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6 Claims.

The present invention relates principally to
alternating-current apparatus, such as trans-
formers and choke coils, and particularly to ap-
paratus of this kind in which a movable contact

3 Ineans, such as a contact member, is employed to
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vary elther the voltage or the usable portion of
a winding. The invention also relates to arrange-
ments for making successive connections to a
series of points at different electrical potentials
without interrupting the circuit.

It has heretofore been proposed to provide ap-
paratus of the above-described character, in
which no resistance is introduced in the contact
member. Such apparatus is either wholly in-
operative or, if operative at all, can work only with
a low-voltage winding; and then only at low effi-
ciency. Otherwise, there would be liability of
excessive short-circuit current, resulting in dam-
age to the transformer.

In the copending application, Serial No. 673,447,
filed May 29, 1933 by Eduard Karplus, a very sim-
ply constructed transformer or choke is described
in which these difficulties are overcome. A re-
sistive contact member makes successive connec-
tion with points of the winding, and is always
in connection with at least one point, and, in
certain positions, short-circuits adjacent points.
The contact member is given a resistance suffi-
ciently high to substantially reduce the short-
circuit current, and sufficiently low so that ex-
cessive heating does not result from the flow of
the useful current. Highly efficient operation is
thus possible, even when the contact member
moves over a high-voltage winding, because of
the resistive mnature of the contact member,
whereby the current caused by connecting two
adjacent turns together is limited, preventing
over-heating.

One of the objects of the present invention is
to provide an improved transformer or chcke of
the class described in the said application in
which the heating of the contact member is re-
duced and the useful output increased.

Another object is to provide a contact means
for making connection successively with points at
different potential without interrupting the cir-
cuit, in which the energy loss in the contact means
is considerably reduced.

Another object of the invention is to provide
new and improved alternating-current apparatus

(Cl. 171—119)

of the above-described character that shall be
simple in construction, efficient in operation and
cheap to manufacture. Other and further ob-
jects will be explained hereinafter, and will be
particularly pointed out in the appended claims.

The invention will be more fully described in
connection with the accompanying drawings, in
which Fig. 1 is a perspective of a toroidal auto-
transformer constructed according to one em-
bodiment of the present invention; Fig. 2 is a
longitudinal section of the same through the
axis of the toroid; Fig. 3 is a diagrammatic view
of a circuit arrangement of a modification in
which separate primary and secondary windings
are employed; Fig. 4 is an enlarged view of a
brush, making contact on the winding; Fig. 5
shows the circuit arrangement of the device of
Fig. 1; Fig. 6 is a diagram of a circuit equivalent
electrically to the secondary circuit of Fig. 8, and

Figs. 7, 8 and 9 show modified contact arrange-

ments in which contact studs are employed in
blace of the turns of the winding.

Referring, first, to Figs. 1, 2 and 5, an auto-
transformer winding 2 is connected, at an end
terminal 4 and at a tapped terminal 8, respec-
tively, to line conductors 6 and 10, between which
the line voltage is applied. A load 12 is con-
nected by a conductor {4 with the line conductor
§ and by a conductor {8 with a movable contact
member 8. The auto-transformer winding 2 is
wound, preferably in toroidal form, about a cir-
cular or cylindrical, iron core 20, at the axis of
which is disposed a shaft 22, The contact mem-
ber 18 is fixed to the shaft 22 and carries a brush
contact 28 that engages successive turns of the
winding 2. To adjust the voltage applied by the
auto-transformer 2 upon the load {2, it is merely
necessary pivotally to move the contact member
18 and its shaft 22 about the axis of the toroid.

In the auto-transformer of Figs. 1, 2 and 5, the
conductors 6 and I8 constitute the primary con-
nections, and the conductors (4 and {6 the sec-
ondary connections of the winding 2. 'The prin-
ciples of the operation are, however, the same,
if the winding 2 is the secondary winding of an
ordinary-type transformer, as illustrated in Fig. 3,
haying an iron core 24 and a primary winding
26 connected with the line conductors § and {0,
It will, of course, be understood that the toroidal
forfn may be used in connection with the trans-
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former of Fig. 3, and the straight form of Fig. 3
may be used with the auto-transformer of Fig. 1.
Where the straight form of winding 2 is used,
the brush 28 is naturally slidable instead of, as
in Figs. 1 and 4, rotatable. The load 12 is shown
in Fig. 3 connected by the conductor 4 to a

terminal of the secondary winding 2 and by the.

conductor 16 to the brush contactor 28. ,

According to a feature of the present invention,
the voltage of the winding 2 is rendered con-
tinuously adjustable in a novel manner. This
may be understood more particularly from the

_enlarged diagrammatic showing of Fig. 3, where

the primary current is indicated at #, and the
conductors 14 and 16 are assumed to carry a load
current 2. 'The brush contactor 28 is wider than
the distance between the intermediately disposed
contact points 38 and 40 of two adjacent turns 82
and 34 of the winding 2. ‘The brush 28 will, there-
fore, always engage at least one turn of the wind-
ing 2. As the brush 28 slides or pivots over the
winding 2, furthermore, it will happen that, every
so often, it will short-circuit at least one complete
turn 36, between the points 38 and 40. 'The short
circuit is indicated in Fig. 3 by dotted lines, and
is assumed to have a current io and a voltage ed.
Assuming the brush- 28 to be moved downward,
as viewed in Fig. 3, for example, as soon as, or
before, the brush 28 leaves the point 38, it will
make contact with a corresponding poini 42 of
the next turn. Upon leaving the point 38, the
brush 28 will, of course, break the short circuit
of the turn 36, but it will at the same time, or

- before, effect the short circuiting of the next-low-

er-adjacent turn 44. One such furn 36 or 44,
therefore, is always short-circuited by the brush
28 and the load current iz is thus at no time
interrupted as the voltage is changed during the
movement of the brush 28 from one point or turn
to another.

With the arrangement shown in Fig. 8, the
maximum width of the contact means is less than
the distance between the inside edges of alternate
contact points, so that more than one turn is
never short-circuited, and part of the time mno
turn is short-circuited, although contact is al-
ways maintained with at least one point. This
result can be obtained from the arrangement of
Figs. 3, 4, 5 and 7 by slightly decreasing the width
of the brush. The narrower brush results in less
heating of the contact member, but may reduce
somewhat the smoothness of control.

The short-circuit current depends on the volt-
age between adjacent contact points and on the
resistance of the short-circuited turn 36 and of
the brush 28. The brush or contact means must
have g high enough resistance to prevent damage
due to the short-circuit current, and low-enough
resistance not to cause excessive heating due to
the flow of the useful current, as pointed out in the
said application. 'The heating of the brush, how-
ever, can be materially reduced, and the useful
output increased, if the brush is given a particular
value of resistance which depends only on the volt-
age between adjacent contact points, and on the

- current exchanged with the external circuit. The
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following analysis determines the optimum value
of brush resistance.

In Fig. 3, the brush 28 is shown making si-
multaneous contact with points 38 and 40 of the
winding 2, and with the conductor 18. The brush
is therefore seen to be a three-terminal resistance.
Now it is well known in electrical theory that any
three-terminal resistance is equivalent, from the
standpoint of the circuits of which it forms a

part, to three independent resistances connect-
ing the three terminals to a common point. In
Fig. 6, therefore, the brush of Fig. 3 has been re-
placed by three resistances, Ri, Rz and Ra.
Fig. 6 is drawn for the case in which the mov-
able contact is symmetrically located with respect
to the contact points 38 and 40. The equivalent
resistances R1 and R¢, from the contact points
38 and 40 to the common point 51 would, there-
fore, be equal i the same current were flowing in
each. It is well known, however, that the resist-
ance between a copper contact and a brush of
carbon composition, for example, may vary con-
siderably with the current flowing through it. It

is therefore necessary to consider the general case,

as shown, in which the two resistances R1 and R«
may have different values. Each of the resist-
ances R1 and R« includes not only the internal
resistance of the contact member, but also the
resistance across the contact. Ri: is thus the
total resistance, from the interior of the wire of
the turn 36, at the point 38 or 40, through the
contact and mafterial of the contact member, to
the equivalent junction point 57.

Proceeding with the analysis, in Fig. 6, the re-
sistance cf the short-circuited turn is indicated
by Ra. If this resistance is large enough, it will
aid in reducing the short-circuit current, but it
has been found, in practice, that the resistance of
the winding cannot be made large enough to aid
materially in this respect without at the same

- time lowering too greatly the efficiency of the

transformer. - This is due to the fact that each
turn must have the same resistance Rs in order
for the brush to operate satisfactorily in all posi-
tions. The resistance of only one turn operates
to reduce the short-circuit current. The resist-
ances of all the turns cooperate to lower the effi-
ciency of the transformer.

. As an {illustration, it has been found, in the
case of an auto-transformer, that the resistance
of the turn may not be greater than 20 per cent
of the required brush resistance without causing
more than a 10 per cent reduction in the trans-
‘former efficiency. In the case of a transformer
with separate primary and secondary, the resist-
ance limit is 5 per cent for the same reduction
in efficiency. In neither case is the allowable re-
sistance of the turn great enough to affect appre-
ciably the design of the brush.

In Fig. 6, the resistance Rz represents that part
of the brush resistance which can be considered
confined to the external circuit. In practical
cases, this resistance can be made small in com-
perison with the resistances R: and R4. In Fig.
4, for example, the metal sleeve 4% surrounding
the resistive brush 28 extends close to the contact
surfaces 38 and 40 and very much reduces the
equivalent resistance R: included in the external
circuit. 'The equivalent resistances Ri Ry, in this
case, result principally from the resistances of
the contact surfaces and of those portions of the
brush immediately adjoining them. In the re-
mainder of the analysis and in the claims to fol-
low, we shall assume that the resistance Ra'is
negligible and shall use the term “brush resist-
ance” to mean the equivalent resistance Ri or Ry,
as above defined.

1t is desired to determine a value for the brush
resistance such that, for a given value of current
delivered to the external circuit, and for a given
value of e, the total energy loss in the two brush
resistances Ri1 and R« will be a minimum. The
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sistances, and the difference between the load
current and the short-circuit current flows in the

- other, as indicated in Fig. 6. The total energy

loss In the two resistances is, therefore, given by
W=Rii?+ R{iz—i)? (¢))

” Equating to zero the voltages around the short-
circuited turn 38, the further relation is obtained:

&= Ruip— Ry(i;—1y) (2)
whence it follows that:
io=°°+ Rudy, )
R+ Ry
Substituting (3) in (1), and simplifying,
w= Rle‘io‘ R, +i? Rilz'l’rR;ﬂ) ' ®

Equation (4) is a perfectly general expression
for the total heat generated in the two equivalent
resistances Ri1 and R4 As indicated earlier, W
must be computed using the values of R: and R«
corresponding to their respective currents.

The first term is seen to be the dissipation due
to the vcltage between adjacent contacts acting
across the two brush resistances in series. The
second term is due to the load current flowing
through the two brush resistances in parallel. In
cases where these resistances do not vary with
the current, the two components are independent,
and the first term is the total, no-load, brush
dissipation.

It is desirable to introduce, as parameter, the
square root of the ratio of the two brush resist-
ances such that

Ry=n?R,. (5)
A substitution of (5) in (4) yields:
. P . n?
W=For TR G (®

To determine the value of R: which, for a given
resistance ratio 72 will result in minimum loss,
the derivative of W with respect to R: in (6) is
set equal to zero, giving:

)]

Substituting (5) in (7) and taking the square
root of both sides,

VRiR=eo/i= Ry. ®

Equation (8) is to the effect that, if the two
brush resistances are in fixed ratio, the mini-
mum loss is obtained when their geometric mean
is equal to the voltage between adjacent contact
points, divided by the load current. As indi-
cated in (8), this ratio will be designated by
Ro, which may be called the optimum brush re-
sistance. If the two brush resistances are equal,
each should have the value Ro for minimum total
loss. If they are unequal, their geometric mean
should have this value.

For design purposes, it is important to know
how much the brush resistances may deviate
from the best values without resulting in exces-
sive dissipation. It is noted from (5) that

2
€y’ r9._9
= ==finl,
R?

1C))

Ry=nyRR, (10)

The ratio of the geometric mean of the brush
resistances to the optimum brush resistance may

T ——
Ri=_yJRiR,

3
be introduced as a second parameter, as follows:
k=2RR, (11)
It follows, therefore, from (9) and (10), that
Ry=ke,/ni} (12)
R =nke,[i; (13
Substituting (12) in (6), and simplifying,
1K 2
w=esi ) (1) a9

In (14), the product esiz is the total brush
dissipation when the two brush resistances are

equal, and equal to the optimum value. This
quantity may be denoted by
W,=e,. (15)

The factor in the first parenthesis gives the
increase in loss which results from employing a
geometric-mean brush resistance different from
the optimum value given by (8). The second
factor represents the decrease in total loss which
can be obtained with unequal brush resistances,

It should be noted that the two functions in
parenthesis are reciprocals of one another. Fur-
ther, each is a function which has the same
value, whether the variable or its reciprocal is
substituted. In other words, k=10 gives the
same increase in dissipation as k=0.1, etc. For
reference, some values of the function (I+x2) /22,
which may be either factor, according to whether
Z represents k or n, may be tabulated, as fol-
lows:

z (142221
1, 100
1.5 1.08
2. 1.25
2.5 1.45
3. 1.67
5. 2.60
10. 5.03
20. 10.0
50. 25.0

From the table, it is seen that, if the geometric-
mean brush resistance is raised to twice the
optimum value, the loss is increased 25 per cent.
To reduce the loss to its previous value by means
of the second factor in (14), however, one brush
resistance would have to be four times the other,
since n?, and not n, is the ratio of the brush
resistances. -

In the case of the brush symmetrically located
between the two confact points 338 and 40, the
two brush resistances may be unequal, and n
may have a value different from unity, only as
a result of variation of the coniact resistance
with the current flowing.

The two factors in (14) tend to offset one
another, and consequently (8) must be rather
closely satisfied in order to obtain less loss than
given by (15), by means of unequal contact
resistances.

Even under these conditions, appreciable re-
duction of heating takes place only if relatively
large ratios of resistance can be obtained. If
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n2=2, for example, only & 6 per cent reduction
in heating can take place,
Fortunately, a much simpler condition exists

which may readily be satisfied in practice. If
either brush resistance has the value.
R=ep/i: (16)

substitution in (4) shows that the total loss is
then independent of the other resistance and
equal to the value given by (15), that 15, to the
product of the voltage between adjacent con-
tacts, multiplied by the load current. This very
much simplifies the problem, for in satisfying
(16), one brush resistance alone may be con-
sidered, without regard to the other. As shown
shove, the simpler condition given by (16) re-
sults in only slightly greater heating than is
obtainable under practical conditions by satisfy-
ing the more difficult requirement (6).

If (16) is substituted for R: in (3), the ex-

- pression reduces to
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io=iz 1n
snd under this condition, therefore, (i2—io), the
current through the contact 40, is equal to zero
and the entire energy loss takes place in the re-
sistance to the higher potential contact 38. If
this latter resistance has the value given by (16),
the resistance to the lower potential point 40
is of no importance in determining the total brush
dissipation of the fully loaded transformer. At
lower values of load current, although current
then flows through both contacts, Equation 4
shows that the total heat loss in the brush is
always less than at full load. As indicated earlier,
therefore, the only concern is with the brush re-
sistance when the full-load current is flowing
through it, and relation (16) should be satisfied
under this condition.
It should be pointed out further that, in view
of (16) and (17),
Rito=Riia=e¢q (18)
which shows that the voltage drop due to the load
current fiowing through the resistance Ri from

- the point 38 is equal and opposite to the turn

60
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voltage es. This furnishes a convenient and prac-
tical test for determining whether or not the
brush resistance satisfles requirement (16). In
making the test, the brush is moved from the
position shown in Fig. 6 until contact is made
with only one point of the winding. The load re-
sistance #2 is then adjusted until the desired
current iz is flowing, the voltage drop between
the turn 36 and the conductor 16 is measured
with a voltmeter, and the measured voltage is
compared with eop, the known voltage per turn.
Although, in this test, contact is made nearer the
center of the brush than when a turn is short-
circuifed, it has been found that the brush resist-
ance is not altered by any considerable amount,

In studies of carbon brushes, it has been pointed
out by some authorities that the contact resist-
ance between a carbon brush and a metallic sur-
face tends to vary with current in such a way that
the potential drop remains substantially constant.
This is particularly true at large current densi-
ties. The more familiar concept of a variable
resistance is employed in the present analysis,
however, it being realized that the two treat-
ments express the same phenomens in different
terms.

2,000,013

The power dissipated in the brush at no load Is
ahother readily measurable quantity, but is use-
ful only in cases where the brush resistance does
not vary with the current. This quantity can be

observed with a wattmeter by comparing, at no-

load, the power input to the transformer, when
the brush touches only one point, to that taken
when a turn is short-circuited. Since the two
resistances are equal under this condition, sub-
stitution of (16) in (4) gives

W=€0°/2R==Ya60f2 (19)

and the brush dissipation at no load is seen to
be one-half of the loss at full load. It should be
noted further that the short-circuit current un-
der the same conditions at no load is given by .

{ol=e0/2R1="Y5iz (20)

again using Equation 16. This is likewise seen
to be half of the full-load value and holds also
only for a constant-resistance brush., -

It has already been pointed out that, in cases
where the brush dissipation must be made as
low as possible, the dimensions of the brush are
made small enough so that never more than one
contact interval is short-circuited at one time.
In the case of small transformers, where the re-
quired heat may more readily be dissipated, it is
desirable, since fine wire is employed, to arrange
the brush to make simultaneous contact with
several adjacent turns. This bprovides very
smooth control and reduces considerably the wear
on the winding. As mentioned earlier,.the ar-
rangements shown in Figs. 3, 4, 5 and 7 alternate-
1y short circuit two turns and one turn.

The analysis which has been given may readily
be applied to contact members which short-cir-
cuit several turns simultaneously. The total
potential difference short-circuited should be
used in the formulae in place of the voltage be-
tween adjacent contacts. In some cases, such
as where a brush of circular cross-section is em-
ployed, the outside turns touching the brush make
contact with such small ares that the contact
resistance is abnormally high. In such cases, the
outside turns contribute little to the total loss,
and the effective number of turns short-circuited
is one or two less than the nominal total. In such
cases, therefore, the brush resistance should be
equal to the effectively short-circuited voltage
divided by the load current.

For example, in the case of a small asuto-
transformer of 1-ampere rating employing a hol-
low, cylindrical core 2% inches outside diameter,
114 inches inside diameter and 133 inches high,
560 turns of No. 28 A, W. G, wire are employed for
115 volts, 60 cycles. The wire is spaced about 14
mils between centers, and a round carbon brush
%4 inch in diameter is employed. Consequently,
the brush extends across eight turns and effec-
tively short-circuits perhaps six turns. The op-
timum brush resistance, being proportional to
the short-circuited voltage, is therefore six times
the value given by (16), and the minimum total
loss, under this condition, is six times that ob-
tained from Equation 15. - Using the above dats,
the optimum brush resistance is computed to be
1.2 ohms and the minimum loss 1.2 watts,

This amount of heat can be dissipated without
employing radiating fins. It would probably not
be practicable to employ. a brush narrow enough
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to short-circuit fewer than three turns in & trans- -

former of this size, and probably no.more than
two watts could be dissipated without fins, which
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are undesirable in a small compact instrument.

-If only three turns are short-circuited and the

dissipation is allowed to be two watts, then the
value of k¥ may not be greater than 6.35, 1. e.,
the brush may not have less than ¥%.35 or more
than 6.35 times the ideal resistance computed
as specified above. The ideal value is 0.62 ochm
and the limits ‘are therefore 0.098 ohm and 3.72
ohms for a brush which short-circuits three turns.
If the brush short-circuits six turns, as actually
constructed, the corresponding lLmit of % is 3.0,
the optimum brush resistance 1.24 ohms, and the
resistance limits 0.41 ohm and 3.72 chms.

In the case of a similar, larger auto-transform-
er of 5-amperes rating, the out<ide diameter of
the core is 4 inches, the inside diameter 21
Inches, and the height 2% inches. 300 turns of
No. 20 A. W. G. wire are used for 115 voits, 60
cycles. The diameter of the brush is % inch,
and since the distance between turns is about 32

" mils, three or four turns are always covered by

the brush. Only two turns are effectively short-
circuited, however, and twice the voltage per turn
should therefore be employed in designing the
brush and computing the loss. In this case, the
optimum brush resistance is 0.15 ohm and the
minimum loss 3.8 watts. A radiating fin is em-
ployed on the brush and perhaps 6 watts could
be dissipated. The maximum allowable value of &
is therefore computed from expression (14), as-
suming n=1 or that the brush resistances are
equal, to be 2.8. The resistance limits are there-
fore 0.053 and 0.42 ohm.

In g still larger similar unit of 15-ampere rat-
ing, the core has an outside dlameter of 5%
inches, an inside diameter 21% inches and a height
of 2% inches. 160 turns of No. 14 A. W. G. wire
are employed for 115 volts, 60 cycles. Two
brushes are used, and are narrow enough so that
more than one turn is never short-circuited at
one time. In this case, the optimum brush re-
sistance is 0.05 chm and the minimum loss 10.8
watts. The brushes pass through a metal, heat-
radiating disc the diameter of which is as large
as the core. Elaborate means would be required
to radiate much more heat. Perhaps 16 watts is
the practical limit. The maximum permissible
value of k is therefore computed, as before, to be
2.6.

It is to be observed, therefore, that, with
three transformers, as constructed, satisfactory
operation can not be obtained if the brush re-
sistance is more than three times or less than
one~third of the voltage between adjacent points,
or the total voltage effectively short-circuited,
where several turns are covered by the brush, di-
vided by the maximum current delivered to the
load. It has been seen, however, that in "the
case of the l-ampere transformer, the use of a

narrower brush might raise the tolerance factor

to 6 or 7. If this 9 to 1 range of resistance va-
riation be substituted in (6), the ratio of no-load
brush dissipation to full-load diss’pation will be
found to vary between 0.1 and 0.9,

With all the transformers described, the cur-
rent which can be delivered to the load is limited
by the copper loss in the winding. That is, for
each transformer, there is a maximum value of
load current above which damage to the trans-
former will result due to heating of the winding.
As indicated earlier, the brush should be designed
so that the condition (16) for minimum brush
dissipation is satisfied when th's maximum cur-
rent is flowing to the load.

The procedure in measuring the brush resigt-

5

ance has been described for cases where never
more than one turn is short-circuited. In the
more complicated cases, a brush can be tested
Independently of the associated transformer by
setting it on a series of turns similar to those of
the winding but not connected to one another,
The brush pressure should be approximately the
same as with the transformer. Current equal to
the maximum safe current for the transformer
can then be caused to flow from one of the turns
into the contact and the corresponding potential
difference between the external-circuit connec-
tion of the contact and the turn measured with a
voltmeter. The brush resistance is then equal
to the measured potential difference divided by
the current through the contact. This proce-
dure is satisfactory when as many as four turns
are covered by the brush. If from five to ten
turns are covered, the measurement should be
made similarly, except that the current should
be caused to flow simultaneously from two ad-
jacent turns at the same potential, the total
current into the contact member being the maxi-
mum safe current for the transformer, as before.
Both in this case and in the case where the cur-
rent enters the contact from only one turn, the
test should be repeated several times, employing
different turns to conduct the current; to make
certain that a representative average result is
obtained. Although the conditions outlined for
these tests are not those of actual operation, the
approximation is sufficiently close for practical
purposes. Where the term “brush resistance”
or “resistance of the contact means” is employed
hereafter, or in the appended claims, therefore,
the particular resistance determined by the above
procedure is referred to.

The toroidal construction shown in the pre-
ferred embodiment of the present invention is
advantageous in facilitating making contact with
every turn of a winding., If the rectangular
form is used, a simple slider can operate on only
one leg, and even a double slider can utilize only
two of the four legs,

The use of a slider operating directly on the
turns of the winding provides a simple and in-
expensive means of obtaining the low voltage
between adjacent contact points which is neces-
sary to secure efficient operation.

Finally, even with low voltage per turn, the
resistive contact member is required in order, in
practical cases, to reduce sufficiently the heat
resulting from the short-circuited turns.

The simultaneous use of all three of these fea-
tures makes a particularly useful and efficient
device which can be constructed for operation at
wide ranges of voltage and current. For ex-
ample, in the case of the above-mentioned trans-
formers, previously proposed, even when a
toroidal form was used, the resistance of the
metallic contact member was so low that it was
necessary to restrict operation to very low volt-
ages. In other cases, where taps were brought
out, economic considerations prevented the use
of sufficient taps, so that the resistances intro-
duced could make the device operable in all Do~
sitions of the movable contact means.

The novel design of a moving contact which
has been disclosed can obviously be applied with
advantage in many types of apparatus other
than the transformer or choke coil which has
been described. In any case where it is desired
to make connection successively with points of
different potential without interrupting the cir-
¢uit, the contact of the present invention is ap-
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plicable, and Equation 11 gives immediately the
value of brush resistance which should be em-
ployed. The voltage eo is the voltage between
adjacent contact points, just as in the case of
the transformer described. Such applications
are considered to fall within the scope of the
invention. :

" The relationships which have been developed
are eoually applicable whether or not the resist-
ances are introduced into the circuit by means of
the single resistive contact piece 28, or by any
other method. For example, in Fig. 7, the mov-
able contact 28 may be made of low-resistance
material, and resistances introduced into each of
the connections 47, as has been done heretofore,
Greatly improved operation of the device results,
however, if each of these resistances has the value
given by Equation 16 in accordance with the
present invention,

There are other arrangements which are ob-
viously equivalent electrically to the contact sys-
tem of Fig. 6. Instead of employing two points
of the same resistive contact member 28 to touch
the points 38 and 40, as in Fig. 4, separate low-
resistance contacts may be empleyed and the re-
guired resistances Ri connected between them
externally, as shown in Fig. 8.

Following Equation 17, however, it has been
shown that, when the transformer is loaded, the
resistance to the point 49 is of no importance in
limiting the short-circuit current, and can con-
sequently be reduced to zero, resulting in the
arrangement shown in Fig. 8.

The two movable contacts 58 and 59 in Figs. 8
and 9 are arranged to move simultaneously at
fixed separation, as by being attached to the
single, movable, insulating piece &8, or by any
other method. Also, any other arrangement of
contacts may be employed which results in the
same sequence of connections when the control
member is moved. These connections are as
follows: in one position of the control, the mov-
able contacts make connection respectively with
adjacent points of the winding. As the control
is advanced from this position to the left in Figs.
8 and 9 in the direction of higher potential, the
contact 59 leaves the lower-potential point 49
and for an appreciable space makes ng connec-
ticn. Next, the movable contact 59 makes con-
nection with the higher-potential point 38 and
for an appreciable space thereafter both movable
contacts are connected to the same point. Con-
tact 58 then leaves point 38, making no connec-
tion, and then subsequently makes connection
with the next higher point, while the contact §9
is still in connection with point 38. The relative
positions are now as at first, but advanced one
contact. The cycle then repeats,

In the particular arrangement shown in Figs.

8 and 9, certain dimensional relationships are’

necessary if the connections are to be made as de-
scribed. It is evident that the width of each
of the movable contacts 58 and 59 must be less
than the spacing between the inside edges of ad-
jacent stationary contacts. Also the distance
between the inside edges of the movable contacts
must be less than the width of one of the sta-
tionary contacts. Further, the distance between
the outside edges of the movable contacts must
be less than the distance between the inside edges
of any pair of alternate fixed contacts to prevent
the bridging of two potential intervais.

In the arrangement of Fig. 9, the single resistor
R: should be given the value determined by
Equation 16, just as if two resistors, or a resistive

brush meaking two contacts, were employed. It

is evident, therefore, that both the no-load shert-
circuit current and the no-load brush dissipation
are twice as great as the values given in the
analysis for the other cases. The arrangement 5
is quite satisfactory, however, because at full
load the dissipation is the same as for the cases
analyzed. i

The resistive brush of Figs. 1, 2, 3, 4, 5 and 7
may be made of a mixture of carbon, graphite 10
and powdered copper in proportions to give the
required specific resistance, or the required po-
tential drop. .

Means should be provided to conduct and ra-
diate away the heat produced in the contact 18
brush 28. The heat radiator is shown in Pigs.

1 and 2 as & large metal disk 43 on the stem 4§
that carries the brush contsctor 28. In Fig. 5,
too, the arm {8, of metal, is shown made very
wide to radiate the heat. Other heat radiators 20
may be employed.

The uses of the present invention are very
numerous—almost ag numerous, In fact, as alter-
nating-current problems themselves, The novel
transformer of the present invention may be 25
used in connection with 60-cycle or other power
lines and wherever continuous variation of voli-~
age combined with high efficiency is desirable,
but it is by no means limited to power lines and
can be applied at audio or higher frequencies, as 30
well. It may be employed not merely with a
constant, but also with a fluctuating line voltage
from which it is desired to obiain thereirom a
constant voltage. . A toroidal construction such
as is illustrated in Figs. 1, 2 and 5, the contact 38
arm {8 of which is rotatable about the axigs of the
shaft 22, is particularly advantageous, As an
illustration of one practical application of the
invention, the new variable-ratio transformer is
cheaper and more efficlent than the dissipating 40
power rheostats and the elaborate thyratron con-
trols employed at the present day for dimming
theatre lights. The transformer of the present
invention will not fail, like thyratrons do. As
a further illustration, the invention is readily 48
adapted also for the smooth starting and highly
efficient speed control of electric machines, such
as induction motors. The invention may be used
for testing and calibrating voltages and currents
of varying magnitudes and is adapted for use 80
with large or small currents or voltages,

The invention is not, furthermore, limited to
use with one-phase circuits, as two or three or
any other number of brushes 28 may be oper-
ated simultaneously. The toroidal type of vari- 88
able-ratio transformer illustrated in Fig. 1 is
particularly adapted for use where more than
one variable transformer is needed. .

Further modifications will be obvious to per-
sons skilled in the art. It is therefore desired 60
that the appended claims be broadly construed
except insofar as limitations may be necessary
to be imposed in view of the prior art.

What is claimed is:

1. Electrical apparatus of the character de- 68
scribed provided with a winding adapted to be
connected with an external circuit, the winding
being designed to exchange current with the
circuit at values not greater than a predeter-
mined safe value above which the winding would 7
become damaged by such exchange of current, .
the winding having a plurality of points, a con-
tact member for making contact with the wind-
ing, means for connecting a point of the winding
and the contact member to the external circuit, 76
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and means for actuating the contact member to
cause the contact member to engage the points
successively, the width of the contact member
being greater than the distance between two sue-
cessive points, whereby the contact member will
always maintain engagement with at least one
point until the contact member engages the next

‘point, thereby in certain positions to produce a

short-circuit between adjacent points and prevent
interruption of the current in the external cir-
cuit into the contact member, the value of the
resistance of the contact member being such that
when the contact member makes simultaneous
contact with two adjacent points, at the time of
the exchange of said predetermined, safe current
between the winding and the external circuit, the
geometric mean of the resistances of the contact
to said adjacent points is not less than about one-
third and not greater than about three times the
voltage between said adjacent points divided by
said predetermined, safe current.

2. Electrical apparatus of the character de-
scribed provided with a winding adapted to be
connected with an external circuit, the winding
being designed to exchange current with the cir-
cuit at values not greater than a predeterm:ned
safe value above which the winding would become
damaged by such exchange of current, the wind-
ing having a plurality of points, a contact mem-
ber for making contact with the winding, means
for connecting a point of the winding and the
contact member to the external circuit, and
means for actuating the contact member to cause
the contact member to engage the points succes-
sively, the width of the contact member being
greater than the distance between two successive
points, whereby the contact member will always
maintain engagement with at least one point
until the contact member engages the next point,
thereby to produce a short-circuit between adja-
cent points and prevent interruption of the cur-
rent in the external circu't into the contact mem-
ber, the value of the resistance of the contact
member being such that when the contact mem-
ber makes simultaneous contact with two adja-

‘cent points, at the time of the exchange of said

predetermined, safe current between the winding
and the external circuit, the difference of poten~
tial between the higher potential point and the
external circu't is not less than about one-third
and not greater than about three times the volt-
age between said adjacent points.

3. Electrical apparatus of the character de-
seribed provided with a winding adapted to be
connected with an external circuit, the winding
being designed to exchange current with the cir-
cuit at values not greater than a predetermined
safe value above which the winding would become
damaged by such exchange of current, the wind-
ing having a plurality of points, a contact mem-
ber for making contact with the winding, means
for connecting a point of the winding and the
contact member to the external circuit, and
means for actuating the contact member to cause
the contact member to engage the points succes-
sively, the width of the contact member being
greater than the distance between two succes-
sive points, whereby the contact member will
always maintain engagement with at least one
point until the contact member engages the next
point, thereby in certain positions to produce a
short-circuit between adjacent points and pre-
vent interruption of the current in the external
circuit into the contact member, the resistance
of the contact member being of the order of the

7

voltage between adjacent points divided by the
said predetermined, safe current.

4, Electrical apparatus of the character de-
scribed provided with a winding adapted to be

connected with an external circuit with wh'ch-

the winding is adapted to exchange current, the
winding having a plurality of points, a contact
member for making contact with the winding,
means for connecting a point of the winding
and the contact member to the external circuit,
and means for actuating the contact member to
cause the contact member to engage the points
successively, the width of the contact member
being greater than the distance between two suc-
cessive points, whereby the contact member will
always maintain engagement with at least one
point until the contact member engages the next
point, thereby in certain positions to produce a
short circuit between adjacent points and pre-
vent interruption of the current in the external
circuit into the contact member, the resistance
of the contact member being sufficiently large
so that the power dissipated due to the short-
circuit current at no load is not less than about
one-tenth and not greater than about nine-
tenths of the power dissipated in the contact
member at full load and sufficiently small not to
reduce appreciably the current flowing through
the contact member to the external circuit,

5. Electrical apparatus of the character de-
scribed provided with a winding having a plu-
rality of turns and adapted to be connected with
an external circuit, the winding being designed
to exchange current with the circuit at values not
greater than a predetermined, safe value above
which the winding would become damaged by
such exchange of current, a contact member for
making contact with the winding, means for con-
necting a point of the winding and the contact
member to the external circuit, and means for
actuating the contact member to cause the con-
tact member to engage the turns successively,
the width of the contact member being greater
than the distance between two successive turns,
whereby the contact member will always short-
circuit at least one turn and thereby prevent
interruption of the current in the external cir-
cuit into the contact member, the resistance of
the confact member when said predetermined
current is exchanged with the external eircuit
being greater than about one-third and less than
about three times the voltage effectively short-
circuited by the contact member divided by said
predetermined, safe current.

6. Electrical apparatus of the character -de-
scribed provided with a substantially toroidal
winding having a plurality of turns and adapted
to he connected with an external circuit, the
winding being of diameter not substantially
greater than about four inches and of height
not substantially greater than about two-and-
one-half inches and being designed to exchange
current with the circuit at values not greater
than a predetermined, safe value at which the
winding would become damaged by such exchange
of current, a contact member rotatable about
the axis of the toroid for making contact with
the winding, means connecting a point of the
winding and the contact member to the external
circuit, and means for rotatably actuating the
contact member to cause the contact member
to engage the turns successively, the width of
the contact member being greater than the dis-
tance between two successive turns, whereby the
contact member will always short-circuit at least
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one turn and thereby prevent interruption of the - times the voltage effectively short-circuited by
current in the external circuit into the contact the contact member divided by said predeter-
member, the resistance of the contact member mined, safe current.
when sald predetermined, safe cwrrent is ex-
. 5 changed with the external circuit being greater EDUARD KARPLUS.

than about one-seventh and less than about seven WILLIAM NORRIS TUTTLE.
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