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The invention described herein may be manufactured 
and used by or for the Government for governmental pur 
poses without the payment of any royalty thereon. 

This invention relates to an improved shaft angular 
position variable reluctance pickup device. A highly 
linear analog voltage output with respect to shaft angle 
is obtained with the present device. 

1.0 

15 
Heretofore, it has been di?icult to obtain a linear volt ;; 

age output from a‘ transducer responding to an angular 
shaft position, except over a_,small-_gangle.y The prior art 
devices are linear only within a 90° angle, or i45° from 
a median position. The present device provides a linear 
output over a 180° angle or :90” from a median shaft 
position. 
An object of the invention is to provide a shaft position 

transducer which has a linear output over a wide shaft 
angular position. 
Another object is to provide a shaft position transducer 

which is simple in construction and which requires a 
single moving part. 
Yet another object is to provide a shaft position trans 

ducer which uses no slip rings or ?exible leads on or for 
the shaft. 

In essence, the invention consists of a magnetizable 
armature which is rotatable between a plurality of A.C. 
electromagnets electrically connected in a double bridge 
arrangement. Four U-shaped magnetic cores are dis 
posed in a semicircle about the armature with the arma 
ture passing between the legs of each U. Each of the 
legs of each core carries an A.C. magnetic winding, with 
the windings of each core being connected on opposite 
sides of the bridge. Rotation of the armature causes a 
variation in the output between two opposite corners of 
the bridge. 
The invention may be understood by reference to the 

drawings in which the same numerals are used for the 
same elements in the different ?gures and in which: 
FIGURE 1 shows a perspective view of the physical 

arrangement of the invention, 
FIGURE 2 shows a schematic diagram of the circuit of 

FIGURE 3 shows a graph of shaft angle vs. voltage 
output of the bridge. 

Referring to FIGURE 1, there is shown a magnetizable 
ferromagnetic armature 10 in the shape of a semicircular 
slab. The armature may be iron, steel or any ferromag 
netiosubstance and may be either solid or laminated. 
Disposed about armature 10 are four U-shaped magnetic 
cores 11, 12, 13 and 14, each of which carries two mag 
netic windingsthereon, one on each leg of each U. The 
cores 11-14 may be stacked laminations, or solid, in case 
ferrites are used. Windings L4 and L8 are carried on 
core 11, windings L3 and L7 are carried on core 12, etc. 
Armature 10 is carried by a shaft 15 and is adapted to 
rotate 90° clockwise or 90° counterclockwise from the 
median position as shown. The supports for cores 11 
14 and for shaft 15 are not shown but are obvious. The 
angle between the center lines of the cores is 60°. ‘ 
FIGURE 2 shows an A.C. source which supplies volt 

age to bridge 25 at points 26 and 27. Points 28 and 29 
comprise the output side of bridge 25. 
The windings L1-L8 are wound in such a way that at 

a given instant the pole containing the L1 coil is of a 
north polarity and the pole containing the L5 coil is of a 
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south polarity. A magnetic ?ux will be established dur 
ing this instant of time which will ?ow from the L1 pole 
face through the air gap to armature 10, through the low 
resistive path of the armature, then through the air gap 
between the armature and the pole face of the L5 coil, 
around‘through the low resistive path of the core 14 to 
the L1 coil. This is the same as magnetic ?ux paths for 
each of the succeeding cores around the armature. "At 
the same instant of time that the L1 pole face has a north 
polarity the L2, L3, L4 pole faces have the same polarity. 
Since an A.C. signal is applied to the coils, the polarity 
will change during the next half cycle so that coils L5, L6, 
L7, L8 will produce a north- polarity pole face. In ex 
amining the core 14, it can be seen that the magnetic ?ux 
pat-h impedance will vchange when the air gap is changed 
by moving the armature from between the poles L1 and 
L5. This change in the impedance of the ?ux path is 
re?ected back into the coils generating the flux causing 
any vapparent loss of load to the drivinggcoils. This loss 
of load causes the inductive reactance of the coil to 
change. The change of impedance in the affected coils, 
in turn, unbalances the bridge in FIGURE 2. As the 
armature continues to move, the same effect is then created 
in core 13 containing L2 and L6 coils. This action con 
tinues to further unbalance the bridge causing a larger 
voltage to appear across the bridge. As can be seen from 
the electrical diagram no secondary coils are needed to 
sense voltage unbalance. The sensing is created by the 
change of current flow in opposite legs of the bridge 
causing a current to flow through the load and balancing 
resistor R. The output signal contains phase and magni 
tude information. This signal determines the direction 
the armature has moved by the phase relationship of the 
output signal to the applied reference voltage, and the 
magnitude of the signal determines the angle the armature 
has moved through. 
FIGURE 3 shows a graph of shaft angle vs. voltage 

output of the bridge arrangement of the invention. At 
its median position (as shown in FIGURE 1), a zero volt 
age is present between points 28 and 29. With increasing 
angles to :90° the voltage increases linearly, as shown‘. 
The voltage ordinates above the angle abscissa axis are 
0° phase shifted with respect to the A.C. input and those 
ordinates below the abscissa axis are 180° phase dis 
placed. Therefore, the amplitude of the voltage at 23 
and 29 is an indication of the shaft angle from 0° to 90° 
and the phase of the voltage with respect to the input 
voltage is an indication of the direction through which 
the shaft has rotated. Beyond i90°, the voltage output 
of the bridge becomes nonlinear with respect to the shaft 
angle. 
The voltage output of the bridge may be used as an 

input to one set of de?ection plates of a cathode-ray‘ oscil 
loscope and theinput to the bridge may be used as the 
input to the other set of de?ection plates. The resulting 
Lissajous ?gure(s) on the oscilloscope would be indica 
tive of shaft angular position. Also, the bridge output 
and bridge input, through suitable ampli?cation, of de 
sired, could be used to control a selsyn motor as a re 
peater for the shaft angular position of the invention. 

While a speci?c embodiment has been described, other 
variations on the invention may be obvious to one skilled 
in the art. Other uses than those speci?cally suggested 
for the invention may also be obvious, such as using the 
output of the invention as an input to a recording means. 
While the foregoing is a description of the preferred 

embodiment, the following claims are intended to include 
those modi?cations and variations that are within the 
spirit and scope of my invention. 

I claim: 
1. A variable reluctance magnetic pickup including a 

shaft rotatable about an axis, a semicircular slab shaped 



3,311,905 
3 

armature carried by said shaft and concentric with said 
axis, a plurality of U-shaped magnetic cores disposed 
radially about said axis with the armature between the 
legs of each of said cores, a magnetic Winding on each of 
the legs of the cores, said windings being electrically con 
nected in a bridge circuit, with opposite windings of each 
core being on opposite sides of said bridge. 

2. A variable reluctance pickup device including a 
semicircular slab armature, a plurality of U-shaped mag 
netic cores having a magnetic winding on each leg of each 
core, the cores being disposed vertically with the arma 
ture being horizontal between the legs of each of the 
cores, the windings of the cores being electrically con 
nected in a bridge circuit, with opposite winding of each 
core being connected to opposite legs of the bridge. 

'3. A variable reluctance magnetic shaft angle position 
transducer including a semicircular disk magnetic arma 
ture concentric with the axis of the shaft, two pairs of 
U-shaped magnetic cores disposed radially about said 
axis with said armature between the legs of each of said 
cores and with the angles between the pairs of cores and 
with the angles between the cores within each pair being 
equal, a magnetic winding carried by each leg of each 
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core, said windings being electrically connected in a 
double bridge network, wherein the two pairs of windings 
on a ?rst side ‘of said armature each have one of their 
ends connected to one terminal of a two-terminal A.C. 
source and the opposite ends of the windings of each pair 
of cores connected respectively to a pair of junction 
points, and wherein one end of each of the core windings 
on the opposite side of said armature are connected to 
the other terminal of the AC. source and the opposite 
ends of the windings of each pair of cores are connected 
respectively to the pair of junction points, the junctions 
comprising the output terminals of the device. 

,4. The transducer in accordance with claim 3 in which 
the windings of each core are connected to provide attrac 
tive magnetic poles at the ends of the legs of each core 
and wherein all of ‘the cores have the same magnetic 
polarity on one side of said armature. 
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