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The present invention relates generally to gen-
erators for direct-current arc-welding, and par-
ticularly to generators intended to effect self-

. - Tegulation in the armature. In such generators

5 two fields having independent magnetic paths
are caused to be produced. One of these is a
constant work-field which generates a constant
voltage from open-circuit to short-circuit con-

. . ditions, while the other is a series counter-field

10 which generates an increasing voltage with in-
crease of current in the welding circuit. These
voltages oppose one another in the armature,
which thus adds them together to a terminal

.. voltage having the drooping characteristic re-

15 quired for self-regulation. Generators of this
type will herein be referred to as counter-field
generators.

Because of the fact that self—regulatmn takes

~ place in the armature, the transient character-
20 istics of counter-field generators are very good,
the usual current surges occurring in welding
operations being reduced to a minimum. On
the other hand, it has been found difficult to
construct such generators so that these charac-
‘25 teristics may be retained and the armature fully
utilized for generating purposes. On open-cir-
cuit, for example, the terminal voltage has usual-
ly ‘been confined for its generation to a particu-
larly small fraction of the armature circumfer-
‘80 ence. This has been a decided disadvantage of
counter-fleld generators from the standpoint of
machine size and manufacturing cost.
An important object of the invention is to pro-
_ vide an improved counter-field generator for arc-
‘88 welding of simple construction, in which the full
circumferential extent of the armature is em-
ployed to generate the open-circuit voltage, as
well as the terminal voltage under all load con-
.. ditions up to a predetermined load less than the
‘40 short-circuit current value.

In accordance with the invention, this object
is accomplished by making use of a four-pole
series-wound armature cooperating with a four-

. pole field magnet frame with which is associated
45 a special field winding arrangement involving
the use of a single. constant-field winding for
providing the usual. work-field through one pair

of adjacent pole elements and a single series-

' field winding for producing the usual counter-
50 field through the opposite pair of adjacent pole

elements.. The single constant-fleld winding and_

the single series-field winding are respectively
positioned on two adjacent pole elements, while

" on the pole element opposite to the pole elefnent
58 carrying the single constant-field winding is lo-

(01 171--223)

cated a shunt-field winding connected to oppose
the single series-field winding, the remaining
pole element preferably carrying another shunt-
field winding connected to assist the single con- ,
stant-field winding. By this simple four-pole 5
generator construction, as we have found, not
only are the additional work-fields produced
through the armature to enable it to be employed

to maximum advantage for generating purposes, , .
but at the same time this result is obtained with 10
the counter-field principle of self-regulation car-
ried out in the armature, no appreciable incr ease

in the aforementioned current surges resulting
from the production of the additional work- ,.
fields, because of the independent location of the 15
single series-field winding. ) '

It is evident, of course, that the single con-
stant-fleld winding included in the aforemen-
tioned field winding arrangement may be re-
placed by a single group of compound windings ‘gg
operating on a single pole element to produce a
field of substantially constant intensity, an ex-
ample requiring the use of such compound wind-
ings in practice being hereinafter described.

In the accompanying drawings, Fig. 1 and 2

P

25

- are simplified views of an embodiment of the in-

vention, particularly illustrating the field flux
paths on open-circuit and short-circuit; Fig. 3

- is a detailed view of a more elaborate embodi-

ment of the invention inclusive of means for sep-
arately exciting the constant-field winding and
for reversing the polarity of the generator; Fig. 4
is a simplified view of still another embodiment
of the invention, showing the possibility of en-
tirely depending on the generator armature for
excitation purposes, the inner pole portions only
of the fleld magnet frame being shown; and Fig. 5
is a view showing various characteristic curves
as may be obtained in practice by the invention.
Similar characters refer to similar parts through- * 40
out the various figures.

Referring to Figs. 1 and 2, a welding generator
is illustrated which comprises a field magnet
frame of usual construction having four inward-
ly-extending pole elements | and 2 equally spaced 45
circumferentially about the armature 3. Respec-
tively carried by three of these pole elements are
8 constant-field winding 5, a series-field wind-
ing 6, and a shunt-field winding 1. As will here-
inafter become apparent, the use of these single ¢ -
three windings results in the production of fields
through the machine enabling the armature 3 to
carry out the counter-field principle of self-
regulation with - maximum usefulness for gener-
ating purposes. As shown, the relative positions BE

30

35



10

15

20

25

30

35

40

46

60

65

2

of the three windings should be such that the
constani-field winding 5 is located on a pole ele-
ment adjacent to the pole element carrying no
winding, and that the series-field winding 6 is
located on a pole element intermediate the pole
elements carrying the constant-field winding 5
and the shunt-field winding 7. The numeral [
has reference to the pole element carrying the
constant-field winding 5 and to the adjacent pole
element carrying no winding, while the numeral
2 has reference to the pole element carrying the
series-field winding 6 and to the adjacent pole
element carrying the shunt-field winding 7.

Any suitable constant potential source of cur-
rent may be used to supply the exciting current
to the constant-field winding 5, which is shown
connected to the terminals 9 of such a source by
conductors 10. '

The armature 3 comprises a four-pole series-
type winding (not shown), i. e., 2 four-pole two-
path wave winding, and is equipped ‘with the
usual commutator 12 connected with the arma-
ture winding. Four load brushes 13 and 14 are
shown. positioned on.the commutator 12, the ar-
row B indicating the direction of armature ro-
tation required to cause these brushes to have
the polarities indicated. As shown, the two
brushes I3 of negative polarity lead directly by
a conductor 15 to one output terminal P of the
generator, while the two brushes {4 of positive
polarity lead by a conductor {6 to the series-field
winding 6 and thence by a conductor {1 to the
other output terminal Q of the generator.

Preferably, the shunt-field winding 7 is con-
nected as a long shunt across both armature 3
and series-field winding 6, which connection is
iltustrated as being carried out by conductors 18
leading from the winding 7 to the output termi-
nals P and Q. .

“In the usual manner the welding current is

supplied from the outpit terminals P and Q,
which are shown connected by conductors 20 to
a work piece 2 and the welding electrode 22
thereon.

The distinctive manner in which the generator
of Figs. 1 and 2 operates will now be fully de-
scribed.

Although individually positioned on separate
pole elements, the three windings 5, 6 and 1 are

nevertheless each capable of producing flux in

adjacent pole elements. By proper connections

of these windings, a work-field W is thus pro--

duced by the constant-field winding 5 through
the adjacent pole elements |, while through the
adjacent pole elements 2 is produced a work-
field Wi (Fig. 1) by the shunt-fleld winding 7
and a counter-field C (Fig. 2) by the series-field
winding 6, the resultant of these two fields wi
and C being the actual fleld produced through
the pole elements 2.

Wi is a maximum on open-circuit and substan-

85

tially zero on short-circuit, while the counter-
fleld C is zero on open-circuit and a maximum on
short-circuit. Therefore, since the fields Wi and
C oppose one another, their resultant through
the pole elements 2 is a varying field reversing
in direction with increase of load in the welding

_circuit, its value on open-circuit being the open-

70
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circuit value of the work-field W{ and on short-
circult substantially the short-circuit value of
the counter-field C. On the other hand, the
work-field W through the pole elements I is a

constant field unaffected by any change in load-

conditions, its open-circuit and short-circuit
values being the same.

Obviously, the work-field

8,139,700

Still other work-fields W2-and W38 are pro-
duced as a result of the three windings employed.
The fleld W2 is produced through one pair of ad-
jacent pole elements | and 2 by the shunt-field

winding 7 alone; while the field W3 is produced

through the other pair of adjacent pole elements
{ and 2 by the constant-field winding 5§ in con-
junction with the series-field winding 6. Since
these two windings 5 and 6 oppose one another
through their respective pole elements i and 2,
the field W3 is substantially of the same char-
acter as the field W2, which is evident from the
fact that the series-field winding 6 increasingly
opposes the constant-field winding 5 with in-
crease of current supplied to the welding circuit,
_ the effect of this differential action of the two
windings § and 6 through their respective pole
elements ¢ and 2 being obviously to produce a
field W3 of substantially the same character as
one produced by a single shunt-field winding on
either of such pole elements. Therefore, like the
field W1, each of the work fields W2 and W3isa
maximum on open-circuit and decreases in value
with increase of current supplied to the welding
circuit. For reasons hereinafter explained, how-
ever, each of the work fields W2 and W3 becomes
zero at a predetermined load less than the short-
- circuit current value.
" On open-circuit (Fig. 1), the only fields pro-
duced are the four work-fields W, Wi, W2 and
W3. Since these fields are all working fields
produced through the entire four quadrants of
the machine, it is clear that the generator of
Figs. 1 and 2 is one which on open-circuit as-
~ sumes the character of a standard four-pole ma-
chine having four pole elements successively al-
ternating in polarity about a four-pole machine,
the entire circumference of the armature being
employed in generating the open-circuit voltage.
Under load conditions the counter-field C su-
perimposes on the work-field Wi. The only field
which remains constant is the work-field W, a
substantially constant working voltage being gen-
erated by this field from open-circuit to short-
circuit conditions. The work-fields Wi, W2 and
W3 gradually diminish with increase of load,
while the counter-field C gradually increases and
eventually overcomes the work-field W1, at which
point the work-fields W2 and W3 are both neces-
sarily zero because of reversed polarities in the
pole elements 2. -Consequently, a working volt-
age gradually diminishing to zero prior to this
polarity reversal is generated by each of the
work-fields W2 and W3, during which time a
progressively decreasing working voltage also
‘reaching zero.i§ generated by the work-fleld wi
and ‘eounter-field C combined. Subsequently, a
countér-voltage is generated by these superim-
/posed fields Wi and C, which counter-voltage
gradually increases to a value on short-circuit
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almost equal to the value of the working volt- -

age generated by the work-field W. Obviously,
since the total voltage supplied from the arma-
ture brushes is equal at any instant to the alge-
braic sum of the individual voltages generated, a
continuous drop in ferminal voltage is obtained
from open-circuit to short-circuit conditions, the

external characteristic of the generator being-

necessarily of the usual character employed for
self-regulation.

From the foregoing description it is clear that,
under increasing load conditions up fo a pre-
determined load less than the short-circuit cur-
rent value, the generator of Figs. 1 and 2 oper-
ates in the same manner as on open-circuit, but
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with reducing terminal voltage. Thereafter, a
reversal of polarity takes place in the pole ele-
ments 2, each of which is caused to assume the
same polarity as its adjacent pole element |.
From this time on up to short-cireuit, it is also
clear that the generator of Figs. 1 and 2 is simply
a machine having two independent electrically
opposite fields operating through diametrically
opposite portions of a four-pole armature. Ob-
viously, one of these flelds is the constant work-
fleld W produced through the pole elements 1,
while the other is the reversed field (i. e., the
reversed resultant of the work-field Wi and

. counter-field C) through the pole elements 2,
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continued terminal voltage reduction with in-
creasing load being obtained as a result of the
diminishing difference between these two fields.
On short-circuit, of course, the reversed field is
substantially the counter-field C alone, which is
almost equal to the work-field W, the terminal
voltage being caused to assume a value merely in
excess of zero to enable it to maintain the re-
quired short-circuit current flow. . .

Since the armature winding is a two-path
wave winding, there can be no unbalancing of
the armature 3 under load, each of the aforemen-
tioned individual voltages generated by the vari-
ous fields produced through the four armature
quadrants being generated in each of the two
armature winding paths. For the same reason,
only two (a positive 13 and a negative 14) of the
four brushes shown on the commutator 12 need
be employed, although better commutation re-
sults by the use of the four brushes. Also, the
three field windings may be-so designed that the
various working voltages generated on open-cir-
cuit are all caused to have the same values, but
this is not essential for proper operation of the
generator.

As well known in the art, the sudden resist-
ance changes occurring in welding operations are
apt to cause the generator to reflect current

surges of considerable amplitude in the welding .

circuit. In the case of self-regulating machines,
such surges are in large part due to transformer
action of the series-field windings on other wind-
ings. It is for this reason that the series-field
windings of counter-field generators are caused
to establish a field of their own separate from the
field established by the constant-field windings.

Again referring to Figs. 1 and 2, the resultant
fleld in part contributed through the pole ele-
ments 2 by the series-field winding 6 has no
direct influence on the field produced through
the pole elements { by the constant-field wind-
ing §, since these fields are caused to follow en-
tirely independent magnetic circuits through the
machine. The series-field winding 6 may react
inductively with each of the other two windings
§ and 7, but the effects of this inductive action of
the series-field winding 6 are greatly minimized
by its independent location on,a pole element
separate from those carrying the windings §
and 1. - In this connection it is to be noted that
the occurrence of a surge in a welding circuit is
accompanied by considerable flux leakage
through each of the affected field windings of the
generator, the magnitude of the surge largely
depending on the extent of mutual induction with
reference to these leakage fluxes. Since the
three windings §, 6 and T are individually car-
ried by separate pole elements of the field mag-
net frame, the interlinkage of leakage fluxes be-
tween any two windings on adjacent pole ele-
ments is practically nil. For this reason the

effects of inductive action of the series-field
winding 6 on either of the other two windings §
and T are reduced to a minimum, the transient
characteristics of the generator construction of
the invention being as good as those of a counter-
field generator of the usual construction.

By connecting the shunt-field winding 7 as a
long shunt across both armature 3 and series field
winding 6, it has been found that appreciable re-
duction in the short-circuit current value is ob-
tained. . .

The welding generator illustrated in Fig. 3 con-
tains the same essential elements as described
in connection with Figs. 1 and 2, but in addition
includes preferred constructional features which

for the sake of simplicity have not bheen shown in.

Figs. 1 and 2. . '
Referring to Fig. 3, a fourth winding 23 is now
included in the field winding arrangement. This
additional! winding 23 is a shunt-field winding
carried by the formerly unwound pole element |
and connected to assist in the. production of the
work-fields through this pole element, all four
pole elements being thus utilized for magnetizing
burposes. As shown, conductors 24 connect the
winding 23 in parallel with the winding 1, while
other conductors 25 connect the conductors 24
to the output terminals P and Q. . 'Thus the wind-
ings 7 and 23 are each connected as a long shunt
across both armature 3 and series-fleld winding
6. If desired, a rheostat 26 may be inserted in
one of the conductors 25 for the purpose of vary-
ing the open-circuit voltage. i
Since the winding 23 contributes to produce the
field through the pole elements I, this field is
no longer constant, but decreases from a maxi-
mum on open-circuit to a short-circuit value con-
tributed substantially’ by the winding 5 alone,

et
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although it may bé eaused to remain substan- -

tially constant from open-circuit to short-circuit
conditions by the use of pole elements | designed
to operate at magnetic saturation. ' As to all other
fields produced in the generator of Fig. 3, they
are of the same character as the corresponding
fields produced in the generator of Figs. 1 and 2,
the winding 23 also cooperating with the wind-
ing T in producing the fleld through the pole ele-
ments | and 2 carrying these two windings. Ob-
viously, the field winding arrangement of Fig. 3
has the advantage that the open-circuit voltage
value desired may be more economically obtained,
which advantage is obtained without altering the
transient characteristics obtained with the field
winding arrangement of Figs. 1 and 2. The se-
ries-field winding 6 has no inductive action on
the winding 23. Moreover, any currents induced
in the winding T are not communicated to the
winding 23, the parallel connection of the wind-
ings T and 23 resulting in a short-circuiting of
such currents through the armature.

The welding generator of Fig. 3 has a field

magnet frame which includes the usual interpole
members 28 disposed to align with the armature
commutating zones. Carried by the interpole
members 28 are the usual series-excited windings
28, which are all shown connected in the conduc-~
tor 16 leading from the positive brushes 14 to
the series-field winding 6. o

For the purpose of varying the current output,
the series-field winding 6 in Fig. 6 is carried by a
specially constructed pole element 2a comprising
an inner core 31 adapted for inward and outward
movement through the outer yoke portion of the
machine. As shown, the core 31 may be moved
by a hand wheel 32 equipped with a screw 34
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having its inner end attached to the outer por-
tion of the core 31, 2 bracket 35 fixed to the outer
yoke portion of the machine being provided for
cooperative action of the screw 34 therethrough.
Movement of the core 31 by the wheel operates
to vary the reluctance of the pole element 2a
with a resulting variation in the counter-flux
produced by the series-field winding 6, which in
turn results in a variation of the current deliv-
ered by the generator. An inward movement of
the core 31 produces a decreased current output,
while an outward movement of the core 3{ pro-
duces an increased current output.

Also included in the generator of Fig. 3 is an-
other current-varying means adapting it for
either light or heavy current duty. A switch arm

‘36 may thus connect the outpub terminal Q to

either one of two switch terminals t and t’, from
which conductors 317 lead to the outer end and
to an intermediate point of the series-field wind-
ing 6. A throw of the switch arm 36 to one side
(contacting it with the terminal %) connects the
entire winding 6 in circuit, with the result that
maximum counter-flux is produced, while 2
throw of the switch arm 36 to the other side
(contacting it with the terminal t') connects a
portion only of the winding 6 in circuit, with the
result that minimum counter-flux is produced.
These two positions of the switch arm 36 are
shown in full and dotted lines in Fig. 3, it being
apparent that the full line position causes the
generator to deliver low current values, while the
dotted line position causes it to deliver high cur-
rent values.

Welding operations are carried out with the
current flowing in the arc either in a direction
from the electrode or in a direction from. the
work, depending on the type of welding electrode
employed. It is thus for the convenience of the
operator that a means is often included in weld-
ing equipment by which the polarity of the gen-

. erator may be controlled.

50

55

80

An important feature of the invention is based
on onr discovery that the direction of current flow
from the output terminals P and Q is positively
controlled by the direction of current flow
through the constant-field winding 5. In Fig. 3
a simple double-pole double-throw reversing
switch 40 is thus shown connected in the con-
ductors 10 supplying the exciting current to the
winding 5. The use of this switch has been
found to completely reverse directions in all of
the aforementioned fields produced through the
four pole elements of the field magnet frame
(also the directions of the interpole fields), which
results in reversing polarities at the generator
terminals P and Q. The position of the switch
40 shown in full lines causes the brushes 13 and
14 to assume the polarities indicated, with a re-
sulting direction of current flow in the welding

. circuit shown by the arrows a; while the position

(1

70

of the switch 40 shown in dotted lines causes
the brushes 13 and 14 to assume polarities op-
posite to thosé indicated, with a resulting direc-
tion of current flow in the welding circuit oppo-

site to that shown by the arrows a. Obviously,

this simple polarity reversing means adds but
little to the cost of the equipment. .
In the case of alternating-current motor-
driven generators, we have also found it possi-
ble by the use of simple rectifying means to sup-
ply the required exciting current to the constant-
field winding § from a tapped portion of the

" motor stator winding. This feature of the in-

78

vention is also illu.trated in Fig. 3.. The nu-

A 3,180,700

meral 82 has reference to the motor stator wind-
ing, which is shown as a 3-phase winding con-
nected by conductors 43 to the terminals 44 of
an available 3-phase current source. A com-
parativeiy small portion 42a of one of the stator
winding phases is connected by conductors 45
to the input .of & small rectifier 46, the rectified
current being supplied to the constant-field
winding 5 by the conductors 10 connecting it
through the switch 40 to the output of the recti-
fier 46. Because of the small current required to
excite the single constant-field winding 5, the
unbalance of the motor caused by tapping into
its stator winding does not exceed the usual un-
balance of the line. In the case of large ma-
chines, however, all three phases of the stator
winding 42 may be tapped to avoid any motor
unbalance.

Many advantages result from the aforede-
scribed exciting means. In the first place, the
manufacturing cost of the equipment is greatly
reduced. Because of the small amount of ex-
citing energy required, the cost of the rectifier
46 is very small as compared to that of the usual
exciting generator, the need of a transformer be-
ing eliminated by the permitted tapping into the
motor stator winding. In the second place, the
use of the rectifier 46 positively excludes the
possibility of the generator changing its polarity
while in welding duty. The generator may thus
be used in multiple with another machine with-
out equalizing connections being required. Ir-
respective of the capacities of the two machines,
they conjointly deliver the sum of their respec-

tive current output settings, no tendency of a

reversal of either by the other being possible.

Fig. 4 illustrates how a substantially constant
field may be produced through the pole elements
{ by the use of compound windings deriving their
excitation from the generator armature, where
no outside source of power is available for ex-
citation purposes, as in the case of gasolene en-
gine driven units. On the pole element | former-
1y carrying the single winding 5, are now carried

a series-field winding 50 and a shunt-field wind- -

ing 51. As shown, the series-field winding 50
may be connected between the conductor 15
leading from the negative brushes and an outer
conductor 52 leading to the output terminal P.
The shunt-field winding 51 is shown connected
as a short shunt, conductors 54 connecting it
across the conductors 15 and 16 connecting the
two pairs of brushes. As before the shunt-field
winding 7T is shown connected as a long shunt

across both armature 3 and series-field winding ‘5;

o
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6, one of the conductors 19 being now connected -

to the conductor {5 leading to the winding 50.

The two windings 50 and 54 should be con- i

nected to assist one another with the view to
establishing a work-field through the pole ele-
ments | from open-circuit to short-circuit condi-
tions. This fleld on open-circuit is obviously
produced. by the shunt-field winding 5 alone
and .nder load by the combined action of the
two windings 50 and 51. With increase of cur-
rent supplied to the welding circuit, there is a
decrease in the excitation of the shunt-field
winding 51, but this is compensated by an in-
crease in the excitation of the series-field wind-
ing 50. By the use of pole elements { designed
to operate at magnetic saturation, the two wind-

ings 50 and 51 may thus readily be caused to

establish a work-field through such elements of
substantially constant intensity from open-cir-
cuit to short-circuit conditions.
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From the foregoing description it is clear that
the generator of Fig. 4 has substantially the
same operating features as the generator of Figs.
1 and 2, the two windings 50 and 51 of the
former being substantially the equivalent of the
single winding § of the latter. It is understood,
of course, that the generator of Fig. 4 may be
additionally equipped with a shunt-field wind-
ing on its unwound pole element | for more
economic production of the open-circuit voltage,
as well as with means for varying its current
output, as in the case of the generator of Fig. 3.

In Fig. 5 are reproduced four external char-
acteristics of a four-pole frame machine of a
construction such as illustrated in Fig. 3. 'The

full line curves A and B were obtained with the-

switch arm 36 thrown to its low current range
position, while the dotted line curves A’ and B’
were obtained with the switch arm 36 adjusted
to its high current range position. The full line

“curve A and the dotted line curve A’ were each

obtained with the pole core 31 adjusted to its
minjmum’ current position, while the full line
curve B and the dotted line curve B’ were each
obtained with the pole core 31 adjusted to its
maximum current position., The full line curves
A and B may thus be regarded as limiting char-
acteristics of the machine corresponding to light
current duty, while the dotted line curves A’
and -B’ may be regarded as limiting charac-
teristics of the machine corresponding to heavy
current duty.

The dot and dash line K in Fig. 5 indicates
approximately the voltage values under normal
length of arc generally emiployed in welding op-
erations, the points of intersection of this line
with the four characteristics illustrated there-
fore representing approximately normal current
settings of the machine. As noted, the four char-
acteristics illustrated are characterized by con-
siderable drooping causing them to slope steeply
at such points. It is this rapid variation in ter-
minal voltage with current change from the nor-
mal ‘setting which is especially desired in arc
welding in view of the arc stability which is in-
sured; each of the four characteristics illustrated
in this respect being excellently suited for arc
welding purposes. )

Also shown in Fig. 5 are the high open-cireuit
voltage values permitted by the invention, as well
as the considerable current variation over the
combined ranges provided for light and heavy
current duty.

It has been found that the electrical efficiency
of machines constructed in accordance with this

- invention are exceptionally high.

70

Having described certain embodiments of the

invention, what is claimed is:

1. A direct-current generator for arc welding
comprising a four-pole series-wound armature,
a field magnet frame having four pole elements
circumferentially disposed about said armature,
a single constant-field winding for producing a

constant work-field through one pair of adjacent .

pole elements, a single series-field winding for
producing a series counter-field through the op-

‘posite pair of adjacent pole elements, said con-

stant-fleld and series-fleld windings being re-

. spectively located on adjacent pole elements, and

a shunt-field winding positiéned on the pole ele-

ment opposite to the pole element carrying said

' ‘constant-field winding, said shunt-field winding

‘78

opposing said series-field winding.
2. A direct-current generator for arc welding
comprlsin_g a four-pq_l_g series-wound armature, a

5

fleld magnet frame having four pole elements
circumferentially disposed about said armature,
a_single constant-field winding for producing a
constant work-field through one pair of adjacent
pole elements, a single series-field winding for
producing a series counter-field through the op-

posite pair of adjacent pole elements, said con- .

stant-field and series-field windings being re-
spectively located on adjacent pole elements, a
shunt-field winding positioned on the pole element
opposite to the pole element carrying said con-
stant-field winding, said shunt-field winding op-
posing said series-field winding, and a shunt-
field winding on the remaining pole element as-
sisting sdid constant-field winding.

3. In an apparatus for arc welding, a direct-
current generator comprising a four-pole series-
wound armature equipped with a commutator
provided with load brushes, a field magnet frame
having four pole elements circumferentially dis-
posed about said armature, a single constant-
field winding for producing a constant work-field
through one pair of adjacent pole elements, a
single series-field winding for producing a series
counter-field through the opposite pair of ad-
jacent pole elements, said constant-field and
series-field windings being respectively located on
adjacent pole elements, and a shunt-field winding
positioned on the pole element opposite to .the
pole element carrying said constant-field wind-
ing, said shunt-field winding opposing said series-
field winding; and means for reversing the
polarity of said brushes comprising a reversing
switch in the exciting circuit of said constant-
field winding.

4. In a motor-driven generator unit for arc
welding, a direct-current generator comprising a
four-pole series-wound armature, a field magnet:
frame having four pole elements circumferential-
ly disposed about said armature, a single con-
stant-field winding for producing a constant
work-field through one pair of adjacent pole ele-
ments, a single series-field winding for producing
a series counter-field through the opposite pair
of adjacent pole elements, said constant-field
and series-field windings being respectively lo-
cated on adjacent pole elements, and a shunt-
field winding positioned on the pole element op-
posite to the pole element carrying said constant-
field winding, said shunt-field winding opposing
said. series-field winding; an alternating-current
motor for driving said generator having a stator
winding; and means for exciting said constant-
field winding comprising a rectifier through
which the exciting current to said constant-field
winding is supplied from a tapped portion of said
motor stator winding.

5. A direct-current generator for arc welding
comprising a four-pole series-wound armature,
a fleld magnet frame having four pole elements
circumferentially disposed about said armature, a
single group of self-excited compound windings
for producing a substantially constant work-field
through one pair of adjacent pole elements, a
single series-fleld winding for producing a series
counter-field through the opposite pair of ad-
jacent pole elements, said group of compound

windings and said series-fleld winding being re--

spectively located on adjacent pole elements, and
a shunt-field winding positioned .on the pole ele-
ment opposite to the pole element carrying said
group of compound windings, said shunt-field
winding opposing said series-fleld winding.
ERNEST E. TISZA.
JOSEPH TYRNER.
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