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[57] ABSTRACT 

An electromagnetic force applying device includes a 
core with two recesses each having two windings 
therein, the two windings in one recess being wound in 
the same sense and the two windings in the’ other 
recess being wound in opposite senses. A tubular ar 
mature surrounds the core and windings and is dis 
placed acially of the core when current is passed 
through both windings. 

5 Claims, 9 Drawing Figures 
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‘FLUID PRESSURE TRANSDUCERS 

This invention relates to an electromagnetic force 
applyingdevice and has an object to provide such a 
device in a convenient form. . 

An electromagnetic force applying device in ac 
cordance with the invention comprises a core of fer 
romagnetic material, said core having a pair of annular 
recesses, a ?rst pair of windings in the two recesses 
respectively, connected in series and arranged to 
produce equal magneto-motive forces in the core, a 
second pair of windings in said recesses respectively, 
connected in series and arranged to produce equal and 
opposite magnetomotive forces in the core, and a tubu 
lar armature surrounding the core and movable axially 
thereof, whereby the interaction between the currents 
passing in use through said first and second pairs of 
windings causes an axial force to be applied to the ar 
mature. 

Reference is now made to the accompanying 
drawings which show a ?uid pressure transducer in 
cluding an example of a force applying device accord 
ing to ‘the invention. In the drawings: 

FIG. I is a side elevation of the transducer; 
FIG. 2 is an end elevation of the transducer; 
FIG. 3 is an enlarged section of line 3-3 in FIG. 2; 
FIG. 4 is a section on line 4—4 in FIG. 3; 
FIG. 5 is a fragmentary section on line 5-5 in FIG. 

3; 
FIG. 6 is a perspective view of a part of the foreap 

plying device; , 
FIG’. 7 is a perspective view of parts of a bellows sta 

bilizing arrangement included in the transducer; 
FIG. 8 is a perspective view of a capacitor plate 
mounting arrangement included in the transducer; 
and ‘ 

FIG. 9 is an electrical circuit diagram of the trans 
ducer. v 

The transducer shown includes a body in three basic 
parts namely a main frame 10, a hinge bracket 11 and a 
bellows mounting bracket 12, the brackets 11, 12 being 
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attached to the main frame by bolts 13, 14 respectively. ' I 
The bracket 11 is of bifurcated form and terminates at , 
one end in a pair of spaced parallel legs 11a. The 
bracket bifurcated 11 serves to provide a pivotal sup 
port for a lever 15 and an elongated bifurcated arm 16. 
The two ends of the arm '16 are pivotally connected to 
the two legs 11a by means of known crossed leaf spring 
type hinges 17. Similar hinges 18 connect the lever 15 
to the opposite end of the bracket 11, so that the lever 
15 and the arm 16 are pivotable about spaced parallel 
axes. The free end of the arm 16 is connected‘ to the 
lever 15 by means of a ?exible metal connecting strip 
19. The length of the arm 16 is substantially greater 
than the length of that arm of the lever 15 to which the 
strip 19 isconnected. v 
The bracket 12 has one end of a ?exible, resilient 

metal bellows 20 connected to it through the inter 
mediary of a plug 21 sealingly ?tted in the end of the 
bellows. A similar plug 22 is sealingly ?tted in the other 
end of the bellows 22 and is secured to the arm 16 ad 
jacent its free end. The bellows is evacuated and thus is 
sensitive to the pressure of any ?uid, e.g. air, by which 
it is surrounded in use. The arm 16 serves to stabilize 
the bellows "20 by preventing lateral vibration of the 
said other end thereof which would occur if the bellows 
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plug 22 were connected only to the ?exible strip 19. 
The length of the arm is such that the limited displace 
ment permitted to the plug 22 (as will hereinafter 
become apparent) does not cause flexing of the bellows 
sufficient to bring about any significant change in the 
effective spring rate thereof. 
The lever 15 has its shorter arm connected, as above 

described to the strip 10. Its longer arm terminates in 
an annular ring 15a which surrounds a tubular arma- _ 

ture 23 of the force applying device 24. The ring 15a 
has lugs which are aligned with and bolted to cor 
responding lugs on the armature 23. The device 24 in 
cludes a core 25 adjustably mounted on the main frame 
10. As shown in FIG. 3 a ball 26 is engaged in opposed 
conical‘ recesses in one end of the core 25 and an insert 
27 ?tted in the'frame l0. Arranged at equi-angularly 
spaced positions around this ball are three bolts 28 the 
shanks of which pass freely through holes in the frame 
and are screw-threadedly engaged with the core 25. 
Varying of the relative tightness of the bolts 28 causes 
changes of the orientation of the axis of the core 25 
about the ball 26. The core 25 is basically in the form of 
a spool having end ?anges 25a, 25b and an inter 
mediate ?ange 25c. The core bears two windings in 
each of the two annular recesses defined between the 
?anges. One winding, is wound in the same sense in 
both recesses and these two portions of this winding are 
connected in series. The two portions of the other 
winding are also connected in series with one another 
but are wound in opposite senses. ' 

The first mentioned winding has a constant current 
passed through it in use and serves to polarize the core 
25 magnetically. The other winding has a variable cur 
rent passed through it as will be hereinafter explained. 
As a result the flux in the gaps between the ?anges 25a 
and 25b will differ by an amount dependent on the 
magnitude and direction of the variable current and an 
axial force dependent on the variable current will be 
applied to the armature 23, thus applying a moment to 
the lever 15. 
Mounted on the frame 10 is the capacitor plate 

mounting arrangement shown in FIG. 8. This arrange~ 
ment includes a ?at U-shaped member 29 which pro 
vides a spacer between two spaced parallel capacitor 
plate assemblies 30 and 31. Each such assembly com 
prises a backing plate 32, an insulating disc 33 on the 
backing plate and a conductive disc 34 on the insulat 
ing disc. The discs 34 form the actual capacitor plates 
and have electrical‘connections (not shown) to them. 
The two discs 34 have planar surfaces which are paral 
lel and spaced apart in the direction in which the plug 
22 is movable. I 

A further capacitor plate 35 is disposed between the 
discs 34 andis mounted on the arm 16. To this end the 
plate 35 and the arm 16 have lugs 36, 37 between 
which electrically insulating spaces 38 are mounted. In 
order to centralize the plate '35 exactly when calibrat 
ing the transducer various shims- can be inserted 
between the U-shaped member 29 and the frame 10 or 
either of the plate assemblies 30. 

Turning now to FIG. 9 the plates 30, 31 and 35 form 
two capacitors in adjacent arms of a radio frequency 
resonant a.c. bridge circuit. An oscillator 40 is-couple'd 
by a transformer 41 to the plate 35 and the intercon 
nection of two inductors 42 and 43 respectively. The 
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other ends of these inductors are connected respective 

3,723,926 

ly to the disc 34 of the plates 30 and 31, and also pro- . 
vide the output terminals of the bridge. The intercon 
nection of the two inductors 42, 43 is also connected to 
an earth rail 44 via a resistor 45 and to a rail 50 via a 
variable resistor 47. The rail 50 is connected via a re- 4 
sistor 48 and 80 in series to the positive terminal 46_of a 
d.c.supply. A zener diode 49 has its cathode connected 
to the rail 50 and its anode connected to the rail 44 so 
that a known dc. voltage level dependent on the setting 
of the variable resistor 47 is applied to the interconnec 
tion-of the inductors 42, 43. 
A radio-frequency amplifier stage consisting of a pair 

of n.p.n. transistors 51 vand 52 with their bases con 
nected to the outer ends of the inductors 42, 43 and 
with their collectors interconnected and connected to 
the rail 44 by a capacitor 53 and to the rail 50 by a re 
sistor 54, is provided for amplifying the output of the 
bridge. The emitters of these two transistors are inter 
connected by a capacitor 55 in parallel with the prima 
ry winding of a transformer 56. This primary winding 
has a center tapping connected via a resistor 57 to the 
rail 44. ’ - 

The secondary winding of the transformer 56 drives 
a phase-discrimination circuit. Thissecondary winding 
has a center tapping connected to a further secondary 
winding of the transformer 41. A pair of diodes 58, 59 
have their anodes connected to the two ends of the 
secondary winding of transformer 56 and their anodes 
connected to resistors 60, 61 respectively. The resistors 
are connected to two capacitors 62, 63 in series, each 
capacitor having a resistor 64, 65 in parallel with it. 
The interconnection of the capacitors 62, 63 is con 
nected to said further secondary winding of the trans 
former 41 to supply a phase reference signal to the 
phase discrimination circuit. 

In operation the capacitors 63, 62 will be charged 
vduring alternate half-cycles of the supply from the 
transformer 41. When the bridge circuit is in balance 
there will be no a.c. signal fromthe transformer 56 into 
the‘ phase discriminator circuit. Thus’both capacitors 
62, and 63 willbe charged equally and in opposite sen~ 
ses so that there will be no output from the phase dis 
criminator circuit. When the plate 35 is displaced in 
one direction the bridge circuit will produce an output 

' in phase with the supply and in this case the additive ef 
fect of the two a.c. signals in the phase discriminator 
circuit willcause the one of the capacitors 62, 63 to 
hold a greater charge than the other so that a d.c. out 
put of one polarity is obtained. Similarly a c.c. output 
of opposite polarity is'o'btained when the plate 35 is dis 
placed in the opposite direction to cause the bridge cir 
cuit to'produce an output 180° out of phase with the 
supply. ' . 

The output of the phase discriminator circuit is am 
plified used to drive the force applying device 24. To 
this end the interconnection of the resistors 61 and 65 

I is connected .to the rail 44 either through a resistor 66 
as shown or directly. Where the resistor 66 is employed 
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a capacitor 67 alsohas one plate connected to this in- Y 
terconnection. The interconnection of the resistors 60 
and 54 is connected to the base of an n.p.n. transistor 
68 via a resistor 69. The emitter of transistor 68 is com 
nected to the rail 44 and its collector is connected via a 

65 

resistor 70 to the rail 50. The collector of transistors 68 ‘ 

4 
is also connected to the anode of a diode 71 which has 
its cathode connected to the base of an n-p-n transistor 
72 via a resistor 73. A resistor 74 connects the base of 
the transistor 72 to the rail 44 and the emitter .of 
transistor 72 is also connected to the rail 44. The other 
plate of the capacitor 67 when this is used, is connected 
to the collector of the transistor 72,'which is also con 
nected to one end of the series connected reverse 
wound pair of windings 75, 76 of the device 24. The 
other end of this pair of windings is connected by ‘a re 
sistor 77 to the terminal 46 via the resistor 48. The out- ’ 
put terminals 78, 79 of the circuit are connected to op- ' 
posite ends of the resistor 77. The voltage across the se 
ries circuit consisting of the resistor 77, the windings 
75, 76 and the collector-emitter path of the transistor 
72 is stabilized by a zenor diode 81 which has its anode 
earthed and its cathode connected to the terminal 78. 
The other windings 82, 83 of the device 24 are con 

nected in series between terminal 78' and a constant 
current source 84. A diode bridges the windings 75, 76 
and a further diode 86 bridges the windings 82, 83 so as 
to protect the circuit against any high e.m.f’s, which 
may be induced when the current ?owing through the 
windings is interrupted. ’ 
As mentioned above the magnitude and polarity of 

the voltage appearing across the resistors 64 and 65'of 
the discriminator circuit dependsupon the magnitude 
and direction of the displacement of the center plate 35 
from its null position (in which the bridge is balanced). 

' Since, however, the bellows 20 is evacuated it is only 
necessary in practice for the device 23 to apply a force 
in one direction, namely downwardly on thelever 15 as 
viewed in FIG. 3. It will be seen, therefore, that when 
there is no signal (i.e. when the bridge circuit is 
balanced)‘ or when there is a signal of negative polarity 
on the base of the transistor 68, this will be non~con‘ 
ductive and there will be a maximum signal, deter 
mined by the resistors 70m 73 and 74, on the base of 
the transistor 72. Thus‘ a maximum current flows 
through the windings 75, 76 urging the armature 23 
downwardly and applying an upward pulling force to 
the upper end of the bellows 20. As the upward dis 
placement of the plate 35 increases, the current 
‘through transistor 68 increases and the current through 
the windings 75, 76 decreasesfln equilibrium the plate 
35 occupies a position in which the force ‘applied to the 
bellows 20 by the device 24 is equal and opposite to the 
sum of the forces arising from the external pressure on 
the bellows and its own resilience. The force is, in fact, 
‘directly proportional to the current ?ow through 
windings 75, 76 and the output voltage across the re~ 
sistor 77 is thus directly proportional to the current. 
There is thus a linear relationship between the output ' 
of the transducer and the pressure sensed. , 
The loop gain of the system described is such that 

only a minute displacement of the plate 35 is required 
to cover the whole range of pressure to be sensed by 
the device. Thus the maximum displacement of the 
plate 35 may be up to one tenth of the width of theair 
gaps which exists between the plate 35 and the two 
discs 34. Thus any changes in the dielectric constant of 
the air surrounding the plate 35 due to changes of pres 
sure, temperature or humidity have a negligible effect - 
on the operation of the transducer. Similarly the effect 
of displacement of the armature 23 on the force ap 
plied is also negligible. ' 
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The resistor 66 and the capacitor 67 are included, if 
needed to stabilize the system. These components 
operate in known manner to provide a negative feed 
back to transistor 68 which varies with the rate of 
change of the input signal to the transistor 68, 

In modi?cations of the invention the bellows may 
receive the pressure to be measured internally or, 
where a pressure difference is to be measured differing 
pressures may be applied externally or internally. 
We claim: 
1. An electromagnetic force applying device com 

prising a core of ferromagnetic material, said core hav 
ing a pair of annular recesses, a first pair of windings in 
the two recesses respectively, connected in series and 
arranged to produce equal magneto-motive forces in 
the core, a second pair of windings in said recesses 
respectively, connected in series and arranged to 
produce equal and opposite magneto~m0tive forces in 
the core, and a tubular armature surrounding the core 
and movable axially thereof, whereby the interaction 
between the currents passing in use through said first 
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6 
and second pairs of windings causes an axial force to be 
applied to the armature. 

2. An electromagnetic force applying device as 
claimed in claim 1 in which the armature is mounted on 
an arm pivotally supported on a body on which the core 
is mounted. 

3. An electromagnetic force applying device as 
claimed in claim 2 in which the core is adjustably 
mounted on the body. 

4. An electromagnetic force applying device as 
claimed in claim 3 further comprising a ball engaged in 
opposed conical recesses in one end of the core and in 
the body, and a plurality of screws spaced around the 
ball and engaged with the body and the core, so that 
varying of the relative tightness of the screws causes 
charges of the orientation of the core. . 

5. An electromagnetic force applying device as 
claimed in claim 1 including a pressure transducer hav 
ing pressure sensing means. 

I * * * * * 


