
AD—A0 7 3 350 AERONAUTICAL RESEARCH LABS MELBOURNE (AUSTRALIA) 
- - - - - 

F/G 1/3
LOAD SPECTRUN MEASURING EQUIPMENT. PART 2. DETAILS OF r* 2 SYST—EYCCU)
SEP 78 K F FRASER. U R KRIESER

UNCLASSIFTED ARL/MECH ENG N0TE 372 ML

9O~~~~ 6O

_ _ _ _ _  •
_ _  

I

_iii
1



I .c ~
_ 

2 8  ~ 25

~ IIIII~2

I I DhI~0

11111’ .25 lIlIIi•~ IUH~
6

V ~I~~k~I L J  N H I



/
/

/ /ARL-MECH_ENG...NO~~
_ 372 / / -

~~ AR-OOl-303
/ —I

.

j ;~4gj~ ~~~~~~C ~~~~~~L *L1 A ~~~

~f)
DEPARTMENT OF DEFENCE

DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION

C AERONAUTICAL RESEARCH LABORATORIES
MELBOURNE . VICTORIA L

MECHANICAL ENGINEERING NOTE 372

LOAD SPECTRUM MEASURING EQUIPMENT

PART 2 DETAILS OF MK 2 SYSTEM USED TO
ACQUIRE TORQUE LOAD DATA IN
SEA KING HELICOPTERS

by

K. F. FRASER and U. R. KRIESER ~~~~~~~~ ~~
‘.-

~,>‘. .
~~~~~ \~

~~~~~~~ 
,

1~?;,ci
Approved for Public Release.

© COMMONWEALTH OF AUSTRALIA 1978

COPY No SEPTEMBER 1978

~~
t) ~- ‘ ti 

~
) 

~.

___________________- -—~~~~~~~~ ~~
—-- 

-
~~~



i : T7~ ~:: I

‘. ‘
~~ r’ ‘ t ) ( ~~~ (~~ 

~~~~~~~~~~~~~~

______________________________________ 

_1A _________________________________-—



AR-O01 -303
DEPARTMENT OF DEFENCE

DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION
AE RONAUTICAL RESEARCH LABORATORIES ~

• :~ / / ~~‘ /

V
MECHANICAL ENGINEERING NOTE 372

•~~~~~~~ I

LOAD SPECTRUM MEASURING EQUIPMENT.

PA RT 2 . DETAILS OF MK 2 SYSTEM USED TO
ACQUIRE TORQUE LOA D DATA IN
SEA KING HELICOPTERS

by

/ ~~ . K. Fl FRASER and U. R./ KRIESER

I I
SUMMARY

Measuring equipment , which uses a set of electromechanical counters to indicateeither the integrated rime in seconds for which torque loading o~ a transmission component
falls within each of a number of bands or the number of times each of a number of torque-bandr is traversed, is described. Separation of the torque level into bands is made possibleusing a single transducer, an ainpl~fier with zero and gain adjustments for setting theextremes of the torque range of interest , an analogue to digital converter and decoder toseparate the torque range into bands and counters to roralize the con tributions relevantto each band.

\ .
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I. INTROI ) ( CFION

Equipment w hich prov ides a readout of the totalized time that the torque, developed ui

t he main rotor gearbox , falls w ith in each of a number of bands, has been instal led in so,iw
We~se~ helicopters operated h~ the Ro~a( Australian Navy (RAN). Complete details of that
equipment are given elsew here ’. Two units installed in 1975 have been acquiring torque load
data which base been used in the estimation of the safe fati gue life of cr itical gears in Wessex

~iircral~
Since t he program of gat hering torque load data on W~sse~ helicopters w a s commenced

the RAN has acquired a tleet of Sea King helicopters . Because reliable predictions on the safe
t~itigue life of transm ission components greatly assist helicopter operators to plan overhaul
schedules and formulate spares strategy, the RAN decided to install similar torque logging
equipment in Sea King helicopters. Updated circuits , descr ibed in this report , have been used
for t his latter application. For identification purposes the equipment f itted in Wessex aircraft
will be rekrred to a’. the ML.t torque Analyser anti that deseribe~t here a’. the ML.2 torque
Spectrum Indicator (or ,ust “indicator ”). PS

Sea King helicopters are titted with two engines which together contribute to the total
torque transferred t hrough the main rotor gearbos . In etl’ect main rotor gearbox torque is

approximate l% proport ional to the sum of the indis idual torques developed by each engine.ro make cockpit indicat ion of developed torque possible a hydraulic torque sensing ss ’ stenl
is einplo~ed. [he ax ia l component of force transferred to a helical gear at t he output of each
engine is taken as a measure of torque output for the corresponding engine. This force is counter-
balanced by a “cushion” ol’ oil, its pressure being proportional to torque. The percentage of full
load torque dexeloped h~’ eac h engine is indicated on cockpit meters (two needle). A pressure
transmitter is used to transform the pressure ~ignnl into an equivaknt s~nchro angle which is

transmitted ekctricatl~ to a rece iving svnehro in the cockpit torquemeter.
to sense torque for the application described herein pressure transducers have been mounted

in the hydraulic torquemcter lines associated with each engine. With such an arrangement the
s~~s tCiii becomes independent of the aircraft pressure to synchro angle converter and can be
ca librated prior to installation in the aircraft .

For the Sea King transmission system (up to and including the main rotor gearho~) t here
are three torques to be measured to allow computations to be made on the safe fatigue life of
all relevant gears :

( I) Torque developed by port engine for gearing at the output of that engine.
(ii~ Torque developed by starboard engine for gearing at the output of that engine.
(iii) Sum of individual engine torques for gearing in the main rotor gearbox.
To allow spectra corresponding to the above three torques to be measured three indicators

are required. An initial installation comprising three indicators was commissioned in a Sea King
helicopter in June 1978.

Functionally the system described is similar to that employed for the Mk.1 Analyser.
However circuit details vary to provide:

( i) Moditied input circuits to allow torque inputs to be summed .
(ii) Improved performance relative to the Mk.l Analyser.
(i ii) Increased versatility relative to the Mk. I Ana lyse r.
(iv) Reduced component count relative to that for comparable functions performed h~

the Mk. l Analyser.
(v) Any updates considered desirable or necessary following experiences with the Mk.

Analyser.• • The updated indicator is a general purpose instrument with a wide range of application’s .
It need only be supplied with an analogue voltage signal proportional to torque. or whatever
ot her quantity is to be totalized in the manner to be described. It can be used not onl) to indicate
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total time for which torque falls within each of a number of bands but also (by alternative link
selection) to indicate the number of times each of a number of levels or bands is traversed.

2. GEN ERAL DESCRIPTION OF LOAD SPECTRUM INDICATO R

A block schema of the system for torque load spectrum indication is given in Figure I.
Sensors providing electrical outputs proportional to the torque developed by each engine

are required. Strain gauge pressure transducers are inserted in each torquemeter pressure line
(Sec. I) for this purpose.

A separate instrument is required for the indication of torque loading on each engine.
lithe torque load spectrum for gears within the main rotor gearbox is required then the outputs
of the two transducers must be suitably summed. To accommodate all these possibilities a
2-channel DC amplifier is used. When the two input signals are to be added a special link is
inserted in the DC amplifier printed circuit board, otherwise with the link removed only one
transducer output is analysed. A balance adjustment is necessary when the two transducer
outputs are added. Zero and gain adjustments are provided in the output stage of the DC
amplifier. These two adjustments set lower and upper limits for the torque range of interest and
apart from the balance adjustment (where applicable) are the only adjustments necessary at the
t ime of calibration.

To remove any high frequency noise components, or any torque components out of t he
frequency band of interest a filter is incorporated in the output stage of the DC amplifier.

Conversion of the analogue output of the DC amplifier to digital form is performed using
an ADC (analogue to digital converter). In effect the 8-bit ADC allows the torque range of
interest to be divided up into 256 steps (maximum) which may be suitably comb ined into
torquebands.

A master crystal controlled clock signal is suitably divided in frequency to allow conversion
command signals to be generated at the required rate for the ADC. Conversion rate is made
suffIciently high to ensure that the input signal will never change much between successive con- - -

version commands at the high~st torque signal frequency of interest.
The torqueband separator (Fig. 1) allows operation in either of Iwo modes (selectable via

link connections on the printed circuit board): • -I
(I) Torque duration totalizer (the time for which the torque falls within the specified band

limits is totalized for each band).
(ii) Level exceedance totalizer (the number of times a torque level exceeds a certai. specified

value and subsequently drops below another specified value is totalized for a number
of such pairs of levels).

For either system the appropriate band extremes are programmed into a plug-in ROM
(read only memory). Each time a conversion is performed in the ADC the levels stored in the
ROM are scanned and compared with (he ADC output . In system (I) a pulse is transferred to
t he appropriate pre-counter after each conversion, but in system (ii) pulse transfer occurs only
after a pair of band extremes have been traversed.

A pre-counter (Fig. I) is effectively allocated for each band (i.e. a total of ten pre-counters).
Counting takes place on a time-shared basis using a single counter the updated contents of
which are successively loaded back into a 64-bit RAM (random access memory) which stores
the ten pre.counter states in addresses 0 through 9. In addition the same counter and RAM are
used as part of the programmer for:

(i) Dividing the frequency of the master clock signal, and thus setting the conversion rate
of the ADC.

(ii) Setting the duration of the output pulses transferred to the electromechanical counters
each time the capacity of a pre-counter is reached.

Output from the pre-counter printed r rcuit card is in the form of a 4-line address which
corresponds to the address (0 through 9) of the readout to be advanced by one count. When
no transfer is required dummy output address 15 is used.

A choice of link positions on the pre-counter printed circuit board allows the conversion
rate of the ADC, the count range of the pre -counters, and the readout transfer pulse duration
to be separately chosen over wide ranges. In general the link settings for the torque duration
totalizer will be quite different from those used for the level exceedance totalizer.

2
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Fkctromechaiiic.tI readouts ~~t h decimal indication arc used. These readouts incremcnt
b) one ea~ Ii time the ir coils are energiied. Ot her sys tems of storing totalized counts over long
periods x~ere considered (e g. core mcmor~, MOS memory etc.) but it was felt that the electro-
mechanica l readout x~as t he best in this instance because :

( i )  Totaliied count readings are almost indestructible and no standb y current is required
for storage or displa~ after a flight.

(i i) Totaliied counts can be easil y read at any t ime without the need for ancillary display
equipment.

( iii) Because the system is required to handle onl y one channe l of input data the overall
storage requirement and t he data rate requirement are well within the capacity of the
electromechanical readout.

Regulated supplies of - IS V and . S V are obtained from suppl y units using 115 VAC
400 Hz sing le-phase pr imary input power. Readouts and associated driver circuits are powered
directl~ from t he aircraft 2~ VI)C supply.

Transfe r of the readout address to a 10-line decoder and readout driser is achiesed via
optica l isolator’ .. Internal circuit common and readout common are thereby isolated. One major
advantage resul:ing from t he use of the isolato rs is that IX supply currents are prevented from
flowing back to the prim.ir~ posser source v ia the instrumentation chassis w hen internal circuit
common is connected to that chassis .

A start  s’~ nchroni,ing signal generator (Hg. I) deki~s application of 2~ \‘DC to the readouts
and resets all pre-counters to the zero count s t ate  at the time I IS VA C is first applied. Wit h
t his arrangement erroneous contr ibutions in high torquehands at the time power is first applied
are prevented .

3. DETAI L ED I) ES (R I PT I ON OF lO A D  SPECTR UM INU ICATOR
3.1 Transducer

As mentioned earlier (Sec. I) pressure transd ucers are used to sense the torque developed
by each engine in the Sea King helicopters. A strain gauge t\ pe providing response do~sn to zero —

frequency has been adopted .
in the Sea King helicopters the cockpit torquemeters pro~ide an indication range of 0 to

ISO” , rated max imum torque sshich is equixalent to a torquemeter pressure range of 0 to
758 kPa ( 110 psi [pound per square inchj) approximatel y. To accommodate a range of 1500 ,,
rated torque a transducer ~ ith a nominal full scale of 10 bar (145 psi) is adequate.

A Bell and Howell Model 4—800 v.ith special sented gauge option is used. This transducer
has the following salient character istics .

( I )  IOVDC nominal excitation( I5 VDC maximum).
(ii) 350 ohm nominal bridge res istance.

( i i i )  30 mV nominal full scale Output (for 10 bar pressure).
(iv) Natural frequency above 10 kHz.
(v) Non-linearity not greater than 0 3 ’ ,, of nominal full scale output.

(v i) Hysteresis less than 0 1  °~, of nominal full scale output.
(v ii) Compensated temperature range 54 to l20~C.

(v iii) Operating temperature range 54 to . ISO C.
(ix) Thermal zero shift within 0 009 ’,, full scale per ‘C over compensated range.
(x) Thermal sensitivity shift within 0 009 ,, full scale per C over compensated range.
(xi) Designed to operate in severe airborne environment (high vibration, shock or steady

acceleration).
The choice of the above transducer represents a compromise between cost and performance.

Based on the manufacturer ’s worst case drift figures a 0 5 ’ , shift in zero and a 0~5°~, shift in
sens itivity could occur over a 55’C temperature range. It is essential that both the transducer
and t he indicator have low drift with temperature and time. Because these two items will be
subject to different temperatures it is not possible to provide overall temperature compensation.

Excitation for the transducers is obtained from a balanced ±5 V supply incorporated in
the indicator ( Sec. 3.2.2). To eliminate the effect of the transduce r output lead length on the
transducer output , sense leads are incorporated in the aircraft wiring. The voltage sense outputs
(defined as VRP SENSE and VR,v SENSE in Sec. 3.2.2) are joined to the normal current carrying
outputs (V f tp and Vnx) at the connector which mates with the transducer.3



3.2 Torque Spectrum Indicator

3.2.1 General

Each Torque Spectrum Indicator is constructed as a single instrumentation item which
may be “hard” mounted in a helicopter. Ten non-resettable 8-digit readouts similar to those used in
the Mk.l Analyser are mounted on the front panel. This type of readout was extensively tested
prior to and during commissioning of the Mk. I analysers. The readouts have performed reliably
s ince the analysers were commissioned.

The circuits require regulated ± 15 V and +5 V supplies. Suitable supply units incorporating
transformer , rectifier and regulator sections are used to generate these using aircraft 115 VAC
400 Hz as primary power. As indicated earlier iSec. 2) aircraft 28 VDC is used for the readouts
and their driver circuits.

Circuits internal to the indicator are mounted on plug-in printed circuit boards. Four boards
as summar ized in the following table are used :

Board Functional Description

A Analogue Amplifier and Transducer Excitation Generator 5.

B Band Separator
C Pre-Counter
D Start Sync Generator and Output Driver Circuits

In the following sections circuit details will be given for each board. Complete information
on the components used and the system of labelling adopted for the circuits is given in
Appendix I. Details of interconnections between printed circuit boards and other interwiring —
within the indicator are given in Appendix 2.

Each indicator is fitted with three connectors (JI to J3 as indicated in Appendix 2) for the
lollowing functions:

(i) Power input.
(ii) Transducer input/output.
(iii) Output signal monitor.
W hen the torque loading in the main gearbox is to be measured the outputs of the two

transducers, monitoring individual engine torque, are connected to the indicator via J2. The
analogue sum of these outputs is generated within the indicator. When the two transducer
connection applies, only one set of sense leads can be used.

To facilitate the calibration and checkout of the indicators the ADC output and some
internal signals of interest are brought out on the output signal monitor connector (J3). With
this arrangement the ADC output may be :onveniently displayed using an ancillary display
monitor (Sec. 4).

3.2.2 Analogue Amp lifier and Traiisducer Excitation Generator
DC excitation of the strain gauge transducer is employed; hence a DC signal amplifier is

required since the system must respond to steady state torque inputs. Both the amplifier and
the reference supply for the transducer strain gauge bridge are included on printed circuit board
A for which circuit details are given in Figure 2 and layout details in Figure 3.

A balanced (±5 V) supply providing JOY excitation is used. Such a balanced supply sets
the common mode bridge output voltage to zero approximately. With this arrangement the
amplifier output is virtually unaf fected by any changes in amplifier common mode rejection
with temperature.

Regulator QI (Fig. 2) and associated components provide the VRP (+5 V) excitation.
VRP acts as reference for the VRN (—5 V) excitation.

If in a particular app lication the onl y torque loading of interest were that develop ed in
the main gearbox then one Torque Spectrum Indicator would be sufficient, but the outputs of
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t he two transducers sensing the torque output of each engine wou ld need to be added . lo
accommodate this requirement the regulators have been designed to supply excitation to both
transducers it necessary. Supply current for each transducer is about 30 mA. The regulators
are protected in the est’nt of either output being shorted .

Sense out puts ~~~~ Sl NSI~ and L ,Lv SENSE are provided. These are connected to Vj~
. and

~~~ rcspectisek at the transduce r mating connector.
As the output of t he stra in gauge bridge is proportional to the excitation voltage it is essential

t hat good stability he pros ided. In particular any changes with temperature should be minimized.
Typ ica l drift ss ith temperature of the QI regulator Is 0 003” ,, ’ C. Over a temperature range of
50 C a typ ical drift of about 0 - 1 5 ’ ,, can be inferred. Amplifier Q2 has sufficiently low offset
drift with temperature to render that negligible in this instance. To achieve the rated performance
of the regulator some high sta bil ity resistors must be used (refe r to component list in Appendix I).
Some special se lection of the QI regulator may be necessary as the worst case temperature
drift is tise times the typical salue.

A dual-channel amplifier , to accommodate inputs from both transducers if necessary, is
used. Identical input stages incorporating Q3 and Q4 respectively provide :

( i) DifTerent~ t l input
(ii) High common mode repe ction rat io tvpica ll y of t he order of 100 dB over the frequency

range ~.; ~o ol) Hip s irtu al ly unaffected by the sal ues of gain determining resistors chosen
over a w ide range.

(iii) High input impedance. 7 *( ivj  High closed-loop gain capability (about 200 required for this stage) settable by two
external res istor s Ifor Q3 amp lifier gain is (R I 9 . R20) (R I? ~

. RI 8)1.
( “  Fairly low zero drift with temperature (I ~5~zV ,’C typ ical, 5~.,V; C max imum).

(vi) Adequate signal bandwidth (within I” , to about 10 kHi at a gain of 200).
Low input amp lifier drift ss ith temperature is a most important requirement. Because of

dr ift problems t with the Mk .I Analyser t he input amp lifier chosen for this application has -. -

improved performance in that respect. If full scale torque range of interest is represented by a
change of 30 m\” at t he transducer output (a nominal 75 psi change at the transducer input ’
t hen the input amp lifier drift referred to that full scale input becomes O 005 ’ ,,/~C typical or
0 O l 7 ’ 0j C  maximum (referr ing to item (v) above). Recent measurements on four devices
(type ADS2 IK) at these laboratories revealed zero drift over the temperature range —~2S to

- 55 C of 0 14” ,,, 0 4 4 ”,,, 0~~44” , and O~46 ’ , relative to a 30 mV full scale input.
Q5 and associated components form a summing amplifier with nominal unity gain for the

average of the two inputs . When only one transducer output is to be processed, connect ion is
made via the .4 inputs (to Q3) and the link at the output of amplifier Q4 is left open. When
the sum torque is of interest, t he second transducer output is connected via the B inputs (to Q4)
and the link is shorted . By changing the gain of this stage from I t o  O~5 when a change is made
from a single input to a dual input system the output of the summing amplifier is normalized.
Potentiometer R44 allows overall sensitivity for each torque measuring channel to be equalized .

The final amp lifier stage incorporating Q6 and associated components has provision for
large zero shift . Potentiometers R33 (coarse) and R34 (fine) allow the amplifier zero to be trimmed
whereas R26(fine) and R27 (coarse) allow the overall gain to be trimmed. DC gain of the stage
is nominally set to about 2. As the output of this amplifier is coupled to the ADC input (Sec.
3.2.3) having a full scale input of 10 V, t he zero and gain are trimmed at the time of calibration
to provide outputs close to 0 V and 10 V at the lower and upper extremes respectively of the
torque range of interest. Actual levels for setting purposes are a function of the ADC digital
outputs chosen to represent the extremes of the band of interest.

As the amplifier zero shift is derived from the transducer excitation supplies (VR P SENSE
and I~RN SENSE) any variation in these supplies will result in a zero shift at the amplifier output.
Based on a gain factor of about I ~5 (an approximate figure for components indicated in Fig. 2)
for the zero shifting circuit a change of 0~ l5”~ in the transducer excitation (a typical figure
predicted for a 50’ C temperature change) would result in a change of _ 0 . l l 0~, of full scale
output (assumed to be about 10 V). Any zero offsets in amplifiers Q3. Q4 or Q5 are taken care
of in the overall zero adjustment.

To achieve the requisite high stability of the completed amplifier, with respect to both zero
and gain, many high stability resistors are required (refer to component list in Appendix I).

—- ~~~~~~~
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A filter comprising a single low pass section (involving R26 to R30, Cl7 to C20) in the
forward path and a resistor shunt bridged-T network in the feedback path of the final amplifier
has been selected. Characteristics of such a filter have been examined in detail for the Mk.l
Analyser’. Any high frequency noise components and any signal components outside the frequ-
ency band of interest may be removed with this filter.

Some in-flight measurements have been made on a number of Sea King helicopters to
determine the extent of dynamic components present in the torque transmitter pressure signal
and assess the low pass filter requirements. it has been decided the fundamental component at
the blade passing frequency (17 Hz nominal )be passed without attenuation. The most significant
dynamic component noted in the tests had a frequency of about 54 Hz (main drive shaft frequ-
ency) and had an amplitude equivalent to 10% rated torque peak to peak at I l0’~ steady torque
setting. It was felt that this component did not reflect a true component of torque and therefore
should be attenuated (dynamic components of significant amplitude can cause incorrect advance
of readings on high band counters). Characterists of the Mk.2 filter have been made virtually
the same as those for the Mk.l circuit. Salient features are summarized below:

(i) Response flat within 8% from 0 to 21 Hz.
(ii) Response 3 dB down (i.e. 70° ,, of “zero” frequency value) at 24 Hz.
(iii) Response 20 dB down (a factor of 10) at 53 Hz.
(iv) Response 40 dB down (a factor of 100) at 135 Hz.
W here resistance or capacitance values are critical a series or parallel connection of com-

ponents has been specified as indicated in the circuit of Figure 2.
Components indicated in the circuit of Figure 2 have been chosen to provide O~00 V

output at 2~6°~ rated torque (1’9 psi pressure) and ~f 10 00 V full scale at l56~2% rated
torque (equivalent to 114.5 psi pressure). Extremes of each torqueband may be set anywhere
in the range 3 2 %  to 146 6% rated torque with 0~6% resolution using the ROM plug-in for
the band separator (Sec. 3.2.3). If the low limit on the lowest band is made 3’2% of rated
torque or above no readout changes will occur unless 3’ 2% or greater torque is developed.

3.2.3 Band Separator
Complete circuit and layout details for the band separator are given in Figures 4 and 5

respect ively, and waveforms at various points marked on this circuit are given in Figure 6.
Two distinct operating modes are possible:
(i) When link LKI is placed in position I the band separator will provide an output

corresponding to the address of the band (0 to 9) within which the ADC output
falls each time a conversion takes place. A conversion rate of I ~024 kHz has been
adopted for the Mk.2 indicator so that, in that case, if the number of times each address
appears at the output is counted a totalized count of 1024 for any band will indicate
that the torque has resided in that band for a period of 1 second. For simplicity,
operation in this mode will be referred to as “torque duration indication”.

(ii) When link LKI is placed in position 2 the band separator will provide an output
corresponding to the address of the band (0 to 9) each time a full traverse of the band
occurs. Hence the appearance of an address (in the 0 to 9 range) at the output indicates
that another “fatigue cycle” in the relevant band is to be counted. For simplicity,
operation in this mode will be referred to as “level exceedance indication”.

To enable the torque duration for each band to be accurately estimated conversions in the
ADC must occur at a stable and accurately known repetition rate. To meet this requirement
a crystal oscillator comprising XLI and associated components (Fig. 4) is used to provide
a master clock for all timing functions. A crystal frequency of 2~O97l52 MHz has been chosen
(where 2 ‘097152 x 106 = 221). The frequency of the master clock is divided by 2 via counter QI 0
and the resulting HF CLK (waveform I of Fig. 6) is taken to the pre-counter (Sec. 3.2.4) where
the frequency is further divided and used to time various program functions. Although accurate
timing is not required for the level exceedance indicator the same master clock is used for that
system also.

Two timing signals, GATE and LF CLK (waveforms 2 and 3 of Fig. 6), derived from the
master clock after frequency division in the pre-counter are received as inputs to the band
separator. To simplify discussions on timing the repetition period of the HF CLK will be defined

6
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as T o e I 0 ‘~ ~s) The GA II signal has a repetition frcquenc~ of 2 (
~$8 K II,. the

signal leve l is high for 8 1 and lo~ for ~(~ $ I At each negat ise trans ition ot the G \ II s igrr . i l
negatise going S IROUF I pulse (~~aseto rm ~ oI 1-ig. 6) of 210 115 nominal duration is generated
the L i  (LK signal is a I 024 LH ‘ square s~ase .  Each time the LI ( I ~ sw itc hes lo~ a posi t ise
going co nsersi o n trigger (~~avett ’~ fl 7 ot l ig. 6) of 2.10 us nominal duration is transferred to
the A1)C.

The analogue amp litier output ( Sec ~ 2 21 is connected to the Al)( analogue input
Unipt’lar operation (I.) to tO \ full sc~le) is used in the Mk 2 iniicator hut potentiomet er RI
and link hase been pros ided to alloss bipolar operation ~ V to ~ V lull scale) if that is c~ cr

desired . W hen the S I AR I (UNVI RT input s~ itc hes hig h t he AI)( outputs are reset to the
0 st ate~ A conv. rsion s ta r t s  on the negat ise trans ition t ’t  that input and is comp lete ss ithin about
4 ~~~ An 8-hit siraig ht binary coded output is generated.

Operation of the hand separator for torque duration tndicat ion s~ ill he considered Iii st

In the f irst 20 addresses tdesignated 0 t ’ iroug h I~ ) ot the ROM . numbers used to specif~ upper
and lower limits of each torque hand a~ e stored . .ActualI~ a numbe r equal to the A l~C out put
which corresponds to the uppe r limit for each hand is stored at the ese n addresses , and .i num ber

equal to the losser limit ot each hand is stored at the odd addresses I sen addres ses 0 thr~’u~ h l~
are a llocated f~’ r .l, ’ r .JL ’c of the upper limits of hands I through It) respec t isel% and odd addresses
I through I ‘9 for storage ot the lower limits of hands I through It) If the hand numbe r is

designated by the s~ mhol R i r e .  I R 10) and if the hand limits .ire defined j s  \ ,, and \
w here , for torque duration indication , V t n Is the upper hand limit and \ .~u the low er baud
limit then t he ROM program defined in the following table w ill be required.

Requisite Band Requisite ROM Program
Band L imits ( . is Me.is. at ——

AD( Output) .~ddress Number ~~orc d

2(R I) .\ ,~
R 

.V~,,. 2 R I

I)esignating t he .-\DC output as .V it follows that if .V ,~ 
and \ - .\ ,~ 

then
.~s \~~ and .\ is w ithin hand R. By s uc ce ssisel y checking for each hand until the

above condition is sa t is f ied the correct hand can be established.
The programming requirement can be most readil y illustrated w i th  an esample. Ihe

torquehand settings initially adopted for the summation torque spectrum for Sea King helicopters
are used in the follow ing table.
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ls~rquchand AD( Requisite ROM Program
B,rnd Range Output ’ -

~~~~~~~
— - --— - .

ipe r cCnt Range Address No Stored
Rated lorque l)ecima0 ( l)esamull ~Decimal

~ 4 4 - I.) 1

I 4

2 4~ - I ~4 - I l 1  2 113

3 ‘ l— ~ 3 114—13 3 4 I
5 114

4 i ~‘.~~-95 134 — 53 6
134

‘9~ 10 1 1 54—163
‘9 I~ 4

‘I
6 10 1— 107 1 64—173 10

I 
II 64

I W - 1 l 3  P4-183 12
13 P4

1 1 3 - 1 1 9  I~ 4—l93 4 193
IS 184

‘9 1 1 9 — 1 2 5  I ‘94—20.~ I 203
I’ ‘94

10 
— 

.~ 125 204—255 I~ 255
19 204

In this case the analogue amplifier is adjusted to provide an \DC output of 3 4 (just
sw itching) for 4” , applied torque (or equivalent calibration signa l) and 25 1 - 252 for 125” ,,
applied torque . or equivalent calibrat ion signal).

For t he particular program indicated in the previous table only torques greater than or equal
to 4” rated torque w ill fall within the 10 specified hands If the torque falls below the 4” ,, figure
no output w il l  be transferred to any of the electromechanical counters (as wil l  become clear in
due course). Such a program has the advantage that no output is generated on the lowest hand
dur ing ground checks with engines not running. Similarl y if the torque drops below the 4” ,.
figure during flight (e.g. during autorotation ) no output will he generated and some difference
between the change in the tota lized times registered by the hai.d counters and total operating
t ime may result. If agreement between the total operating time and the change in the totalized
t imes registered by t he tO readouts were considered desirable ~for checking purposes) then the
first hand could have been set to ” 47” ,, rated torque” for w hich the .ADC output range would
be0 - 73. For a torque lower than that which just produces an ADC output of 0 the ADC output
wi ll remain f ixed at 0, and sim ilarly for a torque greater than that which just produces an AD(
output of 255 the ADC output will remain fixed at 255.

It is to be noted that only 20 of the available 32 addresses in ROM Q9 .ire used for storage
of the torqueband limits For the type DM8S7SN ROM (Fig. 4~ all unprogrammed hits have

8
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a high value. Hence 255 will be effectively stored at addresses 20 to 31. If the hand 10 limit
were set to 254 or lower then an ADC output of 255 (resulting from a high level torque) would
not fall within any of the 10 specified bands. However the ADC output would fall within the
“phantom” hand specitied by each pair of unprogrammed addresses. An output would he
generated at band separator address 10 (addresses 0 to 9 correspond to hands I to 10) but since
address 10 is never examined in the pre-counter (Sec. 3.2 .4) no malfunction will result , so unused
addresses may be left unprogrammed. Similarly for an alternat ive t~ ~M (e.g. type 825123 as

indicated in Appendix 1.2 ) having all unprogrammed hits low , no ma lfunction will result if
unused bits are left unprogrammed.

NOR gates QIfiA and QI6B enable the additional “equa l to ” condition to be included when
the A IX’ and ROM outputs are compared. The only reason for ut iliiing the “equal to ” condition
is to a llow over-range hands (e.g. > 125” ,, torque) and under-range hands (e.g. - .4” ,, torque)
to be selected for hands 10 and I respectively.

For each cycle of the 1.1’ CI.K the following sequence ol operat ions applies for the torque
durat ion indicator:

(i) (‘ounters QI() and QI 3. and fli p hop QI SA (the first in the dual flip flop device QI 5)

are initially cleared via the RESET pulse (wa v efor m 6 of I 1g. 6) which is generated
at the t ime of the negative transition of the gate input hut only when the I I (‘I K i~
high. S IROBF 2 (waveform 8 of l ig. 6) together wi th outputs B and (~ (vs tvc to rms
9 and 10 of F ig. 6) of Ql() is taken to demultip lexer QIl vs hiclr generates control
outputs indicated in waveform s II to 16 of Fig 6. Output ( ‘ of ( )  10 fi~rms the k,ist
signif icant hit of the 5—hit ROM address : outputs of Q I 1 form the remaining fo ur
ROM address hits.

( i i )  W ith the counters cleared as in (i) ROM address I)  is tiosen
(iii) I)uring the first half of the period during vs Inch address O i s  hosen flip flop QI ~B

(the second flip flop in the QI S device ) is preset under the .iction of the I ~ it output
(waveform II of Fig. 6) t hrough NOR gate QI 2( .inmt A NI) ~.ite Q5)4 I .it h i nrc ,in
even ROM address is chosen QISH is preset in the s.inle manner It ~i: the time ‘I

arr ival of the preset pulse the Q2 output of flip flop 1)1 ~ is hig h no ~laf l f (~ Of s t . i t c

will occur.
(iv) The contents of ROM address 0 are com pared vs ith the  output Ii ~‘m the \ I ) t ia

t he magnitude comparators Q7 and QK . If the A l)( ~‘ut put is less t h.in or equal to
t he ROM output a clear pulse (w.ivi.’fo rm 19 of Fig 61  vs ;ll he ti . i nstermc , I  t~ ’ flip flop
QI SB during the latter half of the period for vs hich K( )\1 .td&fr ess I) iv f i , ’ .,c i i . other
wise no clear pulse will be generated .

(v ) ROM address I is chosen.
(vi) The contents of ROM address I are compared wi th the output t ro u t  the A l )( If

t he A D(’ output is greater than or equal to the R( )M oufput .i preset pulse (vs .tsc fo rn l
18 of Fig. 6) w ill he transferred to flip flop QI SB during the first half of the period
for wh ich address I is chosen, ot herwise no preset pulse wil l  he generated. If, when
t he preset pulse is generated , flip flop QI SB changes stat e it fol low s that the AlX~
output lies bet ween t he values stored in ROM addresses (I and 1 and hence indicates
that an increment is to he added to the channel I pre—cou nter. A change of state of
the QI SB out put (waveform 20 of Fig. 6) at (Iris time vs ill cause the output (waveform
2 1 of Fig. 6) of NAN I) gate Q3(’ to sw itch loss for a period of 230 us nominall~
and clear flip flop QI SA (set QI output high). As a consequence further counting in
QI 3 will he inhibited ((‘F input high) thus “freez ing” the output address at 0 in
this in~tancc.

(v ii) If the QI SB flip 0op does not change state as indicated in (vi) ROM address advancing
w ill continue with the same sequence of operations for even addresses as for address 0
and for odd addresses as for address I. The addresses will advance until the correct
hand is located at which time the autpul address will he “frozen” as in (vi).

(V ii i )  For torque duration indication the action of RAM QI 4 is not re levant.
( ix) After half of an [I~ (‘LK repetition period has elapsed since the previous RESET

pti lsc (waveform 6 of Fig. 6) was generated a START (‘ONVERT pulse (waveform 7
of Fig. 6) ix generated thus initiating a new conversion. At this stage the Al)(’ output
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is not examined; such examination takes place when initiated by the next RESET
pulse as detailed in (i).

(x) For the period when both the GATE and LF CLK are high, which occurs just before
the next RESET pulse initiates the next cycle, the tn -state address output of Q13 is
enabled thus transferring the appropriate band address (0 through 9 corresponding to
bands I to 10) to the pre-counter. It follows that the transfer of the band address
takes place about I 5 repetition periods of the LF CLK after the corresponding
convers ion was initiated (refer to waveforms 2 to 7 of Fig. 6),

For the torque duration indication the maximum time taken to locate the correct band is
201 (about 20~zs being the duration of 20 cycles of the HF CLK).

Operation of the band separator for level exceedance indication is somewhat different and
will now be examined in detail.

Each band is once again allocated two levels, lithe torque exceeds the higher level and some
t ime later falls below the lower level an extra count (or “fatigue cyc le”) is to be added to the
number stored for that band. Once again the numbers stored in the ROM define the upper and
lower limits for each band. However in this instance the lower numbers will be stored at the
even ROM addresses and the higher numbers at the odd addresses. Overlapping of bands is
quite feasible, but the upper and lower limits must not be set to the same value.

Once again let us designate the band number by the symbol R and the band limits by .\~~~~

and N28 where, in this instance, N18 is the lower band limit and N28 the upper limit. If N is the
ADC output then for each conversion and for each band the validity of N ~ N18 and N N28
is checked. For any given ADC output both these conditions can never be simultaneousl y
satisfied. Consider that storage is provided for an information bit L which takes on a logical 0 value
if condition N ~ Ni8 is satisfied and maintains that value until condition N ~ N~~ is sat isfied
at which time L will switch to a logical I and maintain that value until condition N ~ N18 rs next

sat isfied. A change in state of the L bit will therefore only occur once per complete traverse of the
relevant band and may be used to indicate that another fatigue cyc le is to be counted. The above
procedure is employed in the band separator when it is used for level exceedance indication.

By varying the ROM program the level exceedance indicator may take various forms, In
the following table the exceedance of 10 distinct levels is considered. Provided the torque drops
by 5°,, (of rated torque) before the level is exceeded again another cycle will be counted.

Band Upper Limit Lower Limit
(per cent rated torque) (per cent rated torque)

I 40 35
2 50 45
3 60 55
4 70 65
5 80 75
6 90 85
7 100 95
8 110 105
9 120 115

10 130 125

A system which has found favour in the estimation of fatigue damage on components or
structures is one employing the Range Pair count method2. With this system the presence of
either large or small load fluctuations is never ignored and large variation cycles are not counted
too often. A number of reference levels are specified and variation cycles between all possible
pairs of reference levels are counted. For an n reference level range it can be easily shown that
there are n (a — 1)/2 possible Range Pairs. Each Range Pair requires separate storage. Thus
for a 5 level range exactly 10 pairs are possible and a 10 readout system, as provided in this
instance, is required. Consider that the reference levels tabulated below are chosen,

10 
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[Reference Levels 30 68 96 116 130
(per cent rated torque)

To indicate cycles for each Range Pair a ROM program as illustrated in the following tahle
could be used.

Band Torque ADC’ Requisite ROM Program
Range Pair Output — _____________

(per cent rated (Decimal) Address No. Stored
torque) (Decimal) (Decimal)

I 30 2 0 2
68 97 I 97

2 68 97 2 97
96 167 3 167 

. — . . - — .

3 96 167 4 167
116 2 17 5 2 17 

r .

4 116 2 1 7 6 2 17
I30 252 7 252

5 30 2 8 2
96 167 9 167

6 68 97 10 97
116 2 17 II 2 17

7 96 167 12 167
130 252 13 252

8 30 2 14 2
116 217 IS 2 17

9 68 97 I6 97
130 252 17 252

10 30 2 18 2
130 252 19 252

In this case the analogue amplifier is adjusted to provide an output 1 2 (just switching)
from the ADC for 30” ,, applied torque (or equivalent calibration signal) and 251 252 for
I3O°~, applied torque (or equivalent calibration signal).

For level exceedance indication the following sequence of ope:ations takes place in the hand
separator:

(i) Counters QI0 and Q13,and flip flop QlSA are initially cleared via the RESET pulse
as for the torque duration indicator.

(ii) ROM address 0 is chosen.
(iii) The state (I or 0) stored at address 0 of the RAM QI4 is read and transferred to

the Q2 output of flip flop QI5B during the first half of the period during which

II
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ROM address 0 iv selected. Iransfe r is controlled by the (i.K2 si gnal (waveform 17
of Fig. 6).

( i v )  ftc contents of’ RUM address 0 are compared with the output from the AIX’. If the
ADC output is less tha n or equal to the ROM output a clear pulse (waveform 19 of
l ig. 6) wil l  be trans ferred to flip flop QI SB during the latter half of the period for
w hich ROM address 0 is chosen ; otherwise no clear pulse will be generated .

( v )  RUM address I is chosen.
(vi )  The contents of RUM address I are compared with the output from the Al)(’. lithe

AIX output is greater than or equal to the ROM output a preset pulse (waveform
18 of 1-ig. 6) w ill be transI~rred to h i p flop QI SB during the f i rs t  half of the period
for w hich address I is chosen , ot herwise flo preset pulse will be generated. It is not
possible for a clear pulse as in (iv) and a preset pulse as above to he both generated
for any given AI)(’ output as t hat output cannot be simultaneously less than or equal
to 2 and greater than or equal to 97 (refer to above table). If, when a preset pulse is

generated , flip flop QI SB changes state a clear pulse will he transferred to flip flop
Ql SA which in turn will inhibit any further counting in QI 3, t hus “freezing” the
output address at 0 in this case.

( v i i )  l)uring the latter halt’ of the period for which ROM address I is chosen the state of’
fli p flop Q 1513 is wri t ten (waVeform 14 of Fig. 6) into address 0 of RAM where it
will remain until t he next hand separation cycle (about I mx later for FE Cl K
frequency of I 024 kIli). Hence a clear pulse wil l  be transferred to QISA as in (vi)
su rly if one complete fatigue cycle has occurred (i.e. AD(’ output less than or equal
to contents of ROM address 0 was detected on t he previous band separation cycle
and .\ 1W output greater than or equal to contents of ROM address I has now been
detected).

( S i i i )  If flip flop Ql5H does not change state as in (vi) the ROM will he consecutively
addressed wi t h the same sequence of operations for even addresses as for address 0
and for odd addresses as for address I. The addressing wilt advance until either the
completion of another fatigue cycle is registered as in (vi) or the counter outputs
advance to output address IS. W ith the level exceedance indicator the non-detection
of a comp leted fatigue cyc le w ill occur for most band separation cycles . W hen outptit
address IS is generated the MAX COUNT s utput (waveform 22 of Fig. 6) of QI 3
w ill switch low causing the (‘F (count enablc) input to also switch low (waveform 23
of Fig. 6) t hus inhibiting any Iurther changes in output address until the next hand
separation cycle.

( ix) After half an I.E CLK repetition period has elapsed since the previous RESET pulse
was generated a new conversion is initiated in the ADC. Remarks as in (ix) for the
torque durat ion indicator apply.

(x) For the period when both the GATE and FE CLK are high, w hich occurs just before
t he next RESET pulse initiates the next band separation cycle, t he tn -state address
output ot’ Q13 is enabled thus transferring the output address (0 through 9 corres-
ponding to hands I to 10, or IS corresponding to a dummy address which leads to no
increase in the fatigue cycle count).

For t he Range Pair examp le cited above a full scale torque fluctuation (30 to 130” ,) wil l
give rise to a contribution in each hand. For a fluctuation cycle of lower amp litude an output
w ill occur on all Range Pairs within the hounds of the fluctuation cycle. For any given band
separat ion cycle (occurs at I 024 k Hz repetition rate) only one address output is possible;
outputs for ot her hands would occur on later cycles. The hand separator is capable of providing
an output from eac h of the 10 hands in about 10 ms. However the electromechanical readouts
limit (Sec. 3.2 .4) t he max inruni fluctuation rate that can be handled. lf~ t’or example , t he trumber
of times that a traverse of not more than that defined by t he hand I Range Pair is required,
then the sum of the entries on readouts 5, 8 and 10 (refer to prev ious table) would need to be
subtracted from that of readout I.

As indicated earlier all unprogranlmed hits for ROM Q9 are high so that unused addresses
(20 to 31 in this instance) would have the ntimber 25.6 stored it’ unprogrammed. If full scale or
an over-range input is applied to the AD(’. t he output will switch to state 2SS. Hence if a new
fatigue cyc le is not detected as RUM addresses 0 to 19 are scanned a “phantom” one will be
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JCICL’tct l when RUM addies~c~ 20 and I fctsrrcvponding to hand sCpa(att)r address JO) are
examined as t he conshtions .6 ‘ 255 and .6 2S6 will be both satisfied in t he sante hand
separator cycle Hence address 10 will be coupled to the hand separator output. As address
10 in the pre-counter ~Sec . 3.2 .4) is a dummy one the L’tiirtcnls of which are neve r examined . no
malfunction occurs Sinulatfy for RUMs lriit ing all unprogrammed hits low , address 10 will he
coupled to the hand sep.ti.itor ot itput when a zero or under-range input is applied to the Al)(’
(resu ltit rg in ‘6 1)1’ output of 0). Hence correct operation will restilt it utru.~est RUM addresses
20 to ~i .i i.e left ii npi’ogla itt med.

Fire S FAR I 56 Nt Input ~Sec . .t 2. ”) sw itches high for a small deLt~ sta rtin g at the time
power is fi rst applied. Ii then sty itches low , a state vs tiich is irra iitta itred until the next power
interrupt &~cct it .6 preset pulse for 11tp flop Ql 513 is generated for each odd RUM address
se lected vv ltile the S FAR I S\ , NC is high, I bus hit I store d in the RAM at . is td r csse s
I) through 9 is initia lly set high so that , for level evceed.irice operation , csunrp let~’ fa t igue s~t s-ks
will ~ required , a f te i  tire SI AR I’ 5~~ NI rev erts to t he ls ’t~ st . i t C. before an output is generated .

I’he S-lit re ‘6 I )( ‘ output is brought out so that numerical divpla~ of that output usiirg
a it c i llai displa~ equipment is possible. Such displa foci Ii Ia tes the I ri inuring of the potent 10-
nrete rs ur I he a ira logue a irr p1 it kr’ .

3.2.4 Pre-( ‘ounter

I ourpiete circuit and I,i~ nut deta ils for t he pre-s’ouirter •ti’e giveir in I igut ~‘s 7 airsi S i s ’ s
pect ive k . and vvave f o rnrv .it various points marked on that circuit ate giveir in I iguies 9 ansI It) .
I Iris cii cul t  wi ll lranslle hand separator su it puts when that separator is conireeted l’oi cit her torque
duration instic.itioir or level s’xceedancc iiislicat io ir. I lossev er tIre requirements of t Ire pis’-couult ’r
circwt di Her sonress hat f~u’ t hs’se altcn iatis e mot h ’s of operation ; opt i~un,il lit rk positlonrv on the
pre—s’ounier allow t he di tiereirt requirements to be accommodated . When tire torque slu rat ion —
indication mode is emplosed , a pre-t ’oullter div ision factor of 1024 is a is pical requirement
(assuming I 024 kIlt sonS croon rate) . Such a div ision factor results iir an output pulse being
generated t’or eac h secoirsi of total ized tune measured for ans given channel. On the other hand.
vs hen the level esceedance indication m ode is emplo) ed. the readouts normafis ireed to be
updated for eac h cotnpkte fatigue ctcle indicated ia tire hand separator output , and thus a
pre—counter sl it isiOn f~tctor of uirit y represents a nonnra l requirement in this case. t onsiderable
vt ’rsat iIit~ is provided by optiona l links vt hich allots the following to he preset

( i )  Ana logue to digital convers ion rate.
( i i )  Pre—counier dix i s i s u i r  factor.

‘ i i i) l)uratitsn of’ readout pulse.
As indicated earlier (Sec. 2) the pre-ctuunter utiliie~ a single counter operated on a lime

shared bas is wit h the individual rezisliirgs stored in a randonr access memory which is regularly
updated. L)eviees QS, Q9 and Ql2 t’o irst itute the RAM which pr~vid~s 12- hit storage for up to
16 inputs (hut not all input channels are utilized). For convenietree the addresses will be rekrred
to as 0 through IS . Address a llocation for the RAM is as follow’s

(i) Atlsl re.sses 0 to t) for pre-cotinter storage as required for hands I to It) respectively.
(ii ) Addr ess 12 for storage of succes sive readings of’ the lii’ (‘i . K frequency divider.

(ni) Address 13 for storage t ’ f  s t JL ’t ’s’s s i t& ’ readings of ’ a frequencs’ divider used to set duration
of’ output pulse delivered to readouts.

Addresses 10. II and 14 are not ut ilized, and IS is used to accept dummy inputs (Sec . 3.2 .3)
hut i ts contents are never interrogated . In special circumstances (See )) address It) may
receive dumms inputs.

t’he time-shared cotmier comprising dev ices (J6, QIO and QI 3 has 1 2-hit capac ity (straight
hmnars ). Ihe R .6 M output ni.is be loaded in para lk’I into tin s counter.

h r  order to uti lm~e the RAM ansI t he coutnter isv pros ide multipk channel counti,rg a s’otr—
siderable nuinbs’r of additiona l ties ices is required for programming purposes. Programming
details will now be s’onsiskred,

(‘ounter Q22 div ides the freqtictrs’y of ’ t he incoming lii (‘I ~ (wave form I of 1-ig . 9) hs- 8
and produces a 3-line output ssascto rn rs 1. 3 and 4 of ’ l i g  9), Strobe pulses (waveform S of l ig. 6)
of’ 230 n~ nomina l durat ion are generated at the high frequenc~ &‘lock rate I ‘048576 Mh z) hut
halt’ an lit (‘I K period out of fufr. ise w it h the switching of’ t he divid e-hy—8 counter. Under the
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gat ing action of the strobe the 3-line counter output is decoded via Q23 to produce an 8-line
output Dl to D7 (waveforms 6 to 13 of Fig. 9). Pulses (of 230 ns duration) are generated at
131 072 kHz repetition frequency (repetition period ST) on each output line.

A complete memory cycle (read, update, count and write) takes 8T; thus the memory is
accessed at a 13 1 ‘072 kHz rate. Decoder outputs DO to Dl form clock pulses for initiating the
variou-; program functions which take place during a memory cycle. These functions in order
of occurrence in a memory cycle are listed in the following table.

Control Output Program Function Which Is Controlled
From Decoder

Dl * Select new RAM address
D2 Load contents of memory into time-shared counter (LOAD I)
D3 * Advance time-shared counter by one count
D4 * Examine state of time-shared counter
D5 * Reset time-shared counter
D6 Write contents of time-shared counter back into memory (WRITE I)
D7 Load contents of memory into time-shared counter (LOAD 2)
DO Write contents of time-shared counter back into memory (WRITE 2)

* One or more of these actions is omitted in some memory cycles.

An appropriate WR1TE ENABLE input (waveform 14 of Fig. 6) is generated by combining
t he D6 and DO outputs from the decoder, and an appropriate MEMORY ENABLE input
(waveform 15 of Fig. 9) is generated by combining the WRITE ENABLE input with suitable
outputs from the 3-bit counter. Data are read from the memory, as indicated by the dotted signal
in Figure 6 when WE t ME 0 (where WE and ME are the WRITE and MEMORY
ENABLE inputs respectively).

Because the inverse of what is written in the RAM appears on the output when the contents
of the memory are read it has been found convenient to add the second LOAD and WRITE
functions solely to achieve a net non-inversion over a complete memory cycle.

Most memory cycles are utilized for frequency division of the HF CLK. The generation
of a GATE output (Sec. 3.2.3) having a repetition frequency equal to twice the required con-
version frequency is a requirement. To enable a 1 ‘024 kHz conversion rate to be achieved an
overall division of the HF CLK frequency by a factor of 1024 is required. To produce the GATE
signal a division factor of 512 is required. As there is one memory cycle for every eight cycles
of the HF CLK a cycle of the GATE output is required for every 64 memory cycles. In effect
63 of the 64 memory cycles in question are used for the above frequency division and the
remaining one for all other functions.

To examine the method by which the frequency of the HF CLK is divided assume
that the GATE E3 (Fig. 7) is initially low. In that case the IQ output of flip flop Q2IA (where
Q2IA is the first and Q2IB the second flip flop in the dual flip flop device Q2l) must be low.
Under these conditions tn -state buffer QI will be enabled and the hard-wired address 12 input
to that device will be transferred to the RAM address bus. At other times the RAM address bus
w ill receive inputs from other sources with tn -state outputs. At this time it may be assumed
that the outputs from all other such sources are in the high impedance state. Further details
on the address bus will be given shortly.

It follows that while GATE E3 is low RAM address 12 (indicated earlier as the address
allocated for HF CLK frequency division) will be chosen. During each memory cycle the stored
data in RAM address 12 will be loaded into the time-shared counter which will have its count
state advanced by unity. Such counting will proceed until the counter output (waveform 16 of
Fig. 9), coupled via link to the P6 terminal, switches high when the count state is advanced by
unity. In Fig. 7 P6 is shown linked to P18 which is the 2~ output of the time shared counter.
If the counter were initially reset to t he zero count state that output would switch high after 26
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(i c 64) pulses had hcs’mr received , l )et_ i ifs on tire f l i r ts’ S. i r i .Iti s ui r the coui rtt ’ m s t. i t i ’ .insl t its’ i r i i i t i f ’ t ’i
stored .it address II of the R A 61 .i t e  slrovs in under vs avelo rir n 19 of ’ I i~’ 9 I ire follo w ii ig ss’qucl t ss ’
of opt—rat ions ta kes place du ri irg the irreiirors c~ d c  for vs m d i  tIre con iii is .id weed I tour st a te
63 to h4~

(i) At 1)2 (vsavefornr of I ig 9)count st.tt ~ 63 still he read into the lime-shared cou irts’i
I’ro in R .6 61 adsl t s’ss II

i i i )  At I’)) t lts’ st u ui rt s t a le  vs ill be adsa irs ’esl to 64 resu ltiirg in the su ll t p li t I I .U ts ’i’itiin.il l~ u
svs i tchitr g irugli

( i i i ) A t l)4 tire st a t s’ of I I vs Ii he iir te rro gat es t amid because it is tro ts h ig h t i re I 2 output
(ss, ive toi in I of I ii~ Of of tire flip flop cs vm rr pi ising N 6 NI) ~.iics QI 8.6 Jflsl 1)1813
vs ill svsit ~’h h igh

( i s )  Because 12  is riots high the output of A N I) gate 1)2011 vs ill he loss tir us s . i s i s i i r g  .1
reset pulse to he transferred to t he t i t nr e— s irau es i couu riet s i _ i  Nt )R g.i tt’ 1)141) it I)~t v I .61 1)6 the contents of tire linre— si ra resl couirfer (55 it lr the exceptio n of ’ thit ’ le . is i  s i i ’ i i i l i
s ’ .i i t t hit ) vs ill 1w vs ritten into tIre RAM, Because I I i~ high ,itisl t he I output (5s , i%s ’toriii

of I’ig. 9) of ’ couirte r 1)22 is also high at the tint s’ of ’ ai ,is.il of 1)6, output 14  ( w a t t ’ .

f’ortnr 19 of Iis ~. 9) vs ill be high ansi hence ,ilsu u f l i t’ output of ’ NOR gate 1)41 I li us
rather tl ra ir .i ‘ ‘0 ’ vs ill be t rans tt ’rresl lt r f ~’ t ire k’.ist sigi r iticant hit of tir e R 661

n re tnt or s . Iis’nce the count state eflecti sels ads, i ircs’s 1w 1st ’ slut iirg t I l l s  irren ror s t S s ’it ’

~s i )  At I)’ t he s’sui n t c i i ts of t f r s’ mentors are re_ sd iir itr v~ rts’~t tvsr ni h ic k  unto the t itus’—
shared duulin t s’r,

ii .6t 1)0 t lie cost flier out put x i i  ~ 55 ri f ts — i n h.ick iii ills ’ inors but .i I t his Ii nrc no ii i s’rsi ~uI1
takes pi,icc v i i  NI )R gate Q4(.

(vii i ) \ t  1)1 tr es t irrenrors s’sc ls ’) th is’ 11) output of ’ f lip flop 1)2! aird hs’ircs’ l i s t ’  t ire 1 6 II
out put I (vs _ ivefo rn t IS of l ig . 9)  ss i ll svsitc ir high result ing in t ire st’lectiotr of ’ It 661
.ists f i s ’ s st’s ot fr et t it_i in II I he si’ ccii on of s u~ ft add i s’sses vs ill be e sa iii i ns’sl su l~scsl us’n liv

( i x )  At 1)2 I I st il l he reset to the loss sta te I lit’ sequencs’ of ’ opt’rat s uns for I Irs’ ilrs’ir rors
s’s cle a ppl ca He o tIre tress add T e ss  vs ill 51 .1 rt

x) At t he follovs ing 1)1 . flip iiop 1)21 A vs ill he reset t i tus c,iusiirg G 6 II 13  to so itc h
hac k to fIts ’ lost s t . i t s ’ R A 61 ,idsl ress II vs ill now he chosen ac_ un

(xi) At 1)2 fI rs , co irt eu rt ’. (s t ate I as indicated iii ( v ) )  of the R.\ NI vs il l he loaded into flit ’
time—shared counter After 63 menrors cscis-s t he sequence startit ig at (055 ill be repeated.
Thus the repetition pcriod of the ( .6 ii’ 1:3 vs ill he the duration of 64 irret rrors cvck’ s
(Sil l ) and the tunic for vs hich it is  ini gh w i ll he tine duration of ’ I nremniorv s’scle ~S I’).Output 1 3 (vs avs’f’orm 21 of Fig. It)) of ’ flip flop Q2 1.6 iv taken to the div idc—hs - two section

of counter 1)22 The resultitng square ssase output is hufl’ei’esl vi a 1)413 to produce the I 1 (‘I K
sigiral (waveform 10 of I’tg . 10). Both the (IAl’F F3 ansi the I I I ‘I K I are taken to the band
separator. Convers ion in t ire AIX’ takes place at the I F (‘I K repet it ioir t’requens’s (St—c 3 . 2 3)
When termina l P6 i v  linked to terinrit ral P18 as show n in Figure 7 the resulting I F Cl K Its, -
quency is I 024 k Fit, Other t’requencies can be choseir sinnp ls hs changing tire link position
In the follovs iirg t.ihle the I I (‘1 K rate I, ~equa l to half the repefitiot i frequencs of (~ ‘6 II” 1 ~)
is gu s en as a fut rcttot r of the link position,

_
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I F (1 K l)etails Ternrinal to be
t.uirked tsr P6

Repetition Frequency ( / , )  Repetition Period (1’,.)

‘32’ 68 kIlt ( 2 1 t )  32T P28

‘ 16- 384 kIlt (lii) 641 P26

8 l92kli: (2i3) 1281 P24

4 ’0~)6 kIlt (212) 2561 I’22

2-0 48kH z (211) 512 1 P20

I -024 k Ilt (liii ) l024T P18

512 Ii, (2~) 20481’ P16

256 H, (2*) 40961’ P14

12$ II, (2~) 81921 P12

64 Hi (2*) 163841 Pl O

3 2 Hi (2 ’ )  32768T I’S

* These frequencies are too high for the baird separator of Figure 3. hence contrect ion of
P6 tsr P26 or P28 iv not valid. 4

Consideration will now be given to the sequence of addresses which is applied to the RA M
address bus driven in a time-shared manner h a number of devices vv it lr fr i-state outputs. As
indicated above, address 1 2 wi ll be selected when GATE 1:3 is low (or when I~3 is high as indicated
in waveform 2 1 of Fig. 10). As indicated in Section 3.2.3 the 4-line baird separator address outptif .
w hich is connected to the RAM address bus, will be e,rahled if’ (i ,\rF i~3 and IF CL K ES are
bot h I (Refer to waveforms 2. 4 and S of Fig. 6, and to waveforms IS . 20 and the hand separator
address select waveform of’ Fig. 10). When the band separator address is selected the number
stored in the equivalent RAM address will be increased by I during the menror~ cyc le for whiclr
both E3 and ES are high. When GATE F3 is high and the IF CI K FS is low either a clocked
output address (0 to 9) or address 13 (for output pulse generation) sviIl be selected as indicated
by t he “Clocked or RAM Address 13 Select ” vs’ave fonin of Figure 10.

The sequence of operations which leads ho tIre geireratloin of an output pulse for a reaslout
is as follows.

W hen the hand separator address is selected the nunrben stored u n  orre of’ addresses 0 to 9
or IS is increased by unity at the L.F (‘LK rate (I ‘024 kIlt for the P6 to P15 link dotted u n
I:tg 7).  in effect these nunrbers represent the individual prc-countcr reasliings for tine respective
hands (except that . as indicated earlier , address IS is a dunnini~ 1. Fxaminatiotr of tire pre-counter
states is not accomplishesi at the lime the hand separator generates an output on the RAM
address input.

While the t n- state 4-line B(’l) output address (OAL)- l to OAI)-S) t’rotn decade coutiter Q3
is enabled an output pulse (Sec 6) will be transferred to the readout having that address
(0 to 9 corres ponding to hands I to 10). For an additional inferv al . vs hich sets minimum pulse
separat ion, no examination of the pne-counfcn states occurs ansi m o  furt hem output pulse can be
generated. At times other than when an output pulse or the subsequent separation gap is being
generated the numbers stored in RAM addresses 0 to 9 vs il l he examined in turn af tine IF (‘I K
rate Ii. while GATE F3 is high and the LF CIK low . Thus f ine time takei n to ititerrogate all ten
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addresses vs ill be It) I; Iti is ’i m ,‘e .i iiomr in th ’ .  irr.ttsirei st ilt t’Omi f iitus , uirtrl .i K \ ‘sI .idd,5’’.’. i’ . foiiuij
t om w hich the ‘.ioICsf s’oilts’flts etseed a prcsst ihs’d ,rumrrbe i, 6 ,. s i t  I oi thrt ’ Lu rk Itos itisuir’ . s tr si i

~.iis~h iir I grit’ ‘ firs ’ pis’ss r i t ~’tf nuiirl’k’ u iv 1024 , st hi~’it lo t  tot q us’ dut.iiioii iutsh is .It iu ’n it’Ilis’ss’ i tts
I ss’s’o irth of im rt eg r_ ited f u rmie 6% heir .i K ‘6 6* address , lo t  winch the st ’ ’ is ’d irunihs’r is t’qu.ul to o i
greater t In _ i ii 6 ,., iv h~ ‘u list fIt at .idsl less vs ill he ‘ ‘ fro/en ‘‘ tin des .msls’ cu ‘U itt s’r 1) t o  i a ir appi opt i .s tc
i inte rs .tl vs hi he mIre i t’lcs .1 nt u ~~,id our r’. curer gi ted 1 he su hss’si us’ut i muuri itt tut u p~i 1st’ sep.I r.if i t ‘ir
uir t c rv .mI ir_ is be”mr niaste equ.tI to the te.ushout pulse dur.ut molt

I hs’ .i~ tu .iI s’~~ii s ’ut5 C of I, ’gic. iI steps vs Irish give i use to th te ahsuvc s’Iwratmoul still now iu~cxa nnuir evl iii dct.u
.t s t at  timi g 1~u ’ itr f ,Ivsut rrc I. S )\ I R( )I I. i -\ Il I (~ v5 _ i v s’f ’ornr 22 of I 1g. 10) is it ’ vs It

folloss ’. mh.it the ‘sf I I( ’ I input to digit.ul i iis t lt iplexem 1)2 still 1w high .tur s l the 4-litr e shocked
,us ls lress output fron t shec. ish~ counts’i S_t i  vs ill be selected via flit’ ntulf ipls ’xs’r 66 irs’n 1 6 II I i
is high .rnsi rhe I 5_ •

~ K I is loss the It I v i . i t t ’ out puts of ntuit tpls’xer 1)2 vs Ii be ett_ iNs’d th u us
t ranskrring the ,idslress out pt lf of sls,c.ids, costirt e r 1)3 to tlre K :661 as islm e’.s bus

-6 nrenrors t ’t ~ L’ at lht ’ thi ,’ss ’ii _ idshres’~ vs ill be initiated ‘st 1) 2 t he content ’ . ot ml r . i m .ishlrcs’.
w i ll he reast iirto fits’ tints , sir.ire~1 coumrts’r. A t 1)3 a count .tdv .i mt5 ’e vs ill 1w iurhmhited v ia Ql4
I ogms - .ills the ads ,iuts ’ s’ is inhri hmted if 1 1 I. I ~ tt and I t’ 0 -\ su it .ihls’ inhibit
signal 1” (vs.i ve fo rnt I of I ig 10) is they eloped at tIr e output of N 6 NI) gats’ 1) ~I I(since I ~l 3 I  (I S )  (I 6 ) )

At 1)4 the number tr.mnsierrett ts s the t i mnr s’-sfi.ire si s’t ’tI i Its’i tro ut the selected K -661 id,! t s’s’.
is exa un  ned , Cot rsuds’r .m t pica I requite ills’it I tot opera t tOri il l mi t t’ tom q tie thu rat ion m mist ms- .t ion mniode
If a consensuon rate of I ‘024 kIlt is s’hosern and i f  a readout iv to 1w .ishs ,iirced (or e.ts’hr ss’coitsl
of totalmied tinne fhjt the torque level faIls vs mt l r mmr the torqtieh~mnd for tli.~ readout . t his— r i vs lien
the stored pre—count reaches 1024 . a pulse must he t i  anstert’ed to the ms’adoui L ‘ irdet ss’itaiur
circunrstans-es it us possihhe for the prcscr ilwsl pre-dostmrf It i rt it to 1w re.mcired .ut a nu tuber ot
addresses vs ithin a short t u n e  of s’,iclr ot her Iloss ever onk omre reaslout s’an be ,ittv ait5-ed .it .i
tmnre. hence it iv desirable m hal ov em’ - m .inge c.tpahifits be prov is t ~ d I or tire particular 5,1 s t ’ cutest 4t he circuit has been _ irrange st suclr t m a t  air output pulse vs ill 1w geuncrafed s’.is ir I nrc a count
state betvs ct’ir 1024 ziirsl 409S is delectesh . It ’. sas , a state 401 is slems’s’tesl t h eir 15)24 vs ill be stub-
tracts’d at the time tire t ’t rst output ptiIs~ us geurci .v~ ’.t ansI so or~ vrnrrl .r stats’ bt-!ovs 1024 i ’ . ~1ems’cts’~l

the pre’.cribesl mruntber .uI or above vs in ch a readout pulse vs ill be geirerated is ss ’t liv tire
connection of the Iogts’ block (um rcorpo rat ung quad 2- minput NI 1K g_ ite 1)16 aunst otlrer compsulrcnt’ . I
w hicir is interposed bctween two consec utuse K ’ s  Ni inputs am id t wo .ussoci . ited time-shared cou mrfer
para llel outputs . Deline a’. iirdic.itesl in Figure ‘7

.6 1 as t he more significamr t of the two outputs from the tinn e—s hnared dour
as the less sugnm ’ id_ t nt ol’ t he tw o outputs from the tinis’— s harcd ~‘our

i~ as a control ttipuf ,
.is t he more signifi c .ut if of the t wo K ’ s  NI mirputs ,
.ss the Is’s’. sign ificant of the ty so RA 61 inputs .

and /:‘ as a cointrol output -

Further define:
n 1 a’. the inumber ~() to ,l) fornrest hs the 6 1  au th )

~ s’ounts’r out put’ ..
and ,r~ as tIne mrumbe r (0 to 3) formed hs the 6 ansi I RA M utiputs .

The logic block is arnatngcd such that if the coirt rol input ‘I is I .u st i  ,uig htt tra m rs f ’s’r oh the
counter outputs to the K ’ s  NI inputs vs ill occur , .ins t ‘f~ / i  is (1 their n~ vs ill be I Is’s’. th air ‘,~ ii

‘it - I - With the logic Hock ssstcm ust-d the RAM nias hold up to 4% ,. I (u e i ’ s , ’  I iii

excess of’ t he prescribed hun t .6 ,‘) before ans int ’ormniatton is lost. I srg~cat1s the te(at5oi5 s%vu ~s

between inpttts and outputs of ’ t he logic block is  as follows

~~,‘ % m  ( I i  / 1

)~ l i / t  .%i } i  /i)

i . /i ‘ t 6 i ) i)

—
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Hence the following truth table applies.

) 
~ It ‘ii .‘~ )~ 1. P12

0 0 I 0 0 0 I 0
o i t I 0 I I
I 0 I 2 I 0 I 2
I I I 3 I 1 1
O 0 0 1) 0 (1 I 0
0 I 0 I 0 (1 (1

0 0 2 0 I (1
I 0 3 I 1) (1 2

(‘ontrol input im (w aveform 24 of lig. 7) us given logical I~ h~
/ i ~(E7) I)~’

w here F’~ iv  the clock inhibit stgiial discussed above and I) (was’ s-form 4 ti f J ig. 9) ms lhe
Ill (‘1 K div ude-h~ -$ output . l’hus during the niemor) c~ s ic’. f ’or vs hnuc ln a s’f is’ck is mniast e to

determine whether t he stored number is equal to or greater t Itan the prescribed linnut (1024 h’or
the special case consideresi) / i still sw itch lovv as indicated iii Figure 10. 6% het i suc h a numnnlw r
is detected /‘.! will swtt c h loss for the period /t  is loss’ , In that case a pulse ES (ssav’efot -ni 25
of Fig. 10) will be generated at 1)4 ansi transferred to flip flops QI9A and hi. 1)1911 vsill not •

normal ly change state huh i t s  output state [9 (waveform 26 of ’ Fig, 10) vs ill be checked at this
time to ensure 1-9 us 0. QI9A will change state as indicated via 110 (vs avefornn 27 of Fig. 10).
.6’. a consequence the (‘LOCK ENA BL.F input to counter 1)3 vvill be set h igh catisimi g the count
state in Q3 to be “frozen” (while 1:10 is high). W hile [t) ~ low and FR) highn , Ot’ii’t rF .‘\ Dl)RISS
DISABLE F II ~sv’ave fonm 28 of’ Fig. 10) w ill switch loss and the clocked aslsiress imn decade —
counter Q3 w ill be transferred to the t n-s ta te  output bus resulting (Sec . 3.2 .6) in the transfe r
of a pulse to the appropriate readout.

At 1)5 the time-shared csrunter reset f’unetioin is ininihited .
At 1)6 a nunrber reduced h~ 10 24, for the link positions umisiucates i in I igure 7. ss ill be

wr itten into memory .
Normal reasi and write operations take place at 1)7 and LX) hut no suhtractiotr occurs .
At l)f (next memory cycle) F6 (waveform 22 of Fig. 10) vs-ill switch high. Multiplexer 1)2

will now switc h from the clocked address output of Q3 to address 13. Once again the multiplexer
output wil l be enabled if the GATE is high and line i.E (‘l. K low. After a prescribes) nuinrber
of LE (‘1 K c~cles have passed , the time-s hared counter output connected to termitral PS svm ll
sw itch high causing the tiup flop QI9H output [9 (waveform 26 of Fig. 10) to swi tc h hack high
at 1)4. E9 remains high until the output at tennninal PS reve nfs agaitn to the low state. The transi-
tion of [9 f’ronn t he high to the low state causes the output ElI) of’ flip tiop Ql 9 %  to svs ’ itch hack
to t he low state.

A RESET GA IF 11 2  (wavefornn 29 of Fig. 10) is generated at the output of NANI) gzue
QISC. Logically El 2 F 10 El’. At 1)4 the RESET GA IF svs utc lres low’ and at 1)5 the contet nts
sri the time-shared counter are cleared.

At the commencement of the next memory c~cIe subsequent to [10 reverting to tIne low
state. CONTROL GATE [6 will sw-itch hack high. Once agaitn the chocked address w ill be
selected v ia multi plexers Q2 and the whole sequence of searching for air address (0 to 9) conta itnmng
a number equal to or higher t han the prescribed limit will be repeated.

Enabling of’ t he output address will occur for only halt’ of the time that as is lress 13 t ’ .  selected ,
For ,i I -024 kHi I.E CL K frequency (set by link connection to P6) atisi for the particular
connect ion to PS, shown dotted in Figure 7, an output pulse of A~ duration wi ll be generated httt
anot her pulse cannot be generated until ah least another bs has elapsed . l’iiis feature prev’etits
a count being missed because a readout receives fvv o pulses in suiccess ioti insttf lIcienti~ spaced
in time.

Alternative link connections allow the pre—coulnter this is i&rn fos’ior attil t he readout pu lse
durat ion to be varies) over a vs itI~ range.

18-

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



lit the follow uung table t he pie—counter division f ’.is ’ t , ’ t  6 ,. us guvein .us a futit’tioin of tire lu rk
posi tioi r ’ . choscur .

Pi’e-ct ’uirter I )iv us moun I .ts ’tor 6 ,‘ Required I uirk (‘onmrct’tions ’

P I P2’ . P2 P29 , P P30 l’4 P28
2 P1 P2~, P1 P2’ Pt • P2S P4 ‘ I’26
4 I’I P1~ P2 P2’. P1 ‘ P16 P4 P~4

Pt P21 , P2 I’23 , P3 P24 , P4 P22
16 h’l Pl~ P2 ‘ P21 Pt P~2 P4
12 Ph P1 ‘, P2 P19, P3 h’2O, P4 P18
tr4 P1 — P15 , P2 i’I ‘, p,1 P18 , P4 P16

12$ P1 P13 , P2 Ph~ . I’.t PIt” , P4 P14
Pt ‘ P11 P2 P 13 P3 P14 P4 P1

‘.11 P1 P~, P2 ‘ P11 . P3 P12 . P4 PlO
1024 P1 P”, P2 ~ 9, P’ Pto , p~ ‘ PS

Where tire logic bloc k us not utr~~rpos~d, direc t conmnerirot r betsv eenr the tiirr —slra rc~1 counter
output’. .ind tIns’ K -65 1 um rput v is required S -

it us to be irofed th.ut the mn naxu unr uu nn shisis iomr f .u5 ’fo i for fhr e circuit sli,uss mr mit I’igure us 1(124 , tI

If .u coins ~‘ s i o ut  rate sit’ greater f hair I ‘024 k liz vs s’ m e requuresh to as’cotnrnr odatt’ . i m n input sigtnal
hay utn g vs usher h.um nslvs idt in t itetr either the reasioum m .its’ could he iincieased above I pulse per
sccs’.tnsh of ’ t o tal tz~d (litre or tine K ‘651 and funre—share d s’ouurter could be extended . ikmrce tv ss ’
ties ices vs ould pr os usls’ .um t adsl utio mr.i l Ii di” us ioun factor. I’ steinsu oir of ’ the sm ol .ige ansi cot ltit imrg
r~utige vs ould not requ ire .IInv s’hamnge mr the progranrmiing cii cuu ts P

I or co trv e nmem rs’e dt’hiune t he output pulse duration as i’, l’he uti.isumn ru m nuinnber of pulses
vs huch cain be tr.in ’.lcrresh to the readouts per ses’oind iv ,ilss .i~~s less tham n I ( 2 I~,d . If’ ste coinsisler
the mnaxunr umnn readout ma te t ’or .u i~t rtmcs iLt r torquehairsh their tire unnutruunrum pulse ‘.~

v . tc t t n g sst hl be
gmv cur t’.~ the vu mit oh’ .

~i l l’he duration I’,~ of ,u readout pulse .

~uu~ the duration 1 of the rtitcrpulse gap. r
(iii ) l’he sluratuoir ot hO s’~sks of ’ t he 1 h CI K over vs hick uinte rs.ul .i ss’,uicfr is nrads’ for .u ur

.ijjis’ss ~0 to 9) m a y  ing .u stored count equal to or greater thr ai n t he  i’.ress’ribctl prt’-t’ounter
u ntil ~a ‘.e.ui-ch .ulss . i y s  s t . u i  t ’ .  at the .uddi cv ’ . one higher f lnaur f hnat at vs lruclr tine prey tours
output pulse vs .us t ,atrsf ’erred).

iletice tine inr.uxutnnunn readout rate ~ Is’ for ,i particular baird i s gmv Cii h~

21~ 
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I or t lne t orq us’ ti itt .f t ion i ins ) t’.i t or the itra xi inn ii iii ,u set ,u gt’ t’e.us)ou t r.ite us I (4 1 ‘~ ) ii.’ vu irce
I ~2 l’,~l lit is too f

’
.ist , a’. indicated above, and t he rate c.in onl~ be aried by t ’.uctors oh’ 2 thus

the maxnmunr dut~ cv d c  vs f itch can be applied to the readouts l’or the torque sturatm oin utrdicator
is

I or the level exceeslance indicator the readout rate t o m a particular baunti s’aur be uircreased
tsr ~

‘
~ it with out ~Iam,u loss if ’ tire readout is updated for each fatigue d%s ’IC ~‘ouirted t heir, in this

instance, t he mnn.u s un runn fatigue c)cle rate or input sugt r.uI frequeinc~ whic h cain be hairdled is r~~
lii the h’ollovs ung table out put pulse durruf iou and mit xtunrutnr readou, rate .1 rs’ gus en ,is a

function of the lu rk connection to ternninrul PS,

t
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I’

I)uration(Tu) ol’ Maximum Readout Rate /m a Terminal to be
Readout Pulse [t ’mH I/ (2r0 . lo1L

1 
1.- inked to PS

P30 

- .

2 
P28

. 11. 14

4 ft P’5 6
II. 1$ —

S f’ P24
.11, 26

lb .~“- P22
42

p

P20
I i .  74

64 ft . pis
/1  13$ 

in

12$ _ fi Plo
t,. 266

256 1” P 14I, 522

512 .“1,. 1034 - 1~~
1024 ,1,. plo

f t  2058

2048 I ’,, 
, 

-

Ii. 4 106

When t he torque duration indication mode is used and an output is being generated on
a particular hand the individual repetition periods will not be all equal hut there will be two
possibilities differing by t he duration of 10 cycles of the LF (‘1K. Consider the arrangement
formed h~ the dotted link connections of Figure 8. In that instance:

LF CLK frequency!,, 1 ‘024 kHz

Pre-count er division factor ‘= 1024

Output pulse duration To . .  12Sf,. 0 -12 5 s

Hence on the average there will he one output pulse generated for each second of totalized
t ime (average output pulse rate thus being equal to I Hz). In other words an output pulse will he
generated on the average for every 1024 cycles of the I. E CIK. For each output pulse generated
no search of the stored counts will occur for the period of 256 cycles of the I.E CL.K ~1 28 cycles
wil l pass while the pulse is being generated and another 128 while the following separation gap
us being generated ). Thus , on the average, 768 (equal to 1024—256) cycles of’ the 1 F CIK vs ill be
generated w hile RAM addresses 0 to 9 are searched at the LF CLK rate for an address containing
more than 1023 in storage . But a particular address will be examined only once every 10 cycles of’
the IF CLK. Hence the output pulse repetition period will be either the duration of IOIO(equal
to 256 ‘ 760) or 1026 (equal to 256 770) cycles of the IF (‘I K. To prov ide the average
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hollow uing ‘d i i i  uugs 55 s’i s’

i i i pm’ vs . i ’ . s’ , ’ mu mn s’s’ t ed to I’24 to pios sit’ , i m n I I i~ I K r.utc ~~i ~ ‘~2 II: ç i l i s ’ umi ~u ’ u u i i t i u u u  k’
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( i i i  P h  ss . is t n  it ’t t~’~I io l’2 , l’~ to P2 ’’ , P t o  P ‘~ i aur~1 i’4 to I’ _’~ to iv is ’s ~ ,u c
dus us io , r l ,u~ i~’i of u mn i is tbtut  sti l l l ” i ( ’ s&’i u i in if rt ’ o v n ’i . 
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vs ht’r~ 1’ , ,~ s ,und ‘ , ~‘ ‘12 h I . ’ St i f is t i t t i f um rc tl rs’se s ,u liit’s ‘, d is h ’ . ‘.. ~ ~‘ I I ,  vs li,5 ’h
.Icret’s c losely sv it Ii mire mnrc.ist ircs l lugu i cv

It ’ iii I i t, I is. i.iis’ of (124 Iii vvs ’ it ’ used P(~ s’o ut mt cs ’tes i to h’I Si .iii5l lit ’ t ’i i i p i i i  Nil’ t ’ ‘du ra tu om t vvs ’uc ~‘ um5 ’~’ , uu, ’ .u i i i  set to s Ii” s’o ut m rs’cfs’d to I’221 t h e m  tIns ’ uii ,u\u it i i im ti O ( i i 1 ’ L i t  n L ~~~ t ’

r.ite vs ou ld be 24 4 II.’ , .t hui~t ule vs lift-li ss .us also co trf im nre~
) by mt re .is Ltr s ’ m t lei im —

I oi torque dui,uiuoi r u mrs h uc , u mi our t Ime rs’ ,ure itot mt r. dls ito speci,il dcnn.unds on ouu ipui i’u~~’
i m , u i t s h t ’r r,ume Ilossever if imn nprosc d f u m e  r eso l t t t u o t n  555’ t s ’ is ’sj t t i i ed  t h i s  s’ .til be iirs’ i~~.is~d iii bimr ,ii
s teps f’romi i the I pulse jit’i ss ’ ’.’ oiid oh imnt eg rate sh mui nre is ’ ls l s’d l’s the link comnm t ec iions in~t u5 - .uicd

in Figure 7 to I pulse for es c i  ~,, s of im nt e g i ,uis ’d min is’ \n I I Cl K r. I ts ’ of R124 II,’ ,
pu’e— comim nter div ms u o tn  (as to r of ’ t” 4 , .umn d .uun out put pu lse duration oh’ i

u s 5% otii~i v i’M ilis’ l , ut i~ u
s rU m put r,ihs’

66 he~e m nt , ixu t mnuu i nn v ign.ul h , um rs ts sus ) t h  us required ,i c o nvs ’rsl o ln u.i te (s’sl u.d to I I t,’l K
oh SI “2 hi c,in be used ,um nd ,i tn numnumni unr o f ’ S pulses vs oulsi be It  ,un’.h’ei it ’d tn ’ the ~~~~~~~~ N’’
ss’~’ouid u t o t  the pie-connie di ’. u’.ioin h’a~’tor has ut r g i t r , ix imt mu i mm v ,uiue of 024 1

lire S I 6K 1’ S\ \ i, input i sv .uv eh ’ornn .~0 oh’ l ’ i g  lOt ~
- ,u t ms s ’ s .01 R ‘651 ,iddm Cs s s ’ s . is ’~~es s 5’j

vs hills’ t ire I i (.,-6 II is Inui~ir to fit’ i c,” .n’i to  this ’ tero s t a t s ’ v i,u h 14 (v s .us s’f ’s ’ r mnn I of I ig lOt Sinci’
.udd es se ’ . 0 tlrrougii ‘-~ vs ill be ,ucs ’es’.s’sl un tine clocked .ud dr s’s s itnos is ’ svt

’ oper.utuomn ,ill pie ~‘o t , u ci
‘ .m,u t es  st ill be ‘c r0 .ut the f r .u i lum n g edge oh tine 51.6K I’ 51 ‘ pulse One of ’ t lrs’ uii ,uun ,idy ,imm i,iges
oh t he uss’ oh mine S I ‘6K 1 51 \ i, ’ is t ir.it err om ns’otts out putt ’ . our t orquu s’b .umrsl s oh h ug h sigi~utj 5 ’,~~ 5’5’
c.mninot ocdur ,it povse r svs itch~on

1 hns’ s’on it’ i u t s  ot R 66 1 ,usisfre s ’ .  i~i (allocates ) for sv um puu pulse geiieratuomn ~ ,uic noi it i it i .ihis
cleared so it us possible that t Ine first rs’.idotit pulse otnl~ mr r ,u ~ be it ri’ .ss’d Ii t em e .uf ’mer R \ \1 .uddi i’’.’
13 vs ill be s’lc,uresl f ’ollovs u t r g the gs’ncr.ition of ’ eacir output pu lse.

.u p .is ’ u r s ’ rv I. ‘(‘ .ttn5) ( ‘‘ ( 1 m g  ‘ .iflsh ‘6 ppemns)ux I 1) ise re f ’s ’t j ins ) tn ” hi’ iit ’ s ’(’sv ,i i b’oi s ’,’, ed
operat u omi of ’ tIne pre—coum n u s’r i’m rcu it

3.23 Start S~nchroniiing Signal (;s’N’rator and Ou tpu t I)rirer (‘irs-unit
(‘ourn plete circuit t .u m d  I.u s out t deta ils oir fine st .t rt v s n~’ getner.i m or .i urs l output t i t us i’i d u d  ui

u e given tin 1 igu res i a intl II I n’ s Ix’ s’ l iv ~‘I, 1 Irs’ rs’ ,i i s ’ t hi ree ss’ ~‘.i i ,u is ’ t ’tt ir5’t ions pet to i i tt s ’st t~5
thus circuit

(u) (Ietneration of’ .u su gi t. u i vs hus h is ’ss’ t v v , u i u o r i s  circuits .ut tire time poster us t~i ‘I ~ipl’lis’d
., u t s f  sICl .i ‘. .u ppf cation of ’ 25 6 I )( - t o tIre i’e.ido i t t ’.
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oil t)ecoctum ig t he 4-litre o utput address (ruin the pre-ctvu iimer in’ ~‘ us  c’ a Ill-l ine output
suitable h’or drus um t g the readouts .

i i i  I’ rv u s i s t o l t  oh huhh’e r u t rg for  so mnie signals w hich are takein no aim c-st ernal  t t i i i l e s f o m  h i

mnrn’nut’ .u ring purpose s .

I~ pr ese i nt  n’ i t~~r us ’ LI” ‘ .n ’ u i t m ~ ht’ui rg register ed tin the readout s at this ’ turt le puuvs c’ l.~\ ‘u i
i s  ii rvt .tpp hiesi it is des irable t h.ut app lication oh’ 28 V D(’ to t hi’ readouts be de l_ t~ ed SnutlieSs hat
to alt’ .’vs the iegul ,t tc ’d n n uu t p ’ .u ts  — I” 6 ansi . 

~‘ V to conic up Iv” ‘pt’s’ i Ius ’,li i”ul I’urther 1,15 nts’n-
nonesi m m Sec 2 4i It iS desirable that the pre—co unts’r s t a t e s  hint .ih l hands b’ in it ial ly re’ .et t~ ’
/ers l so t hat there us rio ~i i. ium5e n ih ,uii out put pulse being transferred to ~i hiL’h morqueh~iin d rc ’. iout
at this time

‘6 deIa~ i r su l i  1 i~’ I ll  possered f’roni the - 5 V regulator o utput is used. l’ri nur In’ t h is’

.tpp lucat ion oh po’.vei , c’.up~idu is ’r C vs ill be discharged. 66 lien ‘\ ( poste r is h i rs t  arplied tire
output of the ‘ ‘s regu l.ut~’r s s u ll rise i s n sv .u m n l s  i t s specified sal ue and the & ‘Ltt pui of comparator
Q I vs ill ‘.vv itch to the hug h st ,vtd 1 he cs vnn p.uratnr output i’~ t:iken to input l \u~ of Ir u- s tat e hue s
butler Q ’ -6 butlered Si SR I ‘v ”u \( ‘ suut p ut is oht .u inc5 h .it output ( ) t  ft vs hitch is pt’rm5inent i~
enabled

.1 cldl,i\ period 0 7  I. ’ R I )  second appro’ .um,mtel~ i v ’ .h e us’ ( .~ us c’spre~sed i i i u iu ’ .~
ii id ,um rd RI in niecu’hrn ) the output of ’ corni par_ utor QI vs ill re ve rt  in ’ ,und he ma uir t a i uus ’sI ihs ’ i e—

,i~i r  ,vt this’ lovs si ,utc ’ ‘u ,, conscquemrce the S I’A R I S’r ’ ~‘v( ‘ out put vs ill ssv i tch isis’. ,inuj rel.is K I
ill be energi ie d th in s  connecting 25 6 I)(’ to the readouts and ibieir s hr i v ing circui ts . I s ir tire

-. alive’, of RI antI ( mnslueated in I’ igure It the dela~ st ill he (1’ .~ secon d 5u ppro v,i m.ute l~
I he S I AR 1’ S’i \ ssu nptut us use d to u rnut tal l ~ clear cert .tin cir c uits u Ses ’. 3 2 ,inci 2 -II

to emr’.urc t h at no reads ’ ut pul se u s generated ~ai’ter t he init ial del,u~ period li_ is elapsed ) u intu I
,u hull interv ,t l ~‘l integr ated time )to rque d it ratu on ut id icatiorn ) has hecmn tot,uluz ed or ,u cn’ntp leis’
faugue c~cle ~level e~ceedatnce indication ) has beetr counted , - . ‘

The sty itched 25 V IX ’ is taken to the I Mt .- ’ - II lelcs’iromechanis’,ul count c r— hm ig h output
vs hich is  coupled ts~ one side of all readout coils .

As undncatect in Section 3 2. 4 the output oh’ the pre-couunter comprises a 4’line BC!) addr ess
U) to 9 correspondung t’.r readouts f or  hatrds I to 10 respectisel~ ) v s ht c h u s enabled vs hen a readout
com l is to be energized . ‘the pre—counter ssutput address is  taken to address inputs O.’SI )— I to
06 1) -S  ( h e . I I I .

Optical us~u l5ito rs Q2 to Q5 transfe r the input address to the imnput of the B(’l) t n decimal
decoder Q6 vs ithout signal invers ion. A high state is generated on the selected output oh’ thi s
decoder. Darltngton transistor arr a~ s Q9 and QI0 driven from the 10-line output f ’roni the decoder
provide adequate current output for the readout coils , Ty pica)l~ the readout co ils drass about
12( 1 rn-S w hen energized.

Isolation of ’ mndtcator circuit common and 25 \‘DC power coninisin us achieved h~ the use
of the optical isolator ’ .. ActualI~ the indicator common us connected to chassis in the v ’ t ciu i t t \
of ’ t he analogue anrpli(ier tnput . Chassis is remotely connected , a the aircraft frame, to the
negat ive side of ’ the 25 VEX’ input. With this arrangement a single point grounding Is achieved
thus prevet iming the floss of ’ ground loop currents through t he indicator chm.is s ,s . Output

r,ttrvi ~tors and the decoder are povsered t’roun a nominal ‘ 5 6 supph derived frortn the
sss itched 25 S’D(’ supply h~ Zener diode (‘R4 and associated components .

To facilitate the adj ust ment (Sec . 3 .2.2 ) and checkout tsf’the indicator the 5-line SIX’ out put
(Fi g. 31 us buttered v ia Q” and Q8 ~refer to interw iring details in Appendix 2) and taken to
output si gnal mon itor connector J3. Anc illary display equipment coupled to that connector us
used to prov is)e an octal displ~~ (000 to 377 corresponding to (XX) to 255 decimal) of tire ‘S iX’
output , Ot her si g nals HI~ (‘t.K , 1.1: (‘1K and OUTPUT GAI l  (,tlsn ’n referred to as Oh, I~h”l: I’
-1 I) I)RIS.’v l ) IS .S BI.h : F14 in See, 3 ,2.4) are similarl’, buttered vsh s’reas t he Si -\Rr S’r \ ‘
vs hic h originates as an output f ’ronn butter Q7 us taken directl~ to J3.

It has been found desirable to permanently ground the ( N AB E  I input (1uu1  I I) thus
enahlmm ng the t n -s ta te  outputs of’ butlers Q7 and Q8 which carry the S-hit AIX’ information,
Because the convers ion fume is onk about 4 ~s negligible flicker res~ilts if the outpttt us disp layed
sl ir s’ctl~ even if t he nnastrnuni conversion rate oh’ 819 2 Hz were selected. S~”tii~ tests vvere su ccess’
fully performed w ith the IN.’S BLF input connected to the OIJ t PI’  t I)ISABI I’ (vvavelortii ‘

oh’ l ug. 6) w hich s ’ .s i tches loss at the IF (‘1K rate for air interyal oh’ SI’ ~tpprs’~mt iiatel~ S ~~s ’i

ii 

~~~ ‘-“.~~~~~~~~~~ -‘~~~~~~~~~~~ ~~~~~ . - ‘ - - --~



‘
~

-
~ --

~~~~ ~~~~~~~~~~~~~~~~~~
“ . ‘

However since (ri-state devices Q7 and Q8 draw more supply current when in the high impedance
state it vs.as considered bc~t to permanently enab le the tn -state outputs .

A listing of the signa ls to be coup led to the output signal monitor connector J3 (Appendix 2)
is given below,

Signal Descri pt ion Output Buffer
Des ignat ion (Fig. I I)

ADC Bit I BUF I
ADC BIt 2 BUF 2
ADC Bit 3 BUF 3
ADC Bit 4 BUF4
LF CLK BUF 5

START SYNC START SY NC
ADC Bit 5 BUF 7
ADC BIt 6 BUF 8
ADC Bit 7 BUF9
ADC Bi tS BUF IO

OVTPUT GATE BUF U
HFCLK BUF I2

________________________________ ___________________________________ 

,
‘

4. CALIBRATION AND TEST PROCEDURES

Calibration and test procedures for the Mk,2 system are similar to those adopted for the
Mk,1 system t ,

For full scale calibration a dead wei ght pressure tester capable of prov iding calibration ‘ 
—

.

pressures in the range 0 to 150 psi adjustable in increments of not more than I psi is required.
Functional checking of the equipment using a tester (as for the Mk.) system) which incorpor-

ates a series of resistors , wh ich may be switched in turn across one arm of the strain gauge bridge
(w ithin the pressure transducer) is used ,

To facilitate re-calibration and checkout of the Torque Spectrum Indicator a Signal Monitor
(Fig. 13) is used. This item of ancillary test equipment , used for ground checking purposes only.
is plugged directly into the output signal monitor socket J3 in the indicator. Displays QI to Q3
(Fig. 13) provide numerical indication of the ADC output in octal code and facilitate adjustment
of the zero and gain potentiometers in the analogue amp lifier at the time of calibration,

Power for the monitor is drawn from the indicator 1- 5 V supply so t hat connection to an
external power source becomes unnecessary. Current demand for the monitor is about 0 3  A.

For operat ional checking of the indicator , output s ignals HF CLK , LF CLK , OUTPUT
GATE and START SYNC arc brought out to readily access ible jacks on the front panel of
the monitor.

5, PERFORMANCE OF COMPLETED CIRCUITS

The Torque Spectrum Indicator (Fig. 1 4) has been manufactured as a ruggedized unit
which may be “hard” mounted in a helicopter or other vehicle. A set of three such indicators
was fitted in a Sea King helicopter (operated by the RAN) in June 1978 and have been success-
fully acquiring torque data which will allow computations to be made on the safe fatigue life
of critical gears. These indicators have been set for torque duration indication with the following
parameter settings :

(I) Conversion rate of 1024 per second for each transducer channel.
( ii) Totalized time increments of I second for the electromechanical counters.

(iii) Electromechanical counter energizing pulse duration of 125 millisecond,
At the completion of each flight the readouts for the three indicators are photographed.

Periodically t he photographs arc sent to these laboratories for analys is .
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Operation of the indicators using all the available link options has been l’ulIy checked ,
Similarly all ancillary function testing and display equipment has been manufactured and
t’ully tested.

-‘vs indicated in Section 3.2.4 the electromechanical impulse counters have been checked for
operation at higher switching rates. Under laboratory conditions faultless operation has been
demonstrated at 30 Hz rate using ~ s pulses. Further testing would be required to establish
w hether the above pulse duration was adequate under more severe environmental conditions. If the
30 Hz rate can be accommodated then the present electromechanical impulse counters (Appendix
1.5), w hen used in a level exceedance indicator , would provide individual cycle counting according
to the following specification :

(m) Max imum signal frequency for output on a single counter would be 30 Hz
approx imately.

(i i) Maximum signal frequency for output on all 10 counters would be 3 Hz approximately,
(iii ) Transients equivalent to 3 cycles (traversing full range of the 10 counters) at up to

about 100 Hz rate could be accommodated w ithout data loss,
Similar counters (to those used for the above test) having a maximum counting rate of

50 Hz are available from the same manufacturer. Such counters could be used if wider signal
bandw idth were required.

The specified counters are quite suitable for torque duration indication in Sea King heli-
copters, Similar counters used in the Mk.l Analyser have demonstrated their reliability since
their installation in 1975. —

Each indicator requires I (S VAC 400 Hz single-phase and 28 VDC primary power supplies.
Current demands are as tabulated below .

Supply Current Demand

115 VAC 0’25 A

- f- 28 VDC 30 mA (average), 135 mA (peak)

Measured current demands for regulated supplies internal to the indicator are given in the
following table,

Supply Current Demand

Va ,,, (+ 15 V) 70 mA (one transducer), 100 mA (two transducer s)

~~~ (— 15 V) 70 mA (one transducer), 100 mA (two transduc ers)

V,-~ ( .- 5 V) I’45 A (indicator only), I ‘75 A (with signal monitor connected)

6. SUMMARY OF EXPERIM ENTAL RESULTS
a) A simple system of indicating either the totalized time that torque loading falls within

eac h of a number of specified bands or the total number of times a certain pair of torque
levels is traversed (i.e. fatigue cycles) is described,

b) Load sensing is via a single transducer and only two adjustments are necessary at the
time of calibration.

c) Individual torqueband limits are set by a plug-in field programmable read-only-memory.
Band limits may be varied in steps of about 0’4°~ of full torque range. Any sys tem
non-linearity can be allowed for in the read-only-memory program so that O’4°~, overall
linearity is guaranteed.
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d) Totalizing ol time that torque loading falls within each band is performed with the aid
of an electronic pre-counter with typically I millisecond resolution. A single time-shared
counter and random access memory performs the pre-countin g funct ion for all hands.

I.
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APPENDIX 1

Component Lisis

l’he following tables list the components used in the circuits described in the text. (‘omp o-
nents have been given an identification label (or legend) consisting of a letter prefIx followed by
a number. The letter prefix identifies the class of component as indicated in the following table,

Class of Component Letter Prefix

Resistor R
Capacitor C
Diode (.‘R
Integrated or hybrid circuit Q
Test socket TS
Power supply PS
Electromec hanical counter EM(’
Chassis mounted plug or socket J
Transistor TR
Crystal XL
Relay K
Card extractor handle CEll

The number following the letter prefi x identifies the particular component of the specified
class.

Resistance and capacitance values given in the component lists (and also marked on the
circuit diagrams) are given respective l y in units of ohm and picofarad (where K = 10’ and
M = 106 multiplication factors). Thus a capacitance value desi gnate d 10 K means 10 (XX)
picofarad and a capacitance designated 6 ’S M means 6 ’8 x 106 picof a rad or 6 8  microfarad.

1.1 Components for Board A (Analogue Amp lifier and Transducer Excitation Generator )

Legend Value Description

R I 500 Resistor , variable , Vishay Type I 202P.
R2 680 Resistor , fixed , meta l on glass, Vishay Type S102 . ± I PPM~ (‘. O ’ I ” ,,.

R3 Use shorting link for present app lication.
R4 2 K  As for R2
R5 Use shorting link for present app lication.
R6 S’ 6 Resistor , fixed , w irewound , Welwyn Typ e W2 1 , 2 ’ S  watt
R7 560 Resistor , fixed, meta l glaze . IRH Type RN 1/4 . 0 2 5  watt .

±25 PPMrC. 1° ,,.
R8 100 As for R7
R9 1 K  As f o r R l
RIO 4 ’ 3 K  As for R2
RI I Use shorting link for present app lication.
RI? 2 ’ 4K  As fo r R7

_ _  _ _ _ _ _ _ _ _ _ _ _ _



1.1 Components for Board t ( ’onti itucd)

L egend Value lksci iptit~n

(‘IS 3 3 .‘~~s for (‘3
(‘16 101) K A ’. for (‘2
(‘I” I M A’. for ( 2 . 10’ ,,
(‘IS I M A s for ( 2 . 10”,,
(‘19 I M A’. f ’or ( ‘2 . • 10’ ,,

(‘20 Select v alue on tes t to give 3 6  M ‘. , ,  tota l capacii,ince.
( ‘2 1 330 K ‘vs for (‘2. 1 10’’ ,,
( ‘22 Select sa lue on lest It’ give 44k) K 5’’ ,, tot a l cap.iv’lI.inL-e
(‘23 330 K As for ( ‘2, 10 ,,

(‘24 Select .,lue on lest to give 4(X) K 4 s ’ ’ ,, total L’.ip.Iv ’It.Iih’e,
( ‘75 lOt) K . %.~, for ( ‘2 —

(‘26 33 ‘vs for ( ‘3
( ‘2 7  1(X) K \~, for ( ‘•

( ‘ 25 Ilk) K “vs for ( ‘2
( ‘2”) Ilk) K As for (‘2

Qf Integrated circuit , volt age regu lator . I ‘vi 24 ’, ’ . 14 pin 1) 11 . , NS
Q2 Integrated circuit , operational amplif ier . L.M3O8AH . S pin 105. \5
Q3 integrated circuit , precis ion instrumentat ion amplifier . ,‘vl)52 I K ,

14 pin 1)11.. Analog l)es ices
3 Q4 A s for Q3

Q5 As for Q2
“vs for Q1 

‘

TRI ‘transistor , silicon, NPN. 2N22 (9A . mount on heats ink
Thcrmalloy 22128 (for T05 can)

‘rR2 Transistor , silicon, PNP. 2N3502 . mount on heatsink
Thermalloy 22 128

1 . 1 27 Inductor . 27 microhenry. (‘ambion t~ pe 2590 30

TSI Test sock et , white, Amp Part No. 3—55211 8— 9
TS2 -rest socket , white, Amp Part No. 3— 582 118—9
-rs3 Test socket , green. Amp Part No. ,~~ S 2 l IS~5
TS4 Test socket , yellow, Amp Part No. 3—58 2 1 lS—4
-rss Test sockct , black, Amp Part No. 3— 582 1 18-41
TSo Test socket , blue, Amp Part No. 3— 5821 18—b
TS7 Test socket , red, Amp Part. No. 3— 58 2 118 —2

(‘El-I Printed circuit board extractor handle, FECO ~Elect ronic Eng ineer ing
( ompany) type 11903 

-‘ ---—
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L I  Components for Board B (Band Separator)

Legend Value Description

RI (00 Res istor , var iable, 22 turn , wire wound. Bourns Model 3057P,
only required for bipolar operation

R2 470 Resistor , fixed, meta l glaze, IRU Type KNI 4. (1 2~ watt
R3 470 As fo r R2
R4 470 As (‘or R2
RS 470 As for R2
Rh 470 A s for R2

(‘I 1(M) K (‘apac itor . fixed , phenolic dipped ceramic . ‘v’ itan~to i~ \“K338W set ics
(‘2 lOO K As for Cl
(‘3 6 8 M Capacitor, fixed, electrolyt ic, tanta lum, Sprague ‘t’~pc 1961) . 35 V W
(‘4 100 K As for (“I
CS 1013 K As I’or C I
(‘6 1(X) K As for (‘I
(‘7 100 K As for (‘I
(‘8 lOt) K As for (‘I ,, -
(‘9 lOt) K As for (‘I
(‘1 0 470 Capacitor , f ixed , pheno lic dipped ceramic, \ i t ian lon  \ ‘K2313 W series
(‘ I I  44 Capacitor, var iable, 4 to 44pF. Philips 2222—809 —0701)5
(‘ 12  It ’ necessary add fixed capacitor from \/ itramon V K24BA or

VK23BW series to obtain requisite output l’requenc~ .
(‘ 13  470 As for CS
(‘14 470 As for (‘S

X L I  Crysta l . 2’097152 MHz, H\’ -Q cod ing (.‘I) X . mounted mean t~pe I),
mount in August socket assembly (‘lass 525 Part No. 8(’MX)—A(136

QI Analog to digita l converter . 8-hit. I)ate l Model 11188
Q2 Integrated circuit , qua d 2-input NOR gale, SN7402N. 14 1)11
Q3 Integrated circuit, quad 2-input NANI) gale. SN7400N, 141)1 1,
Q4 Integr ated circuit , hex inv- erter, SN7404N, 141)11.
QS Integrat ed circuit. quat~ 2-input AND gate . SN7408N . 14 1)11.

Integrated circuit , hex inserter, SN7404N, 14 1)11.
Q7 Integrated circuit. 4-bit magnitude comparator . SN” 4$S N. NS. lbL) Il
Q8 Integrated circuit, 4-bit magn itude comparator . SN74SS N. NS. 161)11
Q9 Integrated circuit, 256 bit ROM. DM8578N . NS. (alte rnat ivcl ~

82S123 . Signetics). lhDlL, mount in socket.
QlO Integrated circuit. 4-bit binar y counter . SN7493N , 141)1 1
Q I I Integrat ed circuit , dual 2: 4 deniulti pkxer . SN74 ISSN. 161)11
Q1 2 Integr ated circuit , quad 2-inp ut OR gate. SN’432 N . 141)11
Q 13 Integrated circuit, t n -state programmab le bin ary co unter .

I)MSSS6N. NS. I6DIL
Q14 integrated circuit , lb-hit RAM . SN7489N. 161)11.
QIS integrated circuit, dual 1) flip flop. SN7474 N. 141)11
QI6 Integr ated circuit, quad 2-input OR gale. SN743?N. 141)11

CFH Printed cirettil hoard extractor handle . ER’() t~ pe H~03,

L _... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1.3 Components for Board C (Pre-counter)

Legend Va lue Descript ion

RI 470 Resistor, fixed, metal glaze, IRH Type RN 1/4 , 0 25 watt

Cl 6 ’8 M Capacitor, fixed, electrolyt ic, tantalum, Sprague Type I 960, 35VW
C2 - -C8 IOU K Capacitor, fixed, phenolic dipped ceramic, V itramon VK33BW series

C9 1 5 K  Asfor C2
ClO 470 Capacitor, fixed, phenolic dipped ceramic, Vitrarnon VK23BW series
CII 150 As for ClO
C12 470 As forC lO

QI Integrated circuit , tn -state quad buffer, DM8094, NS, I4DIL
Q2 Integrated circuit , tn -state quad 2-input multiplexer, DM8123, NS,

I6DIL
Q3 Integrated circuit , t n -state programma ble decade counter, DM8555,

NS, 16011
Q4 Integrated circuit , quad 2-input OR gate, SN7432N, I4DIL
Q5 Integrated circuit , 64-bit RAM, SN7489N, I6DIL “ -;
Q6 Integrated circuit , up-down binary counter, SN74193N, I6DIL
Q7 Integrated circuit, quad 2-input AND gate, SN7408N, I4DIL
Q8 Integrated circuit , triple 3-input NAND gate, SN74JON, I4DIL
Q9 Integrated circuit, 64-bit RAM, SN7489N, I6DIL
QI0 Integrated circuit, up-down binary counter, SN74193N, I6DIL -‘

Qi 1 Integrated circuit, hex inverter, SN7404N, I4DIL
Q12 Integrated circuit, 64-bit RAM, SN7489N, I6DIL
Q13 Integrated circuit, up-down binary counter, SN74193N, I6DIL
Q14 Integrated circuit, quad 2-input NOR gate, SN7402N, I4DIL
Q15 Integrated circuit, quad 2-input AND gae , SN7408N, 14011
Q16 Integrated circuit , quad 2-input OR gate, SN7432N, 14011
Q17 Integrated circuit, quad 2-input OR gate, SN7432N, I4DIL
Q18 Integrated circuit, quad 2-input NAND gate, SN7400N, I4DIL
Q19 Integrated circuit, dual D flip flop, SN7474N, I4DIL
Q20 Integrated circuit , tri ple 3-input AND gate, SN74 1 IN, I4DIL
Q2l Integrated circuit , dual D fli p flop, SN7474N, 1401L
Q22 Integrated circuit , 4-bit binary counter , SN7493N, l4P!L
Q23 Integrated circuit, BCD to decimal decoder, SN7442N, I6DIL

CEH Printed circuit board extractor handle , EECO typ e H903
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1.4 (‘ompoorals for Board 1) (Stan S’~N(’ Generator sad Output Other (ircuils)

Legend ‘va lue 1)escri pt ion

RI IOU K Resistor , fixed, metal glaze. IRU Type RN I  4, 0- 25 watt
10 K A’ . for RI

R3 It) K A’. (‘or RI
R4 4 7 k  ‘\s t ’t ’.r kl
KS It) Resistor, fixed. Flectrostl Type (‘5. glass-t in-ox ide, 0 - S  sv. itt
Rh 2 K  A s t ’or RI
Ri 330 As for RI
KS 330 As for RI
R9 330 As fo r RI
RIO .s30 As for RI
R h 4 7 K  As t ’ o rR I
Rl2 4 7 K  ‘\s fo rR l
Rl3 4 - 7 K  As for RI
R14 4 - 7 k  A s t ’or Rl

Cl 6 - S ‘vi (‘ap.Ieitor . fixed, electrol yt ic , tanta lum. Sprague t~ pe 196 1). 35 VW
(‘2 lOt) K Capacitor . fixed. phenohic dipped ceramic . Vitrarnon ‘v ’K338 W ser ies
(‘3 4 - 7  ‘vi Capacitor. fixed . electrol~ tic , tanta lum. Sprague t% pc (‘5138 . 35 VW
(‘4 4’ ‘vi A’. for (‘4
(‘5 ILk) K As for (‘2
Co ti- S ‘vi As (‘or (‘I

(‘RI 1)iode. silicon, 0A202. Philips, 3(X) mA , ISO PI\
CR2 L)iode. silicon, 1N4007. IA , l(XX~ PlV
(‘R3 As (‘or (‘RI
CR4 1)iodc, zener , 5’ IV . 8/X—7 9— S V I . 4(X) rnW

QI Integrated circuit , voltage comparator , ( M31 IN . NS
Q2 integrated circuit, opt ical isolator . He~iett Packard 5082—4350. 8 1)11
Q3 Integr ated circuit , opt ical isolator . He~~lett Packard 5082—4350. 8 1)11.
Q4 Integrated circuit , opt ical isol ator , Hewlett Packard 5082—4350, 8 1)11,
Q5 Integrated circuit , opt ical isolator . Hewlett Packard 5082—4350. 8 1)11
Q6 Integrated circuit , BCI) to decimal decoder ((‘MOS). (‘I)4028C. NS.

b OIL
Q7 Integrated circuit , tn -state he.x butler, l)M8097N. NS. lb 1)11
Q8 Integrated circuit , tn -state hex butler, 1)M8097N. NS, 16 1)11
Q9 1)arli ngton transistor arra y . “ channel (S onI~ used). Sprague

L II N-2tX)3A , 16011.
Ql0 1)arlington transistor array. 7 channel (5 only used), Sprague

U1,N-2tXUA , 16011

K Relay. Magnecrati W I tS DIP- I (or Electro ( 3038I0Sl) , 141)11.

(‘EU Printed c ircuit board extractor handle, l:L:co type H903

~~lL ~~~~ - -~ -,-- --— -. .
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1.~ Compon ents for Mainframe

Legend Description

EMC- l •FMC-lO Electromechanical impulse counter, S decade , 24V1)C , 210 ohm coil ,
Hengstler O—405’-265 with socket

PSI Power supply. A(’ to DC con verter . IS V and 15 V regulated
outputs . 200 mA , Semiconductor Circuits Inc., Type SP5920 vv ith
options FB. K2. M. OV and 1.

PS2 Power supp ly . A(’ to DC converter . - 5 V regulated output , 2A .

Semiconductor (‘ircuits Inc., Type SP5941 ~ iih options I’B . K2 .
‘vi , OV and T.

ii Plug, chassi s mount ing, 6 pin. Cannon KPrOt) ,A In-OP
Soc ket , chassis mounting, 10 pin, (‘annon K P1’OOAI2.lOS

J3 Soc ket , chass is mount ing. 19 pin. Cannon KPTOO .AI4-19S
J4 F Socket , printed circuit edge type, solder tab, floating eye let . 44 pin

~22 per side). 0- ISO inch pin spacing, Cannon GOI I)44 B2AAK G 
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APPENDIX 2

Interwiring Details

Details of all interw in ing within the Mk,2 Torque Spectrum Indicator are given in this section.
The typ es of cable specified in the following table are used for the interwirin g .

Legend Descript ion

WI Cable, twisted pair shielded and jacketed, Raychem type 44A 1I2I— 9 0--9
W 2 Cable, hook-up, multi-stranded. Ascand 7/0 010, black PVC insulation
W3 As for W2 , but w ith red insulation
W4 As for W2 , but with violet insulation
W5 As for W2 . but w ith orange insulation
W6 As for W2 , but with yellow insulation
W7 As for W2, but with blue insulation
W8 Cable, hook-up, multi-stranded, Ascand 5/O’0076, white insulation
W9 Cable , hook-up, single strand , 30 gauge, Kynar , white insulation
W lO Cable , shielded and jacketed , Raychem type 44A 1 11—26 — .

A summary of the connectors together with their application is given in the following table.
Details on the types of connect ’-;’s (referred to in this section) are given in Appendix 1.5.

Connector Location Application

II Rear Panel Aircraft input power ( II5VAC and 28VDC) connector
32 Rear Panel Transducer input /output connector
33 Rear Panel Output si gnal monitor connector
J4 Internal Chassis Board A (Analogue Amplifier and Transducer

Excitation) edge connector
iS Internal Chassis Board B (Band Separator) edge connector
36 Internal Chassis Board C (Pre-counter) edge connector
i7 Internal Chassis Board D (Start Sync Generator and Output Driver

Circuits) edge connector. 

-~~~~~~~— -.--- - . - 
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Wir ing to Regulated Power Supplies J)~~ ( ~ IS V and P52 ( - 5 V)

Pin Connected to Signal Descri ption Wire Type

PSI-I JI— (’ IISVA (’ INPUT
- 2 it—I ) 115 ~‘AC RETURN W 2
— 3 J5—T t ’ .~ ( - IS V I OUTPUT
—1 iS—fl ANALOG (‘OM(OV) W2
—~ JS— R 1’~~ (— ( 5 V ) O L,1’PUT W 4

PS2-1 PSi-i 115 VAC INPL.JT
—2 PS I—2 115 VA ( ’ RETURN
— 3 J7— B I 

~‘~~
‘ ( 5 ‘ v I  OUTPUT W3

-4 J7-I ,i3-M DIG COM W2

Wiring to JI

(Power Input)

Pin Connected to Signal Descript ion Wir e T~pe

A 17—J 28 VE)C W3
B 17-K 28 VOC RETURN W 2

(to A ircraft Gnd)
C PSI—i ) I S V A C  Wti
D PSI-2 I I S V A C RETURN W2

(to A ircraft Gnd)
F J3—N LF CLK W8
F J3— M DIG COM W2

Wiring o J2

(Transducer Input . ’Output)

Pin Connected to Signal Description Wire Type

A 14—2 1 Shield Input A W I —S hd (I)
B 14— 4 —Input A WI Bhack(l )
C J 4—Y I 5 V Excitation
D J4— 3 Input B WI Whit e(2 )
F 14—22 Shield input B W I Shd (2)
F 14—2 —Input B W I Black (2)
0 J4—17 - S V Excitation W 7
H 14—S Input A W i . White (1)

I 14—U 5 V Excitation Sense W8
K 34— IS - S V Excitation Sense W8 

. , . 
I1 i~~~~ F 1  ~~~~~~~~~~~~~~~~~ --- - 

.
~~~ 

- -



Wiring to J3

(Output Signal Monitor)

Pin Connected to Signal Descri ption W ire 1’\pc

A J7—F ADC Bit I (MSB) WS
B F—I Al)(’ Bit 2 \VS
C F-- S AIX’ Bit 3 WS
I) F -C MX’ Bit 4
F J’ -P ADC Bit S
F J ’ -N A IX’ Bit 6 ~V S
c~:ii J’-- 12 .A D(’ Bit 7 W8
H 1 -10 AIX’ Bit S ~VS
J
K

~s1 PS2-4, il-I 
- (~OM

N JT ’ — \  il --i 1 . 1 (‘1 K Wl05

P
R
S F - I l  OUl  PITT GATE W S
T F-I) S 1 . -\ RT SY NC W S
I’ I’.S2 - 3 - S \ W3

V F-- S Iii (‘1k W I O~

* Shields connected to J 3 — ~~1 at one end and left open at the other.

W iring to J4

(Printed Circuit Board A . Ana logue Amp lifier and Transducer Escitation (ienerator)

Pin Connected to Signal 1)escri ption Wire T~pe

I i 5 1  
~~~ - IS V )  W 5

6 35-6 ANALOG PWR COM W2
R J S—R 1HR ( IS \ )  W4
S 12—H ‘ Input A WI ~ hite ~l)
4 J 2— B Input A WI . black ~Ii
3 J2— I) Input B W I svh ite~~2)

2 J2— F input B W i  black ~2)
V J2— ( ’ I’,~,. 5V 1’I)R FX( ’IT) W8
U 32—i FR,. SENSE %VS
21 J2—A OUTPUT COM (Shd . IP A) W I Shd tI )
22 32-F OUTPUT COM (Shd. IP B) WI —Shd (2)
A 35-4 OUTPUT COM W2
W 35 — 3 ANALOG OUTPU t
IS 32— K l’,~’.- SENSE W8
17 32—0 1’R.V ( 5 V TOR FX( ’lT)

_ _ _ _ _  _ _  _ __ .-—--- .. -~. —--~~~~- -



‘v~iring to J~
I~i ~-J ( r~uit Board B baud ‘it - p. r - r i

I’ii~ ( ‘ii irL\1c~t to  Si~~i~.il t )~’~~r ip t i r in  i r e  I

I , \ 0. 1. I- ’ 27 I)l(, (OM
B J r It I -

~~ - S \
I I” l  “ . 4 I I - I S  \ )

l~” I  4 . 14 ‘\ ~~ [ O(, ((Psi
R I”’.i  ‘. i4 -  R I ,,, ( I ”  ‘v I

4 %\ \ N-\ I OG I’sPl I
4 J4 \ I\P( I (, J \l

i. l . ~ I I  ( 1  K

I Jr. ‘~ U \ II
I ”  Jr \ I )

V % r
Jr II \ l)  2

‘I Jr’ H) \ I) I S~

F - I Ru ~
s

I t .  J ’  \ i  Hit 2 ‘~\ i
I’ I ’ Hit ti ~~ .r

H L’-/ Urt~
I I  J - 2 Bit 4

0 F 4 Bit .

I .1 B it 2 ‘1
II [‘ - ‘ B i t I \\ -1 —

12  ,0~— 20 SI AR 1 S’i \~ 
- \\

H. I III (‘I I.~.
I ~l N .~nrrc.j ion ()( - [Pt 1 I)IS \ 1111
2 7 h.ts ~i’, I crm . . ( h,ls\i\ Ground (‘onni’~-tI. ’n \~ 2

‘v% iring to .JO
Pu ntcd ( lrt .’ult Bo.ird (‘ Prc— ( ’ountert

l’iii ‘nnc~’tL’d to Signil I)c~ ’ription ic I~ pc

I . ‘v F - ! . J5 ~. -
l)IC, (O\ t

B P - H , IS—B 1 -r ( - S V~ \\ 3

P—Il , J~ — M I I I  (‘ LK
20 F- I) , J S- I2  SF - \ RT S \ N , ’ I
I .1 () 1 FPtJ F (1-\ [F \~ ‘i
6 iS - I ’ AD—S

7 i5 IS  AI)—4 \Y1

II i5 0 - \ I )— 2
10 - \ l )—l
12 .l’— I 4  O,’.D— t
13 J~ - I’ () - \ I )—7
S J - l6 O.-\ D—4
P I J” —l ~ OAI)— S
15 F 3. JS~S Ii (‘I K
19 J5~ I (j A i l ’  ~\
22 Jt~— I 1)1(1 (‘O\ l \\ 2

L ~~~~~~
- - - - -—

~~-
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Wiring to J7

(Printed Circuit Board D — Start Sync Generator and Output Driver Circuits)

Pin Connected to Signal Descript ion Wire Type

I PS2-4, 36-A , i3-M DIG COM W2
B PS2—3 , J6— B V( ( ’ ( ; 5 V) W3
J i l—A r 2 8 V D C  W3
K il-B 28 VDC RETURN W2
IS J6— P OP Address 8 W9
16 J6—S OP Address 4 W9
17 J6— l 3 OP Address 2 W9
14 i6-I2 OP Address I W9
3 36-18 LF CLK W9
2 iS—Il ADC Bit 4 W9
4 iS— b ADC Bit 3 W9
6 J5—L ADC Bit 2 W9 ;‘ 

-

7 J5—H ADC Bit I W9
D 36-20, i3-T START SYNC W9, W8
A J3-N Buf, LF CLK W8 ‘I

C J3—D Buf. Bit 4 W8
5 33—C Buf, Bit 3 W8

E J3— B Buf, Bit 2 W8
F J3—A Buf. Bit I W8
S J7— 1 DIG COM W2
P J3—E Buf, Bit 5 W8
N J3—F Buf , Bit 6 W8
12 J3—G Buf, Bit 7 W8
10 33—H Buf, Bit 8 W8
Ii 33-S Buf, OUTPUT GATE W8
8 J3—V Buf. HF CLK W8
Z 35-13 ADC Bit S W9
13 35—P ADC Bit 6 W9
M J5—1 6 ADC Bit 7 W9
L is—S ADC Bit 8 W9
9 ,16-T OUTPUT GATE W9
H J6-U HF CLK W9
T “High” Side of all EMC—H W6

Electromech Coun t ,
U “ Low ” rMC-I0 EMC-IOL W8
18 “ Low ” EMC-9 EMC-9L W8
V “ Low ” EMC-8 EMC-8L W8
19 “Low ” EMC-7 EMC-7L W8
W “Low” EMC—6 EMC-6L W8
22 “Low” EMC-5 EMC-5L W8
Y “Low” EMC-4 EMC-4L W8
21 “Low” EMC-3 EMC-3L W8
X “Low ” EMC-2 EMC-2L W8
20 “ Low ” EMC-I EMC-IL W8

. . — .—- -—-  
. . . ~ --
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