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My invéntion raldtes to’an improvenment i the
slactrical cireuit- of varigblé voltage apparatus,
and mote partlculally, to variable: voltagée ap-
paratw of the fiat card resolver type.

Wherse it i§ desired that a supply voitage vary
as a function of thie sing or cosine of an-angle of
votation, use i commonly made of an asssinbly
knowi as a direct current flat card resolver which
combines’ the compactness and accuracy néces-
sary for most purposes. The accuracy of tha
resolver is a function of the load impedance, and
it-hag been-found in particular applications, such
as use with low impedance computing devices,
that the error of the uninoc 1ﬁed régolver ig of such
macnitude as to make its ise impractical.

It is an object of the: present-invention to;pro-
vide & compact and inexpensive voltage variation
apparatus employmg the flat card resolver prin-
ciple which i§' more accurate than those hereto-
fore in use.

1t is a furthisr object of my invention to provide
a. éifcliit network cotihected between points on
the winding of the voltage variation apparatus
which endbles a comperisating current to flow in
the witiding thereby reducing the error caussd by
the flow of the load current through the winding

In carrying out my invention in one form
thersof, I provide a flat card circumiscribed by a
winding to form a flat sirfase. The instulation is
removed from the surface of the winding to facili-
tate electrical contact with a brush assembly. The
center of the winding is grounded and a source
of electroimotive forcé is supplied t6 each half of
the wihding in such a manner that the potential
of thn winding varies slong ifs length from a
positive potential to an equal negative potential.
As cach Brush rotates about an axis through the
geometric: center of the card ifs potential will
vary sinusoidally. When a high impedarncé load
is connected between a brush and ground,.the
load current through the winding is small and the
voltags ‘across the load is nearly sinuscidal in
variation. But a large current causés an in-
creased voltage drop in the winding, thus causing
a maﬂ{ed departure from the sinusoidal vari-
ation. The present invention provides a resist-
anee connected to points on the winding and
1ormmg g path for a loop current, which in pass-

ing through the winding opposes the load currnnt
thereby reducing the voltage drop caused by said
load current.

My invention will be better understood from
the following description taken: in econnection
with the accompanying drawings;. and- its scope

. will be pointed out in the appended claims. In
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thé drawing, Fig. 1 illustrates a modified flat card
resolver and Pig. 2 is a schematic diagram of one-
half the complete circuit of the resolver shown
in Fig'1. Pig. 8 is a curve illustrating the per-
centage error in the voltage supplied by the un-
modified resolver, while Fig. 4 illustrates the de-
¢ieased error obtained by use of the modified re-
solver.

Referring to Fig. 1, there is shown my 1mpr0ved
divect curtent resolver which comprises a flat
card b preferably formed of resin bonded, glass
cloth laminate, around which is wound a series
of turns of high' resistance wire 2, the center of
the wire being connected to the grounded shaft §,
supported in suitable bearings (not shown).
Sources of electromotive force (not shown) are
connected betweéen ground and terminal 3 and
between tetminal 4 and ground, terminal 3 hav-
ing a positive potential and terminal 4 having
a negative potential, both with respect to
grcund "To perinit electrical contact with: the
winding 2, a circular aréa § of insulation is buffed
off leaying the w‘ndmg sexposed for contact with
four brushes 7, 8, & and 10, which are mounted
smmg -like arms II , 13, and 14§, spaced 90°
art. The brushes 1-—I are attached to a disc

ru(:uuré (not shown) which is mounted on the
cx‘cx;nr‘ed shaft 5 by means of suitable bearings.

1z brush structure is fixed and the card assem-
bly rotabes with the shaft §, causing relative ro-
tationial motion bétwesn the card assembly and
brush structure. However, by proper construc-
tion, the card assembly may be fixed and the
brush structure rotated with the shaft 8. In ac-
cordance with my invention two resistances i8
and 1§ are connected from the electromotive force
terminals 3 and 4 to points {8 and 18, respective-
1y.

Designating the maximum potential of the
hrush track as B, where E is the magnitude of the
sleptromotive forces applied at terminals § and 4,
a1l voltages in the functions +F sin 6 o =& cos’d
As the card assémbly rotates
through one complete revolution, the potential
of each brusﬁi' will go through a cycle having
positive B as its upper limit and negative E as
its tower limit. Assuming the card assembly has
an initial position as shown in Fig. 1, this cyclic
variation of brush 7 is-a function of sin ¢ where ¢
is the angle of clockwise rotation of the card as-
s«mbly Sinee brush 8 is 96° ahead of brush T,
its potential may be expressad as a function of
cos 6. In like manner, brushes 9 and % will
follow a potential variation expressed by —sin ¢
and —cos ¢, respectively.
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When the angle of rotation is zero, as shown in
Fig. i, brush 7 contacts thz center of the card
winding which is connected to ground. Since
load resistance 29 is connected between brush 1
and ground, the vcoltage across load resistance
28 is zero and no power will be supplied. A similar
analysis applies to load resistance 22. However,
brush 8, displacad 90° counterclockwise from
brush i, is at the top of the circular brush track
and posszsses maximum positive potential E with
respect to ground. Brush {8, displaced 90° clock-
wise from brush 7, is at the bottom of the circular
brush track and possesses maximum nezative po-
tential B with respsct to ground. This results in
a, maximum voltage E across load resistances 21
and 23.

As the angle of rotation increases with clock-
wise rotation of the card, the potential of brush
T increases from zero to a positive potential E

and brush 8% changes from zero potential to a o

negative potential E. Brush 8 becomes less
positive and brush {8 becomes less negative until
at the end of the first quarter cycle both brushes
8 and (¢ are at zero potential. During the sec-

ond quarter cycle, brush 4 follows the poten-

tial variation which characterized brush 7 dur-
ing the first quarter cycle, brush 7 follows in path
of brush 8, bruzh 8 in path of brush 9, and brush
§ in the path of brush 12, each brush going
through one cycle of potential variation with
each revolution. Since the load resistances are
connected between s brush and ground, the
potential variation is impressed across the load
resistances.

The potential of brush T is always propor-
tional to the perpendicular distance from brush
7 to a line through the center of the brush circle
and parallel the winding thereon. This vertical
distance is proportional fo the sine of ¢ and
hence the potential of brush 7 is numerically
equal to E sin ¢, where E is the maximum po-
tential of the brush track. The potential of the
brushes 8, 8, and {0 are expressed by the func-
tions E cos 4, —E sin § and —E cos 6, respec-
tively.

Letting 2R be the total resistance of the card
winding 2, the resistance from ground to each
source of electromotive force is R. 'The ratio of
the resistance load on one brush to the winding
resistance R is designated the cascade ratio
having the symbol ¢. Sinee it is desired that

e .

E——sm 8
where e is the voltage supplied to the load, the
error may bhe represented by

%—sin 0

The percentage error of the unmodified resolver
is plotted in Fig. 3. The resistance R of the
winding is constant; therefore, the cascade ratio
will vary directly as the load resistance. For
cascade ratios from 10 to 20, the maximum error
is below 3%, but for cascade ratios below 10, the
maximum error increases until for cascade ratio
of 1, the maximum error reaches 209%. Since
load resistance and cascade ratio are directly
proportional, the error will increase with a de-
crease in the load resistance. The high error
for low load resistances may be explained by the
increased current supplied to the low resistances
load. The increase in current causes an in-
creased I. R. drop in the winding and decreases
the voltage applied to the load resistance.
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Fig. 2 shows the schematic form of the net-
work on which the equations required to de-
termine the output voltage were based. In the
unmodified circuit which does not include the
resistance kaR, the following equations are ob-
tained.

(aR+-R sin 8 i1—R sin 6i2=0 (63
—R sin 6i14-(@R-+4R cos §) is—aRiz=0 (2)
—aRiz-+[R(1—cos 8) +aRliz=E (3)

From this set of equations, I+ may be deter-
mined, and since e=iiaR, e may be determined
for a given value of 4. The curves of Fig. 3 are
obtained by calculating

%—-sin g
and plotting this difference as a function of the
angle of rotation 4.

In accordance with the present invention, the
resistance designated as kaR is inserted in the
circuit as shown in Pig. 2 and reduces the error
of the unmodified circuit. Adding this resist-
ance kaR to the schematic diagram of Fig. 2
is necessitated by the addition of resistances 15,
{8 to the resolver shown in Fig. 1. An addi-
tional loop circuit is thus added to the schematic
diagram of Fig. 2 and the loop equations are
changed as follows:

—[k1R—R(1—cos §) Jiz—

R(1—cos 0)is+(kaR+KkiR)is=0 (&)
—R sin i1+ (aR4+R cos 6)ia—
aRis+ (k1—1-4-cos 8) Ris=0 (5)
—aRiz4+[R(1—cos 6) 4-aRliz—
R(1—cos #)is=0 (6)

where ki is dependent on position of points {8
and (9. These Equations 4, 5, 6 may be solved
with Equation 1 and a value of i1 obtained.
Similar equations are obtained for different
ranges of ¢ and since e=iiaR, the error of the
modified circuit may be computed. For a cas-
cade ratio of three, this error is plotted in Fig. 4.

A comparison of the errors in Fig. 3 to those
shown in Fig. 4 for a cascade ratio of three in-
dicates the gain in accuracy through use of the
modified flat card resolver. Fig. 4 shows that the
positive error is numerically greater than the
negative error. By varying k, the positive and
negative values of the error may he made equal.
In choosing the point of connection of the com-
pensating resistors 15, 16, a point was chosen on
horizontal lines passing through the brushes
when the angle of rotation was 45°, thus making
k1=0.707. This point was chosen because, as
shown in Fig. 3, the maximum error of the un-
modified resolver occurred at this point. How-
ever, it is apparent that other values of ki1 may
be used to obtain a desired compensation.

From the foregoing, it is seen that the inven-
tion reduces the error in the output voltage of a
variable voltage apparatus, the reduction being
most advantageous when the cascade ratio is
below 10. With this arrangement, the error in
the output voltage may be reduced to a value
approximately % of that obtained by use of an
unmodified resolver.

While the present invention has been described
by reference to particular embodiments there-
of, it will be understood that numerous modifica-
tions may be made by those skilled in the art
without actually departing from the invention.
I, therefore, aim in the appended claims to cover
all such equivalent variations as come within the
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true spirit and scope of the foregoing disclosure.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In combination, a voltage variation appara-
tus comprising a winding circumscribed about a
card, the ends of said winding being connected
to a source of electromotive force, said winding
being connected to ground at a point interme-
diate said ends, a resistance element connected
from one end of said winding to a point inter-
mediate said one end and ground, a resistance
element connected from the other end of said
winding to a point intermediate said other end
and ground, a contacting assembly comprising
a plurality of spring-like arms having brushes af-
fixed thereto, a shaft affixed to said card and con-
tacting assembly to allow relative rotational mo-
tion between said assembly and said card struc-
ture.

2. In combination, a voltage variation appara-
tus comprising a winding circumscribed about a
card, said winding having a bare circular sur-
face portion and the ends of said winding being
connected to a source of electromotive force, the
center of said winding being connected to ground,
a resistance element connected from one end
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of said winding to a point intermediate said one
end and ground, a resistance element connect-
ed from the other end of said winding to a point
intermediate said other end and ground, a ro-
tating assembly comprising a plurality of spring-
like arms having brushes affixed thereto, said
brushes being in contact with said bare circular
surface of said winding, a shaft affixed to said
card and contacting assembly to ailow relative
rotational motion between said assembly and said
card structure.
ROBERT MURDICK.
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