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This invention relates to the correction of 
2 transmission errors inherent in Selsyn, transmis 
'sion systems. : - 

: Selsyn, transmission systems, whether of the 
two coil type, or of the three-or-more wire type, 5 

" have certain inherent errors, which are repetitive 
in succeeding rotational sectors whose angle de 
pends on the angle between adjacent lead connec 
tions to the transmitter resistance. Thus, for in 
stance, in a three wire. Seisyn where the di-10 
ametrically opposed transmitter brushes make 

: direct contact with a lead...every 60° of transmit 
iter rotation, the error:is repetitive in each 60° 
sector. The error in that System is such that the 

- receiver lags the transmitter through the first 15 
5.30, from the Zero and each succeeding 609 posi 
ition, and then leads the transmitter, through each 
* ensuing 30° of transmitter rotation. 

I have discovered that all such inherent, errors. 
may be corrected by suitable modifications of the 20 

'... transmitter: resistance, from the linear form in 
... which it is ordinarily used. The following de 
scription will set out, in preferred and illustrative 
form, the details of the application of my inven 
tion to a three-wire system; and will then-points 

is out the applicability of the invention; to; other 
Systems, For the purpose of such description I 

it refer to the accompanying drawings, in which 
Fig. 1 is a circuit diagram.showing the essen 

tials of a usual three-wire Seisyn system; m 
; Fig. 2 is a diagram.showing the variation be 

tween transmitter angle and receiver angle; 
Fig. 3 is a diagram showing the angular error 

of the receiver plotted against transmitter angle; 
Fig. 4 is a diagram showing the variation of the 35 

resistance modification factor with transmitter 
; :angle; .x- w 

|Fig. 5 is a diagram showing the developed sha 
1. of a 30° sector of a modified resistance; . 

* Fig. 6 is a diagram showing the developed shape-40 
of a complete resistor; :-- 

Fig. 7 is a fragmentary perspec 
sistor of Fig. 6; u-1 
- Fig. 8 is a diagram showing another type of 
resistor; - 

Fig. 9 is a diagram showing 
imodification; and -...- : 

* Fig. 10 is a view in perspective of a modified 
form of the new resistor; and 

Figs. 11 and 12 are diagrams showing circuits 50 
that may be used with the resistors of Fig. 10. . 

Fig.1 shows the essential electrical circuiting of 
... a typical"three-Wire Selsyn System, consisting es 
is sentially of a circular transmitter resistance R, to 
which a potential difference is applied by diamet 
rically opposed brushes. D'... and E, and which is 

- connected by the three wire circuit AA". BB', 
CC, to the delta windings 6, 7, 8, of the receiver. 
The receiver may be considered to be of the usual 
type with its delta-connected coils rotating in a (; ). 

30 

pe 

tive of the re-... 

45 
another resistor 

6. Claims, ... (C. 201-60) 

curs at G =46° 42". 

2 
two-pole magnetic 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 8 of trans 
mitter rotation, it can be shown that 

fe 120 tan o' 
W3-ltan 0' 

where 0 denotes the angle of rotation of the trans 
mitter brush from any zero point (such as marked 

(1) 

:: O in Fig. 1) where a brush makes direct connec 
tion with a circuit lead; and where 8' denotes 

: the corresponding angle of rotation of the rotary 
element of the receiver, assuming that the re 
ceiver stands at all times in an equilibrium posi 
tion with reference to the distribution of magnetic 
forces which are controlled by the transmitter. 
Asseen by inspection of Equation 1 the angle 6' 
becomes equal to 0 for values of 6 equal to 0°, 
30°, 60°, and, so on, as might be expected from 
the fact that one of the transmitter brushes B is 
in direct contact 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 considered as a pair, at every 

... intermediate 30 point (e. g. such a brush posi 
tion as shown in Fig. 1.) Fig.2 shows receiver 
angle 9 plotted against transmitter angle 6, and 
for comparison shows 8' plotted ideally as equal 

"...to 9. Comparison of the two curves shows the 
variation between 6' and 0 for the first 60° of 
transmitter rotation from a zero position. 
From Equation 1 it may be deduced that 

139 1,2)-9 As (2) B-tan-1( 
where B denotes the difference between 6' and 9; 
that is, denotes the angle by which receiver angle 
8-varies fromtransmitter angle 6. Inspection 
'of Equation 2 shows that 6 is equal to Zero. at 
transmitter angles of 0, 30', 60° . . . etc.; that 
g varies symmetrically with relation to any one 
of those angular positions; and that 3 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 30° of transmitter 
rotation from that Zero position. Fig. 3 shows B 
plotted against 0 for the first 60° of transmitter 
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. 
As may be noted from Equations 1 and 2, the 

error g in the standard Seisyn system is inde 
pendent of the resistance valles used in the 
itransmitter, or the relation of those values to the 
resistance, values in the receiver. In the paper 
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which I later refer to, show among other things 
that, to obtain maximum torque in the receiver in 
its positions (es30, 90' . . . etc.) in which the 
torque is a minimum, the following relations 
should be observed: 

E. 
(3) R=0.52P 
(4) R=0.86R 
where R is the resistance of the transmitter re 
sistance per degree, R2 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 8. As 
a result of that resistance variation receiver angle 
e' is made to be equal to transmitter angle e 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 (R1 = constant) is 
symmetric with relation to each 30 position of 

O 

5 

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 R1 per degree, or 120 R1 for each leg be 
tween leads C, we let ar1 represent the ideal unit 
resistance of a transmitter. That is, a is a func 
tion of 8, the transmitter angle, such that 9', re 
ceiver angle, will become equal to 8, transmitter 
angle. 
From consideration of the circuit of Fig. 1, and 

equivalent electrical circuits derivable therefrom, 
it can be shown that the receiver angle 8' will be 
given as follows. Equation 1 above may be writ 
tel, 

, ?o 8 (1a) tan 8 = v312 
In that equation, receiver angle 8' will be given 
with a substituted for 8; thus, 

(5) W3a - - - - - 
tan 8 T120-c. 

In order to have zero error, the conditions are 
that 9 at 6', and 

tan -ie, 
Solving for a under those conditions, we obtain, 

120 tan 8 
(6) “Ty3+tan 8 
which gives the necessary variation of a with 9 
for zero error, and hence the variation of trans 
mitter resistance with 9, since the resistance of 
the transmitter resistor element is, by definition, 
R. o. is the variable modification factor for R1, 

for zero error, expressing the variation of the re 
sistance with 9, the transmitter angle, Here 
again it is noted that the modification factor is 
independent of R1 and R2, and hence is applicable 
to any transmitter and any receiver or set of par 
alleled receivers. Fig. 4 shows the variation of a 

35 

40 

4. 
with , along with a linear variation for con 
parison. - 

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. 5 
shows at 0ABC a development of the superficial 
area of such an element from 0 to 30', and shows 
at OAB'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 0. 

Using Equation 6 and the fact that the area 
under CB represents non-varying resistance with 
respect to 9, and that the area under C'B' repre 
sents the same for a function of 9 which satisfies 
Equation 6, it can be shown that, 

2L 
F(8) 3 (V3 cos 9--sin 9) 

where I is equal to the helght or length of an 
equivalent (equal total resistance) resistor-the 
dimension 0C in Fig. 5. Fig. 5 shows F(9) 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 
complete developed shape being indicated in 
Fig. 6, 

Fig. 7 is a fragmentary perspective illustrating 
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 2. 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 Equ 
ation 7 above may be as well distributed between 

(7) 

the two edges. 
45 

50 

35 

65 

70 

75 

The fully detailed derivations of the several 
formulae given here are contained in a paper by 
this applicant, published in Trans. A. I. 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 be ap 
plied to a varying thickness of a toroidal body 
20a on which the coil wire 2a is wound. And 
Fig. 9 shows a commutator type resistor with 
resistance elements Rs between successive con 
mutator segments 22. In such a resistor the 
resistance variation will follow Equation 6 step by step. 
By considerations and developments which are 

Similar 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 coils 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. 

(6a) a-0 tan 9 
1--tan 9 
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and the following equation corresponds to 
Equation 7 above. .. - . 1 

(7a) ------- 
F(0)= (cos sin) 

As between the values of a (the resistance cor 
5. 

rection factor) as given by Equations 6 and 6a 
above the following, generalization may be made. 

a tan 9 
"ntana 

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

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

(7b) (n" cos b-sin 6): 

(6b) i. 

where n' equals the angle between successive con 
nections to the resistor, in degrees, divided by 

... O 

20 

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 a thin tubular core 30, upon 
which is helically wound the resistance wire 3. 
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 F, G', 
H', and J. 

In Fig. 11, the system shown includes the re 
sistor R of Fig. 10 with the connecting wires 32, 
3, 4, 35 leading, respectively, from points F", 
G', H, and J' on the resistor to the ends F, G, H, 
and J of independent receiver coils 36, 37, ex 
tending at right angles to one another. The re 
ceiver 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, 35 leading, respectively, to the ends F, G', 
H', and J' of delta-connected coils 38, 39, 40, 
and 4f 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 . 

a tan 9 
n-i-tan 9 

Wherein a represents the numeric Value in des 
grees of the angle between successive lead con 
nections to the resistor, wherein in represents a 
numeric constant, and wherein a represents the 
relative angle of rotation from a predetermined 
Zero point. 

2. A circular resistor for a transmitter of a 
Sesyn 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 

30 

40 

. 

55 

60 

resistance which varies in substantial accordance . 
with the expression 

120 tan, 9 
W3+tan 0 

where a represents the relative angle of rotation 
with respect to a predetermined Zero point. 

3. A circular resistor for a transmitter of a 75 

where 6 represents the relative angle of 

6 
Seisyn 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 0. 
l -- tan 8 

rotation 
from a predetermined zero point. w" 

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 

. ---- -------- --- w 

''Eicos 0--sin 0)? 
where n' is equal to the angle between successive 
lead connections to the resistor, in degrees, 
divided by 180, where n' represents a numeric 
constant, where 8 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 

erasawa 

3 (V3 cos 0--sin 0) 
where I represents a numeric constant, and 8 
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-angul 
larly spaced leads and is engaged by two dia 
smetrically 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 

al 
2 (cos 8--sin 6) 

where I represents a numeric constant and 
where 9 represents rotational angle from the pre 
determined zero point. 

JOSEPH. E. MANDI. 
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