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10 Claims,

This invention relates to regulating, remote-
control, repeating, recording, compensating, in-
dicating or controlling systems and has particular
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reference to systems employing follow-up or other
devices in which the position or condition of one
element in one circuit is varied whenever the po-
sition or condition of another element included
in an associated circuit is varied, for follow-up,

- balance-restoring or like purposes, Such devices

are frequently used in various-forms of indicating,
recording, integrating, regulating, repeating,
compensating or control units and the chief ob-
Jject of the present invention is to provide an im-
proved form of signaling or controlling system
possessing a high degree of sensitivity.

According to one feature of the invention the
system is equipped with a follow-up, balance-re-
storing or like device comprising a magnetic core
or transformer carrying one or more windings
through which the current in a primary or con-
trolling circuit and that in a secondary or follow-
up circuit are passed and mutually combined by
addition or subtraction to produce a resultant
voltage drop across such windings and to induce
in one or more other windings a voltage propoer-
tional to the said voltage drop, the arrangement
being such that when the voltage drop departs
from a predetermined value or the circuits be-
come mutually unbalanced s relay device asso-
clated with the secondary or follow-up ecircuit is
actuated to restore the circuits to their balanced
condition, _ e

According to another feature of the invention
the voltage induced in said windings' is applied
to grid element or elements of one or more ther-
mionic valves or gas filled relays and the result-
ant variation in the anode current is utilized to
cause through the intbrmediary of an electric mo-
tor or other convenient source of motive power, &
variation in an electrical characteristic of the
secondary or follow-up circuit of such a nature
that the voltage drop tends to return to its normal
or predetermined value, . :

According to a further feature of the invention
the magnetic core or transformer is provided
with means for controlling the impedance offered
by the winding or windings traversed by the pri-
mary or secondary currents, thereby enabling
the sensitivity of the device to be accurately con-

trolled. Said means may comprise means for en-

abling the reluctance offered by the core to be
varied, e. g. by varlations in an air gap in the
magnetic circuit, or they may comprise a variable
external impedance associated with & special or

..‘z{additional winding on the core or with one of the
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existing windings thereon. Said external em-
pedance may take the form of a resistance or re-
actance or a combination of both, e. g. a condens-
er or inductance used in conjunction with a re-

sistance or separately. If desired, the external 5
‘impedance may have a fixed value and the num-

ber of turns of the transformer winding to which
the impedance is connected may be made variable-
by means of tappings, it being appreciated that

the greater the number of turns includedin cir- 10
.cudt, the greater will be the effect of the external

impedance in modifying the impedance of -the
balancing transformer. .
" In order to reduce errors due to stray magnetic

flux between the various windings, as distinct 15

from the flux passing through the core, the vari-
ous windings may be interlaced or subdivided so
as to reduce the possible path for stray flux to a
minimum. Also, if desired, the transformer may

be provided with a metalli¢ screen or screens be- 9

tween the windings or sections thereof S0 as to
reduce the effect of stray magnetic fluxes between
the windings and to eliminate electrostatic inter-
action. Also, for the forming of the core of the

transformer use may be made of a high permea- 25

bility alloy in the form of laminations so as to re- v
duce the number of turns and prhysical dimen-
sions necessary to obtain a given impedance,

It will be dppreciated that the effective value of

the external impedance may be varied by hand to 30

suit the particular use for which the device is to .
be employed or, if desired, the impedance varying
means may be coupled with 8 variable or displace-
able element of the secondary or follow-up circuit

to permit the sensitivity of the device to be varied 35

automatically to suit different operating condi-
tions, ) .

Where the induced voltage is applied to the .
grid element or elements of one or more thermion-

ic valves or gas filled relays, the grid coil or coils’ 40

may be wound on the same spool as the primsary
or secondary coils, or in association with them,
and may, if desired, be subdivided, but it is pre-
ferred to separate the grid coils into two separate '

and distinet windings arranged over the other 45

windings, or one at each end, so that the effect of
stray fluxes from the primary or secondary wind-
ings on the two.grid windings may be made equal

- and negligible, a
In order to prevent excessive magnetization re- 50

sulting in a temporary or a permanent slteration
of the magnetic properties of the core, a non-lin-
ear impedace, e, g. a rectifier, is preferably con-
nected acoss one of the windings, the character-

istic of the impedance being such that its ef- 58
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fective impedance value will fall rapidly with in-
creasing applied voltage. In this manner, the
voltage drop across such winding can be kept be-
low a predetermined value and the voltage drops
across the other windings can be prevented from
exceeding proportionate values. Such non-linear
impedance may be connected with any of the
aforesaid windings or it may be connected with
& speclal or additional winding. Usually, how-
ever, it is preferable to connect the non-linear
impedance to the same winding as the external
linear impedance, such winding being provided
with tappings to enable ‘the relative voltages
across the two impedances: to be adjusted.

The aforesaid primary element may form part -
of a measuring instrument or it may be consti-

tuted by an element the condition or position of
which is caused to vary with a physical, elec-
trical or other characteristic such as, for ex-
ample, velocity, fluid flow, temperature, or pres-
sure, ' .

In order that the s_ai;i invention may be clearly’

understood and readily carried into effect, the
same will now be more.fully described with
reference to the accompanying drawings, in
which:— o P ; .
Fig. 1 illustrates diagrammatically one conven-
ient mode of carrying the invention into effect;
- Fig. 2 illustrates a modification employing re-
lays of the thermionic type; )
Figs. 3 to' 7 illustrate alternative modes of

changing the value of the inductance of the

balancing transformer and of protecting the
transformer from.the effects of stray-flux; and
Fig, 8 illustrates diagrammatically another
mode of carrying the invention into effect.
In the embodiment, of the invention shown in

Fig, 1, the primary circuit comprises s winding.

A on a core E and in series with g controlling
resistance R and a supply transformer winding
I. The effective value of the resistance R is

adapted to be varied in known manner by varld- -

tions In the condition of the physical, electrical
or other characteristic which it is desired to com-
pensate for, control or record. The secondary
circuit comprises a secondary winding B also on
the core E and arranged In series with a resist-
ance K and a supply transformer winding J.

- The core E also carries an additional winding f
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connected to a relay G which controls the sup-
ply of power to a reversible electric motor H
adapted to actuate the-contact arm of the re-
sistance K and to operate the compensating, con-
trolling or recording device which, for simplicity,
is not shown in the drawings. e

The relay G is so adjusted or designed that

-{any departure from a predetermined voltage in-

duced in the winding f will cause the motor H
to rotate in one direction orithe other. That is

to say, -when the currents in the primary and

secondary windings A and B are such as to pro-
duce the normal or predetermined voltage on
the winding f, the arrangement is in equilibrium
and no rotation of the motor takes place, but if
the resistance R varies causing the current in
winding A to vary, the voltage induced in 7 will

 depart from its normal value and the motor H
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75

will displace the contact arm of the variable re-
sistance D, thereby altering the cwrrent in B
until the balance is once more restored.

The aforesaid relay may be of any known type

.e. g. electro-mechanical, or it may be of the

thermionic type such as is comprised by the two
gas-filled relays Gi and Gz shown in Fig. 2. In
this embodiment, the grids of the relays are con-

*( o ke -0
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nected respectively to the grid windings C and
D on & balancing transformer T and the anodes
of the relays are each connected through the
field windings of the reversible electric motor . -
to a source of anode current supply derived from’ §
a transformer J: which also supplies grid bias
from a tapping on its secondary winding. The!
primary or controlling element or elements com-

“prises one or more resistances or impedances F

and Fi the effective values of which are caused
to vary In known manter with variations in the
physical quantity being controlled, recorded or
compensated, and the current in the primary
circuit or circuits passes through the windings A
and B on the transformer T. :

The secondary current passes through a vari-
able resistance K and a third winding L on the
transformer T' and the resultant magnetization

10

15

.of the core will thus depend upon the sum of the |

ampere-turns due to A, B and L. 'The tiagneti-
zation of the core results in a voltage being in-
duced in the windings C and D, which voltage

20

. Is appiied to the grids of the gas-filled relays Gy

and Gz so that according to the polarity of this

voltage with respect to anode voltage, elther one 25

or'the other of these relays will be caused to pass

" ’be more convenient is inductively to couple with-

anode current.” 'The mofor is thus caised o To-
tate in one direction or the other and by virtue

of the motor being_coupled-to.the resistance K
the latter is varied so that the current-in the gg
secondary circuit passitig_through the “winding

L is adjusted until magnetization of the core is
brought back to its normal value, which may .
be zero if desiréd or found expedieht, i ;

It will be appreciated that the variable resist- 35
ance and the motor H are, as in the previousiy
descrided embodiment together coupled to the
compensating, controlling or recording mecha-
nism. The supply of current for the primary
and secondary circuits may be derived from the
same source as the anode and gzrid bias supply
for the gas-filled relays and the two circuits may
be fed from a common winding or separate wind-
ings of suitable transformers as shown.

As mentioned above, in some instances, it is ,.
necessary or advisable to alter the value of in--
ductance of the balancing transformer in order to
provide a control over the voltage developed in
these windings for a certain out-of-balance of
the two currents in the primary and secondary
windings. One method of effecting ‘such altera-,
tions is to vary the reluctance of the core of the
transformer by means of a variable air-gap m-
known manner, but another method which may

50

- 5
the balancing transformer an external impedance 58

and to vary the value of this external impedance.
For example, as is illustrated in Fig. 3, the pri-
mary and secondary windings A and B on a core
E are inductively coupled by means of a winding
P to the impedance Z, which impedance may be a
simple resistance, inductance or impedance, or it
may be & composite impedance of resistance u .
and inductance v, as shown for example in Fig 4, )
and in order to vary the value of the impedance, 65
either the resistance or the inductance, or both,
may be made variable and/or the winding P may
be tapped as shown. In the alternative method of .
connection shown in Fig. 4, the resistance u is in

- series with the inductance v. The accuracy of!yq

the transformer of this nature may be affected by
stray or leakage fields due to the passage of mag-;
netic flux through the space surrounding the;
windings as distinct from the flux passing through!
the core of the transformer.. This effect may be|75
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eliminated or minimized by providing metallic
shields over one or more of the windings in such a
manner that the stray flux is prevented from
affecting the adjacent windings and that the only
common fux linking the various windings is that
passing through the coreof the transformer.

For example, as is illustrated in Fig. 5, the
windings A and B constituting the primary and
secondary windings may be wound on g core E
and the windings C and D constituting the grid

windings may be wound over the primary and

secondary windings in such a manner that metal-
lic shields g, k and i are interposed between the

windings and around the outsides.in the manner’

shown, thus screening the stray fiux so that no
voltages are induced in the windings ¢ and D, ex-
cept by the flux in the core E. .

Another ‘method by which the effect of stray
flux can be reduced is to interlace or sub-divide
the windings so that they are physically as close as
bossible to one another and furthermore to ar-
range them symmetrically so that the effects of
stray fields tend to cancel out. Such an arrange-
ment is indicated in Fig. 6 in which the primary
winding A and the secondary winding B are sub-
divided in a number of sections alternately ar-
ranged in the manner shown, the grid windings

C and D being placed at either end of the pri-.

mary and secondary windings. The auxiliary
winding to which the external impedance is con-
nected for the purpose of modifying the imped-

ance of the transformer itself, may be wound mn
-sectisns aiso interleaved with the primary and

secondary windings. An alternative method is

2R rhown in Fig. 7 in whieh the two grid windings C

and D are arranged cupside the interleaved pri-
mary and secondary windings A and B. )

Since it mey pe necessary to vary the sensitiv-
ity of the device according to varying physical

) conditions, it is possible to vary mechanieslly the

external impedance according to the movement
of the follow-up or balancing resistance.

Referring to Fig. 8, it will be seen that the aux-

Mary winding L is conuected to a variable imped-
ance Z which is coupled mechanically to the griv-
ing.motor H ang the balancing resistance K 1n
the manner shown. Thus the sensitivity of the
transformer can be varied according to the value

‘of the balancing resistance K which, in turn, is

dependent upon the current flowing in the pri-
mary circuit A, since this controls the current in
the secondary circuit B. Other means of per-
ferming this adjustment automatically according

. 'to the movement of the follow-np or balancing
$ rozmboy may be used without departing from the

scope of the-invention, e. g. the air-gap in the

% core may be varied instead .of the external im-

pedar.ce. . ‘

In order to prevent excessive magnetization of
the core resulting from momentary out-of-bal-
ance of the two currents in the primary and sec-
ondary windings, due, for instance, to time delay
in the operation of the follow-up motor H, the

.core may become highly magnetized, which would

result in the accuracy being affected. This ex-
cesslve magnetization may be prevented by the
connection of a voltage-limiting device &Cross one
winding of the transformer, for instance across
the suxillary winding to which the external im-
pedance is connected. [This voltage-limiting de-
vice may take the form of a rectifier § which has
the characteristic of rapidly decreasing resist-
ance with increasing applied voltage. Thus, ow-
ing to the limited value of the current which may

flow in the auxiliary winding due to maximum

out-of-baiance of the primary and secondary cur-

rents, the voltage across the rectifier will never

exceed a predetermined value and hence the flux
in the transformer core also cannot exceed a pre-
determined value, - L ’
The auxiliary winding may be tapped to provide
a relative adjustment of the voltages applied to
the external impedance Z and also to the voltage
limiting non-linear impedance shown at S in Fig.
8. Furthermore, in order to reduce the number.
of ampere turns necessary to produce & -given
magnetization and hence induced voltage in the

grid or relay windings of the balancing trans-.
former; the core of this may be constructed of -

high permeability alloy., = - )

Having thus described this invention what I
claim as new therein and desire to secure by Let~
ters Patent iste + -

1. A telemetric system comprising means for
producing electric currents varying in accord-
ance with variations in one or more quantities
or factors, means for producing an electric cur-~
rent varying in accordance with the condition of
a controlled member, a transformer having wind-
ings adapted mutually to combine the said cur-
rents in such a manner that any departure from
the normal value of cwrrent in any winding is
adapted to cause the operation of a relay con-
nected to a winding of the transformer, said
relay controlling the supply of current to a re-
versible electric motor coupled with the con-
trolled member. o : :

2. A system of the character described com-
prising means for producing an electric current
varying with variations in one factor, means for
producing another electric’ current varying with
the condition of a controlled member, a trans-
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former having windings mutually combining said -

currents, a relay connected with 3 winding of
the transformer and operated upon departure
from the normal current in any winding of the
transformer, said relay including a thermionic
valve, and an electro-mechanical device coupled
with the controlled member, -the supply of cur-
rent to the electro-mechanical device being con-
trolled by the relay. - ' ’

3. A system of the character described com-
prising means producing an electric current vary-
ing with variations in one factor, means pro-
ducing another electric current varying with the
position of a controlled member, a transformer

- having windings disposed mutually to combine
.£aid currents, a relay operated by departure from

the normal current value of the current in any
winding of the transformer; said relay including
& thermionic valve with the control grid thereof
connected to a grid winding of the transformer,
and a reversible electric motor controlled by the
relay and connected in the anode circuit of the
thermionic valve and connected to the controlled
member to operate it.

4. A system of the character described com-~
prising means producing an electric current vary-

-ing with variations in one factor, means produc-
ing another electric current varying with the posi-
tion of a controlled member, g transformer havy--

ing windings disposed mutually to combine said
currents, said transformer having an auxiliary
winding connected with an external variable im-

, pedance, a relay operated by departure from the

normal current value of the current in any wind-
ing of the transformer, and an electro-mechan-~
fcal device coupled with the controlled member,
the supply of current to the electro-mechanical
device being controlled by the relay. ]
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. 5, A system of the character described compris-
ing means producing a primary electric current
varying with variations in one factor, means pro-
ducing a secondary electric current varying with
the position of a controlled member, a trans-
former having windings disposed mutually to
combine said  primary and secondary currents
and to produce a resultant voltage drop across

. said windings, means controlling the impedance
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offered by the winding or windings traversed by
the primary and secondary currents, & relay op-
erated by departure from the normal current
value of the current in any winding of the trans-
former and an electro-mechanical device coupled

‘with the controlled member and controlled by

the relay. .

6. A system of the character described compris-
ing means producing an ‘electric current varying
with variations in one factor, means producing
another electric current varying witl the posi-
tion of a controlled member, a transformer hav~
ing windings disposed mutually to combine said
currents, said transformer having a core pro-
vided with a varidble air gap, a relay operated

‘by departure from the ziormal current value of

the current in any winding of the transformer,
and an electro-mechanical device coupled with
the controlled member, the supply of current to
the electro-mechanical device being tontroiled by
the relay.

7. A system of the character described com-
prising means producing an electric current vary-

ing with variations in one factor, means produc-.

ing another electric current .varying with the
position of a controlled member, a transformer
having windings disposed mutually to combine
said currents, said transformer having an auxil-
iary winding connected with an external imped-
ance, means varying the value of the external

impedance in accordance with the position of

the controiled member, a relay operated by de-
parture from the normal current value of the
current in any winding of the transformer, and
an electro-mechanical device coupled with the
controlled member, the supply of current to the

-
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electro-mechanical device being eontrolled by the

» relay.

8. A system of the character descnbed com-
prising means producing an electric current vary-
ing with variations in one factor, means produc-

ing another electric current varying with the.

position of a controlled member, a transformer
having windings disposed mutually to combine
said currents, said transformer having a core
provided with an air gap, means varying said
air gap in accordance with the position of the
controlled member, a relay operated by departure
from the normal current value of the current in
any winding of the transformer, and an electro-
mechanical device coupled with the controlled
member, the supply of current to the électro-me-
chdnical device being controlled by the relay.

9. A system of the character described com-
prising means producing an electric current vary-
ing with variations in one factor, means produc-
ing another electric current varying with the
position of a controlled member, a transformer
having windings disposed mutually to combine
said currents, a relay operated by departure from

the normal current value of the current in any .

winding in the transformer, said relay including
two thermionic valves having their control grids
connected to windings on the transformer, and
a reversible electric motor having its windings
connected in the anode circuits of said thermi-
onic valves and connected to the controlled mem-
ber to operate it.
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10. A system of tlie character described com-~ .

prising means producing an electric current vary-
ing with variations in one factor, means produc-
ing another eleciric- current varying with the

" pesition of a controlled member, a transformer

having windings disposed mutually to combine
said currents, said transformer having an auxil-
iary winding connected to 2 voltage limiting de~
vice, a reversible electric motor connected to the
controlled member to operate it, and a relay op-
erated by departure from normal of the current
in any winding on the transformer and control-
ling the supply of current to said motor.
RAYMOND JOHN WEY
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