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6 Claims.

““This ~inventionrelates  to the correction. :of
‘transmission errors inherent in Selsyn: transmis-
".'?sicm systems,
- #Selsyn - transmission” systems “whether “of the
‘ttwo coil type, or:of the three-or-more wire type, 5
whavercertain.inherent errors-which are repetitive
“in-succeeding rotational: sectors whose angle de-
~pends-on’ the-angle between adjacent lead connec-
“tlons to the transmitter resistance. "'Thus, for in-
‘stance, “in:q three-wire: ‘Seisyn where. the ‘di- 10
C:ametrically voppoesed transmitter brushes:make
+idirect.contact with 4 lead every:60° of transmit-
ter: rotation; the error:is:repetitive -in. each '60°
“sector. “The'errér’in.that system-is such'that the
~receiver ‘lags thetransmitter- through the: ﬁrst; 15
+:30°from ‘the zero and each succeedmg 60°:posi
i tion, .and then:leadsthe transmitter:through: each
ensuing:30%:of transmitter rotation.

T have:discovered-that all.such inherent.errors.
‘may ‘be corrected-by:suitable ‘modifications of the..gq
*‘transmitter. resistance’ from’the: linear form ‘in
“swhich it is ;ordinarily -used. The following de- .
seription will:set-out, in preferred-and illustrative
-form, the details of the d@pplication .of my. inven-
~tion:to a‘three-wire system;-and will then:point o5
i-out:the: applxcabillty ‘of “the invention:io:ether

systems, “For: the purpose.iof such descripticn I
“»ref-er 4tor the- aecompanying -drawings,” in-which

g, 14s.g:circuit diagram.showing the -essen-

rtials of a.usual‘three=wire Selsyn system; -3

“Pigl 2 is a‘diagram showing the wvariation be-
“tween-transmitter -angle and receiver :angle;

Fig. 3-is-a ‘diagram showing the angular error

of the receiverplotted against transmitter angle;

T Fig.41s a‘diagram showing the variation of the: 33
resistance ‘modification factor  with - transmitter
z~angle

" 'Fig. 51s g:diagram showing the developed shape
aiof a°30% sector’of a:modified resistance; :
;;«fof a‘complete resistor; T B
“Pigs Tois a fragmentarwrsﬁectlve of the re-

. ', 'sistor of Fig.6;

2 Pig) 8+isa’ diagra.m showing anot;her type of
-resistor

Fig. 9+is a* dlagram showmg Aanother: re51stor

45

’ “i‘modlﬁcation and

“Pig, 1015 .4 view. dn- perspectlve of-a- mod1ﬁed .
~formiof thenew resistor; and . )
Flgs 11 and 12 ‘are. dlagrams showmg mrcult

50

- ~ Fig. 1'shows the essential electncal c*rcultmg of
..a typicalthree~wire Selsyn’ system; consisting es-

< sentially-of a circular-transmitter resistance R, to

- which a'potential:difference is applied by diamet- 5
. ..rically opposed ‘brushes D' -and E/, and ‘which is

- connected by the ‘three wire- circuit -AA’,-BB’,

TUCC! tosthedelta windings €, 1, 8, of the receiver.
. "“'The receiver may-be cormdered torhe of the usual

“type-with its delta~connécied coils rotatmg in a 60,

“to 6.

curs at §=46° 42'.

“(CL-201—60)

two-pole maghnetic field: or‘ ‘as indicated in Fig.

1, may be conSIdered as having a two-pole mag-
.net:M rotating in the field of the coils.

In such a system, where transmitter resistance

‘R is linear with relation to the angle ¢ of trans-

mitter rotation, it can be shown that
120 tan- 0
\/ 3 +tan ¥a

where ¢ .denotes the angle of rotation of the trans-
mitter brush from any zero point (such as-marked

(D

2 04n Pig. 1) where a brush makes direct connec-

tion with a circuit lead; and where ¢’ denotes

. the corresponding angle of rotation of the rotary

element of the receiver, assuming that the re-
ceiver stands at all times in an equlhbrlum posi-
tion with reference to the distribution of magnetic

~forces which are controlled by the transmitter.
As: seen by inspection of Equation 1 the angle ¢’

becomes equal to 6 for values of ¢ equal to 0°
30°, 60°, and, so on, as might be expected from
the fact that cne of the transmitter brushes B is

in direct confact with a lead and the other brush

B is in mid-position between two leads for every
60° position, and that the two brushes have a
symmetric relation to one of the leads, and to the

.other two leads ccnsidered as a pair, at every
~intermediate  30° point. (e. g. such a brush posi-

tion: as shown in Fig. 1.) Fig. 2 shows receiver

o angle ¢’ plotted against transmitter angle ¢, and

for comparison shows ¢’ plotted ideally as equal
Comparison of the two curves shows the
variation between ¢’ and ¢ for the first 60° of
transmitter rotation from a zero position.

“From Equation 1 it may be deduced that

V360

2) B=tan— 1(120 0) 0

- where g denotes the différence “between ¢’ and 6;
+Fig.6:4s a-dlagram showing the: developed shape—~4o"

that is, deriotes the angle by which recelver angle
-0'~~varie}from/ transmitter angle 6. - Inspection

.of Equation 2 shows that g is equal to zero at

transmitter anvles of 0°, 30°, 60° . etc. that
B8 varies symmetrlcally w1t‘1 lelatlon to any one
of those angular positions; and that g is negative
(receiver-lags) for the first 30° of transmitter ro-
tation from a zero position, and is positive (re-
ceiver leads) through the next 39° of transmitter

“rotation from that zero position. Fig. 3 shows g

plotted against ¢ for the first 60° of transmitier
angle. Negative maximum of 1° 6’ occurs at
6=13°"18", and an equal positive maximum oc-
The curve repeats itself for
each 60° of transmitter rotation following that
shown in Fig. 3.

~Ag may be noted from Equations.1 and 2, the

cerror § in-the standard Selsyn system is inde-
~pendent of the

resistance valdes ufed. in the

transmitter, or the reiation of those \alues to the

resistance. values in the receiver.  In“the paper
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which I later refer to, T show among other things

that, to obtain maximum torque in the recelver in-

its positions (4-=30°, 80° . . . etc.) in which the
torque is a minimum, the following relations
should be observed:

- .
(3) R, =0'52§6F
(4) Rz==0.86R|

where Ry is the resistance of the transmitter re-
sistance per degree, Rz the similar unit resistance
of the receiver winding, E the applied E. M, F.,
and P the maximum.power consumed in the sys-
tem. However, those considerations of maximum
torque do not affect the receiver error, nor do
they effect the correction provided by my inven-
tion.

In my invention, the transmitter resistance is
varied from its usual linear form by a factor
which is a function of the transmitter angle 6. As
& result of that resistance variation receiver angle
¢’ iy made to be equal to transmitter angle # for all
values of the latter. The requisite variation of
the transmitter resistance is arrived at as out-
lined below.

Since the receiver error, in a system having a
linear transmitter resistance (Ri—constant) is
symmetric with relation to each 30° position of

‘10

15

20

25

the transmitter, it is only necessary to ascertain -

the required deviation. of transmitter resistance
for transmitter angles from 0° to 30°, then to

30

make the deviations from 30° to 60° symmetrical

with those from 30° to 0°, and then to repeat the
cycle of deviation for each succeeding 60° of
transmitter angle.

Referring to Fig, 1, and assuming that the re-
sistance of a linear transmitter resistance ele-
ment is Ri per degree, or 120 R: for each leg be-
tween leads C, we let «R1 represent the ideal unit
resistance of a transmitter, That is, « is & func-
tlon of ¢, the transmitter angle, such that ¢, re~
celver angle, will become equal to 6, transmitter
angle,

From consideration of the circuit of Fig. 1, and
equivalent electrical circuits derivable therefrom,
it can be shown that the receiver angle ¢’ will be
given as follows. Equation 1 above may be writ-
ten, :

9
(1a) 120=6

In that equation, receiver angle 6’ will be given
with « substituted for 9; thus,

) V3«

tan 8’ =1—2'(T_-0?
In order to have zero error, the conditions are
that 6=6’,and _
V3a

’—-—-———
tan ¢ =120—a

tan §'=+/3

Solving for « under those conditions, we obtain,
. 120 tan g
(6) “Ty3+tan g
which gives the necessary varlation of « with ¢
for zZero error, and hence the variation of trans-
mitter resistance with #, since the resistance of
the transmitter resistor element is, by definition,
«R1. « is the variable modification factor for Ri,
for zero error, expressing the variation of the re-
sistance with 6, the transmitter angle, Here
agaln it is noted that the modification factor is
independent of R: and Rz, and hence is applicable
to any transmitter and any receiver or set of par-
alleled receivers. Fig. 4 shows the variation of «

35

40

4
with ¢, along with a linear variation for com-
parison, L

The usual physical form of transmitter resist-
ance element is one in which a toroidal coil is
wound helically about a toroidal form which has
the shape of a section of thin walled tube with the
ends of the section normal to the axis. Fig. §
shows at 0ABC a development of the superficial
area of such an element from 0° to 30°, and shows
at 0AB’C’ the corresponding development of a
resistance element in which one edge, C'B’, is
shaped for zero error. In any such resistance ele-
ment, the resistance at any transmitter angle ¢ is
equal to the area under C’B’ between 0C’ and the
vertical corresponding to 9,

Using Equation 6 and the fact that the area
under CB represents non-varying resistance with
respect to 4, and that the area under C'B’ repre-
sents the same for a function of # which satisfies
Equation 6, it can be shown that,

2xL 1

3 (¥3 cos 8-+sin 6)?

where L is equal to the height or length of an
equivalent (equal total resistance) resistor—the
dimension 0C in Fig. 5. FPig. 5 shows F(¢) as the
curve C'B’ plotted against ¢ from 0° to 30°, ' The
plot for 30° to 60° is symmetric with C’B’ about
the 30° axis. The developed shape of the whole
toroidal resistor then follows with five successive
duplications of the shape of the first 60°; such
cc;mplete developed shape being indicated in
Fig. 6.

Fig. 7 is a fragmentary perspective Nustrating
the physical form of the resultant resistor, In
Fig. 7 the thin tubular body is shown at 20, and
the helically wound resistance wire is fragmen-
tarily shown at 21. As here shown all of the re-
sistance variation is applied to one edge of the
resistor body; -but it will readily be understood
that the variations which are represented by Fqu-
ation 7 above may be as well distributed between

) F(o)=

" the two edges. i
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The fully detailed derlvations of the several
formulae given here are contained in a paper by
this applicant, published in Trans. A. 1. E. E. July
1945, vol. 64. A copy of that paper is filed here-
with for reference.

Other physical forms of resistor may be used.
For instance, as indicated In Fig. 8, the modify-
ing factor represented by Equation 6 may he ap-
plied to a varying thickness of a toroidal body
20a on which the coil wire 2la is wound. And
Fig. 9 shows a commutator type resistor with
resistance elements Rs between successive com-
mutator segments 22, In such & resistor the
resistance variation will follow Equation 6 step
by step, : ’

By considerations and developments which are
simtilar to those previously given, a correction is
arrived at which is applicable to a two-winding
Selsyn system (one employing two independent
receiver coils and four connecting ‘wires . which
tap the resistor at 90° spacings) and also to
four-wire Selsyn system which is similar to the
three-wire system here illustrated except that
its receiver has four delta connected colls and
connections are made to the transmitter re-
sistance at four equally spaced points. For those

two systems the following equation corresponds
to Equation 6 above. pond

_90 tan 9
l+tan @

(6a)
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and the following equation corresponds to
Equation 7 above, . . .

(a) L

- k)= 2 (cos 6—sin 6)F

As between the values of « (the resistance cor-

rection factor) as given by Equations 6 and 6a

above the following generalizatlon may be made

a T tan

where a represents the humeric value in degrees
of the angle between successive connections to
the resistor, and where n represents a numeric
constant,

Similarly the following generallzatlon can be
made as between Equations 7 and 7a

1
(7b) {(n'" cos 6-+sin 8)¢

(Gb)

F@)=n'xL7

where 1’ equals the angle between successive con-

nections to the resistor, in degrees, divided by
180, and where n’" represents a numeric constant.

A form of the new resistor R having four equi-.

angularly spaced leads is illustrated in Fig. 10,
This resistor includes & thin tubular core 38, upon
which is helically wound the resistance wire 31.
One end edge of the core is formed with projec-
tions spaced 90° to produce the desired variations
.and the connecting wires 32, 33, 34, 35 tap the
resistor at the points of the projections , G,
H’, and J’.

In Fig. 11, the system shown includes the re-
sistor R of Fig. 10 with the connecting wires 32,
33, 34, 35 leading, respectively, from points F”,
G’, H’, and J’ on the resistor to theends F, G, H,
and J of independent receiver coils 36, 31, ex-
tending at right angles to one another. The re-
celver is shown as including a magnet M rotat-
ing in the field of the coils.

" In Fig. 12, the system shown includes the re-
sistor R of Fig. 10 with connecting wires 32, 33,
34, 38 leading, respectively, to the ends ¥, G”’,
H’’, and J’’ of delta-connected coils 38, 39, 40,
and 41 of the receiver, which includes the mag-
net M, :

I claim: )

1. A circular resistor for a transmitter of a
Selsyn system in which the resistor is tapped by

equi-angularly spaced leads and is engaged by :

relatively rotating contact members, said resistor
having a resistance which varies in substantial
accordance with the expression ..

atand
n-tan

wherein a represents the numeric value in de-
grees of the angle hetween successive lead con-
nections to the resistor, wherein n represents a
numeric constant, and wherein 4 represents the
relative angle of rotation from a predetermined
zero point.

2. A circular resistor for a transmitter of a
Selsyn system in which the resistor is tapped by
three equi-angularly spaced leads and is engaged
by two diametrically opposed and relatively ro-
tating contact members, said resistor having a

10

20
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resistance which varies in substantial accordance )

with the expression

120 tan @

v3+4tan s .
where # represents the relative angle of rotation

with respect to a predetermined zero point.
3. A circular resistor for a transmitter of a

70

75
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Selsyn system in which the resistor is tapped by

four equi-angularly spaced leads and is engaged

by two diametrically opposed and relatively ro-

tating contact members, said resistor-having a -
~ resistance which varies in substantial accordance

with the expression

90 tan 6
1+4tan @

where-¢ represents the relative angle of rohation
from a predetermined zero point.

4. A toroidally wound resistance coil for a
Selsyn system having a transmitter in which the
resistance coil is tapped by equi-angularly spaced
leads and is engaged by relatively rotating con-
tact members, said resistor having a superficial
area which, measured from a predetermined zero
point, varies in substantial accordance with the
expression .

1 -

cos §+sin 6)%

where n’ {s equal to the angle between successive
lead connections to the resistor, in degrees,
divided by 180, where 7'’ represents & numeric
constant, where ¢ represents rotational angle
from the predetermined zero point, and L repre-
sents a numeric constant.

5. A toroidally wound resistance coil for a
Selsyn system having a transmitter in which the
resistance coil is tapped by three equi-angularly
spaced leads and is engaged by two diametrically
opposed and relatively rotating contact members,
said resistor having a superficial area which,
measured from the predetermined zero point,
varies in substantial accordance with the ex-
pression

")
w'w L,
(n''

mL_ L
3 (V3 cos 0-+sin 6)? -

where L represents a numeric constant, and ¢
represents. rotational angle from the predeter-
mined zero point.

6. A toroidally wound resistance coil for a
Selsyn system having a transmitter in which
the resistance coil is tapped by four equi-angu-
larly spaced leads and is-engaged by two dia-

-metrically opposed and relatively rotating con-

tact members, said resistor having a superficial
area which, measured from the predetermined
zero point, varies in substantial accordance with
the expression
~L. 1
2 (cos 6-}sin 6)2

where L represents a numeric constant and
where # represents rotational angle from the pre-
determined zero point.

JOSEPH F. MANILDI.
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THOMAS F. MURPHY,
Aassistant Commissionero f Patents.




