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SUMHARY

The recording system described measures the output of strain gauge bridges,
displacements by determining the position of potentiometer wipers, temperature
by use of chromel-alumel thermocouples and the millivolt output of any D.C.
transducer. The measurements are recorded on punched cards and in typescript.

The methods used to measure the different types of transducer signal are

surveyed and detailed operating procedures are given in Appendices.
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1 INTRODUCTION

The number of transducers used in a structural research test may be a few
of similar type, or as many as several thousand of various types. Measurements
of mechanical strain, displacement and temperature are frequently required
during one test. Manually operated instruments are still acceptable for small
tests. Fast automatic recorders, requiring elaborate data processing, and
recording the information in binary code on punched or magnetic tape, are
suitable for very large installations.

The Recorder described here bridges the gap between these extremes and’
satisfies the basic requirements of economical connection of a large number of
transducers and accurate measurements of low voltage signals in the presence
of congiderable interference. Recording in decimal on punched cards and
typescript, the data may be analysed manually or autcmatically as desired.
Several alternative functions may be performed; the transducer mey form part
of a Vheatstone Bridge circuit, e.g. strain gauge or potentiometer, or produce
a small steady voltage e¢.g. thermocouple. The Recorder is a null balance
instrument and if a balance is not obtained the measurement is not printed,
but replaced by a series of dashes. Primarily a 'static' Recorder, it will,
however, record signals that vary moderately with time. Nine Recorders have
been installed in the Measurement Room of the Structures Research Laboratory.
Figs.1 and 2.

The description given in the main text is elaborated in Appendices, which
also contain operating procedures.

2 SPECIFICATION

2¢71 Strain Gauges and Potentiometers

Scale = Aﬂ/B% change of resistance = 865 or 8665 digits. Gauge resistance

5CQ - 50000
Terminal Unit - 12 or 18 gauges
Selector Unit ~ up to 12 Terminal Units

Maximum Capacity - 216 gauges per Selector Unit

2.2  Thermocouples

Scale - 865°C = 865 or 8665 digits for chromel/alumel thermocouples
(1 or 0+1°C per digit)
(cold junction temperature 0° to 50°C)
Terminal Unit - 12 thermocouples in const. temp. cold junction
Selector Unit - up to 12 Termingl Units
Maximum Capacity - 144 thermocouples per Selector Unit

2.3 Voltages

Scale - 86'5 mV = 865 digits or 86°+65 mV = 8665 digits.
(100 or 10 uV per digit)

Terminal Unit - 12 transducers

Selector Unit = up to 12 Terminal Units

Maximum Capacity - 144 transducers per Selector Unit
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2.5

2.6

2.7

Routing Unit

1~5 Selector Units of above types.
The Maximum capacity of a Recorder may thus be five times that shown
above.

Elevated Temperature Strain Gauges

Scales - as above. OStrain gauge and thermocouple recordings
synchronised.

Strain Gauge Terminal Unit - 12 gauges

Thermocouple Terminal Unit = 12 thermocouples

Selector Unit 2 or 4 Strain Gauge Terminal Units

2 or k4 Thermocouple Terminal Units

48 strain gauges and 48 thermocouples per
pair of Recorders.

Maximum Capacity

Output

Punched Card and Typescript

24 three diglt measurements per card or

18 four digit measurements per card

together with a minimum of 7 digits available for identification.

Speed 10 digits/sec: 3 or 4 digits per measurement.
Cycling time per card~-approximately 9 socs.

The reading cycle may be initiated externally at a prescribed
time or made to cycle continuously.

Response

The Recorder will correctly measurc transient signals from a transducer

varying at a rate of up to 10 digits per second. The measurement recorded is
the output of the transducer 50 milliseconds before the first digit of that
measurement is punched.

2.8

Filtering

Common mode (in-phase interference at input terminals) rejection greater

than 100 db under operational conditions.

2.9

Antiphase interference or signal rejection at 50 ¢/s on 3rd digit of
measurement - 53 db
" " " " 50 ¢/s on 4th digit of
measurement - 45 db
" " " " 150 ¢/s on 3rd digit of
measurement - 66 db
" " " " 150 ¢/s on 4th digit of
measurement - 66 db

Accuracy

Strein Gauges better than *0°+5/l, Thermocouples *1% of measurement.
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Stability

Strain Gauges *2 digits in the fourth decade. Thermocouples 1% of
measurement.,

3 GENERAL DESCRIFTION

Fach Recorder is a single channcl instrument to which any number of
similar transducers may be switched sequentially. The measurements are recorded
as 3 or 4 digit numbers on punched cards, and in typescript simultaneously, at
the rate of 10 digits per second. The measurements may thus be inspected
visually without decoding. One punched card can record 80 decimal digits, at
lecast 7 of which are available to identify the transducer, load increment, test
number, etc. Card sorting machines can be used to present the data in a
sequence suitable for subsequent analysis and graphs may be obtained from
semi-automatic card-to-graph plotters or a digitsl computer, e.g. Deuce, can
be programmed to carry out automatic analysis.

Several alternative functions may be performed by each Recorder. The
transducer may form part of a D.C. Wheatstone Bridge circuit, e.ge. strain gauge
or potentiometer, or produce a small steady voltage c.g. thermocouple. The
Recorder is a null balance instrument with scale lengths of 8665 or 865 digits.
If a balance is not obtained the measurement is not printed, but replaced by
a series of dashes.

Transient signals varying at a rate of up to 10 digits per scc may be
recorded, the measurements belng accurate at a time 50 milliseconds before the
first digit of the mecasurement is printed.

Each cycle of measurement may be initiated at the Recorder, the Selector
Unit, or by ecxternal manual or automatic control. The Recorder may also be made
to record continuously.

Terminal Units, to which solder connections are made from several
transducers, are located near the specimen. A short multicore cable connects
each Terminal Unit to a Selector Unit which routes the transducers to the
Recorder. The Selector Unit is situated close to the Terminal Units, but may
be up to 100 yards from the Recorder (see Appendix 2).

Large amounts of interference at 5O q/s and its harmonics may be produced
by the power wiring for kinetic heating ovens. Interference pick-up in the
signal circuits is rcduced by connecting only one Terminal Unit at a time to the
Recorder, thus reducing the effective sizc of the installation and further
attenuation effected in the Recorder by common mode rejection and the use of a
low pass filter. Since only onc Terminal Unit is connected to the Recorder at
a time, a faulty gauge can only affect the measurecments of those gauges on the
same Terminal Unit.

All signal cables are screened and run at a distance from the power wiring.
The use of a d.c. system eliminates the need of trimming capacitors and indi-
vidually screened leads.



The recording system is earthed at one point only. To minimise common
mode interference, earthing points are provided on each Terminal Unit,
Selector Unit and Simulator.

The earthing system is shown in Fig.) and a typical installation in
Fig.5.

4 STRAIN MEASUREMENT

el General

A change of strain in an electrical conductor produces a proportional
change in its resistance. Thus, if a wire, or foil ‘gauge’' is bonded to the
specimen so that the change of strain in the gauge equals that in the
specimen, the resulting percentage change of resistance of the gauge will be
proportional to the change of strain in the specimen. The ratio of percen-
tage change of strain in the specimen to the corresponding percentage change
of resistance is known as the gauge factor, and is a measure of 1ts
sensitivity.

Bach electrical resistance strain gauge forms the active arm of a
Vheatstone Bridge circuit. Two 100 ohm precision resistors form the fixed
arms of the bridge; the remaining arm may be a dummy or active gauge used
for temperature compensation.

It is common practice in strain gauge installaticns to obtain an
approximate bridge balance at zero strain by the use of balancing
potentiometers. The necessity for these potentiometers is eliminated in
the Recorder by the provision of a long stable scale. Errors duec to the
poor contact of the potentiometer wipers are thus removed and the quantity
of wiring reduced. The Recorder will not, however, measure strain directly,
but the change of strain as the difference of two mecasurements. The bridge
is balanced during measurements by automatically switching resistors in
parallel with the fixed arms of the bridge.

L.2 Strain Gauge Terminal Unit Fig.6

Up to 18 active strain gauges may be soldered to each Terminal Unit.
Fach gauge should be wired individually the leads being kept as short as
possible. (See Appendix 2.) The active gauge is comnected between a positive
terminal and a numbered gauge point, and the dummy or second active gauge
between a negative terminal and the same gauge point. Only one wire per gauge
point and 6 supply wires common to all 18 gauges are thus taken to the
Recorder. The two fixed arms of the bridge are situated in the Terminal Unit,
and are shared by the 18 gauges there being therefore no plug and socket
connections in the bridge circuit. The bridge supply is fused at 1 amp at
the Terminal Unit, thus a short circuit will only render 18 gauges
unserviceablse.

Le3 Strain Gauge and Potentiometer Selector Unit Fig.7

Up to 12 Strain Gauge Terminal Units may be connected to a Sclector
Unit. One Selector Unit may thus scan 216 strain gauges, and record them
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as 4 digit numbers, in approximately 100 secs. Bach Terminal Unit and gauge
is connected in sequence to the Recorder for measurement.

The 7V bridge supply, stabilised at the Selector Unit, is known as the
'*Test Supply' and is only connected to the one Terminal Unit being recorded.
This ensures that a faulty gauge may only affect a maximum of 17 other gauges,
and reduces the amount of interfercnce pick-up coupled to the Recorder.

To maintain thermal stability, the remaining Terminal Units are connected
to a Standby Supply, controlled at the same voltage as the Test Supply at the
Selector Unit.

Lel  Selector Routing Unit Fig.8

For large scale experiments, a Selector Routing Unit is available, which,
in conjunction with five Sclector Units, cnables up to 1080 gauges to be
measured sequentially by one Recorder. A Standby Power Unit is connected to
each Selector Unit.

5 DEFLECTION MEASUREMENT

By making the wiper of a resistance potentiometer follow the displacement
of a specimen, that displacement may be measured and recorded as a fraction of
the potentiometer stroke. The complete stroke is represented by O to 865 or
7 to 8658 digits. ’

Up to 18 potentiometers may be connected to a Strain Gauge Terminal Unit
and 12 Torminal Units routed to the Recorder via a Strain Gauge and potentio-
meter Selector Unit as described above.

6 THERMOCOUPLE THERMOMETRY

6.1 General

Vhen a circuit is formed by two wircs of dissimilar metals, an emf is
gencrated in the circuit proportional to the difference in temperature of the
Junctions. If one junction, known as the cold junction, is held at a constant
known temperature, the emf in the circuit may be used to determine the tempera-
ture of the hot junction.

A scale has been provided to rcecord temperature, by use of chromel-alumel
(T1/T2) thermocouples, directly in degrees centigrade up to a maximum of 865°C

for cold junction temperatures from 0° to 50°C. The deviation of this scale
from the ’I‘,‘/T2 standard calibration’ is shown in Fig.4k. Vhen using other types

of thermocouples, the measurements may be recorded directly in millivolts up to
86°+5 mV on the millivolt scale of the Recorder and converted to temperature in
analysis.

6.2 Thermocouple and Radiometer Terminal Units Fig.9

Twelve pairs of terminals are provided on each Terminal Unit. These
Terminal Units arc designed for use in a thermostatically controlled oven which
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acts as a cold junction at a toemperaturc of 45°C when measuring thermocouples.
If a thermocouple is not earthed at the specimen, the positive wire must be
connected to the Terminal Unit earth terminal.

643 Thermocouple Terminal Units Fig.10

The wiring of these units is identical to that of the Thermocouple and
Radiometer Terminal Units but are of similar mechanical design to the Strain
Gauge and Potentiometer Terminal Units. These can be used if a controlled
cold junction is not required or voltages from other transducers arc to be
measured.

6.4  Thermocouple and Voltage Sclector Unit Fig.11

The Thermocouple and Voltage Sclector Unit routes twelve Terminal Units
to the Recorder in sequenco, thus handling 144 transducers. 144 three digit
measurements or 108 four digit measurements may be made in less than 60 secs.

6.5 Selector Routing Unit Fig.8

For large scale exporiments a Selector Routing Unit is available which,
in conjunction with 5 Selector Units, enables 720 transducers to be measured
sequentially by one Recorder.

7 VOLTAGE MEASUREMENT .

The voltage from any d.c. transducer may be recorded on the millivolt
range up to 86°5 mV with 10 or 100 uV/digit. A zero adjustment is provided.

Twelve transducers are connccted to a Thermocouple Terminal Unit, Fig.10
and coupled to the Recorder via a Thermocouple Selector Unit, thus enabling
144 transducers to be recorded sequentially as 3 digit measurements by one
Recorder in less than 60 sccs.

8 ELEVATED TEMPERATURE STRENGTH TESTING

(STRATN GAUGES WITH THERMOCOUPLE TEMPERATURE CORRECTION)

8a1 General

Temperature compensation of an active strain gauge by use of a dummy
gauge is inadequate in transient elevated temperature testing, since the
active and dummy gauges arc unlikely to be at the same temperature. The
dummy gauges are therefore replaced by precision resistors held at a constant
temperature if nccessary, and the strain and temperature of the active gauge
measurcd simultancously. For this purpose a thermocouple is located adjacent
to the active strain gauge. Two Recorders are used, one to measure strain,
the other to measure temperature, and are coupled to ensure synchronisation
of the temperature and strain measurements.

8¢e2 Terminal Units

The standard Strain Gauge Terminal Units and Thermocouple Terminal
Units are used. Only the first 12 positions, i.e. 1 to 9,11,12 and 13, of
the Strain Gauge Terminal Units are connected.
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8.3 Strain Gauge and Thermocouple Selcctor Unit Fig.12

Four Strain Gauge and four Thermocouple Terminal Units are routed by a
dual purposc selector unit feeding a pair of Recorders. The two Recorders are
synchroniscd in order that the temperature of the gauge is measured at the
same time as the strain.

9 CONCLUDING REMARKS

Major strength tests, under both 'cold' and 'hot' cases, have proved
the accuracy and repeatability of the 3 digit measurements to be satisfactory
for moderate sized installations. For 'cold' tests the time taken for scveral
Recorders to cycle through a large installation may be acceptable, but the
speed of operation of each Recorder is insufficient for large scalc transient
kinctic heating tests which must be recorded in 'rcal’ time.

Por smaller tests, such as the load calibration on the ground of strain
gauges Tor flight research, the long scale length afforded con 4 digit operation
has been required and shown to give repeatable and accurate mcasurements. The
design of the Rccorder is ideally suited to such experiments.

Unreliability has been caused by faulty relays and uniselectors which could
be replaced by transistor or reed relay switching as appropriate. The Card
Punches are not suited to the long, continuous running required on & large scale
test and have causcd considerable unreliability under such conditions. The
typewriters, which are used mainly as monitors, have operated more satisfactorily:
a sequential typescript may, however, be obtained automatically from the punched
cards.

To satisfy the requirements of the large scale major strength tests a
faster Recorder, with slightly less resolution, is under development which will
record on punched tape. It has also becn found necessary to develop a tempera-
ture controlled Strain Gauge Terminal Unit for use with elevated temperature
strain gauges due to the appreciable temperaturc cocfficient of precision
resistors.

The facilities available with these Recorders provide a comprchensive
recording system which should satisfy all the requircments envisaged.
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APPENDTX 1

DETAILED RLCORDER OPERATION

1 GENERAL DESCRIPTION

The Recorder is a null balance instrument attaining a final balance in
three or four decimal steps. A digitiser converts the amplified out-of-balance
into & number {0-15) x 10%, wherc the decade, n = 3, 2, 1 or O. At each decade
the digitised output from the amplifier operates appropriate balancing relays
which switch resistors to decrcase the out-of-balance. The value of n is
changed at each decade to amplify the smaeller unbalance remaining by changing
the aemplifier feedback resistors, thus altering its gain. A convenient scale
length of 8665 is obtained by using a range of 0-7, represcnting 0-7000
digits, on the first decade. This 15 bit digitiser output, in the binary form
8-)=2~1, provides a redundancy of digits in each decade. This redundancy makes
possible the use of a method of successive approximations1 in the balancing
technique, permitting the low accuracy in the amplifier and digitiser. A low
frequency galvanometer amplifier is used, and the increasec in tolerance also
enables the signal to be digitised earlier in cach decade cycle, before the
amplifier output has stabilised completely.

The use of this redundancy in the balancing technique is indicated in
Table 1 €. Also listed in Table 1 are the allowable amplifier errors at cach
decade of the measurement, if the final recording is required to 11% digits.
In practice, corrections are made so that the allowable amplifier tolerances
are symmetrical, and the probability of excecding these tolerances must be very
small. Consider a balance at 4388; this balance can be obtained by two
different digital combinations: 4000 + 300 + 80 + 8 or 3000 + 1300 + 80 + 8.
Therefore at the first decade the null-detecting amplifier may mcasure the
unbalance as 3000 or 4000 and this ambiguity can be resolved at the next decade
by digitising 3 x 102 or 13 x 102.  The ambiguity between 3000 and LOOO can be
tolerated for any balance point betwecn 3999 and L4665, as later decades will
correct for it. The number 4333 1ls particularly interesting as an ambiguity
ariscs at cach decade and is resolved by the succeeding one (Table 1).

Since the decision of the last decade may alter the first digit, the final
answer is not available until the cnd of the measurement cycle. This answer is
thorefore memorised and printed out during the next measuroment.

If at some decade, the romaining out-of-balance is outside the range 0-15,
then a final balance camnot be obtained. Under these conditions the galvano~
moter is immediately disconnected from tho circuilt to prevent damage and a
series of dashes is printed instecad of a spurious rcading. The galvanometer
is re-connected as soon as the next transducer is coupled to the Recorder.

The component blocks of the Recorder and their interconnection are shown
in Figs.15 and 16 and their operation will be described under those hcadings.
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Appendix 1
2 POVER UNIT - Figs.1 and 17

The *8V supplies are produccd from a 6 phase rectifier stack. TFrom
these supplies, stabilised *3°5V rails, known as the Test Supply, arc derived.
The electrical measurement circuits arc earthed at one point only to minimise
common mode interference. For strain gauges and potenticmeters the Recorder
earth is at a potential of O volt to reduce errors duc to low insulation
resistance and is connected at the junction of two series resistors across
the Test Supply. For thermocouples and millivolts the Test Supply is earthed
via the transduccer. The earth connections are shown in Fig.l.

The Test Supply 1s stabilised at the Sclector Unit for strain gauges
and potentiometers. Two wires feced back the Test Supply from the Sclector
Unit to the Power Unit, where it is comparcd with the voltage sct by the
Test Voltage Adjustment. Stabilisation is at the Power Unit for thermocouples
and millivolts.

The 24 volt and 48 volt supplics arc produced, unsmoothed, from a
6 phase rectifier stack the common negative rail being connccted to the
chassis in the Balancing and Print Out Unit.

3 STANDBY POWER UNIT - Figs.1 and 18

This unit provides a smoothed D.C., supply for strain gauges from a
motor driven single phase variable transformer. Both Test and Standby
Supplies arc fed back to the two coils of & detector relay. This relay
operates the motor to recduce the voltage difference between Test and Standby
Supplies at the Sclecctor Switch should it excced O0*1 volt. The Standby
Supply is fuscd at 10 amps and is isolated from the Test Supply.

b DIGITISING AMPLIFIER UNIT ~ Figs.1 and 19

The Digitising Amplifier is shown schematically in Fig.20. The image,
reflected by the galvanometer mirror, of the vertical filament of a high
efficiency lamp is focussed on to a pair of photocells. These photovoltaic
cells and amplifiers arc in a scrics circuit across the 16 volts supply. The
differential voltage output frow this circuit is amplificed and fed back to
the input of the galvanometer through precision resistors, thus approximately
balancing out the signal. This amplified output is then a measure of the
current, or number of digits, required to effcct a balance; and is also fed,
via a low pass filter, to the digitiser. By the use of relays, the signal
circuits are isolated from the control circuits in the digitiser.

The transistor detector is set initially at the 8 transition and decides
whether the out-of-balance is greater or less than 8 digits. The transition
is then set to 12 or 4, depending upon the 8 decision, by changing the
resistors at tho detector input to decide whether the remaining unbalance is
greater or less than 4 digits. The process is then continued until a 4 bit
number is obtained. The 4 bit output is sct up on the contacts of four
relays. This binary output is then fled to the appropriate Balancing rclays
via the Decade Selector, thus digitally rcducing the signal received by the
amplificr, and the Rocorder moves to the next decade. The gain of the
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Appendix 1

amplifier is increased by altcration of the feodback resistors and the cycle
repeated, The digitising cycle is initiated by a DIGITISING pulse generated
in the Timing Sub Unit when the amplifier has almost stabilised.

The unserviceable (U/S) circuit monitors the photocell amplifier current,
s0 that when the light spot moves off the photocells due to an excess signal,
the decrecase in current is used to disconnect the galvanometer from the circuit
and to rceturn the amplifier to the lcast sensitive decade. The galvanometer
may be manually reset by the switch on the Balancing and Print Qut unit, but
is automatically reset at the commencement of the next measurement cycle.

Simulation of the input voltage to the digitiser is provided by a
potentiometer to check the operation of the digitiser. By operation of the
Test Amplifier switch the galvanometer is disconnoected from the circuit and
can be adjusted to its mechanical zero. Adjustable zeros aro provided on the
millivolt and T1/T2 scales.

The Function Selector switch detcrmines which type of transducer mey be
recorded and connects the appropriate precision resistors in the balancing
circuit. The null~balance is obtained by switching balancing resistors in the
Balancing and Momory unit between the +3+5 and =3°5V rails. These resistors
determine the voltage acress a precision resistor to balance out the signal
o.m.f. when mecasuring thermocouples or voltages. VWhen measuring strain gauges
these balancing resistors are connected in parallel with the fixed arms of the
strain gauge bridge in the Terminal Unit. Vhen measuring potentiometers these
resistors generate a voltage which is compared with the potentiometer wiper
voltage.

5 DECADE SELECTOR SUB-UNIT - Fig.21

This banlk of relays routes information from the digitiser to the balancing
relays and from the memory and carry relays to the decoder. The relays are
operated by Drive Decade Change pulses A and B. The routing is completed in
the Balancing and Memory Sub-Unit.

6 BALANCING AND MEMORY SUB-UNIT - Fig.22

A bank of relays, operated by the Drive Decade Change B pulsc, further
route the incoming and outgoing binary information.

The balancing releys are closed by the Digitising Amplifier output, and
are locked by the CANCEL rail voltage. These relays switch resistors, corres-
ponding to the Digitising Amplifier output, to balance out the signal. The
balancing resistors for the first decade are in the form (2 + 2 + 2 + 1) x 1000
so that the Recorder accuracy is not degraded hy relay contact resistance or
registor manufacturing tolerance. Since, on the first decade, the initial
transition of the digitiser is 3 to 4 and not 7 to 8, the 1000's SHIFT line
reduces the balance point of the Recorder by 278 digits to make the digitiser
transition coincident with the Recorder balance point. To enable the Recorder
to follow the T1/Té thormocouple calibration, the scale has two slopes;

41 uv/°C from O to 433°C and 42+6 uV/°C from 433 to 865°C. This change is
effected by inserting a resistor in the balancing network, to reduce its
sensitivity, above 433°C.
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Appendix 1

At the end of each measurement cycle the TRANSFER rails are switched to
zero volts causing the memory relays to register the condition of the
balancing relays and lock on at the end of the TRANSFER pulse. As & number
greater than 9 may be transferred in any decade the second set of contacts
of the memory relays are used to compute carry digits and thus simplify the
decoder. The information having been transferred to the memory, the balancing
relays are reset by the CANCEL rail switching to zero volts.

7 DECODER SUB-UNIT = Fig.23

The memorised binary information is fed, via the Decade Selector, to
the Decoder Unit. This relay tree converts the 8~4-2~02-1 binary code, from
the memory unit, to decimal. For numbers greater than 9 the decoder ignores
the 10's digit as the carry function has been performed in the Balancing and
Memory Sub-Unit. The PRINT pulse is routed by the decoder to the appropriate
decimal digit interposer of the Card Punch.

8 CARD PUNCH AND AUTOPLUG UNIT - Figs.24 and 25

Each card has 80 columns, up to 72 of which are used for recording
measurements and may record one of 12 digits (Y¥,X, O to 9 sequentially from
the top of the card) in each column. A space pulse column is required for
starting the Recorder, the remaining 7 or more digits being available for
identification. The Card Punch is operated automatically by the Recorder
PRINT pulse when recording data and frec runs when recording identification
colums. The Punch plug board controls identif'icetion, skip and space
columns, so that it is possible to preset the position of recording the
identification data on the card. Identification data can be preset on the
Punch plug board or Autoplug Unit. The Autoplug Unit is connected to the
Card Punch by means of a 12 core cable. The 12 sets of information selected
by the Autoplug Unit switches may be connected to the appropriate column from
positions 5/1-12 of the plug board. Fig.24 gives the plug board layout. The
Selector Unit, Terminal Unit and Reading numbers available as identification
data may be connected to the Punch columns from positions 6/20, 7/20 and
8/20 respectively on the plug board.

9 TYPEWRITER - Pigs.3 and 26

The Typewriter is slave to the Card Punch and prints in one line of
typescript the information on one card, including identification. Y on the
card is = on the typewriter and X is full stop. The carriage return contacts
inhibit the commencement of the recording cycle.

10 STRAIN GAUGE TERMINAL UNITS - Figs.6 and 27

Up to 18 gauge pairs may be connected to one Terminal Unit, The active
gauge is connected between the gauge point and the positive terminals, and
the dummy or other active gauge between the negative terminals and the same
gauge point. The positive and negative terminals are connected to the bridge
supply which is fused at 1 AMP. Two 100 ohm precision resistors form the
fixed arms of the bridge, so that the complete bridge is at the Terminal Unit.
The Recorder inserts precision resistors in parallel with the 100 ohm resistors
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to obtain & null balance. This allows one wire per gauge and 6 supply and
control wires per Terminal Unit cnly, to be taken to the Recorder and enables
compensation to be made for lead length. Either 12 or 18 gauge points may be
used, any spare positions being paralleled to another gauge. An earth
terminal is provided.

11 THERMOCOUPLE AND RADIOMETER TERMINAL UNITS - Figs.9 and 28
and THERMOCOUPLE TERMINAL UNITS - Figs.10 and 28

Twelve transducers may be connected to a Terminel Unit. Two wires are
required from each transducer sincc on metal specimens the transducers may be
connected electrically via the specimen at an indeterminate impedance. An
carth terminal is provided. If a thermocouple is not earthed at the specimen,
the positive wire must be connected to the earth terminal.

The Thermocouple and Radiometer Terminal Unit is designed for insertion
in a Survic Controls Ltd. constant temperature oven acting as the cold junction
at 45°C. The Thermocouple Terminal Units arc for use with transducers not
requiring a controlled cold junction.

12 STRAIN GAUGE AID POTENTIOMETER SELECTOR UNIT - Figs.7 and 29

This unit can scan up to 12 Strain Gauge Terminal Units, denoted
Y, X, O to 9, the number scanned being selected by the switch labelled 'Number
of Terminal Units'. Either 12 or 18 gauges per Terminal Unit may be scamed.
An earth terminal is provided for connection of the Recorder chassis and
screcned cables to the laboratory earth.

The Selector Unit incorporates two uniselectors, the 'terminal unit
selector' SW.2 and the 'gauge selector' SW.1. Before the commencement of a
reading cycle SW.1 is at position 2 and SW.2 at the neutral position. This is
known as the Selector Unit 'ncutral position' and there is therefore no signal
output to the Recorder. On operating the START switch momentarily, either on
the Recorder or the Selector Unit, SW.2 moves to position 1 selecting Terminal
Unit Y. SELECTOR DRIVE pulses from the Rccorder step SW.1 through the 12 or
18 gauges of Terminal Unit Y. SV.1 then skips through its neutral position to
return to position 2., As it passes through the ncutral position SVW.1 steps
SW.2 to position X. Vhen SW.2 rcaches the position selected by the 'Number of
Terminal Units' switech it skips to its ncutral position and the Recorder stops.

On position 2 of SW.1, a NOT PRINT pulse is fed to the Recorder while the
first measurement is being taken. This measurcment is then printed while on
position 3. Hence on position 14 or 20, a spurious measurement is teken but
never recorded while gauge 12 or 18 is printed. Vhen SW.1 rcaches the end of a
Terminal Unit and skips, a SKIP pulse is fed, via the Recorder, to the Card
Punch which ejects the punched card and resets. The measurement cycle is
inhibited until the COMMENCE NEXT CARD line is connected to the Recorder
i.e. until SW.1 has returned to position 2.

The 12 Terminal Unit numbers, ¥, X, O to 9, corresponding to the 12 digits
of the Card Punch, are fed to the Card Punch on one column as Terminal Unit
Identification. The last digit of the Selector Unit serial number is uscd as
Selector Unit Idontification.
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A bank of relays, operated in turn by SW.2, connect the Test Supply to
and disconncct the Standby supply from the Terminal Unit selected.

A Manual Step switch is provided, stepping the Terminal Unit Selector
SW.2.

13 THERMOCQUPLE AND VOLTAGE SELECTOR UKRIT -~ Figs.11 and 30

This unit scans up to 12 Thermocouple and Radiometer Terminal Units,
denoted Y, X, O to 9, the number connected being selected by the swiich
labelled 'Number of Terminal Units'. An earth terminal is provided for
connection of the Recorder chassis and screened cables to the laboratory
earth.

The Selector Unit incorporates itwo uniselcctors, the 'Terminal Unit
selector!, SW.2, and the 'gauge selector', SW.1. SW.,1 scans the transducers
from the two Terminal Units selected by SW.2. ILither 18 or 24 transducers
per card may be recorded; using 18 transducers, only the first six of the
second Terminal Unit are seleccted. Bofore the commencement of a reading
cycle SW.1 is at position 1 and SW.2 at the neutral position. This is known
as the Selector Unit 'neutral position' and there is therefore no signal
output to the Recorder. On operating the START switch, either on the
Recorder or the Selecctor Unit, SV.2 will move to position 1, sclecting
Terminal Units Y and X. SELECTOR DRIVE pulscs from the Recorder step SW.1
through the 12, 18 or 24 gauges of Terminal Units Y and X, depending upon
how many Terminal Units and how many gauges per card have been chosen.

SW.1 then skips through its neutral position to return to position 1. As it
passes through the neutral position, SW.1 steps SW.2 to position 2, selecting
Terminal Units O and 1. then SW.2 reachcs the position selected by the
'"Number of Terminal Units', it will skip to its neutral position.

On position 1 of SW.1, a NOT PRINT pulse is fed to the Recorder while
the first measurement is being teken. The first measurement is then printed
while in position 2. Hence on position 13, 19 or 25 a spurious measurement
is taken while gauge 12, 18 or 24 is being printed. When SW.1 reaches the
end of one, or two, Terminal Units and skips, a SKIP pulse is fed via the
Recorder, to the Cerd Punch which ejects the punched card and resets.

The measurement cycle is inhibited until the COMMENCE NEXT CARD line is
connected to the Recorder i.e., until SW.1 has rcturncd to position 1. The
12 Termiral Unit numbers, Y, X, O to 9 corresponding to the twelve digits of
the Card Punch, are fed to one column of the Card Punch as Terminal Unit
Identification. The last digit of the Selector Unit serial number is used
as Selector Unit Identification. A Manual Step switch is provided, stepping
the Terminal Unit Selector SW.2.

14 STRAIN GAUGE AND THERMOCOUPLE SELECTOR UNIT ~ Figs.12 and 31

This unit will scan 2 or 4 Strain Gauge Terminal Units and 2 or 4
Thermocouple Terminal Units. The selected Strain Gauges and Thermocouples
are fed simultanecusly to itwo Recorders, only the first 12 gauges of tho
Strain Gauge Terminal Units being used. An carth terminal is provided for
connection of the Recorder chassis and screened cables to the laboratory
earth.
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The Selector Unit incorporates two uniselectors, the gauge selector,
SW.1, and the Reading Number selector SW.2. By arranging pairs of wipers, A
and B, 180° out-of-phase, SW.1 is converted to a 60 way selector and can route
two sets of 24 gauges to one Recorder.

The Selector Unit can be made to scan either 24 or 48 gauges by operation
of the Channel Switch,

The Recorder measuring strain gauges is nominated Master Recorder. Before
the commencement of a reading, SW.1 is in the 'neutral position' and there is
no output to the Recorders. On operating the Start switch, either on the
Selector Unit or the Master Recorder, SW.1 will move to position 1, routing the
first Strain Gauge and first Thermocouple to the appropriate Recorder. When
more than one pair of Recorders are required to be started simultaneously, an
external Synchronising Unit is used.

SELECTOR DRIVE pulses from the Recorder step SW.1 through the 24 gauges
of the first two Terminal Units. SW.1 will then skip through neutral position A
to the first gauge of the third Terminal Unit, or to ncutral position B if only
24 gauges are being recorded. As SW.1 passes through its second neutral position,
B, it steps SW.2 on to change the Reading Number Identification, This is a 1 to
50 cyclic counter which automatically resets to 1 on first switching on. When
SW.1 skips, a SKIP pulse is fed via the Recorder to the Card Punch, which ejects
the punched card and resets.

The measurement cycle cannot proceed on the next pair of Terminal Units
until the COMMENCE NEXT CARD line is connected to the Recorder, i.e., until
SW.,1 has returned to position 1.

The two Strain Gauge punched cards are identified by numbers 5 and 7 and
the two Thermocouple punched cards are identified by numbers 1 and 3. No
Selector Unit identification is provided since not more than one Selector Unit
is connected to one Recorder.

15 SELECTOR ROUTING UNIT - Figs.8 and 32

This unit will route the information from up to 5 Strain Gauge and
Potentiometer or Thermocouplc and Voltage Selector Units, numbered A to E, to
one Recorder. A uniselector routes the control pulses from the Selector Units;
the signal leads of the Sclector Units are continually connected in parallel so
that the Selector Units not connected to the Recorder must be in the ncutral
positicn, indicated by the green lights. The red lights show which unit is
selected.

The Routing Unit is stepped manually by the Step switch.
When the last Selector Unit has been read, stepping the Routing Unit will return
it to position A. Selecting the 'Number of Selector Units' also varies the
resistance of the Simulated Test Supply load so that a constant voltage is fed
from the zener diode circuit to stabilise the Standby Supplies. The Standby
Power Units, one for each Selector Unit, and an auxiliary 24 volt supply are
also connected to the Selector Routing Unit.
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16 STRATN GAUGE AND POTENTIOMETER SIMULATOR -~ Figs.13 and 33

This unit contains a complete Wheatstone Bridge, fixed resistors being
switched across two arms to provide an out-of-balance from =112 to +8000
digits. The simulation is only accurate for changes of out-of-balance.
When simulating potentiometers, the fixed arms are open circuited. The
Simulator is normally connected direct to the Recorder by the 8 core signal
cable to the Digitising.Amplifier and a 12 core cable to the Power Unit. The Test
Supply is stabilised et the Simulator. An carth terminal is provided for
connection of the Recorder chassis and screened cables to the laboratory earth,

17 TEMPERATURE SIMULATOR - Figs.14 and 34

Outputs from O to 1100°C at a constant resistance of 100 ohm are pro-
vided in four scales:~

0 to 110°C, 0 to 220°C, O to 550°C and O to 1100°C

each divided into 11 cqual steps. The twelve outputs of any one scale are
available at a 25 pin unitor plug simulating a Thermocouple Terminal Unit
and 12 thermocouples. Any step may also be routed to any channel of a
galvanometer Recorder via two 12 pin unitor plugs or to a single chamnel
recorder via an 8 pin unitor plug. A mercury cell provides the e.m.f., the
meter reading full-scale when the battery is at full voitage. An earth
terminal is provided for connection of the Recorder chassis and screened
cables to the laboratory carth.

18 TIMING SUB-UNIT - Fig.35

In the quiescent state the Selector Unit is in the necutral position
end the READY (grecn) lamp is illuminated. The reading cycle cannot commence
until the SPACE START relays are operated. These relays asre closed by the
SPACE pulse from the Card Punch if the 'carriage-return' contacts in the
Typewriter are closed, and lock in the closed position. On operation of the
START switch, (see Appendix 6) the Selector Unit moves out of the neutral
position and the COMMENCE NEXT CARD line is f'ed to the Recorder. This closes
the CONTROL relsy, if the CONTROL switch is OFF, and the timing sequence
commences. When synchronising two Recorders the CONTROL switch is ON and
the CONTROL relay does not close until the SPACE START relays in the second
Recorder have operated. Since the measurement of one gauge is memorised and
printed out while the next gauge is being measured, a NOT PRINT pulse is fed
to the Recorder to inhibit the Card Punch and Typewriter while the first
gauge of each card is measured. Once started, the Recorder cycles until the
Selector Unit has scanned the first one or two Terminal Units. The Selector
Unit then feeds a SKIP pulse to the Recorder and Card Punch, which unlocks
the SPACE START relays, shunts the galvanometer while the Selector Unit skips
and resets the Card Punch and Typewriter. (The Card Punch may be skipped
manually at the Recorder by operating the RESET ZERO button.) The Card Punch
now prints the identification on the second card and feeds a SPACE pulse to the
Recorder which re-starts when the COMMENCE NEXT CARD line is comnected. This
cycle of operations continues until all the gauges on all the Terminal Units
have been scanned, when the Selecctor Unit returns to the neutral position.
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If the START switch is permancntly operated the Selector Unit immediately
initiates a further reading cyclc.

Each measurement consists of a 3 or L4 digit cycle known as the measurement
cycle. The description given below is that of a four digit measurement cycle
and is divided into four dccade steps. The 3 digit cycle is similar, the
pulses marked™ in the *ext occurr'ng onc decade earlicr than in the 4 digit
cycle. The sequences for 3 and 4 digit measurement cycles are shown dlagram=-
matbically in Figs.36 and 37.

The four 100 m sec dceimal decades of each measurcment cycle are of
decrecasing significance, dcnoted 1000, 100, 10, 1 and commence on the 1000
position. Outputs are fed to the Digitlsing Amplifier to change its gain at
cach decade and two DRIVE DICADE CHANGE pulses (A and B) operate the Decade
Selector Sub-Unit. At cach decade a DIGITISING pulse stimulates the Digitising
Amplificr and a PRINT pulse is fed to the Card Punch via the Memory and Decoder
Sub-Units. During the last decade of cach cyelc the TRANSFER*, SELECTOR DRIVE*
and CAINCEL* pulses arc generated, the SEIECIOR DRIVE pulse also shunting the
galvanometer while the Selector Unit moves.

A transistor multivibrator, locked to the mains frequency feeds a 50 ¢/s
squarc wave to a dividing chain to obtain pulscs with a 100 m scc period
corrcsponding to the 10 decimal digits per sccond operating spced of the
Recorder. A further + 3 or + 4 chain generates pulses with 300 or 400 m sec
period corresponding to the time of one measurement eycle. The divider chains
are used to drive the timing relays. It is possible to drive through the
timing sequence manvelly in 20 m sec stecps by operation of the Manual Step
switch. Whon operating manually, to avoid generating a prolonged SELECTCR DRIVE
pulse, the timer should be pulsed straight through the last 20 m sec step of
each measurcment cycle.

Similarly, coarc must be taken not to burn out a Punch solenoid by
gencrating an extended PRINT pulsc and for this reason the NOT PRINT switch
should be operated when stepping manually.

A DRIVE switch disconnects the relay supply from the divider chain to
allow synchronous operation driven by a sccond Recorder.

Unitors are provided to allow for cxternal starting and coupling of
Recorder pairs. Sce the Block Diagram Fig.16. The external synchronisation
when using a pair of’ Recorders for elevated tomperature testing must initiate
reading cycles at infervels of not less than 10 secs for 24 gauges or 20 secs
for L3 gauges.






APPENDIX 2

LEAD LENGTH COMPENSATION

List of Symbols used in this Appendix

R1 Resistance of ective gauge
R2 Resistance of dummy gauge
R3 R4 Resistanccs of fixed arms of bridge
L Length of lead wires from Torminal Unit to gauge
T Temperature of wire °C
a Temperaturc coefficicnt of resistance of 14/0076 lead wires
= 5O><1O-60 per £t per °C
p Rosistivity of 14/0076 lcad wires = 14 X “IO"3 Q per £t at 20°C
or Tosistivity of 14,/0076 lead wires = 2 x 107> Q per £t at 220°C

Consider the strain gauge bridge, for example, as shown in Fig.38,

Tne Wheatstone Bridge is formed by rcsistors R1, R2, R3 and RA’ (R1 and R2

being the active and dummy gauges). The bridge is balanced by the digital
potentiometer operated by the balancing rolays. Spurious resistances R5 to
R15 arc introduced by lead, plug and sockct resistanccs, Since R5 and R6

reduce the voltage to the bridge, while R9 and R1O rcduce bthe sensitivity of
the galvanomcter, without affccting the balance point of the bridge, these

four resistances may be ignored provided that measurements arc not taken with
an unbalanced bridge and that the voltage drop in R5 and R6 is not excossive.

The scale factor of the digital potentiometer is reduced by the resistors

R11, R1? and 313. For a Recorder which is 120 yards from the Terminal Unit,

R11 = R1? = R13 = 360p = 50, which will reduce the scale factor by 0°2Z% since

the offective rosistance of the digital potentiometer is greater than 50002,

The Strain Gauge Terminal Unit, illustrated in Fig.6, is designed to
ensure that R7, R8, R14 and R15 arc kopt to a minimum by mounting the Terminal

Unit in close proximity to the gauges being measurcd., Wiring between the
Terminal Units and the Recorder has thercfore a negligible effect on system
accuracy. All signal connecctors are gold plated to a thickness of 0°:0003 in.
to reduce contact potontials, resistance and corrosion and the uniselector
contacts are of solid silver.
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There are two methods, in current use, of wiring the gauges R1 and R2 to

the Strain Gauge Terminal Unit, the '2 wire' and '3 wire' systems. The effect
of variation of the four parameters L, T, a ard p on these systems for room
temperature and elevated temperature tests will be examined using 1200 gauges
wired with 14/0076 leads.

1 ROOM TEMPERATURE TT3TING

It is required that any errors shall be less than 1 digit, i.e. 0°0005%
change of resistance, and shall not alter the gauge factor by more than O°:1/%
iees Ry = 01% R, = 0-10,

We have, for 1 digit error,

o x L x T x 100

By

0+0005 =

or

axLxT = 6x1O-LQ

Two wire system: This method requires two wires from the gauge R, to the
Terminal Unit and two separate wires from the dummy R2 to the Terminal 'Unit.

For R7 to equal 0¢1Q the total length of lead from the gauge must not be
greater than 8 £t. Hence the gauge must not be more than 4 ft. from the Terminal
Unit.

(a) Consider the two wires comprising R7, matched in length and a with those

of the dummy wires R8, but differing in temperature by T°C.

-4 -4
T = é.-x 10-- = - 6219 = 1'500 .

x L 50 x 10 x 8

Hence care must be taken to ensure that the wires are isothermal.

(b) Assume R, and Ry differ in length by L and during a test both change

temperature from 15°C to 25°C,

6 x 10-4 6 x 1Om4
L = G‘XT"-‘ = 6 = 1'2ft .

50 x 10~ x 10

Under these conditions the length of wiring must be matched to within 1 ft.
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(¢) If the four 4 ft leads comprising R7 and R8 are matched in length and a,

ard vary from 15°C to 25°C during test, but differ in resistance due to urequal
resistivities i.e. R7 - R8 =2 x 4(97 - p8) then

8(P7 " P8) 6 x 107 (P7 - P8) x 100 - 6 x 1072 - 5%
P 50 x 107 x 10 x 8

p - a x T

Tor a lead resistance of 0:1Q a resistivity tolerance of 155 is required.
Stendard wire is normally within this tolerance.

(a) Similarly, if in the above case (¢) instead of differing resistivities,
a., and ag Were unegual,

7

e 10~k (az - ®8) x 100 - v
a T L xT °? a - e

The temperature coefficient of resistance must also be matched to 15%.

Three Wire System: This method requires 3 wires from the gauge Rq. One

wire 'A' to the Terminal Unit positive terminal, one wire 'B' to the Terminal
Unit gauge point, and one wire 'C' direct to the dummy R,

The dumny R2 should be situsated at the Terminal Unit so that the wire 'Df

from R2 to the negative terminal is very short.

Leads 'A' and 'C' are now in opposite arms of the bridge and are represented
by R and R, in Fig, 38, Lead 'B' is now included in R, and merely reduces the

7 8 9

galvanometer sensitivity as discussed above.

Wires 'A' and 'C' can now be run togetlier and the tolerance on L and T is
thus less exacting.

The effect of any variation of the parameters L, T, a, p will be similar
to the above four cases (a) to (d).

2 ELEVATED TEMEERATURE TESTING

The desired measuring accuracy may be reduced in this case to 0. 005%
change of' resistance and the gauge factor tolerance increased to 1%
icese R, = 1% R, = 1Q, This is a maximum value for R7 and, since the temperature

7 1

mzy change by 200°C, the room temperature resistance R7 is given by:
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R [1+2009-] = 10
7 P

R7 = 0+6Q end axLxT = 6x 10_3 Q.

The high temperatures to which the leads may rise meakes the use of the
Three Wire System imperative, and for this system the gauge R1 may be 45 £t from

the Terminal Unit before the gauge factor tolerance is exceeded.

(a) At spproximately 220°C the leads R7
in length and matched in o and p, but differ in temperature by T,

= R8 = 1Q, and assuming they are equal

6 x10 -3 _ 6 x 1072
P e < (10) (210N oy T e
P 14 x 10™2

hence the need to keep the wires at the seme temperature is still stringent.

(b) If, in the hot area, the leads rise 200°C during test and differ in length
by L (or a resistance of L PT)

-3 -3
LPT=6><‘|O__= 6 x 10 =8'lq.><10-30
<ﬁ>xm <O’”°)2oo
P 14 x 10
. -3
L = _8_}.+..2<,.J.€_2,3,- = 0+35 £t
2L x 10

and thus the length of lead in the hot area must be matched to within 4 in.

(e) If in the ebove case (b) the difference in resistance R = 8% x 10-3 0

7~ Hg

was due to a difference of resistivity between leads.

Pr-Ps  H-R s -3
- L8 _ 8k x 107 -2
P = R = 1 = 08X1O ™
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The resistivity tolerance is 0-:8% and probably means that with leads
matched to 2% for resistivity the maximum length given by gauge factor
oonsiderations, must be reduced from 45 ft to 20 ft.

(a) Similarly if the difference of resistance at 220°C is due to difference
in temperature coefficient of resistance.

Gy, = Q R~ R
_-z—a.——s- - -1-—13-——..8. = Oa8 X 10-2

and the tolerance of 0+8% also therefore applies to a.

The change in gauge factor under any of the above conditions may be
allowed for in analysis if the lc¢ed resistance and its variation with
temperature is known, but this is not the most stringent consideration in
Elevated Temperature Testing.
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The resistivity toleresnce is 0+8% and probably means that with leads
matched to 2% for resistivity the maximum length given by gauge factor
oonsiderations, must be reduced from 45 £t to 20 ft.

(d) Similarly if the difference of resistance at 220°C is due to difference
in temperature coefficient of resistance.

1.8 . 18 . o0gx107?

-—

and the tolerance of 0:8k also therefore applies to a.

The change in gauge factor under any of the above conditions may be
allowed for in analysis if the l¢ad resistance and its variation with
temperature is known, but this is not the most stringent consideration in
Elevated Temperature Testing.
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APPENDIX 3

SCALE LINEARISATION - STRAIN GAUGES AND POTENTIOMETER52

List of Symbols used in this Appendix

a Scale constant = 2 x 109 digits

b Minimum Value of R,/R,

c Unit digital resistor 39°B4 x 106 ohm

d Resistor constant for bridge balance at 4333 when R1 = R2
G Galvanometer

m Meximum value of numerical balance of Recorder = 8665
n Numerical balance point of the Recorder

R1 Resistance of active gauge

R2 Resistance of dummy gauge

R3 R4 Resistances of fixed arms of bridge

v Energising voltage at strain gauge bridge

V1 Voltage across R1

Vé Voltage across R3

Since the Recorder is required to balance bridges containing gauge pairs
the resistances of which may be between 50 and 50000 and in which the initial
out~aof'~-balance may exceed that due to strain, a given small change in strain
at the gauge R1 must produce the same change in the reading whatever the

initial values of R1 and R2. If dn is the change in the reading, this means

that for a fixed value of R2 we must have

dn o« strain o dR,]/R4 o« d(én R1) .
1

The resistance of the unstrained gauge is such that R/R2 is independent of

temperature. Thus the following equation must hold for varying temperature,

dn = a a{en(R1/R2)}
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L= vom (D) (1)

2

giving

as the required scalc slope for the Recorder.
With the notation of Fig.39 we have

v R

A A
v R1 + R2

it

{1 + %— exp (- §>]-1 from (1) .

Expanding the exponential powers of n/e (assumed small) gives:

-1
2. - y

-
-

—_—1 - L + n .
v 14D { a(1 + b) 2a2b(1 «b)

and using the binomial expansion of (1 + x)-1 where x = ;K;:ngy + o.. glves

A

2 2
- b {1 + n - n + 1 0-0} .
V.o© o T+d a(1+2)  5.201 4 3)  a2(1 + b)2

If (b = 1) is & small quantity of order n/a (as it must be from (1), if
R1 = R2 et some point within the scale), the coefficient of n%/a is zero and

Vv
1 b [ n .
I £1 Ly con i terms in a;} . (2)
The resistance network in Fig.39 gives
v
2 . _c+ 100{d + n) (3)
VvV ~ 2¢+ 100(& + m) °

The balance condition VH = Vé therefore leads to a value of n linearly

related to strain if ¢ and d are given values which meke the right hand
sides of (2) and (3) equivalent.

The equations to be satisfied are:

c + 100 4 b 100 b
and 5
a(1 + b)

%c + 100(d +m) ~ 1+b 5c + 100(d + m)
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and

We require that m = 8665, a = 2
from 1)

b = exp

and the condition that b =~ 1 is

100(2 x 10

o
4

ro¥
1]

5

a<b"'%>+m .

X 105 and that n

_ k333 _ -0-02

-

2x105

4333 when R1

= 09802

satisfied. (4) and (5) now give

x 2+0202 - 8665)

2 x 10° x (-~ 0-04000) + 8665

il

3945, x 10°

665

1
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(1)

(5)

= R, . Hence

2






APPENDIX L

SCALE LINBARTISATION - MILLTVOLTS AND THERMOCOUPLES

List of Symbols used in this Appendix

b1 Scale constant for millivolts - 100 uV/digit

b2 Scale constant for thermocouples O = 433°C, L1 uV/digit

b3 Scale constant for thermocouples 433 - 865°C, L4246 p/digit

o Unit digital resistor 3+954 x 10° ohms

m Maximum value of numerical balance of Recorder = 865

n Numerical balance point of the Recorder

r, Precision Resistor determining balance voltage for millivolts
T, Precision Resistor determining balance voltage for thermocouples
R Matched resistor pair

R, Linearising resistor for T1/T2 thermocouples

v Stabilised voltage supply

V. Voltage generated to balance transducer input

y Hinge point of T1/T2 thermocouple scale

Millivolts

The basic circuit given in Fig.LO may be redrawn, using Thevenin's
theorem, as in Fig.4? since the stabilised voltage supply V is of negligible
impedance. From the latter diagram, using Kirckoff's laws, we obtain the
voltage V. developed across r, to balance the transducer input voltage.

1
1 Vr (%)
1 \m

v = n (1)

I"I c
¢ (— + R + 2r )
m 1

Thus L is proportional to n and the scale slope b1 is given by

1
Vr, (—%) "
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Hence the value of r1 is obtained.

T1/T2 Thermocouple

The T,I/T2 scale has two slopes b, and b3

in Fig.42. Consider the cold junction to be at 0°C. For temperatures from
0°C up to n =y, the circuit, Fig.43a is similar to that in Fig.41 for

millivolts, and we obtain:
c
v r, <m> n
- : (3)

vr2 c
c[<—+R>+R+2r]
m c 2

is given by

hinged at the point y as shown

Thus V. is proportional to n and the scale slope b

> 2

b, = . (4)

2 o
cl:<—+R\+R+ 2r]
m c, 2

Fromn =y to n = m the circuit is modified to that shown in Fig.43b. Again
applying Kirckoff''s Laws we obtain an expression for the balance voltage

across r
2’ mr

c 2
Vr2<m+Rc>n v > Rc
v =

r2 C Rc
{c l:(; + Rc> + R+ 2r2:' + —-2 (R + 2r2)}
c
v r2 <m +Rc> n

R
] £ ~ -
¢ [(m + Rc>+R+2r2] >> > (R+2r2) s v o~

T
2 c[<9-+R>+R+2r ]
m c 2

Vmr. R
- 2o (5)

2¢ [<2+R >+R+2r]
m [ 2

b, = (5)

Since

hence
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and

Vmre, R
;oo 2o : (7)

(b, = b,)
3 2 2¢ [(% + RC> + R + Zré]

From equations (4) and (6)

R:—Z’———-Z——;% (8)

and substituting for Ro in equation (6) the value of R2 is obtained.
From equation (A) and (7) and substituting for RC from equation (8) the value

of y is glven as %u Hence the hinge point from b2 to b3 is at 433°C.

The full scale of the millivolt and thermocouple zero adjustments alter
the scale slopes by less than 0°0%k.

The deviation of the Recorder thermocouple scale from the true T /T
. . . . . 172
calibration” is shown in Fig.4k.

-.3'1-.






APPENDTX 5

SETTING UP AND CALIBRATION PROCEDURE

1 SETTING-UP PROCEDURE FOR DIGITISING AMPLIFIER

1s1  Adjustment of resistors.
(2) Insert simulator, and earth.

(

b)
(c) Switch on and leave for 1 minute.
d)

(

(¢) Adjust R11 to give full swing from -ve to +ve rail on M1, using
SIMULATE DIGITISER INPUT potentiometer.

Set mechanical zero of DIGITISER INPUT meter ().

Set 7 volt TEST SUPPLY in power unit to 7V *0:01V.

(£) Adjust DIGITISER ZERO SET FOR 12/13 transition as indicated on M1.

(g) Adjust SENSITIVITY control for 2/3 transition to occur as indicated
on Mi.

(nh) If necessary, repeat (e) and (£).
(i) Check all transitions to occur at positions indicated on M1,
12 Check procedure (to be performed at regular intervals).

(a) Depress Test Amplifier switch to SIMULATE DIGITISER INFUT and set
to read 1 on 0-15 digital scale of mecter (see Fig.L6).

(b) Operate Start switch and, at the end of each card, increase simula-
tion by one digit, up to 15.

(c) Switch TIMER off during ejection of the 15th card and check the cards
read as follows:-

3 digits/measurement

Caré 1 2 3 4 5 6 7 8 9 10 1 12 13 1k 15
- 011, 122, 133, 244, 255, 366, 377, 4B8, 499, 610, 621, 732, 743, 854, 865
). digits/measurement

Cerd 1 2 3 4L 5 6 7 8 9 10 11 12 13 14 15
- 0111,1222,1333, 24LL, 2555, 3666,3777,4888,4999, 6110,6221,7352,7443,8554,8665

-32 -
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§d) Raise to TEST AMPLIFIER and adjust mechanical zero of galvanometer
fine adjustment made by moving lamp).

(e) Return TEST AMPLIFIER switch to mid position and START switch to
mid position.

(f) Switch TIMER on and run until the Selector Unit reaches the neutral
position.

2 CALIBRATION PROCEDURE

241 Digitising Amplifier (A) Fig.19
(a) Set FUNCTION SELECTOR to STRAIN GAUGES and plug in Strain Gauge
Simulator.
(b) Set Timing Unit to 1's position by operating MANUAL STEP switch.
Adjust FEEDBACK potentiometer till a change of 10 digits (1 on X10
range of Simulator) produces a digital change of 10 *1 on meter M1.
(¢) Set Timing Unit to 1000's position.
Measure the number of digits change on Simulator required to produce
6 digits change on M1. Adjust R56 till number is 6000 *60.
(d) Set Timing Unit to 100's position.
Measure number of digits change on Simulator required to produce 14
digits change on M1. Adjust R567 till number is 1400 #14.
(e) Set Timing Unit to 10's position.
Measure number of digits change on Simulator required to produce 14
digits change on Mi. Adjust RH8 till number is 140 *2.

2+2 Balancing and Memory Unit

(a)

With analogue scale of M1

at 1, digitise = check M1 now reads 9

(b ) " n " " "3 , n " " n

(0) " " " 1 " 44 , " " [ "

(d) " " " " " 10 n 1" 0 "
’

The above procedure should be carried out on 1000's, 100's and 10's position.
(d) is not used on 1000's position.

2.3 Digitising Amplifier ®B - TH/TZ scale) (3 digits/measurcment)

(a) Disconnect feedback wire from emitter VT2 and set to SIMULATE
DIGITISER INPUT.

(b) Set FUNCTION SELECTOR to IH/TQ THERMOCOUPLE .

-3 -
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(c) Set 331/1*2 ZERO potentiometer to mid position.
(d) Check that epproximately 42°+6 pV/digit are produced across R62
from 433 to 865 digits by changing balancing relays from
4000 + 300 + 30 to 7000 + 1500 + 150. If necessary adjust R62.
(e) Check that with the balancing relays at O (4000, 800 and 80 relays

operated), approximately 1 mV (25°C) is produced across R62.
Adjust T1/T2 ZERO, and if the sbove condition is not fulfilled with the

potentiometer near its mid position, adjust R70.
(f) Repeat (d) to within *0-+1%.

(g) Adjust R13 (in Balancing and Print Out Unit) to give 41 pV/digit
from 0 to 432 (3000 + 1200 + 120) to *0+1%).

L1 x T uv up to 433°C

t

N.B. On T,I/TQ scale Vi,

Vi

(h) Reconncect feedback wire to VI2 emitter.

(L2+6 x T - 693) uV above 433°C

Digitising Amplifier (G - mV scale) (3 digits/measurement)

(a) Disconnect feedback wire from emitter VI2 and set to SIMULATE
DIGITISER INPUT.

(b) Set FUNCTION SELECTOR to MILLIVOLTAGE.

(¢) Set M.VOLT ZERO potentiometer to mid position.

(a) Check that approximately 100 pV/digit are produced across R61
from O to 865 by changing balancing relays from 0(4000, 800 and 80
operated) to 7000 + 1500 + 15. Adjust R61 if necessary.

(e) Check that with the balancing relays at 0, no voltage is produced
across R61. Adjust M.VOLT ZERO and if this condition is not fulfilled

with the potentiometer near its mid position, adjust R67.

(£) Repeat (d) to within *0-1%,






APPENDIX 6

OPERATING THE RECORDER

The universal nature of the Recorder necessitates a minimum setting-up
procedure for each type of measurement. A listed outline of the initial
switch settings is given, followed by a detailed explanation of the identifica~-
tion facilities and operating procedure.

1 INITTAL SWITCH SETTINGS

Recorder. Function Selector: Strain Gauges, Potentiometers, Millivolts,

T1/T2 Thermocouple s
Digits: 3 or 4 digits per measurement cycle
Control: OFF
Timer: OFF
rive: ON
Stert Switch: OFF
Selector Unit. Number of Terminal Units 1,2,3 «.... 10 or 12.

Number of Gauges per Terminal Unit: 12 or 18.
Start switch OFF

Card punch. Plug board
Auto plug identification.
(For method of setting up this information see note below.)

For elevated temperature testing, comnect up Recorder pairs and switch
Control ON on all Recorders.

N.B. The Recorder power supplies should be switched on at least 1 min. befare
measuring thermocouples and volteges, or 1 hour before measuring strain
gauges.

1.1 Card Punch Identification See Figs.3 and 24

Definitions

(a) & 'measurement' or 'measurement cycle' consists of the 3 or 4 digits
corresponding to one transducer,

(b) a 'set of measurements' is the block of 12, 18 or 24 'measurements'
punched on one card,

(¢) & 'reading' or 'reading cycle' is the complete scanning and recording
of all the transducers connected to one Selector Unit.

- 35~
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Information which will not change during test may be automatically
punched by using link plugs to connect the desired digit to the appropriate
column, on the plug board. The plug board is situated at the top of the
card punch.

Frequently changing information is selected by use of the autc plug
unit. The appropriate column is connected to one of the 12 auto plug points
on the plug board and the required digit selected on the corresponding switch
on the auto plug unit.

Identification information may be positioned in any columns preceding
or following the set of measurements. It is essential that a space pulse be
plugged in the column immediately preceding the first measurement. The space
pulse initiates the reading cycle and can be used as a master switch at the
auto plug unit if required. The transducer measurements must be in 36, 48,
b4 or 72 sequential columns.

'Cancel skip' if used, should always be called one column earlier than
required and any number (not space) be plugged in the following column.,
This is a safeguard against the Punch carriage over-running the cancel call.

1.1.1 Strain Gauge and Potentiometer Selector Units or Thermocouple
and Voltage Selector Units

These are identified by the last digit of their serial number. This
will be automatically punched if position 7/20 is connected to the required
column on the plug board. Identification of the Terminal Unit being measured
may be similarly connected to the appropriate column from position 6/20.

1¢1.2 Strain Gauge and Thermocouple Selector Units

The Strain Gauge and Thermocouple Selector Unit provides a Terminal Unit
Tdentification on position 6/20 of the plug board. A 1-50 counter steps on
at the end of every set of readings and provides a serial identification of
the Reading Number on positions 7/20 and 8/20.

1.2 QOperating Procedure

This procedure should be followed in detail when commencing a series of
recordings, but may be considerably reduced on subsequent operation.

Starting: The reading cycle may be initiated at the Recorder, Selector
Unit or the Card punch. Each operation is in itself simple,
but because of the different modes some explanation is
necessary. The START switch 'A' on the Selector Unit is an
ON/OFF switch comnected in parallel with the START ON/OFF
switch 'B' at the Recorder. Vhen one of the START switches
A or B is switched ON the reading cycle commences as soon
as a SPACE is received from the Card Punch. A 4 pin unitor
plug is wired in parallel with the Recorder START switch 'B',
to facilitate remote control.



Recorder:

Selector
Unit:

Selector
Routing
Unit:

Card
Punch:

Typewriter:

Appendix 6

Operating from the Recorder. Set switch 'A' OFF, switch
'B' to OFF and plug SPACE in the appropriate position on the
Card Punch. To start, switch 'B' ON momentarily and the
Recorder proceeds through one reading cyecle. For continuous
cycling, switch 'B' is left ON.

Operating from the Selector Unit. Set switch 'A' OFF,
switch 'B! OFF and plug SPACE in the appropriate position on
the Card Punch. To start, switch 'A' ON momentarily and the
Recorder proceeds through one reading cycle. For continuous
cycling, switch 'A' is left ON. Operation from the Selector
Unit is not possible when using the Selector Routing Unit.

Operating from Card Punch. Switch 'A' or 'B' is switched
ON and the SPACE pulse is connected via the Autoplug unit and
the channel switch used is set to the blank position. To
start, set the Autoplug switch to SPACE and the Recorder will
continuously cycle until the Autoplug switch is returned to
the blank position.

In the following sections it is assumed, for sake of
clarity, that the reading cycle is started at the Recorder.

Switch power supplies ON and check voltages.

Test Voltage Adjustment

Set the Test Supply by depressing the push switch and adjusting
the potentiometer until the meter deflection is zero.

Check the READY (green) lights on all units are illuminated,
and the START switch is in the OFF position.

Check the READY (green) lights, corresponding to those Selectar
Units in use, are illuminated,
Check that the Routing Unit is in the 1st position (red light).

Insert a card stack and inspect them for bent or snagged edges.
Switch ON and call skip (Blank button on punch control unit).
If there was no card in the punch previously, operate the card
eject lever.

Check identification on the card in the punch. After changing
the card identification, skip a card through the punch before
commencing a reading cycle. (This is not necessary if the
identification is positioned after the set of measurements on
the card.)

Insert double or extra thick paper at least 8" wide.
Switch ON.
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1.2.1 VWhen using one selector unit

Switch TIMER ON.

Operate the START switch on the Recorder momentarily. The Recorder
will scan all the gauges once and stop.

If continuous cycling is required, leave the START switch in the ON
position. -

1.2,2 Vhen using the selector routing unit

Switch TIMER ON.

Operate the START switch on the Recorder. The Recorder will scan all
the gauges in the first Selector Unit.

On completion of the first Selector Unit, the green light will reappear
on position 1 of the Routing Unit.

Step the Routing Unit to the next Selector Unit 2. The red light on
the Routing Unit will move to the next positicen 2.

Skip & card through the Punch by operating the RESET ZERO button on the
Recorder or the blank (SKIP) button on the card punch. (This is not necessary
if the identification is positioned after the set of measurements on a card.)
Operate the START switch on the Recorder.

Repeat the above procedure for the remaining Selector Units and return
the Routing Unit to position 1. Skip a card through the Punch.

1423 TWhen elevated temperature strength testing

Couple up the pair of Recorders and switch DRIVE off on Recorder
measuring thermocouples.

Switch TIMER on at both Recorders.

Start reading cycle either by an external synchronising unit, or by
switching ON the START switches on both Recorders and initiating the cycle
by switching the SPACE pulse on one Card Punch.

At regular intervals the mechanical zero of the galvanometer should be
adjusted and the Setting Up Procedure given in Appendix 5.1.2 carried out.
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Digitising Amplifier

Terminal Unit

Selector Unit

-6 -

Digitising Amplifier

Timing sub-unit

APPENDIX 7

FAULT FINDING

1. U/S Measurements

Check
Earth connections

Mechanical Zero of
galvanome ter

Setting of U/S circuit,
by rotating galvanometer

Cables, by interchanging

Cables, by interchanging
Clean uniselector contacts

Adjustment of uniselector
motor

Digitising of simulated
input, 0 - 15.

Plot input voltage at

SW 14/2 against transition
of digital output lights

Balancing and Memory sub=
unit Operation of
Balancing relays

Timing of Cancel rail

Correct Operation

*+2 Digits of indicated position
on M1

Relay R.L. 16 opens when INPUT
meter exceeds range O = 16

Wipers in mid position ef
segments

Possible Faults

Transistors VT.3 and
VT4

Fuse blown or faulty
cable

Digital output lights correspond Relays R.L. 1 -~ R.L.

to digital scale of meter

Straight Line

As given in Appendix V 2.2

As given in Figs.36 and 37

15

Transition points off
the line indicate
faulty digitising

Relays R'LO 29 - RQL.
L0, decade selector or
Digitising Amplifier
feed diodes.

Relay R.L.75



- O -

2. Misprints Correctly Digitised Information

Unit Check Correct Operation Pogsible Faults
Balancing and Memory 1. Operation of Memory Operate during Transfer pulse Feed diodes MR. 7 - MR.
sub-unit relays 17, decade selector.

Relays RuLo 12 - ROL.27

Timing sub-unit 2. Timing of Cancel and As given in Figs.36 and 37 Relays R.L. 75 and
Transfer rails R.L. 76
Decoder sub-unit 3. Operation of Decoder Relays must stabilise before  Slow operation of relays
PRINT Pulse R.Lo 1 - R.L. 9
Card Punch 4. Obtain services of

punch engineer

PUNCH FATLS TO FEED CARD

Card punch Cards warped or badly stacked, Switch off typewriter, Remove bottom 3 cards from stack,
SKIP and manually operate card lever. Switch typewriter on.

CARD JAMS IN FUNCH

Switch off SPACE, typewriter and punch. Remove damaged card and switch on punch.
SKIP and manually operate card lever. Switch typewriter and SPACE on.

L xtpueddy
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Unit

Timing sub~unit

Unit

Timing sub~unit

Decoder sub-unit

Balancing and Memory
sub~unit

2'

3.

k.

Timer will not Operate, or Operates Intermittently

Check
TIMER switched on
50 ¢/s lock ON

0 q/s output from multi-
vibrator

SPACE pulse supplied from
punch

Typewriter carriage return
contacts (C.R.)

COMMENCE NEXT CARD input

Operation of relays
R.L. 58 = R.L. 63

Operation of relays
R-Lo 72 - R-L. 76

Correct Operation

square wave, 4 volt peak-
to~peak

-150 volt applied across
R. 98 and R.L. 65

closed when C.R.
operating

+24 volt on 19/SK.2

not

as given in Figs.36 and 37

as given in Figs.36 and 37

Punch Fails to Print, or Prints Erratically

Check

Punch and typewriter ON

Operation of RESET ZERO
switch

Operation of PRINT pulse

Operation of relay tree

Timing of information
input to Decoder

Correct Operation

Skips punch, indicating
-150V supplied

as given in Figs.36 and 37

relays must have stabilised
before PRINT pulse

relays must have stabilised
beflore PRINT pulse

Possible Faults

CONTROL circuit or R.L.67
open.

Not plugged or switched at
punch.

adjustment of contacts
in typewriter

Selector Unit disconnected
or in SKIP position

Binary units, transistors
V.T. 3 - V.T. 13, relays
R.L. 58 - R.L. 63

Possible Faults

Fuses in punch blown.

Relays R.L. 64, R.L. 68
and R.L. 69.

Slow operation of relays
R-L- 1 - R.L. 9o

Decade Selector or Memory
relays.

L xtpusddy






TABLE I—Use of redundant coding to increase amplifier tolerance

De C%d e o obtaming. Eight ways of obtatnng balance at 4333 Digang-amplifier tolerance
‘I O S bal‘aic_e' ?\4388 % full scale Digits
0-7 thousands 4000 | 3000 | 4000 | 4000 | 4000 | 4000 | 3000 | 3000 | 3000 | 3000 | 13333 + 867
0-15 hundreds 300 | 1300 | 300 | 300 | 200 | 200 | 1300 | 1300 | 1200 | 1200 | = &3, + &
0-15 tens 0| 80| 30| 20| 130| 120 30| 20| 130} 2| F 34 +
0-15 units gl 8| 3| 13| 3| 13| 3| 13| 3| 1| "4 + }i
4388 | 4388 | 4333 | 4333 | 4333 | 4333 | 4333 | 4333 | 4333 | 4333




FIG.1 BANK OF FIVE RECORDERS



FIG. 2 RECORDING ROOM



Plug Board

Auto Punch Uni

i

FIG. 3 CARD PUNCHES AND TYPEWRITERS
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FIG. 5 TAIL PLANE INSTALLATION

NOTE: The Terminal Units|A) are located close to the gauges, and
are connected by short multicore cables (B] to the Selector Unit.

The control cables (C] from the Recorder 75yds away, are loomed
well clear of the signal cables (D).



| P’reision Fixed A}mé
FIG. 6 STRAIN GAUGE TERMINAL UNIT of Bridge

Tgrminal Unit Selector

’Gauge‘Selecfor Test-Stand by Supply Relays

FIG. 7 STRAIN GAUGE AND POTENTIOMETER SELECTOR UNIT

FiG. 8 SELECTOR ROUTING UNIT



THREE {NCHES

G .

Terminal Unit Selector

Guauge Selector

FIG. 11 THERMOCOUPLE AND VOLTAGE SELECTOR UNIT



THREEIINCHES

Gauge Selector Reading Number Uniselector

THREEINCHES

FIG. 14 TEMPERATURE SIMULATOR



NOILVIIVLSNI 39NV NIVHLS 40 WVHOVIA TVNOILONNA 'Sl 'Old

SYIQWOIY Nd Ll DOV AOOH ¥
mux.rov LN SNIVA D' AoE?
E
Md N
NS A
Lk o HINd ¥YD :‘.\E SNIST oINS
S LINA o YINA ¥IMOd
EEIZH L ! LNOLNIEd 3 ONIONVIVE Linn ¥3moa AE ONV.S
- - T T ‘Tl_ |I_I. - - o - - \r._ - - - --"- -~~~ - 4 r___—"
| 11 | 1] ovwwal )
i NIVHD | te|  Agh e a3sgvis] | ! | NIANGHB—
i SAVIIY ONINIL ONIgIMG m\u oS |1 A A9l AL pl il I
b2 | |
i VOLSISNV UL 11 | > _
_ | L —— == -——F -~ u» I I
! o i 0193130 e
! 3 1 I |
_ 2 ! = E—— _
] M m gt 3AMG (20133739 5
ES [°] - |iNwg 20N 3
BE 2 — : :
m
: . 2 | : 03
: |3 n “ ; 2
]
n |7 ) I ! z o|%
B | 0 - A > | {3
| 3 |20 H mn o/ 4
‘ M > [ | <| o
| 2 m m i< 9
W z & ! m|0 a
| E | o — B[
[ » i 2rr4e | [ qa
|| w3cooaq PRl e - ¥OLO713S 30¥I3Q- - T 3 m _“
] . | g A
| ﬂ > w
m
“ | F ﬁ "
<
| | :
. } “ S ~ 3
i A o
j _ LINN — ‘
1 } YILIIWY ONISILIONG | lr[ 1 IA_ L
| ] s sl 1 T T B
I | ) Pt mpy ___ “l
SA 3y 1 ) et T
" >¢mw(>n«.._uu\ﬂhazu£ et ori19Ny v || 5HOLE S3¥ " | | a3siwmcfer] s 1) " 3anma | L ! _ _
s/nion 4 = raNvave] 3INONVATYD| | | il
1 s/ 4 | \ D L_Lu ),
L___% __ _ I ———_—_———. I — 1 321 —_ _ _ swoidziasin
.# A_w s/h Tvo 4 TNDIS LINA iokuu.._um
—- gl oy i uODKO Nivyis
— SI5VEQ33d ]

FAOVLTION FONIHF 43 LIND TTYNIWGI L



KEY

- 25 CABLE 25 |25 CORE
STRAIN GAUGE & z—_zscp_—_{ UNITORS | ERS™ [ @PINPLUG(GP-GOLD PLATE]
2
Eel2 POTENTIOMETER TERMINAL UNITS BULGIN | B [3arINPLUG
SELECTOR UNIT ., i3
- Lo it 25 {:] PLESSEY | 357 2 PIN SOCKET (SMALL)
NN s BcP ELECTROMETH0| Sof 26 PIN PLUG
L .
SKT~it SKIT 21 PLI-5
2 ® es Y3
gy SELECTOR ROUTING UNIT
2 PL29 PL28 PLE
2 25 8GP
e 25
R 12 6
X K2 PLy $Kk3 S5K2 PLS <) PL2
k1 b o k1] &cr Byl scr
skp| 12 Pl BALANCING AND P
STAND BY POWER UNIT POWER UNIT = T2 PRINTOUT UNIT 25 DIGITISING AMPLIFIER UNIT
SK 3
Phl PLS PL4 5K3 SKil PLI2 ry
38 5 38 13 S i 2
es| | .
230VAC 400v3PAC 230VAC ——
MAINS MAINS  MAINS COUPLING TO
PLI1OTHER RECORDER SYNCHRONISING
UNIT
m 25 CARD PUNCH .
. PL2 PLI AUTO PLUG
TYPEWRITER e B Bt 9ka N
230V AC
MAINS

FIG.16.BLOCK DIAGRAM SHOWING CHASSIS

INTERCONNECTIONS.




FiGIZ POWER UNIT

ras
@ Pl )
a2
3 AMP
NN
\wz ) I L MHIES:S_ MR (7 :__ weie N _N““S._
(23 Y o Yo y3svress
\&3 A AW Nt J /ey oS 120
3 L
=
I 3 looou
Al L)
@ oty e e ne Qe ria $an 3
ADWSTMENT £ my 3
“ p2% g
v 7 " oSses & | Y™ 7
< <
ov (114 o S mu =E+7x O c®
b o
330 o
@ +35v vEsT ’K"* | N
RETURN 3 3 L
-%( n3 ;>‘=° Ri3 ?WK RIS £ . : .|
% 1050 4 =
(1o Y 1Y e Y 9 yrams
i e Y3 oy b: S-u{ uu«S muS
E AN, & 21 MR
0e S2a R . i - o
\egy LI § 3 aae
@ 4 O~0 -
Fe4 Tt SECONDARY A
=5
™ Y1 SECONDARY 8
@ / R4 Y7
T | L X mra N
© . mi
RED
T1 PRIMARY
@ N
7
rs7 swefs
© : ~ @
Loz = eAMP
reo 4 r—
raz "N N
|+ 48y
€ » , O~O -
2 amp
@ sAnTH
S
&/

CIRC. REF

BESCRIPTION AL wptc  JeERvicE REF NE]

= MULTIPOLE GENCRAL PURPOSE ALUG 5381 0%6 28
82 2 ax 3 TMULTIPOLE GENERAL PURPOSE PLUG 12 WAY saforf 3s2 - 086 28
PL4 £ PLS |3 PINPLUG BULAN

MRy &y ZEMFR DIODE IW $TC

» R2 3-6V ZENER DICOE IW 8T

i s Tosres| GREMANIUM RECTIFIER ad 5-M cv7020

r TOFB [FUBE LUNITS RCL 262 |295i05e

[Ria 213 |ressTor Fixed commoumion fw ioka  [Rc zc Roy e |oz16003

R2 RESISTOR WIREwOUND (Ew 100 Ruwrz- 7 [mce 0 {o.3esi

R3 RISSTOR WIREWOUND LW 820 Rwv3-T frci  Jon3zes
{Rez RS [ReaisTor wiREwouND kW 27k A Rwvs- T |RCL 111 [8903-90-01 32e8
R RETSISTOR FiXED COMPOBITION IW3IKa |Rc 2C Rci 12 [oz.e288

V7 RESISTOR VARIABLE WIRE WOUND IW 260~ IRV W7 DEP Siti |§908-99 oz7-168)
Ra RESISTOR FIXKD COMPOBITION Jw330A RC 2C rci. 12 [ozi8ies
RORIIRIZ |RESISTOR FIXED composiTion47ka [Re 2¢ RCL 12 {oki8323

halad NBidaren To aes st o 1™ < 2¢ Ack 1ié B
‘T\T RESISTOR WIREWOUND (F W 6 Rwv3-J TRei i Joudaer
[R€ [ReasTor wimewouno w ik Rwy 3-7 JrRcL i [8808 2ut284

R e RESISTOR WIRE YoUND W 12 o RWV3-J  [mci Il o 13233

R 713 [RCBIRT/ A® | IEWOUND SXIOA 3W mWVA-3  [RcL 1 |- sz

R REcIBTORS WIREWOUND 4X12 A 3W mwye-7  fmcL t1 |o.3274

ci, ca [CLECTROLYTIC CoNDENSER 1000 & F 253 € RoL s o BBAC
ce © 001 uF PAPEY CAPAC T cPL. 3B RCL 137 'S . 0-ZNBRIR

vTi TaVT3 JUUNCT.ON TR NSISTOR GET 104 cEC

VT4 JUNCY ON TRANSISTOR oc 36 Cv 7084

Wi 3 POLE 4WAY ROTARY BWITCH sm 38 D SANTON

awz 3 ROLE _ON/OFF ROTARY SWITGH R SANTON

B PUSH BUTTON SWITC NON OCK i@ |85 404 PANTON

W 4 8 NQLE ‘OLE SN/OF* SWITCH 8- 6 OEF 5.4l {08080

M § MO /ING €Ol METER 10V

M2 MOV ING COIL MET R 20V

M3 MOV(NG COIL METER 230 © 304 A

BY 1O (BY WESTON CEL.. SMBA-NMIRC: 68 [8345 39 O 879
T 3 PHASE TRANSFORMER P- o AY !IDV

Pty st SEEONOARY b wAOWAS 261
SNE3SY INpUT
I e i
1€LP2 |28V LANP 3 HOLDER THORM

e

v Ac Ta ‘:::

& >

s3v <
@ -3v —/
+3v —
@ Ps 14 J

@
)
&
©
©
@
®

STAND BY
RETURM



(7]
Al
~7

+

STAND RY
RETURN

D
W
1

M

-3:5v STAND BY +3
ouTPUT

19 AMP WIRE

(]

— n 230V

sK2 1
f\ rufl RU) 3
2 )\t — e, — YT
r sxe) / A
- T
REE‘R;‘;N m \= MR
MR4
N s2] 7 Py
/77777
2\ N RAISE 3
COMMON
e * MOTOR
L RLA
RIS33K 223 3K LovR
]
rL2|i rL3J!
(3N EDN
sk2) 7/
CIRC REF | DESCRIPTION TYPE | SPEC [SERVICE REF N°
PLI 3 PIN PLUG - - AULGIN
sK3 SOCKET FIXED SMALL 2 POLE [PaxF2 2 o] sa2| 0860230
MULTIPOLE GENERAL CNITOR o R -
sKa ot 2 v aekET  Ineiosa |persaal $-99-086- 2508
L\ RELKY CARPENTER COIL 37 SiM — T™M C
RL2 € RL3 [RELAY HEAVY DUTY €Y 45  |SMSA-HT7T7|RCL 168 948-98-0U- 3884
MRITOMR4 [RECTIFIER FULL WAVE Rk JenGusH eLeeTric
VARIAC TRANSFORMER
T ZENITH ELECTRIC 1O 80-A8-388] — —
M1 VOLTMETER_MOVING _ _ —
CoiL 1I0vDC
Ll CHOKE OOIHWH 1SA -— — -_—
CAPACITOR ELECTROLYTIC
c G TR aCTRe CE4- U |RcL134A[ Z 148820
Y FUSE IS5 AMP — _ _
LPi 6V LAMP AND HOLDER - — THORN
RI® R2 | ToRIXED COMPOSTION| gc2- € |ReL 112 | 0RIS30!

FIG.I8.

STAND BY POWER UNIT

w INPUT



&

4\ 4\ 2 OUTPRUT | ouTEyT
_+,24V DIGIMSING PULSE Nr; Rt T / i d I
>
Rz 4 e w > aafz
g
/47N \-u SV FROM SELECTOR SWITCH MRy
A MR -
T i o
(5 y&
\sx3/ “ .
PHOTOCELL
(12 3 "2l uA) AvPLiFier
\8x3/ e CURRENT wzal ires r2e Ra I
47k3 $47k 33k %
RL. LU
- rgll  wifl 2/1 \“u.. /
8u RL4 |
/futi\_ % ez s
A R29 0008 ] WHITE WHITE
RI7 3RS IR 10k €2 R 8
re 2)  sensmviry 204K 341K 382K V16 V17 vT8 vTa oK !
Y v RIS RIS oc oc 2 oc
TR AawcT ) S T MRS
AR s iATE 3 51K R ¢R20 IR22 e
SER Py 3 Digmser
WEER e / wax Jaix fa Yo _
13 m2ft [N
BEK  Riedam Aghﬁan.;r \ au | ] feaa e e dieas o R '
™M INCREASE z 2} 80’ et [0 alF 80 Ry % LY
Rit W"M'lIHJ i
A [y
e K rua/t ROt Ref) R24 sR2B SR3I0 3R 32 f T as [T Y ey
ra 8K 3IKSOK  $4.7K ' [ L]
olgmisen) 82K MR (6 .IA
INPUT L M 247V
$R37 $Ra0 3 ras Rae
47 a1 S 47 S 47
b: L
RLs/2 nLs/2
o
/S a X 2 RLI3f2
>
IJ/;%\_
+ 24V
gp yo j|l|lv, dorumf) —“
(9 224V ot Uls r S [ S NN
\$K3) ek & ruigfs I / —
M ° Swels| | luorenmiomerero swefio .
. swafe REC IRTT 1
/20 y£24V NoT uls m 1, wal & peod il +34v MAYOLTMETIRG R3Ty
RSS uﬁ:ﬂx
6 RS | Ruiss A
g %e5M Saoux cs W
—— RuLaof2! )
(8N yuNTs RN de ca P swefe Gy
7 mm» obvnnr e o
@ 2. o = R +3 4V
£\ L TENs m54 Srss Cotu POWER UNIT] B
27M JUR o ( < 3
Y, wefel = 2 I Cens}
[1.1.9 [0-02 W,
/6 T s H 2o | ° swal?
ﬁ RE3 -3 8vTO
S RL _- s $rsa ruinf2 Rl 2 R62
b 68 327 $20 a0 .
3 ° / [2:3] ” MVOLY SRTO R /T
o swaja 4 57x Lniinegtes zirgask L NrngR72 ;NES ° o] (23}
2am 80K 48 4K $50K ¢ A
\sxa/ REaS 3Res -35v FROM ~ \sx3f
0% $8o POWER UNTT
FEEDAACK FROM BALANCING RESISTORS o
_ . u\ £
hEﬁqﬂ'
.@ b “ﬁ _ m
[l
TO MRIDGE CT ORMYOLT-VE GAUGE +VE
cimcur rer DESCRIPTION TYPE spEC  |service rer N© CircurT REF DESCRIPTION TYPL SPEC  |sEmvice mEF Ne cmcurr mer IbgscriATION Tyme smc STAVIEE REE NO
PLLE AL2 [MUETH E PLUG T TuNiTORNS 102 Rl RESISTOR 3205 {§ W WIRE WOUND RWV3-T REL 111 5908~ 98- Ol i- 3248 R&O RESISTOR 4108 HEw WIRE WOUND AWV3-T oL I 8308 - 39~ 011~ 3247
X3 25 way WOTRET [UNITORNS 102 Joer 5321 [80as-93-086- 2510 R2 ¢ 3 |Rresisor 210Ka Fw xen comosrmon]  Rczac reL 12 |ssos-3s-02- 6727 "6 RESISTOR @8R Ifw Wikt wouno | Rwva-T | mcuin [ ssos-es-oii-3eer
124 R 24V NORMAL OUTY RELAYS SMEA-NSG | RCL IG5 |5245-38-0ii - 288} R4 RESISTOR & 2K 3 W FIXED COMPOSITION Rcac RcL 112 [8908-99-c2i-8353 Rez 4 RT? 210 thw wime wouns | awvs-3 Rel 1) | 5308 - 98- 011~ 3317
!”R‘E.a v .o " o . - 2530038 RS ¢ RE RESISTOR 22 K5 W FINED COMPOSITION | RCZC RCL 112 5908 -~ 98- 02i-5283 RE3L R &4 | RESISTOR BOR E3 _*0 WIRE WOUND A MUIRNREAD
Lot X1 2 i SPES - cL
P RL4 TORLIG s RELAY 8-3 RE RESISTOR 680KA T W FIXED COMPOSITION RC2C RCL 112 590K - 98- 01 - 6747 RS # 266 | RESISTOR BOR n_Qo WIRE WOUND ATO MUIRHEAD
MR GERMANIUM DIODK qTE- M V7038 R74 RIS | RESISTOR 47Ka F W Fixed composiTioN Reac RCL 112 |s905- 99- oai- 6083 RE8 sema v RC2C RoL 2 | 5308-33- 021 -~ 6345
M2 € MR(T| ISV W BIICON ZENER DIODE sTC RS€ R 73 | RESISTOR | SKa 3 W FIXED COPPOSTION RC2T RCL i1z [§%05- s8-oai- 8263 RS & R 72 | RESITON SoKA W VARABLE Wit woUND | RV W=7 ORF 512l | 8808-98-07-2410
6 8V SILICON ZENNER DIGOE sx 68 cv7oT D RESISTOR 5 K& W VARIABLE WIRE WoUND|  RVW= 7 OKF 5121|5908 - 93 - 027- 2008 23 RESISTOR4-9TKA. 217, WIRE WOUND | O333 A MUIRHEAD
o 150 i 21 5] #OLD BONDED DIODE oAS eV 7047 R RESISTOR T5Ka 4w FIXED COMPOSITION Rc2c RcL 12 [s%0s- 98- 021 - €108 R RESISTOR 484 Ka 1% WIRE WoUND | D333 A MUIRHEAD
rie TOMR23 | 4 7V Iw SiLicoN ZENNER DICOE sTC Riz2, RIZ 192ka FwAxes A0 MUIRHEAD R RESISTOR @108 Hw wirt wounD RWV3-T RCL 11} E908-88- Oli~ 3841
vri €vra | TUNCTION TrANnSISTOR oc7T MULLARD F o a2 ¥ | RELSISTOR 477Ka I W FIXED COMPOSITION Rcac RCL H2  [5208- 98 - O2i- S328)
5#««3._“ TUNCTION TRANSISTOR oce MULLARD RISER2T |RESSTOR (K W VARIABLE WIRE WOUND RYW-T ogFsi2l  |%908- 98- o27- 1608
VTS JUNCTION TRANSISTOR ocas MULLARD RIE RESISTOR S (K g W FIXED COMPOSITION Rc2c mRcL 112 [s%08-98- o2i- 5323
vTio 8 v | TuncTION TRANSISTOR oc 20! MULLARD RIIE RIS |RessToR 204 KA T1% iw wimE wounD A0 MUIRHEAD
vei ¢ vPa PHOTO CELLS VOLTAIC ms8 FERRANT R(3¢ R20 [ RESISTOR 41Ka 1% W WIRE WOUND AT MUIRHEAD
LP2TOLPE [LAMPS GV QLA THORN R2I ¢ RR2 sexa ¥ Iw Rc2c RCL 112 [$905-99-02i- 6432
Lres LPT [LAMPS 24V THORN R24€ R74 | RESISTOR 6 Bka, dw FIXEo commosiTION Re2c rcL iz [s908-99-c21-5343
e LAMP FILAMENT 6V 8W MATDA R26, R28 | RESSTOR 3 3KA LW FIXED COMPOSITION RC2C RCL 2 |S008- 98- 02i- 5303
COte METER uo A25, RIS -98- .
[l FOVING SOl S Ingelven GR35 |messToR OKa fw RKED CoMPoSITON|  Rcac RCL 112 |5805-98- 02l- 6003
M2 |Moving coin METER © 100 A R 3 RESISTOR K W FIXED COMPOSITION rRcac rReL iz [s30s- 99-o2t-5243
M3 28 cPrs GALVO NEP ave neue ® 78 | RESSTOR SO0 1 WIRE WOUND RWVA-T RCEL 1) 15305- 2113238
<) CAPACITOR 8 uF PAPER OIELECTRIC DUBILER "wna.aam.ﬂwr N v
RAE, RESISTOR 3-3KA W PIED COMPOSITION Rc2-€ na  lssos- se-o2i- sosi
cz CAPACITOR 0 OS uF mARER D cPM 4 RCLI36A clsges RSo'T> K52 4 oL na sos
3 cé € c7 [cAPACITOR 002 uF PaPER DIELICTRIC| cPM S RCL 138 A o1ROUS € R a5 > | RESISTOR 47 3W WIRE WOUND Rwv4-T rcL 11 €905-7 113223
ce CAPACITOR 00024 F PAPER DIEWECTRIC | CPM S RCL I36A oj2olo8 RS3 & RET |REsisor457Ka 11X fwweewouno| mwva-T RCL 11
cs CAPACITOR 870pF _MICA CMMi-G  |DEF S132 0123847 R 54 RESISTOR 27MA Jw FIXED CorposTion]  Rcac RCL 112 |5%05-89-02i- 68S(
c8 CAPACITOR 2500F ELECTROLYTIC R 58 RESISTOR 25, $ W VARIABLE CARBON mved-A | reL 122 [8808-99-02¢- 2943
c9 CAPACITOR 0 0OS uF PAPER DIELECTRIC | CPM & RCL 136A oizona L ResisTor 6600 2 1% lEwwing wouno | Rwva-T | oL w1
MULLARD R ST RESISTOR 20TKA X WIRE WOUND D333A MURHEAD
Wi SWITCH KEY OPERATED 4 B ™M 198 PO ® 58 RESISTOR 264 Ka 21X WIRE WoUND | D333 A MUIRHEAD
sw2 oD BLATED COMTACTE] PAINTON RS9 |ResisToR!2Ka fw wirt wound | Rwva-T [meiL il [seos-99-oii- 3287

FIG.I9. DIGITISING AMPLIFIER UNIT.




DILVNIHOS d3141ITdAY ONISILIOIG 'OC©Old

s/n INIYd
AS+
1 \ \
AGE€+ - ofn
IPSIIE:
|-é 2- =
| | ¥019303Q —
§1-0
£ 2+ v+ dlvd
% ¥3L4 uo ¥3141TdWY ————
v 3 ¥ JIANIWY 1733010Hd
{1 ’) <
AS€- T e
= WNDIS
A — : _ ~ L
»
—~ ¥ WILIWONVAIVY
| /
dWVl
ANIWYIIS

LHDIVYLS




L
4

2 BINARY OUTPUT.

TO DECODER.

114L¢

¢é 4

b ¢ 4

‘—‘}IRL44/£——-—/ARL4S/§
1

* o

—

@
@

DRIVE DECADE| A ®—
CHANGE,

FROM TIMING
S5UB-~-UNIT

RL 42

x

e
&r—'li

»H

>—t =

“——N

RL46

-» DRIVE DECADE
CHANGE.,

-
CARRY 2000
CARRY 200

4.000- 400

40-4
80-8
CARRY
2000-
1000 ~
o~
20-2

800

20
200
100

STORED BINARY
INFORMATION .

FROM BALANCING &
MEMORY SUB UNIT.

CIRCUIT SERVICE
REP. DESCRIPTION TYPE SPEC. REF.N©

MR I-MR5| GoLD BONDED DIODE OAS CV 7047

{RL42-RL47| 24 V NORMAL DUTY RELAY 7002 {SMEA-N96 |RCL 165 |5945-99-0i- 988!

_,/:m. 4%

/§L47/2

1000 - 200 -20-2

4000- 800-80-8

N
DRIVE DECADE

~ 100
1000-200

20~2
o=

100=10- 1

2000~ 400~ 40-4

FIG. 21

BALANCING BINARY
INFORMATION.

TO BALANCING &
MEMORY SUB-UNIT.

BINARY INPUT,

TFROM DIGITISING
AMPULIFIER UNIT.

DECADE SELECTOR SUB UNIT




1069 ~130 - §6 - 5068 3 | 3-308] MY ES MOLISOMNO0D 3K woLssIN | evd oL Ly
S¥6112- 5068 TR MY Ot MA uoLSISIW]  95E eSM
SITRN
I$TEIT -5085 WO ey AL TR MM VUSEIN) oy o g
1839 - 10 - €5 -906% MU TOM NN WLSISN %]
737 THIRE 0L CLSTNYY WOLNOINOD TIXL) WOLSTENY| (1]
LTTUNIRS 04 CILINTY MOUOIHOS T3 WOLSTRL [}
200700 TR | Lu5vosm a qaLov NOUISOMNCD QT4 WLINTY L%
winena WML [ M7 03 UNST 1L 03VIS HOLSISTY 23]
yanmeng WML | MMT0 3 UNLLG O3TVES olstedw| 31w Ol oW
¥Irna 2MML|  MMYS0 T VX Cres 031Y3S HOLENGY (1]
yarneng IMML | MM%E 05U N #-90% GITVIS 2OLSISIY| (1]
wInena ML MMY(TOTVNLLG OTIVIS woLsAY 3]
wirmeng TAML] MM L0 TN 908 0TTVIS woinesy] (1]
FEIRTTEY IMALL MM 0T Eh-Gy ATTVIS WOLSISHY w
wIrneno ammi| MM L0 TN eer a3 vas wosema ¥
L¥OL AD Y0 300K 030NOA Q00| 3CWNOL LM
prrovey [
1996~ 110-6C-Sves | 901 ¥ 00¢ AT AInG TAON Av3| LITE UL BN
3092-950-66-9te5| 1%ev 30l @ DM 201 ON WOLINT Ni& § R
003 -990-6G-5506 | 1269430 ¥ HMd 201 SN NOLINA Mid 52 »d
N 438 IVNAYIS 23dS AdAL NOILJI¥OS3a 438 MI1D

M\Ilr_o.i |

Mgl

al

‘LINN @8NS AHYOW3IN ANV SNIDNVYIvVE ¢¢ Oid

390199 NI SHOLSISTY

[

@3IX4 01 WOVQQIIS

S

o8t

122

[«

e

v

Vs

o mcq.i

U5 WS Wi

Jil

£ ]

3 ¥or

Xweg3zs

¥ S W 966

ke

ALY

SUIAH®

Wr§SE

[0 3o TR )

’
H\u\ad

H iz

(574
AEe- t =

&
AN S

%\ 2fese

R

huwﬂ‘

fo

H
.w\ uEw

WS Y,

I

aLL 8

Livni-ung

DNIMLL Wowd
Lams 80008

=

iy ]

SWOLS 18IV

T e

DNINYIVE

& &

TNVHY 3708 fy
LINN-QNE DNIWLL WY

b

v
‘m_?ﬂ-

AH.?.:

ﬁ\H;S.:

e

# Lt

wy .w:

34 0993 TFN

k3

187y

397N TIONYD
AO=AbZ

.W

LNN-SNE ONIMIL WOuS

1o 08D

1
2 _
ocTY

Wy nwu_-x L]

et

Juw oo

8
d|

i Pon om

-

=|
p
|

3

JA-

Amn-9ny
NINIL wond

[«

H

;
]
:

VR

o

2f78

N

75 e @%E
I TN A @

1293w sin
TIVINYIW

10m
VIRV
LG
Laczyj  How
sin

[BY-1

WOLOI 1P|

—~
:S.W\H

N

o
-
pr’
x

A

NOLLYWMOANI
AN

wasomzy [ 004~
30v230 Wos | 607 - 000t
(=)

TIBRVHO 3av33a INES

\4
L]

Y8 M.l

e \J

_\mﬂ\qw

v
1vs

.

k]
5%

|-

o
w
a
I

11NN ST DNIWIL HORJ

|.I

n
-
3
&

5

IA-

LiNT-GNS DNINIL WOdd

e

4 39NVHO 30¥230 3AIE0

u\_ﬂmM\HH!
N

sty

3
7

[

WOLIITIS
VN0 oL

n\-o.ai\ol.

Doww o3 seu

v
1]

Hov A

TIT

jumn-eng ONIMLL] WOW4

A
!;L;'

vt
. “

ot o2
-Cu“w :4.:. umn

93, L A - ARY

L4 )
WEF,
W ww
Amn-wns
DuiiWL W3l

}- :

n

Ve

|

\-J

y2z Ty

mT ¥R

<

j

Asr N

2N

3N
001 ANEYD

FPLI738 :0VIIC OL

14
P
T

2

L] ;

4INT-S0% DNIWIL

Woud S0 21¥91gNI

¥00020 0L

Ismd

In-qng NN Wy | AN

LINR-4ns DNIWIL

oL X LNind

LATEE S X34

f

SNOILDANNGD LINJYD Q3LINIYd

5001

¥ s.000l

AVIZY

1 | ononvive

SAVIRY

AMouWau




CIRC REF DESCRIPTION TYPE SPEC SERVICE REF No.

PL I MULTIPOLE GENERAL PURPOSE 12 WAY ch%..ﬂ»w DEF 532! |5838- 99 -086-2503
sK. 3 MULTIPOLE GENERAL PURPOSE 25WAY (A) uu_.ﬂw DEF 532 |5935- 99- 086 - 2510

RLI TO RL® | 24v NORMAL DUTY RELAYS. 700 SMEA-N9§| RCL 165 5945- 99-011 - 988I

MR62TOMRE6| DIODE GOLD BONDED OAS cv 7047

RL7/2 o3
0\‘3. m\_
»\ - RLY/ y\ﬁbll Ry 8/
re2/) a . —e rRLs/2
wx.z._. PULSE ; . R \
ROM BALANCING RL1/) AL 32
AND MEMORY SUB-UNIT
Q o |a 22 4 »\ﬂ|l_.a
- rRLp/1 4
Al
Il\nr o\_
_ﬂr+\. I'.\Ul er\mi 6
a ﬂrO\m
A
ru7/i By
FROM Tve /¢
TIMING
suB-uNIT Jetv |TRANSFER PULSE o Y
\3*3)
RL | RL2 RL 3 RL S Ry 7
L b 4
i 2 e 2 3
MR G2 § MR 63 M (
| 1 Ret o MRGSY MRE6Y. &
L mr_+ - mrwm || szu +
__:_. o
!

48V PULSES ——B» g. d )

(m -4 ce 4

Y
BINARY OUTPUT FROM DECADE SELECTOR

FIG.23. DECODER SUB-UNIT.



HONNd QHVD +2 ol

|

ISNON INLLSIM| SIV L dAVI  ¥3LLD3d] W
[4PS2-950-66 STES] 20LMNVOLNN] 1205 (d Vv SNNd Oy ) A¥M 21 3S0dNNd IVAINID 270d (LM} €S
$2-9 201N 404NN| (26G] (TONANOD WILIWMIAL) AVM G2 IS0JUNY IVEINID 3904 1| 21d
05 2-950-65-5555] 201 NUOLINN 12€G| ( 10NANGD MLINITIO ) A¥AMG2 FSOLUNY WHINID 3904 (2aow| (aa] 12 r————"=--- b
474 IDNAUIS 3dAL | O3ds| NOILINISIT 43 $2 x% |
. 439 2810 | 2g
o ) e laozzvos
93% PP HOLIMS &NO ! 3130
- K &ND YOLON Po |
= I
dwv 3
W HILIMS !
¥IuhIND AR o3| - '
92 (oo ovw| (var === |
. WoNnd| | |
3 ey pc
£ G PTG | muam 1€ |
voos ans oes s e——— : ! ! J0A0n vy !
17|
¥ v o Jgor ! oy zatvaisia ¥ R
IIvds OLnY 2 4ns N o
3vaS QIHY [ diNS di%g  dNg INOT | | LHOHS  33vaS ANO NID WONJ
B 2 o2 OrO-~ a4 39NV 1I¥D  037I0MANOD 037%0WN00 DLV | nve A - 410A OH
51
- aroyel sifsfe 9 s — o® ! anvz
- . — (¢ z
ﬁ 4 ﬁ ﬁ ﬁ - ﬁ ﬁ ﬁ o)
w Frtt)
ELLERYLS 3IIVdS §| Q o % A
. o oRow 8L —x oy
' p—
e o umw o -
> o J. 81 s 9, D mefaonl [ _
~ o 0 09 NEYW i
| L2
° o o o3 v vds SV/ i
° oe o pa - JI 1
© ol © 22 I 95 Lz TAd| \
& eBef—0—0—0xlo=lo 0 © om r - } s 9 sfe /- \
- < [ Y —4 |
¥ *3s1-0—0-—0<oz0 0 O 0% & - woouz | Vo002 e 1
m S0 0 0 © O : p: I
{4 o -3 VAd t
00 pooo]g — ET) } SIN DV 804 |
< m RO |0X0BR 020G » " SIN WIIAIN I
H 0 000 M dHa| !
5 m DYW) 0324 i
89,70 0 0 00 ¥ € #| 2 vose 9| 4 2 i 8| € jsava x xd[ & Ad ymavie} ouny 1
{1 o 0o 00 F _Hz(o o_Hz<u ST g.m _H Fl U _
LF]
s o800 0 0 © pay i
2=+ @ & [0 oBo8ogo]
£ 8 _d
oz €S €INg i
52 v | > ) nux NID wowa+ | ¥3W 9Q woa! 1
- L70A 0N SN | |
mn \ SAY1I¥ QIO SLINDVA - Su..._%h_ !
> i 1
8¢ CLINDYI | ; YISOJUIANI HONNJ HITOJBILNI HINA 5 QA O . i
n# d VI | dNYT Cd B 6-—-
o OGNV S 4 | —" TR
000! I » .
b v
| ) | dnvz dnv 2 NV S
- NI WYD | " H ;
2
e ovaverdy T ¥ | S— / |
24q !
}
vea] o <, @ ) I& @ @W (73 (3 e _
& & G TGy W . peed B
- 11 Y Y e
} ¢ ‘ o . ﬂ b G 8 e
CEX] X




ooooooo

L1INN 9N071d OLNV 'S¢ Old

zzzzzzzzzzzz

N 33y

@B

@O

&

& ®

zzzzzzzzzzzzzzzzzzzzzz




s @@
@

B— B
D — @

@D
(62

C— P

d311dM3dAl ‘92 9l

(R — (D)

-G— D
C— @@
- — @

.
- BD—D

“@— @

D — @

CB— (@)

C—®

[ o]
'

/1)
F
_ ‘ o]
s %&dd.looo\.omvm.«._
oo
om
k 7 4 5~ y $- I & y Y ’ 3 y W ” 4 &
237 - HN(I39 HONNd QYYD NO — 501d JIXId AYM G2 €1d
SUOHLIN O¥LD3IT3 HIdALOAYIS NO — HNd QIXI4 AVM 0% 21d
SUOHLIN 0OHLI3I3 Y3dALOAYIS NO — HNTd QIXId AYM 92 | 7d
IdAL NOILdI¥2S30 txwma




R rR2
ARMS ARMS
! 81 31 4-[ 5[ < 7[ Sj Sl
+ VE BUS BAQA I l I 1
!
_4 -~ VE RUS RAR 1 i I I j

Fsi FSE§ I
®
@@'o @%@ @ﬁs\/né\
@ \PL/ \eL Q’ oL/ \er/ \er/ oL/ e/ \er/ \er/ \p
BE‘:DGE SUPPLY BE!DGE VOLTS
VOLTS FEEDBACK
o - X TEMPERATURE COEFFICIENT OF RESISTANCE MATCHED TO 2 P.p.M.
CIRC REF DESCRIPTION DEF SPEC TYPE SERVICE REF. N°
MULTIPOLE GENERAL PURPOSE PLUG FIXED UNITOR N° 102
Pl 25 POLE (WITH GOLD PLATED PINS) (8) BELLING € LEE
RI R2 |lcon *o0-1Y RESISTOR X R5 BAY & co (UK.)LTD.
Fs 1-2 FUSE MINIATURE | AMP RcL 261 5/2" % %1 |5920-99-052-0318

FIG.27 STRAIN GAUGE TERMINAL UNIT.



%@%m%m?@?
+ ® O, O ® @®
‘ ‘ ®- (O

EARTH

+ e— o— o— o

- @ (® (® O,
a4ﬂémé;®
AT A A TATTATATALY,

@

O,

DEHD

@

]

— i
.

O,

CAYEAYEAVEA

&) e ey

CiRC. .
1RC DESCRIPTION SEE| TyPe  |servicE REF NS
MULTI POLE GENERAL PURPOSE PLUG FIXED UNITOR NIO2
=
“!' les PoLe (witH GoLp PLATED PINS) (8) [BE-HINGAND LEE

FIG.28. THERMOCOUPLE TERMINAL UNIT.



CIRC REF. DESCRIPYFION TYPE [PEFSPEC|SERVICE REFNo,
LTiPOLE GENERAL PURPOSE
PLY 7o PLAFLGE 25 WAY | UNITOR BELLING & LEE
GOLD PLATED No 102 (8)
BPLIO MULTIPOLE GENERAL UNITOR 5321 5935-89-086-2505
GAUGE SELECTOR SW I ows PURPOSE PLUG £5 WAY No 102
WS, 18 MULTIPOLE GENERAW UNITOR
PLI 8321 [5835-89-056-2503
SIGNAL INPUT PLUGS o 24y PURPOSE PLUG IR WAY No 102
Y61 ]z[3]a[s[el[7 6] 20 £4 RINT PLIZ | MUTIFOLE GENERA. PURPOSE WNITOR | 321 [ss3s-ss-0se-2502
13| Injols{a{7[els[a]al2]i swa T\ N
30 . PLI3  [PLUG FIXED SMALL 2 POLE [PaxFif2fo| 5321 [593%-99-056-0050
E lsvary
£ : sviafs m /. «:».._M.. [«9 N START AL DUTY s RC.
2 0, 24v NORMAL M5 A- b -
Nw znc._.a_u’m _‘b _ G RLYTORLY| gEL AYS 70O N36 | 165  [5945-98-01- 988
g 24v HEAVY DUTY SMBA- | RCL
Mm 4 N CONTACTS .:< RO 8RLS| 2 VW De 700 A s | s |3945-99-01 9886
I 7 8 NEUTRAL fxn_o nozz_mznm 24v MIGH SPEEQ RCL
M v N CONTACTS A gr:\‘ m(jno.ua ‘ znx._. CARD [RLILRLIZ |pr | aVe 800 N SM8 -4 | | Z 530039
CONTA
SKIP
22 1 N W " 3 |6 BANK 30 WAY
C L MR 12 ruizh | ST Jswpopl—ad- - SW!  lasv COIlL HASLER
B Jal MaIAL sws  swz b ZVRe
0 N RLi/i O “/_ R — 1 Emi_ DRIVE swz ||BBANK iz WAY HASLER
L13/1
iz "mﬂm__n _M_w"w s MR+ MRS MR \ERIO/ owa |SWITCH WAFER IPOLE RCL
o s OGHRE
4aan o 10 lw DOUBLE POLE -
DEEN __M_M _” “mm “m _M 18 N . MRS LPz SW4  |ChANGE OVER $wiTCH Sks | 5151 |3930-z510804
1 VA Talialia 418 1% N ORANGE SWS5 wﬁwroﬂ POLE ONJOFF sLe | SISl |s930-2 510501
13 EERREER 13 MR2 R3 SWE____ SWITCH PUSH BUTTON DAINTON
:
12 i 2[12]12]12{12] 2] 12 12, N wo Lp ank_n_o TaERMANILM DICDES @U5-M BTH
1] (N URE I 1] T
1 GREEN ) <
5 sla[s[s[8[s]a]als]s]e CAPACITOR RCL
EMRCL LG an c T ral
8 S[S[S[S[5[5[5[5(5[5[5]5 TERMINAL UNIT ~ M c2 T cTRALYTIC ce-a |REE [z wessin
3 alala]a] a|alaala]a]a]a SELECTOR S.W.2, TesT .w o 24 v BULB AND LAMP
T 31 3[3[3[3[3[3[3]3]3[3]3 STAND BY 2 3 LPI&LPZ | bER THORN
3 ¢ izlzl2(2|2|2[2]2]2]2[2 |2 PLY — PLS PINS « PLIO  SIGNALS
e B LBIEIEBLEEL [{s] 22 |24 (20 _\ﬂ PLUGS ‘\f R RESISTOR IS [SWWW RWV4=J | RCL Il |S905-89-0OH-3276
1 olojoo[of{a]e[eo]e [0]e] i6|ishafiaizfn ioisja|7|6|5|4[3 |21 X m>zxuu.u Vo 2!
W [} vl se(elely stete[ojelolele|oto (o0 (0] J®[S]i2| - PL-® 20932 R2 RESISTOR 1SOA |2 WW W |Rwv3-J | RCL HI |5905 -z 113235
L 1 A — L olole [olo (ol |otee]| [@iafu] - PLE 300 43
cleleteto el lelalotale| [ |7[B] - PLr | 4 oo 54 R3 RESISTOR mxnwmw...\wr Rwv4=L| ReL 1 [8905 -z 13381
o110 (010 |0{0 010 |0 e(618| - PLB 50865 6w W W INPA
o[ ojele ol [0jeletele] [0[3]2] - P. 5 wono M 6 R4 RESISTOR 33044 12w W W [RwV3-U|RCL Il [5905 -z 113243
otole [ofe [ole|otele| [ol4]7| - PL 4 *-e 37
CHE
oiote ole otele] 0|3l -PL3 |2 ®®9 8 R6 & RO |RESISTORS 1004 MATCHED (o s sl ReL 1 [$905 -z 13298
e e T2 {seens PAIR 210% 3 YWV
Larandiartbandiandid RESISTORS 100K MATCHED
s [ofoto[ole oo [otele| lel1]a] - PL: 10 &8 i [0 RTERS [palr * O O1% RS ~  |pavaco(uk)LTD
[e 0 - e 12 :
e oTO10 (019 | 00 | & o 101 PLO . RESISTORS 3 Gk 2L 74 W
EARTH e I andlandlandi] o322 - PLX R1IOTOR2} FIXED COMPOS|TION RCT-J RCLN2Z|Z 222068
otPARTH e
ﬂ“« oo efele|ote oo [ofelo]| [of24])] - PLY
|4 SELECTED GAUGE olete orolote[efo (0] 9177V RS RESISTOR 330 3WWW RV4-J |RCLIN [5905-99-0H-3284
3 7 3\§T FixgD ARMS |
2
<) < (A8 e reTusn Zocwﬂawnﬂuwﬂyr
3 @ +<m RETURN A /T3
z _.nno BACK TO TERMINAL UNIT G @ . .
] CT FIXED ARMS NUMBER S <
v — . > = B$B$a$aaaa $$®®$$
TERMINAL oo e 103 Re oy \eur/ (pux) (oo oo/ \ero/ \ewt / \eet/ \eez/ \eLz/ \pL7/ \pLg/ \ers/ \pg/ \eLy/
. RLY Rie X RLO RL RL 2 RLT rRLS RLS
NMJ-CNZ
q g q q q A A < 4 & q A q A
- VE STAND BY
=
1S AMP WIRE
4+ VE STAND BY AN
RETURN TO
o a.;zo 8y PU
d -VE TEST
> 4
o
+VE TEST
RETURN T0
TEST PU

R

nr» nrm g nrm RLT _ nroL, RLS |
" 2 2 Z
3.3k 33K 33K 33K ask 33k 9 3 3K

T 8 S 10

RETURN TO swafz
r STAND BY PU

RETURN TO
TEST PU

FIG.29. STRAIN GAUGE AND POTENTIOMETER SELECTOR UNIT



LINN "HOL1D3T13S 3FOVLTIOA ANV IFT1dNODOWHIHLOEOld

£HENZ - S06S 111 8| £ -EAMY MM M ‘M.._ BOEE MOLSISIH R-2-]
RERRTZIZILT
1 1Z - SO6S 1 DA -
se€ n vaml L e 022 x e SuO cu
SERENZ-$06S| 111 V[ L-EAMY] MM M 2| TOSI HOLSISIY ¥
+92€-110-68-S068| 111 T0¥| £-bAMY MM ME PEC YOLSISIY sy
9IC -110-06-5008] 111 12| £ - pAmY MM ME ESt BOISISI o
NYOH.L WIQTOHIIWYI ONY SINEA P2 23dT #1d7
TVNINYEL
€ISSPi 2 | PEI D]  + -3 | DUAICNLIII 37 OF FOLIDVEVD) 25 Hiuva
ooLswi Z | perow WAVANVL 37 OS NOLIDVEVYD, ] o o LLLLLL ﬁa (D) &ﬁa @@ (679
NI VNS WOLOIIE ¥OI
P Sa ] e g NI BoE o i NPANANPANANANY, U
QuvIhnk SYO | gagnos 970b wninvivash | e or 2aw H H 1 H H 1 H 11 1 1
H1® W-SLHd 300IT  WNINYIVA3ID &l ; @ g
QL 1N
10S0IS 2. -0ES| 18IS 930] 97§ 440 [NO 370 FIONIS sms
no
o5z~ s s HALIMS oms 0. q O, DINNCD 202 ON TVINIS HOLXITIE ¥OJ Lnad
yosaisz-otes) 1§ © WIAO #DNVHI F70d 3T8NOT o_.tu o..te YNDIS
v 55! 1 2IZIS AvM I e MS QM. QLMo LIINNOD 102 ON TIVINIS uD.UuJu* ¥Od /61\ @
HOLIMS \S1/
wagWnN  (6178)
A37SVH NOD A B2 AVM 21 SNVE 91 2ms Liney wnaas (2t @
¥ISVYH HOD ABY AVMOE SNVE 3¢ 1ms 4
§
ee00cs Z | 591 10u| ¥-sws T 00§ 22 ,,
© ve SAVIZN QINAG HDIH AbR OISN SLINN i 1
1o 9 1ou| SLN v ooL v » 1 TNIAERL S0 N N
SIVE-110-56-5v65) Sai ~VSWS SAVIZN ALNG AAVEH A2 i m_ Mmu ! 2
4 d : . s
237 & bN3e 201 °N QLY b - AvME - brnd U e 2 Lfefems—e 11 " ) Tetelels elelels
WOLINN | ISOWUNG IVUINFD FIOWLINW ol no. | ol > Tofe i [olelele lelole
201 N AvM §2 -bnae ¢ o/cjams € ¢
5052:950-66-5065| 12€S | ;01 nn| 350dmna aaNad Focuw | O L Inn 8 2 " olelotele
o 8 201 N 03Lv3d gIob-avmEz-Bne [ L sjefeme L L ol 18 < : -
337 # SNI8 oL | 3socand Tvaaned 3rodine < 0L A 9 ° s M ”5 AbR+
© . oy s vfe m;olnm s
A [2345] 3aaL|  NoLdiDSI@  [3WDAId s vis/ 3 : s o
5 n\o\mzﬁlnn € n_u“ !H
? n 2 92[bi[1Mo4 2
_ )
1 Efefems ! slvilime ' w_mmemrm.no_:M.M_ anuouummm.mu ® u\_s
~m ems | Pl St 9
mfz(oms Ll slv[s|v[S[¥[S[v[S|P[S]¥ z
, ona ZMS ¥010313S LINN TVNIWYIAL BEANREROAONE €
6\ cl8|cld[6|9]e|8]c[B]C]8 [
e Su (ot njo itjouf trlotf vjoi] 1ol S
_ 1 T. BEdEEEHEEE0E 9
IA- -— > — 5t v]si st v1]S1}on 91 il 1] o L
el ulstesifaiei[alsicis E)
| ot 4 siesiglalm|s el elinsn S
' cn ¥ 12]02] 12[0d] rRloe] 12]o2] 12]0e] 17]02] ol
ros , EEE s2lz2ieleeic]2 D
EE] ! W_xmm ez |velsaivelse/ve) 2
uwzu,-um zu.uum : 4 L clzlel2ele|elele 2le]2® oo
waimu T o % _.ﬂTu siv[s|v|S[v|s |v]s|v]s|¥ #
sy . REREREROBENE Si|
saly s[8|clsclel6|elc(8[e(s 9
| ool lfol o1 o 1ot e Li|
- | e 2
IAWG | M g ¢ -4 it 3 DERZEEERaEEN) 8!
Law _ iy 4 51 [wi]51 w18t [t |51 [ [ [ 51 [ )
B BaW S LEvANDD ~ Vo mifems| 1fvifims AESNIESEZMErI0
aie — kY05 &9_d3ie SifeiGI[m[e et [eriei|@ [wi[ei |81 i3]
\9Z/ - ~ ome IOANTIN > i e
o : o SLovines c2fezjeefezicelee)ee c2[2]
LXIN FONBWINOD
o1 [S4WUNCO IVYLNIN g L
>-v+@w ! s winIN IR RS
2MS
:
Lavis (612d) | H..E_Zm u/t
@e \F.ﬁ«,ww ———e92/5i[IMS ww
. _mzw
W NO buavay ¥y e ——eoz/vims 3
ANl 40 @ . ¥3d $3INNVH o =
N : i2[e]v[alo[c]e (e jor]n [ [er{t[si[o] X
2+ >
T a [zr="[e]e]a]s]¥l¥|2]2]o]oAlA
w-cislejc|clsislefe]i[1]x]x
ool $9Md LNdNI TYNDIS

IMS d01D0313S I9NVO




GAUGE SELECTOR-SWI

SWI/A -
SWI/B ~

1*" HALF CYCLE
2"° HALF CYCLE

READING NUMBER
SELECTOR-SW2

SW2/A- " HALF CYCLE
SW2/B - 2" HALF CYCLE

WNT;L»TTTT_m_iw_.,_i» 8{als xJals[a[B[a]8]a]B]A]B
Bt SIGNAL INPUT PLUGS X PLSY PL 1O
13-24 |2 |20a)4|c|[alelaleis|c|a|e|8 . +24V xi1|2[a]|4|5]|c|7]|8]2 [0
1-12 1|1 [3}als]rfs[7[s]|7]s]7]5]7 START . /A 25, s [0)2]5|s5|10|2]5
tlala|4|s]e|7[8 ]2 wofrtizj1ali+]is|ie SWITCH \O * i,
A N _ L.mo starr 124 4lol2|a]alo]2]4
30 23) 3la|e|4]3|8]2]|a
22 N mriz GREEN 22| el7lef4]271]2(4
= Tt Mu:n: Lp2 TP u 1|ej2|4|1]6|2]4
27 MRS AT 20 wols[2]a[10]s]2]4
26 Paua i — oﬁrkzoqu»_z,. 19 s |41 40|41 |4
= MR3 18 831 [a]o]3]|1 4
zale4|25(24[25[13 13§ | § | 614 |0 | S| % swa/1/WA 17 7lelr [al]e]s |4
zaflzz|ealz2[zalie [z [4 4] @ 4 2 PH - - 16 61|t ]4]e|tl1]e
SW2/2/W8 o—o 9 swiin
2efz0]2t 2021 11 {11 ] e [IEIEXEIEIK ¢ NELTRAL MANUAL 15 5110(1 4|5 (10]t |4
MM EOaIIIIE IR IR IR S L swz/1/2-25 A ” X e POSITION STEP, 14 “lol1]2]a|s]1 |s
swefaft - 25 B 8 CONTACTS IMR13
P IIGALLR A LEE [ AR I AR BN 4 RL7/ 13 3laf1iatlala]r s
[EXIERIERIERIE AN AT AN AN AN IR B AR [ IK ] K SRy 12 2 (7t (82|71 |8
1sfreis 1213 le |6 YRR IR IEIE K] 11 1{ef[1]a{t|e|1]a
swef1f1ae—e—2, " nru RL1
171 jroft (s {s (4| o[9[ ejee 3E3K) - RLY Lt 10 ofsf1t|3afofjs|t]a
NoRROIDIEIEIR IR IEALIE e d ORANGE ° s[4 w0[als]alo]s
wle|[7[(sj7|2|2|e|ei¢|el 6|09 é]|0ig 8 8i3fo|afa|al0fa
44 i5ja|5|2(2 (|0 (00 0|6 [ K AKX 7 Tla(0{3l7;2(10(3
sfa]afzlalt ]t [IKIE] bjojole . . : G el1[0f3je]1[to]a
1zfeales[eaj2s{a| 130 [0le| o]0 IS MR ™A 5 s(t0|10{3]|s|ioft0]a
1 J2z|2alzz(2a|t2]1z[ @[ 4[4 T &[0 [ o]0 [0 ]¢ ‘E AE 4 4lo(0]|2|4f[o]10]2
MRS
to]zol2t Jeofet [ 11|91 4] ¢ b4 14 ¢ 4] 2 ks 4 2] als|w|zls]eia]2
NI IEIEIEIEIEIE L) lﬁwn EABRERDBEAEEE
8 e 171617 |8 |8 IEIEIRIEILIE 3 g vy ¢ ° 18811 [eol2]i]eto]2
Thafishafis[7 17019 1K) 3k = 3 2 §=< = b H W slefeieirit]e]ele
T
slhzlispzfz e e e[s[e]é]e]4]d[s]4]e < < s £g¥ ¢ w k3
slofii 0|11 |5 |6 & |4 Z 5 $ 53 = ¥ H = Bl g &
¢l ¢/ 9|09 |0|e “ ” =3 x x = = g m
g [ “ » “ CARD A-Y % 3 1S Z
afslofalsiala oio(olalole|d ALY N 2 < 2 g
Al B-X =z w u W
S OEOEBBIIINIEIEIEIEIR L) CARD 8, ¥ € & ¢
CARD No
zlals |as]|2|2[e|e|d b1 ¢ 44 éﬁaa
> CARD A-Y s/ oLy ewg/ \eLig/
tje(sfjej3ft[1|e|o[e|eje[s |6 ] RL3/Z ey
wieiy ploioloigivieiele > a CARD B-X dmo
M ? Plyiele u ) d CARD No I
RL4 RLS
CIRCUIT REFERENCE DESCRIPTION TYPE | DEF SPEC| SERVICE REF No.
| .. @@M’ R1 RESISTOR KA W Wwi 107 RWV3-J RCL 111 | 5905- 2113255
’ Rz RESISTOR 330 3 W WWE 57 RWV4-4 | RCL 111 | 590G - 93~01i-3284
@ @ @ @ & @ @ +24v R3 RESISTOR 22013 W WWE 5% RWV4-J | RCL 111 | 5905 - 2113304
e R4 RESISTOR 2700 1, W Wwi 8% RWV3-J REL 111 | 5305 - 2113241
RE RESISTOR 680 1AW Wwt 87 Rwvs-J | ReL 111 | 8908 - z113238
RY & R8 RESISTORS 1002 (PAIR £ 017)F2PPM/°c) [rsS — BAYS Co (UK)LTD
MR ) MRS TO MRS & MR13TOMRIS| GERMANILM GOLD BONDED DIODES OA5 _— MULLARD
MRZ, MR10, MR 1) CRYSTAL DIODES Cva42
MRIZ , MR18 + MR 17 |GERMANIUM DIODES GJ5-M BTH
wmnh“,_zz. @ @ @ @ @ @ @ @ @ @ RLt 24V HEAVY OUTY RELAY 7004 SM5A- HT9 | RCL 165 | 5945-99-011- 9886
T RL2 & RLT 24V MIGH SPEED RELAY 500 sM8 - 4 RCL 165 | 2530039
1 M H ﬁ H ﬁ M H H H 100 3 R RL3 TORLE 24V NORMAL DUTY RELAY 700 SM5A- N96 | RCL 165 | 5345-93- O~ 9881
e : — : s _ > ) ‘ ¢, cg,c8 50 uF TANTULUM ELECTROLYTIC RCL 134 | 2145700
003 ne PLI T0 PLB MULTIPOLE GENERAL PURPOSE PLUG 25 WAY §oLD PLATED | INTTOR, ) — BELLING & LEE
MULTIPOLE GENERAL PURPOSE PLUG &5 i>< UNITOR
PLS, PLIO [PIN 1 AvaY FROM SPiGOY oN T 2 Ne 102(a) | 5321 £935-92-068-2505
LN, PLI2 MULTIPOLE GENERAL PURPOSE PLUG mi DPLATED | UNITOR — BELLING & LEE
pLIZ MULTIPOLE GENERAL PURPOSE PLUG 12 WAY e 5321 5035 - 93- 056-2503
SW1 16 BANK 30 WAY LNISELECTOR 48V COIY i — HASLER
SW2 10 BANK 25 WAY UNISELECTOR 24 V COIY —_ _— 10F [NIV/ 7810
SW3 SINGLE POLE ON/OFF SWITCH sLe 515t 8930-2510501
Sw4 DOUBLE POLE CHANGE OVER sL9 5151 5330-2510504
SW5 SWITCH - PUSH BUTTON — E— PAINTON
LPl & LP2 24V O O4A MINIATURE THORN
Tl TERMINAL (EARTH)
RESISTOR 152 3w WW RWV4-J4 [RCL Il | 5905-99-01i-3276
FIG. 31. STRAIN GAUGE AND THERMOCOUPLE mm_nmﬁ._.O_» UNIT.




914 $Id ¥4 £17d 2114

< >
ASANYLS
0L A¥Z ¢ z

(6143 T
" IDIS OIS 6 8YS XS ez /
NuNL3Y
AdonvLs 94 SId Pl W AW
N2l \H M H H H
* rﬁ
IS OIS 6XS B8NS LXS
AQv3Y AQVIN AQv3Y AQv3d 1Jors b_a——e rgps
(81—~ ABP+ N3ITY 2 NEEI) NI v N33O
92—~ gd1 4
4] ~————
o a 7~ }
s (@] 7y (@) 7y .—
€~ 7 Y < AT =
0 F e mfafims T
6 ~—r————r
8 OAEATES SLINA _\m\n\sm
N4 §2 §OL33 T3S
L~ ~ 40 ¥ITWAN
~—T I 29 g
0ULNOD M ¢
¥012313S | 9 7~ v/ 9/ 1ms e 7
" 2/91/1ms
§ AT g /91 1ms .
v v/ 9/ 1ms o L
r~ ~——e
S $/9/1ms ?LIOJ|\
" CAA—TT 9/ 9/ ims o=
S a3y
L OldT
| A~
~ s 8IS us :
(13" 918 8214
2~ Y TS
|| A——re——— o
SLINMA W3IMOd ASANVYLS OL CNENL3Y Fﬂu._J QUF(J*E.W
ol 777 e -
a4 |
—r——— Ao
15 &€
f—
(N 7 La] r< 7™ g
XS OIS 6XS 8BNS XS 621d 2335 2 $RSE 228 23 3
| POHE BE e
LINA W3MOQ m 4 § 2
WOY4 LNGNT LSIL n
f6214 [8214 1, [8274 24 o214 od o T [ o 3
v 3 ol fi 4 fs2| oz 1 /n
AGONYIS 2yms t.m\ t_w\ Em\ Lixs luws [uws Lus E_m\ ol
..‘ q’l.l.l’ll
o swvw | S_ma 8IS .Szo_x\MN -;\mon :_Mz a_gm__
I/ oms L]
e . e e o \_~ /s2 \o~_¢ fs1 h ¢
1214 204 €24 635, [6)IS Lo:a 619 [6iIS 3
. 9214 vz 2 sl 1 52| 2| Jei | €
oixs, [o1xs %S (0265 [0z¥S jozxs paws, lo2xs
a Al T k| foz| fe IR
XS, [11%S 1218 12 iz2xs 12xs
3R i 2| foz| Jei [
* . 9
9 2
>
&
s m 8
[
49 NId 8 6
wN9IS < € o
H
n
! 2
9% §1d ¥1d 14 214 1V
1| e 6 ot | n si | ol

94 S11d #1d £1d 214

SNy

LINN SNILNOY ¥YOL1D3T13S 2E9OIH

91/1MS

AVM Zi TIO0S

NHOM.L Y3TIOH GNY ANV A+E [otgT oL 1
rOsOISz 086 Igig430] &1 el
N i) 7o b A Ty A I
2850152-0c65] I151943a| 6118 honviiaBn S9anon HoLimes|  EMS
uIISYH - - HOLDITISINA AYMZI WNYF ! ms
jo R} - —_ HINIZ M AL 3O N
6£04AD — W-5re NAINVNED 3001 cun gz
PLOLAD ~ Svo a3anog aoe 3goa|  ranw
ocs - 110-66-506¢] 111D | T ~VAME[ONNOMITIM MO UGS NOLSISaY| 89
612€-110-66-G065  11171DU | P-£AMY [ONTOMITIM MBI USS HOLSISTY )
cczc - 110-66 065 111108 | P-£AMY | GNNOMITIM MEI T2 BOLSISTY Y
kaes-110-66-5065] 11708| r-gamu] aNROMIMIM ME e HOLSIS3Y e
P -110-66-5065] 1HT108| r-SAms|  aNnom3um M TOC BOLSISTY v
+90zzzz| ZiTo8| -.0d 5 ,_kv__m.ﬂmﬁoow&m_._wuu =Y
Kvee~ 110 -66- 064 DY M -SAME] ONNOMITIM );\N-_ TOZr HOLSISIY| d
PEZE -1 HO-66-G065] 1117109 £~ vAMY| ANNOMITIM ME TEE HOLSISIY [1-]
NIDING AVME BN 220 oL 227d
Fosz-960-66-566¢] 12€5 43a| L 201 ON RN N
loisz-o50- 66-508¢] 1285 430 IBASOL LING
focs-990-66-g26¢| 1285 430 o oL

gosz-950-66-ge69| 1ZEs 430 JS0Ng TN IS ‘TIaararn || IASOL 23S
=T QIAVIg TTOD AYMEG DM 1d 97d OL 11d

HOLIND |3SOdH0d TVHINID ‘310gi_LTW
ON 430 3DING3S D3ads HdAdl NOILdEDS3a |43 LINDWID]




R $ 2000 R 2% 000 R 3$ 2000 R4 3 1000 RS $ 400 R63 400 R7% 200 RS2 100 R93 40 R10S 40 R3S 20 Ri22 0
o O o O o O o 0= O O 0 0= 0 o o ) o= o~y
o SV —q o3V wd o SWy Ned T, SW swa/, swa/ — Swa/3 [To SW2/a SW34 —t W32 Nedq [0 W35 Ted SW3/a RIS UNITS
° O—nqg o Oty ° 4.“.‘ o oﬂl o—q o—dg o o231 o [ O—yg ﬁ; ohr c
§ ; & 2 2 S — 9 $
jrf_ S 4 (15 ﬂrﬁl. Py I8 I == 1 [l
! | 1
@B
&
a—3Y -3v
[
al3Y L +3V
[
o
o
Bl
o4
@ CIRC SERVICE REF
REF No. DESCRIPTION TYPE SPEC No.
SW I TO SW3 | SWITCHES WAFER NON SHORTING [si1ZE 2 |RCL 1544
@ [ 11:1»(»1-1 ><><>< | POLE |1 WAY 4 BANK
100 100 R1TO M3 | RESISTOR SEALED WW 19 77Ka20 1% Tww 2 DUBILIER
R4 RESISTOR SEALED WN 39 54Kat0 %] TWW 2 DUBILIER
e RS AND R6 | RESISTOR SEALED WW 28 85Knt0 1% TWW 2 DUBILIER
49 A Swa/z R7 RESISTOR SBALED WW 137 7 K202 Tww 2 OUBILIER
A > POTENTIOMITER
RB RESISTOR SEALED WW 3954 Kn,£08%] TWW 2 DUBILIER
R #2 AND RIO| RESISTOR ADJUSTED TO 988 SKati%|
(10 PR oUMMY Live Rl RESISTOR ADJUSTED TO 138Ma 22%]
eL2/ 06 Ri2 | RESISTOR ADJUSTED TO 3385Mat2%]
! Ris L R13 | RESISTOR FXED COMPOSITION3 6 Ma|RC2:C  |RCL H2
b R14 TO RI7 [ RESISTOR 100 A WW £0 1% * RS lsavaceo (Uk) LTD
3
@ [ — by Rig RI8 RESISTOR WIREWOUND 47 nu RWV3 - J RCL NI
RVI9 RRSISTOR VARIAIBLE WW 100 Ka
PL | MULTIPOLE GENERAL PURPOSE PLUG | UNITOR N*102] BELLING AND LEE
FIKAD (GOLD PLATED) B WAY
R16 RI7 PL 2 | MULYI-POLE GENERAL PURPOSE PLUG | UNITOR Ni02] DEF 5321 [5935-89 056 2503
o0 100 FIXED 12 WAY (a)
19ANDR20[RESISTOR 10O R 15 W WW RWVE -J " Trer 1 mnwwm:-u»«_
Sw4 SWITCH-00UBLE POLE CHANGE OVER &9 DEF 5151 [5930-Z510504
# TEMPERATURE COEFFICIENT OF RESISTANCE MATCHED TO 2 PPM
® [ ] ® ®
RTH
H D @ D -
@ @ ey ey \eLY/ TERMINAL

FIG.33. STRAIN GAUGE AND POTENTIOMETER SIMULATOR.




(3IONVA3dNI V'O01) YOLVINWIS IJUNLVIIINIL PE'OId

PRDDPH D

/ad\ (Hd\ (0d) [dy (ind) () (014
37 \s/ Uy \&J \E/ U
Wa1IN 1105 DNIAOR ) )
- - - v7001-0 wnLaNNY [
WEENZ- 506s| r-pamd] 0 WOLIRTY MM VNS "y
1eaR112- 9068| t-tAmu| 10 wousisay Am voo| szu
wTENT - S068| r-cAMY| 11l UOLSISI MM V16 $24]
S2TRIZ- $068] C-SAMN| (H YoLSISIN AM v 8| sz oy l a9y
B2E11z- sooa] r-eamy| 1 USEI AM L yEY " v L
Lz2s1iz- s06e] r-samy| voisisaw AA voe| czu 29ms SIIE
aze11z- soés| r-eamu| 0 voisis MM vl zey V2 Y l £ wai-ng
OPRLIT - sobn| r-SAmu¥]| it %ig4 vOIBII AA g 129 W W WA oty e m
azaenz-sodsl r-samy| 1 VSIS AW Vv Ozy nug T AvoTTe
s3eUZ- 2068 r-eAmy| 11 woisis: MM wae| 61y @ Le N /AR l s2v 3
BLNT-S068| ©-EAMY| N1 NOLSISIN MA Vg oy ~ N
nItiz-g06s| ~eama| 0 WLSIEIY AR T U 0y ~ e
Losenz-s066| r-zamu| 20151638 MA VO 9ty . . b} 3
WILHZ-S06k| r-sAmE| 1h WOISISAY MM VI | qiyesy ) Yoy 3
P-gAMNE 10 . vl 14} P [} @ 1
rosamaf | SENDO %S O | g cu & mE
F-eAmy| 111 | gausnray swoisisa | v M Ty
n-cany| g [OROONIBMEO BINTA | oy gy Ty @ o 1
[ vi-o08  pg ne E
oo e bR &) a3
=T . bk - 300auna il 1o | &2 9 U () 1 1w [ ¥o0i-0
Y s maﬁum To0ve0d M‘g},“d’ 174 1 \ZU 3
NauNIve LG 0O LETINA] 9- § MS | avg
9% NS €0 024340 NOLLNGHSW HUIMS| - | MS t /1a\ [13] 3
oN 438 438 ) TV, 3
2D1A43% 3dAL | 1D NO1Ld1u2$30 S5 iV wf
o2y 3
o @0——1——%— [ Urns
v I &
| I—-—- "3
£ | L —— T3\ o1y 3
— ¢ }
& » | - | &) ! i
@ ‘ — : — wE
e ey 1 S 3
\_l———\\ 0 (o2 VWY | -——-——:/——‘ A
® \~ — X
—_ | N l Ly
ey | & v v s
&/ 1 s
9ms sAs l . e
@' MV, v AT 9%:/A ¥ (#%(2,0011- Q) ¥AS

€N

& \"/’—Um WA § 19 53,089 - 0 eAs
b "

} /AL OV X(2023~ 0) ZAS

& s @ <
s
|' vy x -
AWV /. e /AL O ® (2,011~ 0) IAS

PPRPBRS



+3VTODIBITISER, 9
St
S

& 1

w =
w
£3 2z 38 & 52 &%
S, o g0 o8 88 1
88 83 .23 98 0 33 CIRC_REF DESCRIPTION TYPE GPEC | SERVICE REF NO
M m 8 m,.. PLIY MULTIPOLE GENERAL PURPOSE PLUG 12 WAY |UNITOR No |02 |DEF 5321 5935-99- 056-2503
T 9 i M. b g H w 9 < [ SKZ & 5K3 MULTIPOLE GENERAL PURPOSE SOCKET 25 WAY[UNITOR No 102|DEF 5321 | 5935~ 99-056-2310
L 585 ¢ T wliy & < 3 g 5 m 5K& - SKIO [50cKeT X358 FORUSEWMHVEMERUNTTS2A| — — — VENNER
- m $ % 3 m 3 & S 5 ¢ L ok SKIT WULTIPOLE GENERAL PURPCSE S0CKET 8wAY |UNITOR No 02 |DEF 5321 | $935- 99-0%56-2507
/3 m £ bw |bw w g = 3 3 9 w — w PLi2 MULTIPOLE GENERAL PURPOSE PLUG 8 WAY [UNITOR No 102 | DEF 5321 [ 5935-99- 056-2502
@ . Z 3 .u .w 5 mw ww H . < & 5 5K13 JIULTIPOLE GENERAL PURPOSE SOCKETA WAY [UNITOR No /2 | DEF 5321 | 5938- 99- 0562506
AN bﬁp \8k9/5 \sko/0 & \8Kk3/0 \exg) \&xe/ @ \9k7) D RLSS TORL 63 | |12V HIGH SPEED RELAY sM8-3  |RCLIGS |z530038
@ \8Ke/T gxio/ @ @ & @ @H mm_o @ @ @ @ RL 64,RLE6ALTIAJE24Y HIGH SPEED RELAY smMe-4  |[RCLIGS  |2530039
H s RL 66 RLETRL ¥ NORMAL DUTY RELAY SMBA-NJ6 |[RCLIGE  |5945-99-Q11- 9881
\ b4 sol v Y H zor 828 RLGE 4V HEAVY DUTY REBLAY SMBA-H79 |RCL 165 | 5945-99-O1l- 9886
w ] c/sf ——csi=te RL7I 24V HIGH SPEED RELAY sME-4 _ |RCL165  |2530039
-8V { et/ L _ ’ o0 NI RL76 12V NORMAL OUTY RELAY SMBA-N95 |RCL 165 |5945-99- 011-9880
L4, RE03 | R R 35 2 Vie JRSL 35, MRAY | CRYSTAL DIODE = = cVaaz
20K | R 1arc Zelg ior 26 RS U s TENER DIODE 15 OV IW — — STC
|||||||| 3 Re2% nJl R3 R T UR MR 29 ZENER DIODE & 8V — cvTo7!
oo 2 v MR49 MRS, MR6{ |GERMANIUN DIODE — V1089
T4 ] 20 ON 2H 30 20, 1 20 ONZM MR4Z MR4T MRES | SILICON DIODE — cv7013
S il oo R B as vacils| GOLD BONDED DICOE —  |cv7oaT
ov J Swi, SW7T SWITCH - ON /OFF DEF 5181 |5930-251050!
SW2,8W4 SWB | | SWITCH-PUSH BUTTON = = PAINTON
ov| /) SW3 & SWe SWITCHOOUBLE POLE CHANGE OVER [SL9 DEFSISI | 5930-2810504
B S5 sex SiSsex SHE3 3K R943 R9S 3 R% 2 R97TZ SWS L W9 ‘SWITCH-DOUBLE POLE CHANGEOVERSPRNGSET | SL 1S DEF 5151 | 5930-2510582
Ac W.: R 3 s $£2 G8xg 68K 68K3 ©8KZ P\, 7O LPG 24Y LAMP L HOLOER — — THORN
(20) M2 RIS R9Z 2 3 < 2 NARENAIE JUNCTION TRANSISTOR GET 104 — —
\pu4/ 5 oK ¢, c2 0 5, PAPERDIELECTRIC CAPACITOR _|cOM 2K |RCL 1368 [2115567
+8v /4 4 TO Co 820p¢ MICA DIELECTRIC CAPACITOR _|CMMI DEF 5132 | 8910-2128957
oY 4 /28\ , SELECTOR co 2007 ELECTROLYTIC CAPACITOR |CET 11 RCL (B4 [2148289
. \sxiy/ \SKZ/ " DRIVE RSO RESISTOR 2 OKQ 74 W FIXED COMPOSTIONIRC2 ¢ RCLII2 0215278
e RS & RS2 RESISTOR 22 K0 T3 W FIXED COMPOSTTION|RC 2 € RCLITZ _ |0216043
a @ Q +48 IR53Z RE2 RESISTOR | OK1Z % W FIXEDCOMPOSITION|RC 2 C RCLII2 0215643
A TAE RE0 RESISTORS 6K 2 3w FIXED COMPOSITION|RC 2 © RCLITZ  |02i%333
18 /2 /2 _+24 RSE RESISTOR 1OMTQ % W FIXEDCOMPOSTION| RC 2 & RCLITZ2  |0216893
\sxz/ PL1/ \PL3/ lla“nmv»n“\nmwwhhﬂucﬂ .1c ﬁr_wm RE7R5IR3! R63 R§S|RESISTOR 15K % w FIXEOCOMPOSITION|RC 2 € RCLIlZ  |0216033
> 58 REORG: RAARGo | RESISTORSI0 1 1%, W WIRE WOUND |RWV3-5  [RCLIII 0113248
ﬁ oc RL68/ _Nomwha_.tm IS I U _ PRINT PULSE RGT, RB4 RESISTOR 10K Q2 %, W FIXED COMPOSITION|RC 2 € RCLIZ 10216003
N \SK3/ R WP LA | T I N S 1 To [ReEToRT0, X35 ToRE | RESISTORZ 7 i % W FIXED COMPOSTTION| RC 2C RCLIZ |0215293
iy SKIP PULSE ui;ﬂlo\uv RLTO/I A PRINT vnzn.ﬁ. ,% MR8 48V TRANSFER PULSE | BALANCING TR7) & RT2 RESISTOR S GKA Y, W FIXED COMPOSITION| R C 2€ RCLI1Z  |02/5308
RESET SKIP N orjvE u\ V RL : MR49 24V TRANSFER puLsE pb MEMORY [R79 RESISTORS 7K %, W FIXED COMPOSITONRC 2C RCLIIZ  [0215323
ZERO A ¥ mSu\l_“ DRIVE DECADE CHANGE [SUB-UNIT | R8I RESBISTOR 3 9KQ %w FIXED CoMPOSITIONRC2¢C RCLIIZ 0218313
VA oiamena ¢! LY Sl on awa/2 ? \w . . 24V CANCEL PULSE REE RESISTORIOOKA W FIXED C RCZC RELIIZ _ |0216125
N ALY, ouLse | M/ﬁl.vll/o||uoz oW _L|  RL7AN MR SO MRS2 B\ 1 RE5RB7RE9 ROI| | RESISTOR 56K0 % w FIXED COMPOSITION|RC 2C RCLI 12 0216093
> A — SWe/l (6/2] MRS| S B \pie/ RB6,RE8, RIO RI | RESISTOR! 5KA Hw FIXED COMPOSITON|RC 2C RCLII2 0215263
’ @ — & TIaE s FEEDBACK R93 RESISTOR3 3KA %, w FIXEDCOMPOSITONRE 2C ReLIIE  [0215308
MR, - K CLt 21834
vt A =P , Do || ||| s Lge . oy (ome [ et o
noonnna_wr.._._»Orz »rnn\_\u \/ CARD RLGS/ .NP\I. ad \ LIRS [RESISTOR4To 2 ___\nii_n.m WOUND __|RWV3-J__|RCLII| 013247
SYNCH CONTROL ™ RLIO/2 P MR42 100 umw 0y ﬂ ' MR47 - MR S4 b 0 RIQO TO RIO2 RESISTOR 6800 :_Ni WIRE WQUND  |RW v3-J RCLIN Q13281
Y risop H ey LTI/} ey, Rio3 RESISTORZ70A 1%2W WIRE WOUND  |RWV3-J  [RCLITI onszal
N B ¥ RLT2/1 \«w o _ . RI04,RI0BRIIRIBAB | RESISTOR 3342 4 W FIXED COMPOSITION| RCT-K RCLI1Z 2222067
7 ] TRANSFORMER MINIATURE MM -B — Niv/ 88
COMMENCE _ e ] z__MP_i MRSeY ||mnss DRIVE DECADE CHANGE > _ reere
NEXT CARG -180 OFF mrad Moz \|MR45 RGELD = A TO DECADE SELECTOR
SPACE PULSE ¥ ~ e " R z_aeqmn v
R9831 K| SPACE SW7 &~ ON|CONTROL B ;
/e . START SKIP MR le:t:. LPa) Zan_ooom SHFT TO BALANCING
SXES/S DURING @ — Qars? n R GREE INDICATE U/8 & MEMORY
gotRL17) | B | 9 o ol RLee RLTO| 213 17| RL78)
RETURN . alc i——] 2 2 ! sus-uNiT BINARY  UNITS
NOT PRINT ! K MAKNUAL /8
1,000 \ " _ w RESET RESEY 9] POWER UNIT PIN 1 — OUTPUT A
RIOS 2470 RIO62470 K2 SELECTOR SWITCH 2 — ouTtPuT B
LP2 H min u/e K3 CARD PUNCH 3 - SUPPLY-VE
-ve : ¢ a . ~VE TO BALANCING & MEMORY L4 DIGITISING AMPLIFIER (CONTROL) 4 — BASE VTB
A £ mm m SUB-UNIT LS DIGITISING AMPLIFIER (SIGNAL) w - W_erw vTA
3 $0 ¢« KS
DECIMAL OUTPUT TO CARD PUNCH —— FROM DECODER SUB UNIT m ° 3 'F m ° "io * VENNER BINARY UNITS T2 2 A w - wmnvuruwwm
steP seczcTor/Z21 (3 ) 6 A ia m x w.m % w K1l W COUPLING FOR DUAL OPERATION
OUTOF NEUTRA
mﬂﬂn._. R @%@Nﬁﬂ : z p P 5 o 5 m M m|\,||J v_.w SYNCHRONISING UNIT INPUT
vz x x +5 +3 or4
~ 200N L
TO POWER UNIT g a N (2 ﬁ @ ’ @ w ’ @ Q @ a & a a w soc/s on STAGE 3
wontime @) T (69 o G 3 9| & G| G G | | & &
&
\SKe/

nw(agn_d_umma
ONTI/T2RMYV G

L

&

FIG. 35.

TIMING

SUB-UNIT.

O=VTA ON

vTB OFF

[=]
i
o
!

VTA4 VTAS

VYTA4 VTAS




g 110 j||l||._ I—

"3IOAD 1191 € — 3IDON3IND3S ONINIL 9E OIS

I

_
L

=

Ab24
ABY 8 AD2Z 4 J3LY HIJONN
9.4
HI4SNVHL u>-L L 7LvH340
Q34vYIdONN
_|||\_ _ \_ 1<y
034ivH1d0
034vd3dO LON 2 1Y
440 .
Vv80I X i Vo (sl
AbZ4 i | L_(5479)
449
0001 X I_ _ |_ _ I
AbZH
440
001X N _ | _
AbE +
— | Q3LvyIdOND
_ zLY
I 1 034v43d0
agimg ¥ _ _ _ 1 f _ 1 _
AT+
Q34vYIdONN
€9 1y
| | || Tl_‘ [ ] | 03.v43d0
o
€1 LA 359
] B +
Q3LvH3dO 4ON 29 Iy
o
[ = + LA ISVE
GILVYIJONN
191y
L o) 024v43d0
o
I S - 4 Manaswe
GILVYILONN
091y
- I Q34Y¥3d0
I'nrll o
— - . ClAA ISVE
U3LVHIJONN
A¥2+
30NV SL74
° m)ll_ _Ill_ 034v¥3d40
ININIAOW
R YRERES 1
440 03LVY3dONN
JAING HOLITTIS
>¢w+|_ || Qlivyido o0
o
jr||.
. — 4+ SiA3SVE
iNwg MO 1 i | _ B uv¥IdOND
AOSI4 07hv¥3do

| Q3LVHIJONN @6 Y
Q31vY¥3dO

SONOJISITTMN 008

(o]0} Q0+

oo0e

0032

[o]e]}

M 8 LA ISve
o]

INL



TIME [e] 100 200 300 400 500 600 700 800 MILLISECONDS |
BASE VT8 ; ] l | | 1 l ‘ ]
OPERATED)|
RL 58 operaTeD __J ___J ____' | | | _f __l
ATED Lisov
R-68 oo ] | 1 1 1 . ] 1 [
BASE VT 9 g L S
OPERATED I’_““Qu.u
RL 59, noreraren r prr  ORIVE
OPERATED —vE
RL TS, orcrateD I-_I r+ canceL
+ R L L [ L]
BASE VT 10 '—'—LJ _—\J _____L_] "'—\._J
o
OPERATED
R 80 ncreraTeD [_ r [_ J_
BASE VTII L l_______..\_J 1
RL &I OPERATED J— Jr—-n
UNOPERATED
BASE VTI2 — gy SR B
OPERATED
UNOPERATED [— ] [
BASE VT!3 L___ L_ L_‘
OPERATED r—1
Rey 11 [ | [ [] [ []
I+ 24 v
I [ [ I 1 {1 [ L[ oamee
H+ a4 v
] L e
OPERATED a4y
RL 7?JNOPERATED 4] l l_ OFF'* ©
OPERATED ,——-——l -.——L—* 24v
RLT4 norgraTeS r J_ orr ™!
OPERATED
RL 7IUNOPERATED [ J L—
OPERATED [_-‘ kVE
RL 76UN0PERATED +21§A‘~4‘8FSR
I N e S | O Y | e I 220
OFF
L 5p CPERATED 1
UNOPERATED ————' ——-I

FIG.37Z TIMING SEQUENCE -4 DIGIT CYCLE.



FIG.38. STRAIN GAUGE BRIDGE WITH LEAD
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FIG.39 LINEARIZED STRAIN GAUGE BRIDGE.
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