connect three successive

55

contacts of the intermediate series with the three .

phase supply conductors to obtain a polygon con-
nection of said phase-windings and to connect

them with said third series of contacts to obtain

& star connection of said phase-windings., - )
-8. A control device for the control of polyphase
current comprising an adjustable choke coil to

.regulate said current, said choke-coil having a

plurality of phase windings and each phase wind-

ing having a plurality of taps, a switching de-

vice having three series of contacts, each series

having a number of contacts equal to the total

number of taps, one series of contacts being fixed-

iy connected to the taps, and & switching member

_to alternatively connect.one tap contact of each

phase with the corresponding contact of the sec-
ond series to obtain a polygon conneéction and
withthecorrespondingconhctotthctmtduuu
toobtainastareonnection.

s.Acontrol dev!oexortheeontmlotpolyphm

ot
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current comprising an adjustable choke coil to
regulate said current and having a plurality of
phase windings, a supply conductor for each phase
and connected to one end of its respective phase
winding, said phase windings being connected
with their starting point to one of said phase
supply conductors, each phase winding having

- & plurality of taps, a switching device having

10

18

~contact plug having pairs of contact pins the
number of which equals the number of phases -

20

three rows of contact sleeves, the contact sleeves
of the intermediate row being fixedly connected
with the taps of said windings in a cyclical order
of the phases and in order of the distance of the
taps from the starting point of their respective
phase, one outer row of contact sleeves being con-
nected in a cyclical order to the phase supply con-
ductors and the other outer row of contact sleeves
being electrically interconnected, and a movable

and so disposed as to be adapted to engage op-
posing contact sleeves of the middle row and
either one of the outer rows to.alternatively es-

S5

tablish a polygon connection and a star con-
nection of the choke-coil windings.

10. A control device for the control of three
phase current comprising a choke-coil having
three-phase windings, and a conductor for each
phase and connected to one end of its respective
phase winding, each phase winding having a plu-
rality of taps and being connected with its start-
ing point to one of said conductors, and a switch-
ing device adapted to provide a plurality of poly-
gon connections of said phases, the number of
which is equal to the number of phases multiplied
by the number of taps less two, and to provide a
plurality of star connections of said phases, the
number of which is equal to the number of phases

multirlied by the number of taps, minus two, the

transition from successive connections causing -a
substantially uniform increase of the current, so
that the change of the current through the whole
range of control is substantially linear.
HENDRIK ABRAHAM WIJNAND
KLINKHAMER.
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