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1
CHART RECORDERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This invention relates to chart recorders.

A typical chart recorder provides a record on a long
roll or length of paper of the variation of the magnitude
of an electrical signal with time. It has two motors, the
first of which 1s the chart motor and moves the paper
along at a controlied rate. The second 1s the pen servo
motor and moves a pen iransversely across the chart 1o
a posiuon representing the instantaneous vaiue of the
Input signal.

It 1s commonly possible to switch the speed of the
chart motor between two or three values to take ac-
count of different anticipated types of vanation in the
input signal. However, 1t 1s not always possible to pre-
dict accurately what changes are hkely to occur in the
signal. Also, the changes may be such that they are
rapid but occur infrequently, and much motor power
and paper is then consumed during the intervals be-
tween changes. In the case of a battery-operated re-
corder, this 1s particularly disadvantageous.

According to this invention I provide a chart re-
corder for providing a record of the variation of a value
with time, comprising an input terminal for receiving an
electrical input signal of a value of which is to be re-
corded, first drive means for relatively moving a length
of record medium past a recording member at a select-
able controlled rate, and second drive means connected
to the input terminal for relatively moving the record-
ing member across the record medium to a position
dependent upon the said value of the input signal,
wherein, at least in one mode of operation of the re-
corder, the first drive means is connected to the input
terminal and is responsive to the input signal in such a
manner that the rate at which the record medium is
relatively moved past the recording member is automat-
ically dependent upon a characteristic of the said input
signal.

In a preferred embodiment of the invention the value
of the signal which is recorded is its magnitude, and the
characteristic of the signal which determines the rate at
which the first drive means relatively moves the record
medium past the recording member 1s the rate of change
of the said magnitude.

Conveniently the first drive means can switch be-
tween two rates in dependence upon whether the rate of
change of the input signal is above or below a predeter-
mined rate. To provide a visual indication of the rate
used, when in a selected one of the two rates a warning
signal can be added periodically to the input signal as
applied to the second drive means.

In the preferred embodiment of the invention which
1s described 1in more detail below, the first drive means
switches between a fast speed and a slow speed, and the
slow speed 15 obtained by intermittently operating the
recorder at the fast speed. When in the slow speed con-
dition, during the non-operative periods much of the
recorder circuitry can be switched off, with consider-
able power saving resulting.

The invention will now be described in more detail,
by way of example, with reference to the drawings, in
which:
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FIG. 1 1s a block circurt diagram ol certain compo-
nents of a chart recorder embodving the mventon to
tllustrate the manner tin which automatic speed control
can be obtained;

FIG. 215 a block circunt diagram of a motor control
circutt which can be used In the recorder:

FIGS. 3 and 4 together form a block circuit diagram
of a preferred chart recorder embodying the invenuon,
in which FIG. 3 shows the pen servo control circuits
and the circutts for generating a speed control signal,
and FI1G. 4 shows the chart motor control circutts and
the power supply circuits; and

FI1G. 515 a graph (lustrating the operation of part of
the siope detector of FIG. 3.

Reference should first be made to FIG. 1, which 1s
included to Hlustrate some 1mportant features of the
preferred embodiment of FIGS. 3 and 4. In FIG. 1 &
chart recorder tnciudes an input terminal 10 for receiv-
Ing a signal the magnitude of which is to be recorded by
the recorder. This signal 1s applied to a pen servo motor
12 via a control loop which includes a summing ampli-
fier 14 the non-inverting input of which is connected to
input 10, and the output of which 1s connected to a
power amplifier 16 in turn connected to the servo motor
12. The slider of a potentiometric slide wire 18 is me-
chanically coupled, as indicated at 20. to the servo
motor 12, and the electrical output thereof is applied to
the inverting input of amplifier 14.

In this way the servo motor 12 will tend to move the
pen to a position representing the instantaneous vaiue of
the input signal, such that the output of the amplifier 14
1S Zero.

The chart of the recorder i1s driven lengthwise by a
chart motor 22 powered from a power amplifier 24 at a
rate proportional to the voltage from a stabilised volt-
age source 26.

As thus-far described the recorder is typical of many
known recorders. However, in accordance with this
invention a slope detector circuit 30 i1s also connected to
the input terminal 10. This circuit senses the rate of
change of the input signal and when this rate of change
exceeds a predetermined value (whether positive or
negative) provides a high output signal.

A manually-operable selector switch 32 has three
positions, namely FAST, AUTO, and SLOW., When in
the FAST position 1t receives a high or 1 signal. When
in the SLOW position 1t receives a low or 0O signal.
When in the AUTO position 1t receives the output of
the slope detector 30, which as seen from above 1s |
when the input signal changes rapidly and 0 when it
changes siowly,

Thus the output of switch 32 indicates whether the
chart motor should operate at its fast or its slow speed.
It would be possible to apply the output of switch 32 to
the voltage source 26 to cause 1t to vary between a high
and a low value. However, to conserve battery power it
1s preferred to use the output of switch 32 differently.
This output is as shown connected to one input of an
OR gate 34 to another input of which 1s connected the
output of an astable oscillator 36. This oscillator cycles
between two conditions with a mark-space ratio of 1:9,.
Thus the ocutput of OR gate 34 will be high If:

switch 32 15 in 1ts FAST position; or

switch 32 is in 1its AUTO position and the output of

detector 30 ts high: or

switch 32 1s in 1ts AUTO or SLOW position and the

output of oscillator 36 1s high.
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[t will therefore be seen that when the fast chart
speed is required, the output of OR gate 34 is high con-
tinuously, but when the slow speed 1s required the out-
put of OR gate 34 is high for one-tenth of the time. The
slow speed will therefore by one-tenth of the fast speed.

The control signal at the output 38 of the OR gate 334
1s applied to three switching circuits. The first switch-
ing circuit 40 is connected to the power source battery
42 to provide an auxiliary power source rail 44 which 1s
used to power much of the circuitry. Circuits powered
directly from the battery are shown by having a circle
containing a plus sign  + associated with them, while
circuits powered from the switched auxiliary rail 44 are
shown by having a circle containing “plus A" +A
assoctated with them.

Thus power amplifier 16 1s powered from the
switched rail + A. Therefore when the control signal 38
s low there will be essentially no power consumption
by the pen servo motor 12. The slide wire 18 1s also
powered only when actually (n use.

Similarly the voltage source 26 for the chart motor 22
1s powered from the switched rail. Here, however, we
find it desirable to include a switch or gate circuit 46
between the source 26 and the power amplifier 24
which 1s opened (rendered non-conductive) when the
control signal 38 is low. A dynamic brake 48 for the
chart motor 22 is activated by a further switching cir-
cuit 30 when the control signal 38 becomes low. These
measures ensure that the chart motor 1s stopped quickly,
despite its inertia.

Before turning to a description of the more detailed
FIGS. 3 and 4, reference will first be made to FIG. 2
which shows a motor control circuit which can be used
with either the pen servo motor or the chart motor. In
this circuit, the input voltage represented by block 60
may be either the recorder input 10 or the output of
source 26. This voltage is applied to the non-inverting
input of a summing amphifier 62. The output of amplifier
62 1s connected to the motor 64 through a switch 66 and
a power ampilifier 68. A memory circutt 70 is also con-
nected to the motor 64 through a switch 72, and has an
output connected to the inverting input of amplifier 62.

The switches 66 and 72 are closed alternately. An
osciilator 74 1s connected directly to switch 66 and
through an inverter 76 to switch 72. The osctllator i1s an
astable oscillator, which has a mark-space ratio of say
9:1. Thus for nine-tenths of the time the motor 64 will be
powered by the power amplifier 68 in accordance with
the output of the amplifier 62, but at intervals it will be
connected to the memory circuit 70. During these inter-
vals the motor will provide an output voltage which is
proportional to its speed, and this voltage will be stored
in the memory as a speed-representative signal. This
voltage 1s continuousiy applied by the memory circuit
70 1o the amplifier 62 as a velocity control signal.

[t should be noted that when this velocity control
circuit 18 used with the chart motor 22 as the motor 64,
the frequency of oscillator 74 will be many times
greater than that of the osctllator 36 of FIG. 1.

The preferred chart recorder shown in FIGS. 3and ¢4 60

will now be described in detail. This recorder embodies
the features described with reference to FIGS. 1 and 2.
and also has several other desirable features. The pre-
terred chart recorder is designed as a portable recorder
to run from batteries, with low power consumption.
An input terminal 100 1s connected to a4 manually-
operable voltage range switch 102 which includes an
attenuator which can selectively be switched into cir-
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cuit to select the appropnate range. The output ot the
switch 102 is applied to the non-inverting input of
summing amplifier 103, where 1t 1s compared with the
output of a position-controlled potentiometric slide
wire 114 which 1s connected 1o the inverting tnput ot
the amplifier 103. The difference between its inputs is
multiphed by a factor of 2000 in the amplifier 103 and
applied to a voltage ampiifier 104, which has a gain ol
two. The output of amplifier 104 1s applied through
respective analogue switches 105 and 106 to two power
amplifiers 109 and 110 which are connected in push-
pull, that 15 amplifier 109 (s used tor positive signals
from amplifter 104 and amplifier 110 tor negative sig-
nals. These amplifiers 109 and 110 between them supply
a drive voltage for a pen servo motor 111 which moves
the pen across the chart towards the required position.
The servo motor 111 also moves the shiding contact of
the slide wire 114, thus tending to reduce the difference
signal at the input of the summing amplifier 103. When
the pen reaches the position which represents the inpul
signal, the output from the slide wire 114 balances the
input signal and the output of amplifier 103 is zero.

The servo loop 1s stabilised by a velocity feedback
signai along the lines of FIG. 2. The analogue switches
105 and 106 are operated together by an astabie oscilla-
tor 117, which runs at a frequency of { kHz and has a
mark-space ratio of 9:1. The output of oscillator 117 1s
also inverted in a digital inverter 118, and the inverter
output 1s applied to a further analog switch 112 which is
connected between the servo motor 111 and an ana-
logue memory circuit 113. An adjustable proportion ot
the output of the memory 113 is selected by a circurt 150
and applied to the inverting input of the summing amph-
fier 103.

It will be seen that the velocity control loop thus
formed operates as described with reference to FIG. 2.
The oscillator 117 runs at a frequency of 1 kHz and has
a mark-space ratio of 9:1. When the output of oscillator
117 1s high, analogue switches 105 and 106 are closed
(conductive) and analogue switch 112 1s open, due to
the inverter 118. At this time the servo motor 111 15
being driven from the summing amplifier 103, and its
speed of movement will depend upon the signals from
the slide wire 114, the mnput 100 via range switch 102,
and the analogue memory 113 via the preadjusting cir-
cuit 150. The input of memory 113 is however discon-
nected from the motor 111 by switch 112, When the
output of oscillator 117 1s low, switches 105 and 106
open, and switch 112 closes, so that the motor 111 1s
now connected to the input of memory 113 and not to
the drive amplifiers 109 and 110. In this state the motor
111 acts as a tacho-generator and provides an output
voltage which ts proportional to its instantaneous speed.
and this voltage is stored in the memory 113 via the
closed switch 112. This stored voltage is used to damp
the pen movement during the subsequent high output of
osctiiator 117. Adjustment 150 is provided for preset-
ting during manutacture but will not normally be al-
tered during use.

The mechanicai connection of the servo motor 111
and potentiometric slide wire 114 1s indicated at 151.
The shide wiare 1s supplied from a reference voltage
source 116, which also supplies a dual manual control
115 connected to the inverting input of amplitier 103
This enables the zero und full scale detlection of the
recorder to be manually adjusted.

Also mechanically associated with the pen are two
switches 107 and 108 which operate as end stops.
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Switch 107 1s located just above the full scale deflection
(ESD1 position of the pen and switch 108 15 located just
beiow the zero position. The switches are normally
open but are closed when the pen exceeds the range of
the recorder and passes the FSD or zero position re-
spectively. Conveniently the pen acts as the earth termi-
nal of the switch. Considering swiich 107, when the
switch closes 1t in turn opens switch 1035, thus discon-
necting the power amplifier 107. The pen thus does not
try 10 move bevond the limit position, even though the
output of amplifier 104 15 still positive. When the input
signal comes back into range and output from amplifier
104 will become negative, and this signal will be applied
through the still-closed switch 106 to power amplifier
110 10 drive the pen away from the limit position.
Switch 107 will now re-open and the recorder will
operate normally again. Thus over-ranging of the input
signal 1s accommodated electronically, with the advan-
tage that the pen can be ngidly coupled to the servo
motor 111 as at 151.

Conversely. 1n the case of under-ranging, switch 108
1s closed causing switch 106 to open. When the signal
comes back into range switch 105 and power amplifier
109 drive motor 111 to move the pen away from the end
stop 108.

As with the recorder of FIG. 1, the chart can be
driven 1n three modes, FAST, AUTO, or SLOW. The
selection between the three modes 1s made manually by
a selector switch 152 which n 1its FAST position is
connected to a positive voltage, in its SLOW position is
connected to earth, and in its AUTO position receives a
voltage which indicates whether or not the rate of
change of the input signal exceeds a predetermined rate
of change. The generation of this signal will be de-
scribed first.

The 1nput signal slope detection circuitry includes an
amplifier 138 connected to the output of the range
switch 102 which receives the input signal at terminal
100. A switched filter 139 is connected across the ampli-
fier 138 as shown so as to improve the signal-to-noise
ratio. The filtered signal is applied to an analogue
switch 140 which operates in conjunction with a differ-
entiator circuit 141 to form an incremental differenti-
ator. Switch 140 recetves a 0.5 Hz signal from a divider
133 (described below) and is switched on and off by this
signal. FIG. 5 illustrates the operation of the switch 140
and differentiator 141 in the presence of a steadily rising
stignal from amplifier 138. From point O to point A the
switch 140 is closed and the voltage stored in the capac-
itor C of the differentiator 141 follows the input volt-
age. At point A the switch 140 opens so that the capaci-
tor now holds the instantaneous voltage x at point A
unti] point B. At point B, one second later, the switch
140 15 again closed, and the difference between the
instantaneous input voltage vy and the stored voltage x
produces a voltage pulse across the resistor R of the
differentiator 141, which has a peak height proportional
to the difference between the voltages x and y. This
voltage will decay rapidly to zero because the time
constant of the RC network is negligible compared with
the 1 second pulses of the control signal. Therefore at
time C the voltage stored across the capacitor will again
be equal to the voltage at the output of amplifier 138.
The cycle will now repeat. Since the difference be-
tween the voltages x and y has been obtained in a fixed
period of one second, the voltage pulse output is a mea-
sure of the incremental slope of the input signal.
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The incremental differentiator thus formed can be
capable of differentiating frequencies as fow as 0.00]
Hz.

The signal from the differentiator 141 1s ampiified in
a voltage amplifier 142 and apphed to the input of a
double discriminator 143. which is capable of detecting
both positive and negative levels greater than a preset
value. If the signal from differentiator 141 18 greater
than this value the discriminator switches on a reset-
table timer or manostable circuit 144. This circuit, when
triggered. provides a high output for a predetermined
period of typically one minute. This overcomes the
problem of the siope detector switching the recorder 10
the slow speed whenever the peak of a waveform oc-
curs. Thus for as long as the incremenial slope of the
imnput signal remains in excess of the preset value, and
for one minute thereafter, the output of the timer 144 is
high. At other times 1t is low. The output of timer 144 is
applied to the AUTO contact of switch 152

Thus under all circumstances the output of switch
152 1indicates whether the fast or slow chart motor
speed 1s required. As with FIG. 1, the fast speed is
obtained by operating the chart motor continuously,
while the slow speed is obtained by operating the chart
motor at the same instantaneous speed as in the fast
mode but only for one-tenth of the time. To this end, an
astable osctllator 130 produces at an output a a 0.2 Hz
signal with a mark-space ratio of 1:9 which 1s applied 10
one input a of an OR gate 131. The output of the switch
152 15 appled to another input ¢ of the OR gate 131.
These two signals thus produce at the output 154 or OR
gate 131 a go/no go type of speed control signal for the
chart motor which 1s high during those intervals when
the chart motor 1s required to operate. The manner in
which this signal 1s used 1s described with reference to
FIG. 4.

To allow easy identification of the chart motor speed
on the trace, a **hash™ signal consisting of a plus and
minus 2 mV square wave is added to the input of the
recorder whenever the chart motor is operating at its
slow speed. This thickens the trace formed by the pen.
To this end a 0.1 Hz signal 1s produced at the output b
of oscillator 130 and applied via an attenuator 137 to a
switch 135. This switch is operated by a control signal
obtained by inverting the output of switch 152 in an
inverter 1533. When the signal from switch 1352 indicates
that the slow chart speed is required, switch 135 1s
closed to apply the signal from oscillator 130 to the
inverting input of summing amplifier 103, via a further
attenuator 101. When the fast chart speed i1s required.
switch 135 1s opened.

The frequency of the cutput b of oscillator 130 1s half
that at its output a, so that the sign of the hash signal will
alternate for each high on the a output of oscillator 130.

An mdication of elapsed time 1s provided on the trace
to enable identification of when an event occurs by
adding a plus and minus 50 mV signal to the recorder
input every half hours. A suitable oscillator 132 feeds a
divider 133 which, as described above, produces a 0.5
Hz signal at an output b. At another output a, it pro-
vides a 2-second wide pulse every half hour. This pulse
1S applied to control a switch 134 which recetves the 0.5
Hz signal from output b of the divider via an attenuator
136. Thus switch 134 provides a 2-second pulse of a2 0.5
Hz signal, 1.e. one cycle of the signal, every half hour.
This signal 1s applied to the attenuator 101 to be added
to the inverting input of amplifier 103.
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[t 1s necessary to ensure that the chart motor is run-
ning during the occurrence of this timer pule otherwise
it would not appear properly on the chart, and therefore
the a output of divider 133 is also applied to an input b
of the OR gate 131.

Reference should now be made to FIG. 4 which
shows the remaining circuits in the recorder. The chart
motor 124 1s controlled by a “velodyne™ control ¢circunt
which includes a velocity control loop of the type
shown in FIG. 2. The previously-mentioned oscillator
117 and inverter 118, shown again in FIG. 4 for conve-
nience, operate respectively on switches 122 and 125 to
open and close them alternately, with switch 122 closed
for nine-tenths of the time and switch 125 closed for

3

one-tenth of the time. Switch 125 connects the input of 13

a memory circuit 126 to the chart motor 124 to receive
a speed-dependent voltage which 18 compared in an
amplifier 120 with the fixed output of a reference volt-
age source 119. Any difference between these two sig-
nals, indicating a speed error, 1s amplified and applied
first through a switch 121 and then via the swiitch 122
and a power amplifier 123 to drive the chart motor 124.
The reference voltage can be adjusted by means of a
trimmer potentiometer (not shown) to control the fast
speed 10 the desired value.

As noted above, the slow chart speed i1s achieved by
operating the chart motor intermittently. The go/no go
speed control signal on line 154 i1s for this purpose ap-
nlied to a dynamic brake 127 connected to the chart
motor 124, via an analogue switch 128. The arrange-
ment 1s such that when the signal on line 154 1s low,
indicating that the motor should be stopped, the brake
127 1s activated. To inhibit the velocity control loop
from trying to drive the chart motor, the switch 121 is
opened In response to a low signal on line 154,

The signal on line 154 s also applied to a switch 129
in the power supply circuits, which are arranged as
follows. The primary power source, which is shown as
a battery 143, supplies a motor power rail +M via fus-
ing and interference suppression circuitry 147. This
source supplies the power amplifiers 109, 110 and 123,
as well as the dynamic brake 127. These ctircuits are
shown as being so powered by the indication +M
associated with them. The battery 1435 also supplies an
electronic power rail +S via fusing and interference
suppression circuiiry 146. A further interference sup-
pressor 148 is connected to the + S ratl and supplies a
stabilised rail +C. Finally the switch 129 is connected
to the 4+ 8 rail and supplies a switched auxiliary rail + A
In accordance with the go/no go speed control signal
on line 154.

The manner in which the principal electronic circuits
are powered 1s indicated on FIGS. 3 and 4 by the indi-
cations +S, +C and + A associated with the
circutts. It will be seen that the slope detector circuits
use the stabilised rail +C. Of the remaining circuits,
those circuits which consume any substantial power and
which are only required to operate when the chart
motor s actually operating use the switched + A rail.
These include the reference voltage sources 116 and
119, amplifiers 104 and 120, switches 103, 106 and 112,
osctllator 117 and inverter 118, When switch 129 is
opened, the signals to the power amplifiers 109, 110 and
123 are thus seen to fall to zero.

Other circults which are required to operate continu-
ously, or where power consumption is tnsignificant, use
the + S rail.
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[t will be appreciated that each of the above-men-
ttonad rails may consist of one or more positive and one
or more negative rails.

The recorder described has many advantages. These
include the fact that it can operate tor long periods
without attention, and is intrinsically safe to the British
Standard B.S. 1239: 1938, Being potentiometric 1t is
comparatively insensttive (0 vibration or position (ati-
tude).

When operating in the AUTO mode, the recorder
uses little power or paper when the input signal 15 rela-
tively tnactive. It the input signal starts to change rap-
1dly, however, the recorder will switch mto 1ts tast
speed. An indication 1s given on the trace as to whether
the recorder was operating n its fast or slow speed, and
ttming marks are included periodically.

[ claim:

[1. A chart recorder, comprising:

an input terminal for recetving an electrical input

signal a value of which i1s to be recorded;

first drive means for relatively moving a length of

record medium past a recording member at a se-
lectabie controltled rate; and

second drive means connected to said input terminal

for relatively moving the recording member across
the record medium to a position dependent upon
the said value of said input signal;

wheretn the improvement comprises means which at

least 1n one mode of operation of the recorder
connects said first drive means to said input termi-
nal such that said first drive means is responsive to
said input signal, for making said rate, at which the
record medium is relatively moved past the record-
ing member, automatically dependent upon the
slope of said input signal. ]

[2. A recorder according to claim 1, wherein said
value of said input signal is its magnitude, said slope
being the rate of change of said magnitude.]}

3. A recorder according to claim [1] 28. wherein
satd second drive means includes a motor rigidly con-
nected to the recording member, and inciuding lhimit
switches for disabling said motor upon actuation ot the
ltmit switches.

4. A recorder according to claim 1] 28, wherein
said second drive means includes a potenttometric post-
tion sensor.

[5. A chart recorder according to claim 1. including
means for detecting the siope of the nput signal by
periodically sampling the input signal and comparing
successive samples. ]

6. A recorder according to claim [1] 33. wherein at
least one of said drive means includes a drive motor
provided with a velocity control circuit.

7. A recorder according to claim 6, wherein said
velocity control circutt comprises a memory Circult
having an input connected to said motor through a first
switch an an output connected to a comparator which
also recerves a motor control signal. the comparator
output being applied to said motor through a second
switch and a power ampilifier. wherein sad first and
second switches are closed alternately.

[8. A recorder according to claim 1, wherein said
first drive means 1s adapted to switch between two or
more predetermined rates tn response to the slope of
said input signal. }

9. A recorder according to claim [8] 33. including
manually-operable means for disconnecting sard tirst
drive means from said input terminal and causing the
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record medium 1o be relatively moved past the record-
ing member at a selected constant speed.

10. A recorder according to clatm [8] 33. including
means responsive to said first drive means operating at
a selected rate to provide a visual indication thereof on
the record.

11. A recorder according to claim 10. wheremn said
last-mentioned means applies an oscillatory signal to the
second drive means to vary the width or thickness of
the record.

[12. A recorder according to claim 8, wherein said
first drive means swiiches between a fast speed and a
siow speed, and the slow speed 1s obtained by intermii-
tently operating the recorder at the fast speed.]}

13. A recorder according to claim [127} 33, wherein,
when in the slow speed condition and during the non-
operative periods, at least some of the recorder circustry
1$ disconnected from its power supply.

14. A recorder according to claim [12] 33, including
means causing the second drive means (o provide a
periodic time indication on the record, and for simulta-
neously causing the record member to be relatively
moved past the recording member even if the time
indication occurs during one of the non-operative peri-
ods.

[ 15. A chart recorder, comprising:

an input terminal for recetving an electrical input

signal a value of which is to be recorded;
first drive means including circuitry and for relatively
moving a length of record medium past a recording
member at a selectable controlled rate: and

second drive means including circuitry and con-
nected to said input terminal for relatively moving
the recording member across the record medium to
a position dependent upon the value of said input
signal;

means for selectively operating the first drive means

at a fast speed or a slow speed and obtaining the
slow speed by intermittent operation at the fast
speed, and means responsive to selection of the
slow-speed condition for disconnecting, during the
non-operative periods, at least some of satd cir-
cuitry from its power supply, whereby power con-
sumption is reduced. ]

[16. A recorder according to claim 15, wherein at
least one of said drive means includes a drive motor
provided with a velocity control circuit.]

[17. A recorder according to claim 16, wherein said
velocity control circuit comprises a memory circuit
having an input connected to said motor through a first
switch and an output connected to a comparator which
also receives a motor control signal, the comparator
cutput being applied to said motor through a second
switch and a power amplifier, wherein said first and
second switches are closed alternately.]

18 A chart recorder, comprising:

an Inpul terminal for receiving an electrical signal, a

value of which is to be recorded; and

recorder circuitry connected to the input terminal, the

recorder circuitry including:

first drive means for moving a length of record medium

relative to a recording member; and

second drive means connected 1o said input terminal for

relatively moving the recording member across the
record medium o a position dependent on the said
value of the input signal;

at leat one of said drive means including a drive motor

provided with a velocity control circuit comprising a

th
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PRCINOrY clrcuil faving an input connccted o sald
motor through a first switeh and an ouipul connected
(0 U compardlor wiich aiso recoives a motor coniro!
signal. the comparator output being applicd 10 suid
motor through a second switch and a power amplifier,
wherein said first and second switches are closed alier-
naltely.

19. A recorder according 10 claim 28, wherein the first
drive means (s connected 1o the input terminal and s re-
sponsive Lo the input signal in such a manner that the speed
at which the record medium (s moved relative 1o the record-
ing member is dependent on a characterisiic of the npu!
signal.

20. A recorder according to claim 19 wherein the said
characteristic is the rate of change of said value.

21. A recorder according to claim 19, wherein said valuc
of said input signal is its magnitude.

22. A recorder according to claim 18 including means

, Jfor detecting the slope of the input signal by periodically

25

30

sampling the input signal and comparing successive sam-
ples.

23. A recorder according to claim 22 wherein said first
drive means Is operable to move said length of record me-
dium at a fast or slow speed in response to the slope of the
input signal detected by said means for detecting.

24. A chart recorder according 1o claim 23 in which the
chart recorder is a portable, battery powered unit, said
recorder circuitry being powered at a battery supply con-
nection, said first drive means comprising a chart motor
connected to said recording medium, means powered by
said bartery supply connection and in turn connected for
supplying a stabilized voltage to said chart motor and
therewith moving said record medium ar said fast speed,

35 first switch means interposed between said stabilized volt-

age supply means and chart motor and closeable and open-
able to respectively (1) turn on said chart motor to opera-
tion at a given instantaneous speed and (2) turn off said
chart motor, speed selection means alternately actuable (1)

4p Jor holding said first switch means closed to thereby select

45
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said fast speed of record medium movement and (2) for
holding said first switch means open, except for Intermii-
tent closing, to thereby select said slow speed record me-
dium movemen! by operating the chart motor at the same
instantaneous speed as in the fast speed mode but for only
a part of the lime.
25. A recorder according to claim 24 including a brake
actuable by said speed selection in response to said siow
speed selection for quick(y stopping chart moror movement
in concert with said opening of satd first switch.
26. A chart recorder according (o claim 25, wherein,
when in the slow speed condition and during the non-opera-
tive periods, at least some of the recorder circultry is discon-
nected from its power supply.
27. A chart recorder, comprising.
an input terminal for receiving an electrical input signal
a value of which is to be recorded;

means for detecting the slope of the input signal by peri-
odically sampling the inpur signal and comparing
successive samples; and

recording circuitry connected to the inputl terminal, the

recorder circuitry including:

first drive means for moving a length of record medium

relative to a recording member at a fast or slow speed
in response 10 the value of the slope of the input signal
detected by the means for detecting: and

second drive means connected to said input terminal for

relatively moving the recording member across the
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record medium to a position dependent on the said
value of the input signal,

said second drive means including a motor rigidly con-

nected to the recording member and including limit
switches for disabling said motor upon actuation of °
said [imit swilches.
28. 4 recorder according to claim 27 wherein the first
drive means (s constructed so that the said fast speed is
obrained by operating the drive means continuously and
the slow speed Is obtained by operating the first drive means
Intermittently at the said fast speed.
29. A chart recorder, comprising.
an input terminal for receiving an electrical input signal,
a value of which Is to be recorded, 15

means for detecting the slope of the input signal by peri-
odically sampling the input signal and comparing
successive samples,

recorder circuitry connected to the input terminal, the

1O
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recorder circuitry connected to the input tervnnal. the

recorder circuitry including:

first drive means for moving a length of record medium

relative to a recording member selectably at a fast or
slow speed,

second drive means connected to said input terminal for

relatively moving the recording member across the
record medium to a position dependent on the said
value of the input signal’ and

means responsive to said first drive means operating at J

selected speed to apply an oscillatory signal 1o the
second drive means to vary the width or thickness of
the record so as to provide a visual indication of said
speed on said record.

31. A recorder according to claim 30 including means
for detecting the slope of the inpui signal by periodically
sampling the input signal and comparing successive sam-
ples.

32. A recorder according to claim 31 wherein said first

recorder circm'rry mc.{udfng_' 20 drive means is operab!e to move said Zengz‘h Of record mc-

Jfirst drive means for moving a length of record medium
relative to a recording member at a fast or a slow
speed in response to the value of the slope of the input
signal detected by the means for detecting, the first
drive means being constructed so that the said slow
speed s obtained by operating the first drive means
intermittently at the said fast speed;

second drive means connected to the input terminal for
relatively moving the recording member across the 10
record medium to a position dependent on the said
value of the input signal, the second drive means
including a motor rigidly connected to the recording
memaber;

limit switches for disabling said motor on actuation of 1is
the limit switches;

one of said drive means including a drive motor velocity
control circuit comprising a memory circuit having an
input connected to said motor through a first switch
and an output connected to a comparator which also 40
recetves a motor control signal, the comparator output
being applied to said motor through a second switch
and a power amplifier, wherein said [first and second
switches are closed alternately;

means responsive to the first drive means operating at a
selected speed ro provide a visual indication thereof on
the record by applying an oscillatory signal 1o the
second drive means to vary the width or thickness of
the record; and

means for causing the second drive means to provide a
periodic time indication on the record and for simulta-
neously causing the record medium to be relatively
moved past the recording member even if the time
indication occurs during one of the non-operative ss
periods.

30. A chart recorder, comprising:

an Input terminal for receiving an clectrical signal, a
value of which is to be recorded: and

45
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dium at a fast or slow speed in response to the slope of the
input signal detected by said means for detecting.

33. A chart recorder. comprising:

an input terminal for receiving an electrical input signa!

a value of which is to be recorded:

means for detecting the siope of the input signal by peri-

odically sampling the input signal and comparing
successive samples; and

recorder circuitry connected to the input terminal, the

recorder circuitry including:

first drive means for moving a length of record mediumn:

relative to a recording member at a fast or slow speed
in response to the value of the slope of the input signal
detected by the means for detecting; and

second drive means connected to said input terminal for

relatively moving the recording member across the
record medium to a position dependent on the said
value of the input signal,

the chart recorder being a portable, battery powered unit.

wherein said recorder circuitry is powered at a battery
supply connection, said first drive means comprising a
chart motor connected to said recording medium,
means powered by said battery supply connection and
in turn connected for supplying a stabilized voitage to
satd chart motor and therewith moving said record
medium at said fast speed, first switch means inter-
posed between said stabilized voltage supply means
and chart motor and closeable and openable 1o respec-
tively () turn on said chart motor to operation at a
given instantaneous speed and (2) turn off said charr
motor, speed selection means alternately actuable (1)
for holding said first switch means closed 1o thereby
select said fast speed of record medium movement and
(2) for holding said first switch means open. except for
intermittent closing, to thercby select said slow speed
record medium movement by operating the chari
moltor at the same instantaneous speed as in the fast

speed mode but for only a part of the time.
) * * L .
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