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ELECTRICAL RECORDING INSTRUMENT OF THE RELAY TYPE

Applicaﬁon filed March 18, 1929, Serial No.

This invention relates to electrical record-
ing instruments of the relay type, and par-
ticularly to the type wherein deflectional
movement of a primary moving system
brings into operation driving mechanism
which operates the recording apparatus and
simultaneously operates mechanism engag-
ing with the primary moving system
and arranged to stop the driving mecha-
nism when the recording apparatus has exe-
cuted a movement proportional to the de-
flectional movement of the primary moving

system. Hitherto such relay type recording

instruments have involved the use of com-
plex motor operated mechanical mechanism
or of electrical contacts, which are liable to
give trouble due to faulty contact or partial
welding and are particularly unreliable when
vibration, even to a very slight extent, is
present, as generally occurs with alternating
current instruments. Again, in such instru-
ments there is lost motion between the mak-
ing of contact for forward and reverse opera-
tion of the driving mechanism, which causes
a difference in reading according to whether
the quantity being recorded is increasing or
decreasing. In the present invention means
is provided whereby the driving mechanism
may be brought into operation on deflection
of the primary moving system without the
use of contact mechanism, and lost motion 1s
practically eliminated.

According to the present invention deflec-
tual movement of a primary moving system
is arranged to cause alteration of the tem-
perature in portions of an electrical circuit,
the resulting changes in resistance effecting
change in the distribution of electrical cur-
rent in the circuit, thereby causing the oper-
ation of suitable driving means for operat-
ing the recording means. Such alterations
of temperature may be caused by arranging
for deflection of the primary moving system
to alter the relative positions of a cooling sur-
face and a resistance element of suitable tem-
perature coefficient located adjacent to- the
cooling surface and heated by the passage of
an electrical current. As the total amount
of heat produced in such a resistance element
may be arranged to remain practically con-
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stant, the temperature of the resistance ele-
ment is reduced when it is moved closer to.
the cooling surface, owing to the increased
thermal conductivity of the decreased inter-
vening air gap, and similarly the tempera-
ture isincreased as the resistance element and
cooling surface are moved further apart. It
is preferred to use two such resistance ele-
ments connected as arms of a bridge system
substantially equivalent to a Wheatstone
bridge and to arrange the cooling surface so
that deflection movement of the primary mov-

&6

ing system increases the temperature of the

one resistance element and reduces the tem-
perature of the other. The electro-magnetic
driving mechanism is connected in the bridge
arm of the bridge system, and may consist
of a small induction motor of the eddy cur-
rent type where alternating current is used.
_The preferred embodiment of the inven-
tion, as used with alternating current, is
shown in the accompanying drawings
whereof
_Fig. 1 is a diagram of electrical connec-
tions. <
Fig.2isa plan view of the relay mechanism.

Fig. 3 is a front elevation of the relay mech-
anism with certain parts broken away to ex-
pose the mechanism.

Fig. 4 is a front elevation of a resistance
element.

Fig. 5 is a sectional end elevation of a re-
sistance e'ement. '

Resistance elements 1 and 2, normally of
substantially equal resistance value and hav-
ing a resistance winding of platinum, nickel,

or other substance having a considerable tem--

perature coefficient of resistance, are located
each adjacent to one side of a metallic plate
3 which is attached to a second plate 4 havin

an area which will dissipate heat to a suffi-
cient extent to prevent undue rise of temper-
ature. The plates 3 and 4 are mounted on a
spindle 5, which is capable of angular move-
ment. A primary electrical moving system
(not shown) responsive to &n electrical quan-
tity to be recorded, and which may be of the
moving coil, moving iron, induction, or other
suitable type, is adapted to impart angular
movement to the spindle 5 and attached plates
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8 and 4'on any change of the electrical quan-
tity. The resistances 1 and 2 are mounted on
a forked arm 6 mounted on a spindle 7 located
above and co-axial with the spindle 5. A
toothed sector 8 is also mounted on the spindle
7 and meshes with a pinion 9 mounted on a
rotatable spind.e 10 which carries also a
pulley wheel 11 adapted to move a pen or
other registering means across the recorder
chart by means of & cord or the like. The
spindle 10 is adapted to be driven through
reduction gearing 12 by the motor rotor 13.
The rotor 18 consists of a cylinder of copper
or other suitable eiectricallfr conducting ma-
terial mounted on the spindle 14, and is under
the influence of the poles 15 of the alternating
current electro-magnet 16. The electro-mag-
net is excited by the magnetizing Winding 17
while each pole carries an additional winding
18. The exciting winding is connected across
the source of alternating E. M. F. 19, and the
resistance elements 1 and 2 in series are con-
nected in parallel with this winding, and are
heated by the passage of current. Connec-
tion is made from the junction of the resist-
ances 1 and 2 through the windings 18 to a
tapping at the mid-point of the winding 17.
The windings 18 ave so connected that the al-
ternating current induces a flux of opposite
instantaneous polarity in adjacent pole-
pieces.

The resistance elements 1 and 2 each com-
prise & winding of wire 20 of high temper-

ature coefficient of resistance wound back-

wards and forwards round pins 21 driven into
2 former 22 of insulating material. The wire

should be sufficiently thin to respond in tem--

perature rapidly to the influence of an adja-
cent cooling surface. The former 22 carries
projections or ridges 23 on its face, and
the wire 20 is stretched across the inter-
vening gap, forming a series of parallel
wires lying in one plane and adapted to
lie adjacent to the surface of the metal
plate 8. Blocks 24, of metal or other suitable
material insulated from the wire 20 project
slightly above the plane of the wire, and pre-
vent electrical contact being made between
the wire and the metal plate 3. As an addi-

‘tional precaution the plate 3 may be coated

with enamel or other suitable insulating ma-
terial. Screws 25 passing through the fork
of the arm 6 and screwed into the blocks 24
hold the resistance element in position against
the pressure of the springs 26, and adjust-
ment of the position may be made by tighten-
ing or slackening the screws.

The bar 27 conveniently supported from
the mechanism frame, guide or rail 28 carried
by said bar and pulleys 29 and 30, constitute
5 frame for supporting the pointer mecha-
nism. A carriage or slide 31, provided with
rollers 32 traveling upon the guide or rail 28
provides a convenient support for the pointer

-or pen 33 which cooperates with a scale or
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chart, not shown. The rotary movement of
pulley wheel 11 is transmitted to the pen
through the cord 34 which passes oue or more
times around said wheel thence over puileys
29 and 30 and has its ends secured to the slide
31. While this mechanism forms a conven-
ient means of translating the rotary move-
ment of the wheel into a straight line move-
ment of the pointer it is obvious that other
mechanism may be substituted therefor and

70
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in some cases the pen can be operated directly

from the spindle 10. N

In operation, on deflection of the primary
electrical moving system, the vane 3 moves
towards and, if the deflection is considerable,

80

against one of the resistance elements and

away from the other.  As a result the tem-
perature of the one resistance element in-
creases and that of the other decreases, and
therefore their resistance values become un-
equal. The resistances 1 and 2 and the two
halves of the magnetizing winding 17 are
substantially equivalent to the four outer
arms of a Wheatstone bridge system of con-
nections, and on departure from the balanced
condition a current passes through the wind-
ings 18, which are equivalent to the bridge
arm of a Wheatstone bridge. By keeping
the inductance of these windings relatively
low it may be arranged that this bridge cur-
rent is substantially in phase with the ap-
plied E. M. F., as the circuit is completed in
opposite directions through the two halves of
the magnetizing winding 17, which is thus
practically non-inductive with respect to this
current. On the other hand the winding 17
is highly inductive with respect to the mag-
netizing current, and it may easily be ar-
ranged that this magnetizing current is sub-
stantially in quadrature with the applied
E. M. F. Thus the rotor 13 is inductively
acted upon in the manner well known in bi-
polar induction watt-hour meters and the
like so as to produce rotation, and by means
of the reduction gearing 12 it moves the
pulley wheel 11 and thus also the pen or
other recording means and, at the same time,
by means of the pinion 9 and toothed sector
8 moves the forked arm 6 carrying the resist-
ance elements 1 and 2. When the forked
arm 6 has moved through an angle such that
the vane 3 is allowed to come to its free stable
position and becomes central between the re-
sistance elements the temperature of these
elements again becomes normal and electri-
cal balance of the bridge system occurs,
whereupon rotation of the rotor 13 ceases.
Thus, on deflection of the primary moving
system, movement of the resistance elements
takes place in the same direction until the
plate 3 is again beiween them, and the re-
cording pen executes a proportional move-
ment. The speed of the rotor is limited by
the braking action of the magnetic field, and
the movement may thus be arranged to be
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dead-beat and not to over-shoot its reading
without the necessity of providing further
damping means. .

It is evident that numerous variations in
the details of construction and operation may
be made without departing from the spirit
or scope of the invention. Thus instead of
the cooling surface being mechanically con-
nected to the primary moving system the
resistance elements may be so connected.
Again, other systems of electrical connec-
tions may be employed to give equivalent re-
sults, and the invention may'(Le operated
either with a plurality of resistance elements
or with a single resistance element only.
Further, it is not essential to the operation
of the invention to use the induction type of
driving mechanism described, and ~other
types of driving mechanism"may be used,
tKe modifications necessary for operation
with direct current being readily apparent
to those skilled in the art. Again, while
the invention has been described as applied
to & relay recorder of the deflectional ty&)e,
it may equally be applied to a relay recorder
of the zero reading or null type wherein the
driving mechanism actuates the recording
means and simultaneously alters the condi-
tions determining the deflection of the pri-
mary moving system so as to res.ore this
system to its zero position. -

Having now particularly described and

- ascertained the nature of my invention and

50

in' what manner the same is to be performed

- what I claim is:

1. A recording instrument of the relay
type comprising a primary moving sys.em, a
circuit including resistance elements, an
electro-motive device in circuit with "said

- resistances and adapted to be operated in

one direction by the current through one re-
sistance and in the opposite direc ion by cur-
rent through the other resistance, means op-
erable by the primary moving system to vary

. the resistance of one or the other resistance

elements to operate the electro-motive de-
vice, & recording e'ement and means where-
by said element is operated by said electro-
motive device.

2. A recording instrument comprising a
primary moving element responsive to the
condition to be measured, resistance elements,
an ‘electro-motive device in circuit with said
elements and adapted to be operated on vari-
ation in the distribution of current therein,
means operated by the primary element for
varying the resistance of one of said ele-
ments to vary the current therein to op-
erate said device and recording means op-
erable by said device. : ‘

3. A recording instrument of the relay
type comprising an element actuable in ac-
cordance with the condition to be measured,
a circuit including a pair of resistance

-elements, an electro-motive mechanism

in circuit with said elements adapt-
ed to be operated on variation in the dis-
tribution of current in the resistance ele-

3

ments, means operated by the primary ele- .

ment to vary the: distribution of the cur-
rent and recording means operated by the
electro-motive mechanism as an incident to
the unequal distribution of current.

4. In a recording mechanism, an element
actuable in accordance with the condition
to be measured, a circuit including two re-
sistance elements, driving mechanism in cir-
cuit with the resistances adapted to be driv-
en on variation in the distribution of cur-
rent in the resistances, means operated by the
element for causing an unequal flow of cur-
rent in said resistances, and means operated
by the driving mechanism for restoring an
equal distribution of current in said resist-
ances. .

5. A recording instrument of the rela
type, a primary element operable in accord-
ance with variations of the condition to be
measured, two resistance elements arranged
parallel one to the other, a cooling element in-
termediate said resistances, an electro-motive
device in circuit with said resistances adapt-
ed to be operated on variation of the dis-
tribution of current in the resistances, means
operable by deflection of the primary element
for causing relative displacement of the re-
sistance elements and the cooling element to
vary the resistance of one of the resistance
elements, means operated by the device in-
cident to an unequal distribution of current
due to variation in resistance of one resist-

-ance element for restoring said resistance

and cooling elements to normal position and
recording means operated by the last named
means. :

6. A recording instrument comprising a
movable member responsive to the condition
to be measured, two resistance elements, cool-
ing means adapted to be moved toward and
from said elements to vary the temperature
thereof, an electro-motive device in circuit
with said elements operable on unequal dis-
tribution of current in the elements incident
to variations in temperature thereof, means
operated by said member for moving the cool-
ing means toward one element to vary the
temperature thereof, means operable by the
device for restoring the elements and cool-
ing means to normal position and recording
means operated by the last named means.

7. In a recording instrument, a swinging
member operable in accordance with vari-
ations of a physical phenomenon, resistance
elements pivotally supported and located on
opposite sides of said member whereby when
there is relative movement therebetween the
member is brought into juxtaposition to one
or the other of said elements to vary the re-
sistance thereof, a motor in circuit with said
elements adapted to be rotated in one direc-
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tion or the other dependinﬁlupon variation
in distribution of current through said ele-
ments, connecting means between the motor
and resistance elements whereby the motor
5 swings said elements to normal position when
the swinging member approaches one or the
other of said elements.

8. In a recording instrument of the relay
type, an oscillatable member actuable in ac-
cordance with the condition to be measured,

a pair of resistance elements pivotally sup-
* ported to lie on opposite sides of said member

so that when the member is oscillated it

moves toward one and away from the other
5 resistance, a reversible motor in circuit with
said elements adapted to be driven by un-
equal distribution of current in said elements,
and means between said resistance elements
and motor whereby when the member is
0 moved adjacent one resistance element the
resistance thereof is varied causing an un-
equal distribution of current whereupon the
motor operates to swing said resistance ele-
ments to a position where they are equi-
5 distant from the member to equalize the flo
of current through said elements. :

9. An improved recording instrument of
the relay type comprising a primary moving
system, a pivotally mounted cooling plate
adapted to be moved on deflection o? the
primary moving system, resistance elements
adjacent to the sides of the cooling plate and
pivotally mounted co-axial to the cooling
plate axis and adapted to be heated by the
passage of an electrical current, electro-
magnetic driving mechanism adapted to be
operated on variation in the distribution of
current in the resistance elements, recording
means, gearing connecting the driving mech-
0 anism and recording means, and means to

impart angular movement to the resistance

elements proportional to the movement of
the recording means. '

10. In a recording instrument of the relay

5 type, the combination of a Wheatstone bridge
having two legs adapted to be heated by the
passage of current therethrough, means for
altering the temperature of one of said legs
in accordance with variations in the condi-

0 tion to be measured, an electro-motive device
in the arm of said bridge adapted to be oper-
ated on variation in distribution of the cur-
rent in said legs, and means operated by said
device for equalizing the temperature of the

5 legs to establish equilibrium in the flow of
current in said legs.

11. In a recording instrument of the relay
type, the combination of a Wheatstone bridge
having two legs adapted to be heated by the

0 passage of current therethrough, means for
altering the temperature of one leg relative to
the other, incident to variations in the condi-
tion to be measured, an electro-motive device
in the arm of the bridge adapted to be oper-

5 ated on variation in the distribution of cur-
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rent in said legs and means operated by said
device -for equalizing the flow of current in
said legs.

12. In a recording device of the type de-
scribed, the combination of a Wheatstone
bridge having two legs of high temperature
coefficient, an electromagnet having its excit-
ing winding consisting of the other two legs
of said bridge and a second winding of the
bi-polar induction type consisting of the arm
of said bridge, & rotor of conducting material
inductively acted upon by the field of said
magnet, means responsive to the condition to
be measured for altering the temperature of
said two first named legs to operate the rotor
and means actuated by said rotor for equal-

1zing the temperature of said legs.

18. A recording instrument of the ty
described comprising & primary moving ele-
ment responsive to the condition to be meas-
ured, resistance elements, means operable by
said primary element for varying the rela-
tive resistance of said elements to cause an
unequal distribution of current flow there-
through, a magnetic driving means including
a rotor of conducting material inductively
acted upon by the field of an electromagnet
having an exciting winding connected to a
source of alternating current and a second
winding of the bi-polar induction type dis-
tributed on a plurality of poles carrying a
current determined by the unequal resistance
of said elements, means actuated by said driv-
ing means for equalizing the resistance of
said elements and recording mechanism oper-
ated by said driving means.

14. An improved recording instrument as
set forth in claim 13 wherein the said exciting
winding has a tapping at an intermediate
point, the resulting sections of the winding
being connected in circuit with the resistance
elements so as to form a bridge system sub-
stantially equivalent to a Wheatstone bridge,
the bi-polar windings being connected in the
bridge arm of the said system.

15. A recording instrument of the relay
type comprising a primary member actuable
in accordance with variations in the condi-
tion to be measured, a Wheatstone bridge
system having two legs of high temperature
coeficient of resistance, a pivotally supported
furcated member for supporting said two
legs parallel to each other, a cooling plate in-
termediate said legs- adapted to oscillate
from one leg to the other upon deflection of
said primary member but normally occupy-

ing a position intermediate said legs, mag--
netic driving means including a rotor of con--

ducting material, an electromagnet having
an exciting winding composed of the other
two legs of said bridge, the bridge arm being

at an intermediate point of the wind-

tap
mfé forming a second winding of the bi-polar
indu

ction type and distributed on a plural-
ity of poles carrying current determined by
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the unequal resistance of said elements, gear-
ing between said driving means and the fur-
cated member whereby when the primary
member deflects the cooling plate adjacent
one of the legs a current passes through the
driving means to move the furcated member
to such position that the legs are equidis-
tant from the cooling plate and the bridge is
balanced, a recording pen and means inter-
posed between said pen and gearing whereby
the pen executes a movement proportional to
the deflection of the primary moving system.

16. The combination with two movable
members, of means for controlling relative
movement of said members comprising a pair
of thermal elements carried by one of said
members, a thermal conducting element car-
ried by the other one of said members, an
electroresponsive means to which said pair
of thermal elements are oppositely con-
nected, the said conducting element serving

to vary the current through said responsive.

means in one direction by thermally effecting
one of said elements when brought into juxta-
position thereto by its supporting member
and varying the current through said respon-
sive means in the other direction upon dis-
placement of the two members in the oppo-
site direction. v

17. The combination with two movable
members, of means for controlling relative
movement thereof comprising electrorespon-
sive means for effecting movement of one of
sald members, two resistance elements car-
ried by one of said members and oppositely
connected to the electroresponsive means,
and means carried by the other of said mem-
bers for varying the resistance of one or the
other of said two resistances as the relative
positions of said two members vary.

18. The combination with two movable
members,. of means for controlling relative
movement thereof comprising electrorespon-
sive means for effecting movement of one
of said members, two spaced electrical con-

ductors carried by one of said members and.

oppositely connected to said responsive
means, and current varying means carried
by the other of said members and normally
disposed intermediate of said two condue-

tors, whereby the current through one or the

other of said two conductors may be varied
as the relative positions of the two members
vary. ‘

19. The combination with two movable
members, of means for controlling relative
movement thereof comprising electrorespon-
sive means for effecting movement of one of
said members, two spaced resistance elements
adapted to be heated by the passage of -an
electric current therethrough carried by one
of said members and oppositely connected to
said responsive means, and a cooling plate

carried by the other of said members and

normally disposed in intermediate spaced re-

8
lation to said two resistance elements, where-
by the current through one or the other of
said two elements may be varied by the cool-
ing action of the plate as the relative posi-
tions of said two members vary.

20. The combination with two movable
members, of means for controlling relative
movement thereof comprising electrore-
sponsive means for effecting movement of
one of said members, two spaced parallel re-
sistance elements, aéapted to be heated by
the passage of “electrical current there-
through, carried by one of said members and
oppositely connected to said responsive
means, and a cooling fin carried by the other
of said members adapted to swing back and
forth between said elements but normally
occupying a position intermediate said ele-
ments, sald fin when deflected from its nor-
mal position exerting a cooling effect on the
nearest resistance element thereby varying
the resistance of that element whereupon the
responsive means restores the two members
to normal position.

21. The combination with two movable
members, one of which has spaced parallel
parts and the other of which carries a heat
conducting plate positioned between said
parts; of means for controlling relative move-
ment of said members comprising an electro-
responsive device for effecting movement of
one of said members, two resistance elements
one carried by each of said parts adjacent
said plate ang oppositely connected to said
device, whereby when the plate is moved ad-
jacent one of said elements the current there-
through due to the cooling action of the
glate thereon is varied and the responsive

evice operated to restore the members to
normal position. .

22. The combination of two movable mem-
bers, one of which is positionable in accord-
ance with variations in a value, of means for
operating the other member to maintain a
predetermined relationship between said
members comprising electroresponsive
means, two electrical conductors carried by
one of said members and opposiely connect-
ed to said responsive means, circuit varying
means carried by the other of said members
adapted to cooperate with one or the other of
said conductors upon relative movement be-
tween said members to vary the current in
the cooperating conductor whereby to oper-
ate the responsive means to restore said mem-
bers to normal position. '

23. In a device of the type described, the
combination of a deflecting member posi-
tionable in accordance with a value to be
measured, a movably supported heated
means, ‘means operable by- the deflecting
member for exerting a cooling effect on the
heated means, said heated means normally
uneffected by the cooling means, and means
for restoring said two means to normal po-
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sition upon departure therefrom due to
movement of the deflecting member.

$4. Apparatus of the type described, com-
prising two relatively movable mormally

5 spaced apart members, means for moving one
member relative to the other and means in-
cluding & part on said other member actua-
ble upon departure of said members from
said spaced apart relation to restore said

10 members to normal position.

25. In a recording instrument, the com-
bination of a deflecting member responsive
to variations in a condition, movable means
comprising two spaced apart thermal ele-

15 ments and a third element intermediate said
first elements and movable by said deflecting
member to and from said thermal elements
and adapted to vary the temperature thereof
when in proximity thereto, and means re-

20 S{:onsive to the differential heating of said
elements due to the cooling of one of said
elements by the third element for moving
said first means to restore the balance of heat
between said elements and recording means

o5 actuated by said responsive mesns commen-
surately with the movement of the movable
means.

In testimony whereof I affix my signature.

ALEXANDER G. S. SANDISON.



