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SUMMARY
Measuring equipment has been developed which uses a set of electromechanical

counters to Indicate the Integrated time in seconds for which torque loading on a trans-
mission component falls within each of a number of bands.

Separation of the torque level into bands is made possible using a single transducer ,
an amplifier with zero and gain adjustments for self ing the extremes of the torque range
of Interest , an analogue to digital converter and decoder to separate the torque range
into bands and counters to totalize contributions in each band.

I
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I . INTROD UCT ION

In order to make reliable predictions of the life of components subject to time varying loads,
a knowledge of the load history is essential . Such predictions are of great value in relation to
eng ine-driven components used in aircraft. Life estimates based on inaccurate or incomplete data
may lead to components being overhauled or replaced more frequently than necessary with
resultant increase in operating cost and “down” t ime.

Recentl y, equipment has beer~ developed to allow long term measurement of the torque
loading on a component in the main gearbox of Wessex Mk. 3111 helicopters operated by the
RAN ( Royal Australian Navy). Loading is measured as the integrated time in seconds that the
torque lies within each of a number of specified bands.

• It is normal practice for helicopter pilots to he required to exercise care to maintain the
developed torque within prescribed limits. Cockpit indication of the level of applied torque is

• t herefore a necessity. To meet this requirement helicopter manufacturers frequently design special
gearboxes which make torque indication convenient. The torque-measuring system employed in
Wessex helicopters operates from a pressure being applied to vanes in the periphery of an annulus
gear w hich forms part of an epicyclic gear train. The pressure is automaticall y adjusted to hold
the annulus gear in equilibrium. In that case the pressure is proportional to the torque loading
and in Wessex aircraft the pressure si gnal is transmitted directly to pressure gauges mounted in
the cockpit . These gauges thus serve as torquemeters.

To sense torque for the torque level indicator it has been found convenient to insert a “T”
connection in the hydraulic torquemeter pressure line and attach a pressure transducer. A strain •
gauge type of transducer is used.

• One of the prime requirements of the torque duration totalizing equipment (called “Torque
Analyser”) is t hat it be capable of following any rapid changes in applied torque. It was therefore

• necessary to initially establish whether the Wessex system had an adequate speed of response.
Va lidation tests ’ were therefore undertaken in which the torque level as measured from the
output of a strain gauge transducer mounted directl y on the output shaft of the engine reduction
gearbox, was compared with that obtained from the pressure signal. It was established that the
pressure system had adequate response.

It is to be emphasized that the Torque Analyser is a general purpose instrument with a wide
range of applications. It need only be supplied with an analogue voltage signal proportional to
torque, or whatever other quantity is to be totalized in the manner to be described. In general,
unless the torque transmission system is specifically designed to allow indication of developed
torque, the sensing of same may pose some problems. For example, the sensing equipment may
have to be attached directly to a rotating member and the output coupled magnetically or other-
w ise to external (non-rotating) signal processing equipment.

Two sets of equipment, manufactured by WRE (Weapons Research Establishment) to ARL
(Aeronautical Research Laboratories) design specifications, have been installed in Wessex aircraft.
the first in July 1975 and the second in October 1975. Both units have operated satisfactorily
since the time of installation.

Similar equipment2 has been fitted in Sea King helicopters recently acquired by the RAN.
Full details are given in Part 2 of this document under separate cover.

Instrumentation 3 which performs a similar function to that described herein has been
produced in the UK by Westlands Helicopters Ltd. for fitment to some Wessex MkJ~ helicopters.
The Westlands instrumentation was initially considered by the RAN for fitment to some aircraft
but production delays were such that delivery could not be guaranteed to meet RAN deadlines.

• The West land instrumentation requires a pressure switch for each torque band of interest.
The instrumentation described herein which uses only one transducer to monitor pressure is
considered to be preferable because:



(i) Installation of the pressure transducer in the aircraft is simpler than thai for the pressure
sw itches;

( ii) Fhe transducer is expected to provide better long-term stability and require less frequent
re-ca libration than the switches;

(iii) Setting up the system with a transducer requires less adjustment than that with the
sw itches.

2. GENERAL DESCRIPTION OF LOAD SPE CT RUM INDICATOR

A block schema indicating the system used to provide torque spectrum indication is given
in Figure 1.

A sensor providing an electrical output proportional to torque is, in the present application,
prov ided by a pressure transducer inserted into the torquemeter pressure line in the port side
lower engine bay of the Mk. 3111 Wessex. Response down to zero frequency is provided.

The output of the transducer is taken to a DC amplifier with zero and gain ad~usi ments
provided. These two adjustments set lower and upper limits for the torque range of interest and
are t he only adjustments necessary at the time of calibration.

To remove any high frequency noise components, or any torque components out of the
frequency band of interest , a filter is incorporated at the output of the amplifier. Conversion to

• digital lorm is performed on the filtered output using an ADC (analogue to digital converter).
In effect the in-built analogue comparators contained in the ADC are used to divide the torque
range of interest up into bands.

A clock , having good stability, initiates conversions at regular intervals in the ADC.
Convers ion rate is made sufficiently high to ensure that the input signal will not change much •

between successive conversion commands at the highest torque signal frequency of interest.
The digital output from the ADC is taken to a level decoder which effect ively decodes the

ADC output into a multi-line output. At any given time not more than one output from the ii
level decoder is “true”. The “true” output is clocked once per conversion to provide an input
pulse to an assoc iated electronic pre-counter coupled to the appropriate decoder output. f -

A pre-counter is provided for each torqueband. When the count capacity of the pre-counter
is reached a pulse is transferred to the corresponding readout. By using pre-counlers, the con-
vers ion rate-of the ADC may be set as high as required to accommodate the requisite signa l
bandwidth, and at the same time the output pulse rate may be made sufficiently low to be within
t he speed capability of the readouts and to provide sensible increments (I second used) of
integrated time for the readout counters .

An electromechanical readout having a decimal indication similar to that for a conventional
automobile odometer is used. The readouts increment by one each time their coils are energized.

Other systems of storing totalized times over long periods were considered (e.g. core
memory. MOS memory, etc.) but it was felt that the electromechanical readout was the best
in this instance because :

(i) Totalized lime readings are almost indestructible and no standby current is required
for storage or display after a flight;

(ii) Totalized time can be easily read at any time without the need for ancillary display
equipment :

( iii) The system was required to accommodate only one channel of torque data
the overall storage requirement and the data rate requirement were well within the capacity of
an electromechanica l readout.

Regulated outputs of ± 15 V and 5 V are obtained from supply units using 115 VAC
400 Hz single phase primary input power from the aircraft main alternator supply. Readouts and
assoc iated driver circuits are powered directly from t he aircraft 28 V DC supply.

Transfer of the pre-counter output pulses to the readout coils is achieved via optical isolators ,
Internal circuit common and readout common are thereby isolated. Best performance however
was achieved with the input common connected to chassis which was in turn bolted to aircraft
frame. One major advantage resulting from the use of the isolators under these circumstances
is that DC supply currents are prevented from flowing back to the primary power source via
the instrumentation chassis.
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Hardware for torque load spectrum indication in Wesse x Mk. 3 lB operated by RAN com-
prises two major units :

( i) Transducer which, as indicated earlier , is mounted in the port side lower engine bay;
(iii Instrumentation unit (called “Torque Anal yser”) mounted on a shelf on the port side

of the rear cabin compartment.
Interwiring as indicated in Figure 2 has been installed in several aircraft to enable input

power and the transducer output to be coupled to the Analyser.

3. DETAILED DESCRIPTION OF LOAD SPECTRUM INDICATOR

3.1 Tra nsducer

As indicated earlier (Sec. I) the transducer needs to be a pressure type with response down
to zero frequency. In the Wessex Mk. 31B helicopter 100” ,, torque has been nominally set to
correspond to a torquemeter pressure of 440 psi (lb. in. ~) or 3034 kPa. Pressure readings in
excess of that corresponding to 100 2 ,, torque are possib le.

A Bell and Howell Model 4-366 strain gauge type transducer (Fig. 3) was adopted for the
present application. The unit chosen is a sealed gauge type (i.e. gauge pressure on one side of
diaphragm is sealed in at the time of manufacture ) with full scale of 500 psi or 3447 kPa. This
transducer has the following salient characteristics :

( i) 10 VDC rated excitation ;
(ii) 350 ohm nominal bridge res istance :

( iii) 40 mV nominal full scale output:
( iv) Natural frequency above 15 .000 Hz;
(‘.) Combined hysteres is and non-linearity Ic~s than ±0 5” ,, of full-scale output:

(v i) Compensated temperature range 0 to 120 C;
(vii ) Operat ing temperature range — 54 to l20C;

(vi ii) Designed to operate in severe airborne ensironment (high vibration, shock or steady 
12

acce leration).
Bridge exc itation is obtained from a stable voltage reference supply (Sec. 3.2.2) included in F

the Torque Analyser. A single 4-wire connection is used (Fig. 2). Cable resistance introduces a
change in transducer output of less than 0 2 ” , of full scale ( 18 SWG conductors used). If
necessary t his change can be allowed for at the time of calibration.

Torquemeter pressure varies virtually linearly w ith developed torque. Because of the good
linearity of the transducer characteristic its outpu t wi l l  sar) almost linearly w ith torque. Such a
linear characteristic is very desirable for the Mark I equipment for which the transduce r output
is effectively divided up into a number of equal width bands (which can be combined together
if desired). Translation into equal width torquebands is desirable.

The band separator circuit detailed in Sec. S and that used for the Mark 2 equipment can
cope much better with non-linear transducer outputs which could arise in other applications.

3.2 Torque Anal yser

3.2.1 General

The Torque Analyser is constructed as a single instrumentation item which may be
“hard” mounted in a helicopter. Total volume of the Analyser is 5’44 \~ l0~~ m

3 approximately
( 125 mm . 145 mm 300 mm) and weight is 6 kg. As space did not present any significant
limitation in this application the unit has not been designed for minimum size.

Ten non-resettable 6-digit readouts mounted behind the front panel of the analyser (Fig. 4)
give readings of the integrated time in seconds for which the torque has fallen within the limits
ascribed (Sec. 3.2.5) to each band.

Two supply units mounted at the rear of the analyser (Fig. 5) provide ± ISV  and 5 V
regulated outputs respectively. Measured current drawn from these supplies is about 60 mA
from the 15 V and —15 V supplies and I ‘35 A from the • 5 V suppl y. Current demand from
aircraft 115 VAC supply is about 200 mA and that from the 28 VDC supply is about 80 mA
average.

Circuits internal to the analyser are mounted on plug-in printed circuit boards. Seven slots

3
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are pros ided of which six are used and one is spare. Defining the card slots as A to G, where
card A is mounted nearest the rear of the unit , the circuit breakdown as defined in the following
ta ble results.

Board Functional Descript ion

( loc k and Pre-amp lifier
H Spare

Torque Band Separator
I) Quad Pre-counter tfo r Bands 9 and tO . ot her two not used )
E Quad Pre-counter (for Bands 5 to 

~
)

1- Sss itc h-on Dela~ (‘ircuit
G Quad Pre-counter (fo r Bands I to 4,

In the following sections . c ircuit detail s wi ll be given for each board . Complete information
on t he components used and the s~stem of labelling adopted for the circuits are given in
Append ix I. Details of interconnections bet sseen printed circuit boards and other interwiring
w ithin the analyser are given in Appendix 2• As indicated earlier interconnections external to
the analyser are gisen in Figure 2.

3.2.2 Reference Supply for Transducer Bridge Excitation

The reference supply c ircuit for the transducer is included on printed circuit board A
• (C lock and Pre-amplitier) for which circuit details are given in Figure 6. f

As the output of a strain gauge bridge is proportional to bridge exc itation it is essential that
good sta bility is provided. In particular the change with temperature should be minimized.

A balanced (± 5  V) supply providing 10 V total excitation is employed. Such a balanced - •

supp ly sets t he common mode bridge output vo ltage to zero approximately. With this arrange-
ment the output of the amplifier (Sec. 3 .2.3) is virtuall y unaffected by any changes in amplifier
common mode rejection with temperature.

Regulator QI and associated components provide the S V excitation output ; regulator Q3
and associated components provide the --5 V excitation. Reference diodes CR1 and CR2 enable
good temperature stability to be achieved. In one of the Torque Analyser units tested the variation
in reference supply w ith temperature was found to be about 0’6°~ over the temperature range
-— 5 to - . 50•=C.

Current drawn by the transducer from each supply is about 30 mA.

3.2.3 DC Amp lifier and Low Pass Filter

A two-stage amplifier (Fig. 6) compr ising Q5, Q6 and associated components is used.
The first amplifying stage incorporating Ql has differential input, fairly low drift with

temperature, high CMRR (common mode rejection ratio) and is capable of fairly high closed
loop gain over the frequency range of interest. In this application an overall gain of about 330
is typically requ ired of which the first stage typically contr ibutes a gain of about 190.

The second amplifier stage incorporating Q6 is connected as a summing amplifier to allow
the introduction of a large zero shift. For the initial settings used for the Torque Analyser the
amplifier is required to provide zero output when 3 50 ,, rated torque is applied, hence the neeu
for the large zero shift . Potentiometers R9 and RB (Fig. 6) allow amplifier zero and gain
respectively to be trimmed to the exact values required. Initially the gain has been trimmed to
provide l0’OO V output for an applied prescure equivalent to I 15° ,, rated maximum torque.

An examination of the torquemeter pressure signal in a number of Wessex Mk. 3lB aircraft
revealed the presence of a high level component at about 130 Hz frequency. The amplitude of
this component increased with torque and typically had a value of about 50 psi (or 34’5 kPa)
RMS at 100” ,, torque sett ing (440 psi). Comparison ’ w ith an output directly measured from a

4
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stra in gauge fitted to the output shaft of the engine reduction gearbox revealed that there was
no torque component at this frequency. Flexing of the annulus gear (in the engine reduction
gear hos) at 3 times output shaft revolution rate (there are 3 planetary gears) was established at
the origin of the 130 Hz component. To prevent incorrect totalizing of the torque load data it
is csseflt ia! that the 130 Hz component be greatly attenuated ahead of the ADC.

Rotor blade passing frequency is about IS Hz for the Wesse x Mk. 31B. A true component
of torque variation occurs at this frequency. It wa s decided that a low-pass filter having virtuall~
no attenuat ion at IS Hz and about 40dB (dec ibel) attenuation at 130 Hz would satisfy t he
requirements of the present application. A filter which prov ides 3 dB attenuation at about
2 5 Hi frequenc~ has been adopted.

A f ilter comprising a simple low-pass section in the forward pat h and a resistor-shunt
bridged-i network in the feedback path of the second amplifier is used. To allow the character-
istics of the amplifier and filter to be defined the simplified circuit of Figure 7 has been drawn.

Using t he designations defined in Figure 7 we may write the following expressions which
appl~ at DC:

s0 000\

~ (
~ R1 ) “ (I)

(‘3 - R 5 (R ~~~ R + 

~
)

R5 - S0 000\ R5
R3 R 4 ( l  R1 R2 

I~ (2)

w here the value of R, is expressed in ohm.
The overall ga in is given by the coefficient

R5 
‘I ~~~~~~~~~~~~ C-

R3 R,

and the icro shift term (referred to the output) by 
R 

F~ where 1z is the reference supply

vo ltage ~deris- ed from t he transducer positive excitation generator).
T’,p ical va lues (Fig. 6 and Appendix 1.1) are :

R,~= 270

R2 -’~=54 K

R3 + R4 -r~~28K

R5~~~49 5K

r ,~~= 5 0 0 V

for which ‘~ 329 Ct — 4~58 volt.

Additional components C,, C’.~, C3 and R6 added for filtering purposes in no way affect the
DC gain, lithe DC term introduced via R2 in the output stage is ignored it can be shown that
the transfer function of the filter stage is given by:

(‘3 R3 I I
e2 R, 4 - R2 C, R3R4 w2C2(’3R5R6 (3)

JWR R4 
I I + Jw( C2 + (‘3)R A

where m is the radian frequency.
The two frequency dependent terms in the above equation define the responses of the input

and the feedback filter sections respectively. Hence the response of each filter section may be
considered separatel y and the overall response obtained by multiplying the individual responses
together.

~~~ The overall rationalized gain A R (considered to be unity at DC) is given by
:5



/ I 4- {w(Cz +A8 
/ 5 1 (~

c1
~ M2t / ( I  — W2C2CSRSR4)2 + {cu(Cz ± CS)R4)2 (4)

~~ \R~ + R2 ,/ J  A.]

It is of interest to define the frequency at which the second term peaks and the relative
amplitude of the peak.

If we define
A ((C2 + C3)R4}2 (5)

and B = C2C3R3R4 (6)
it can be shown that the radian frequency Wo of the peak is given by:

w~2 1{ ~J l ±
2
~
4 _ l}  (7)

and the amplitude of the peak by:

/1 1+4w 0 2 
~= 

~J ’~( l  — Bwo2)2 + Awo2j ’ (8)

If it can be assumed that A ‘~~ B then the following approximate expressions apply:

~ (9)

ARO ~ ~/(l ± 8/ 4) (10)
Some variation in the values of R3 and R4 (Fig. 7) arises in the two Torque Analysers

which have been commissioned. For the first analyser commissioned the following values apply: f
’’

R 3 = 3 ’9 K
R4 = 24 K

R5 = 49~5 K

R 6=4 ’7K

Cl = 4 ’2 p F

C2= C3= 0’45~~F.

Substituting the appropriate values in equations 7 to 10 yields:

Frequency (Jo) of Peaks Relative Amplitude of Peak

Exact Solution (Eqns. 7—8) 21 ~5 Hz I ‘96

Approx. Solution (Eqns. 9—10) 231 Hz 2’02

* Where fo = 
0)0

2ir

It is to be noted that the approximate solution provides figures very close to those yielded
by the exact solution.

In Figure 8 the measured response of the individual filter sections together with that for
the composite filter are drawn. It is to be observed that the measured characteristic of the
bridged-i filter agrees closely with the exact solution predicted above.

The salient characteristics of the low-pass filter are summarized below:
(i) Frequency at which the response of the input filter section (considered

alone) is — 3d B relative to the DC value; 11’3Hz

6
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( ii) Frequency of peak in the response of the bridged-T section (considered
alone) ; 2 4 3  Hz

( i i i )  Re lative amplitude of peak in the response of the bridged-T filter; 1 ‘96
( iv)  Frequency at which the overall response is down —3 dB relative to the

DC value; 25 Hz
(v )  Relative response (compared with that which applies at DC) of overall 0~0ll

filter at 130 Hz; ( I’ l”~,)
At a gain setting of about 200 the first amplifier stage incorporating QS (Fig. 6) provides a

response wh ich is typically flat to about 500 Hz, so any filtering action in that stage can be
ignored in this application.

Some zero offset is inherent in both the strain gauge transducer and the first amplifier stage.
The overall zero adjustment by way of R9 (Fig. 6) takes account of these.

3.2.4 Clock Generator

The clock generator comprising Q7 to Q9 (Fig. 6) and associated components is required
to initiate convers ions in the ADC (Sec. 3.2.5) and to enable digitization of the integrated time
for which the torque falls within each band. Any timing errors will produce proport ional readout
errors. It is therefore essential that fairly accurate t iming be provided.

A crysta l oscillator operating at I MHz frequency and a counter time-base circuit Q7, set
to provide a division factor of 1000, produces the System Clock Output (1000 Hz) used to
initiate conversions in the ADC. Although the crystal oscillator and associated circuits provide a
t iming accuracy better than required such a circuit configuration has been chosen because it is
robust , simp le, relatively cheap and requires very little environmental proving (e.g. temperature
stability).

Decade counters Q8 and Q9 are cascaded to provide an Output Pulse Clock at 10 Hz rate.
That output is used (Sec. 3.2.6) to set the duration of the switch-on pulses for the electro-
mechanical readouts.

3.2.5 Torque Band Separator
Full circuit details of the torque band separator are given in Figure 9. It incorporates the

ADC and Level Decoder shown in the block schema of Figure 1.
The ADC (Q2) converts the analogue output of the DC amplifier, which ideally is pro-

port ional to torque, into digital form which can be readily decoded into bands. Generally
manufacturers do not make ADC’s w ith less than 8-bit resolution so such a converter was used
(a lthough the full 8-bit resolution was not required for the particular decoder used).

Characteristics of the successive approximation type ADC used are as follows:

Resolution 8-bit
Full Scale 0 to ± l0’O volt

Code Pure Binary

Conversion Time 4 microsecond.

Conversion rate for the ADC needs to be high enough to allow torque fluctuations at the
maximum frequency of interest to be followed. In the present application the DC amplifier will
admit components up to 25 Hz with little attenuation. The chosen sampling rate of 1Q00 Hz
will readily allow components in the frequency band of interest to be followed, and could
probably accommodate components having about an order higher frequency.

Decoding the ADC output into bands can be achieved in many ways. In the band separator
used in the Mk. I Analyser the four most significant ADC output bits (HO to B3) are decoded
by a 4-line to 16-line decoder Q6. In addition the extremes of the range 11111111 and 00000000
are detected and processed to provide over-range and under-range outputs respectively. Open
collector NAND gates Q8 to QI I may have their outputs appropriately joined so that the
width of the bands may be increased in integral increments of * of the range of interest. Dotted
links (Fig. 9) indicate the original settings.

7
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As indicated in Section 3.2.3 zero and gain potentiometers in the analogue amplifier are
tr immed to provide the ADC inputs indicated below :

Applied Pressure (psi) Equivalent Torque C ” ,) ADC Input Voltage

154 35 0~00

506 115 10 00

Details of the original torqueband allocations together with the ADC outputs are provided
in the following table:

Band ADC Input Range Equivalent Torque Range ADC Output
No. (volt) — __________  ____  — ____  — — —

0/ psi 80 BI 82 B3 84 B5 B6 B7

10 Above 9~96l Above I 14-7 Above 5O4~625 I I I I I I I I

9 9,375 -9961 ll0 -*114’7 484-÷ 504~625 I I I I ~
.‘ x /

except 1 1 1 1

8 8 750 .9375 lOS -*110 462 —*484 1 I I 0 / / / -.

7 8 125 .8750 100 —* 105 440 —p 462 1 1 0 1 / , /

6 7500 .8125 95 -÷ 100 418 -*440 1 1 (3 0 / .. /

5 6 250 ~7~50O 85 95 374 ~-4l8 1 0 I . .- /

4 5 000 -6250 75 -. 85 330 —.374 1 0 0 ,.- .
~ ,~ ‘~

3 3 750 -
~~ 5’OOO 65 -

~ 75 286 —~33O 0 1 1 .‘ - . 
-
~

1 0
2 1 250 — 3’750 45 -* 65 198 -÷ 286 0 or x x x >~

- x
0 1

Below I ‘250 Below 45 Below 198 0 0 0 ,v .- . - .

means either “1” or “0”.

It is to be noted that since output III 11111 is regarded as an over-range, band 9 is only ~
the width of band 8. Full width together with over-range and under-range capability could
easily be achieved by using less of the available ADC range. If the range of interest was confined
to ~ the dynamic range of the ADC (i.e. 2’5 V) output bits 80 and BI could be used to detect
in-range and out-of-range signals.

When the load pulse (generated at the output of QIC) is true (which occurs for a duration
of about 400 nanosecond at 1000 times per second) a negative going pulse will be generated
on only one of the outputs PC-I to PC-JO which form the inputs to the pre-counters (Sec. 3.2.6).
Hence each pulse on any particular output may be interpreted as an indication that the torque
has had a value between the levels ascribed to the particular output for a time interval of
iotoa second. Totalizing the number of pulses will give the integrated time that the torque falls
within the relevant band.
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lor the hand ranges initially chosen contributions in the over-range hand (hand 10) arc
unlikel~ to occur hut significant contributions will occur in the under-range hand (hand I) .
\~ ith t his arrangement complete co~erage of a ll poss ible torque values is provided so that t he
aggregate of all contributions should be a measure of and. l’or proper system functioning, should
check wi t h operat ing time calculated by ot her means .

l i ght emitting diodes (‘RI to CR6 provide indication of the logic sta tes of t he t~ ur least
significant A l)(’ outputs . t he over-range output and the under-range output.

Ihe ML 2 equi pment makes use of’ a ROM (read onlj  memory) w hich allosv s hand limits
to he selected anyw here within the 256-bit range of the ADC and allow hand limits to be
altered ia the insertion of a newly programmed ROM. A simple extension of the hand
separator to th e arrangement indicated in Section 5 could provide a replacement tor the
circuit used in the Mk. I Anal yser.

3.2.6 l’re-countef and Readout

The circuit of the quad pre-counter is drawn in 1-igure 10. Three such quad pre-counters
incorporated on &I iI1~rent printed circuit boards C Appendix 2) are used. However power supp l y
connections to t he hoard have been arranged in such a way that the two unused pre—count e rs

10 onI~ required) do not draw supply current . As the individual pre-counters arc identical the
operation 0f the one conta ining QI to Q5 and associated components will he considered.

l)ecade counters Q I to Q3 Form a pre—cou nter which has a count capacity of 1000. I-or an
initial dela~ per iod (Sec. 3.2.7) the Reset input is high and inhibits counting ol extraneous pulses 

•

1

at the time power is first applied. Thereafter the Reset input remains low so that counting of
pulses transfi~rred via the appropriate PC output 1:1g. 9) proceeds normall~

Fach time t he st a te of the pre—counter changes from 999 to 000 a negative going pulse.
generated a the pulse generator Containing Q4, is transferred after a short delay to the input
o1 optical isolator Q5 v ia the inverter Q2IC. The isolator output is coupled to the driving circuit
for an associated electromechanical readout (in this case No. I). Both the driving circuit and I - .
the readout arc powered directly from aircraft 2S VDC supply wherea.s the circuil’~ ahead of ’ the
isolator are powered from t he internal supply in the analyser.

When the pulse output is true (i.e. output of inverter Q2lC is low ) the input diode in t h e
optical isolator Q5 conducts thus causing the output transistor in the isolator and the output
dr ive transi stor 1R I to conduct. When TR I conducts current is supplied via the FM (’- Ill and
the F M( -II - outputs to electromechanical readout No. 1. When the output ol’ inverter Q2 I (
reverts to the high state hoth the isolator and the drive transistor revert to the non—c onducting
s late.

It i.~ p~ssihle t haI the output of counter Q3 can remain for long periods in either the Io~
or t he high state. The readouts used (Appendix (.5) are rated for I00 ’~ duty cycle so that correct
counting should occur if the Q3 counter output were directl y coupled to the isolator. h owever
increased current could he drawn from the 28 VDC line and unnecessary heat ing of the readout
coils could result (eac h coil consumes about 3 watt when continuousl y energiied ). I-or thi s
reason it s~ as decided that a constant duration pulse he generated each time a readout is to  he
advanced.

( he pulse generator utiliies a decade counter (SN7490 type ) in a novel confi guration. I ach
time a negat ive transition occurs on one of its inputs an output pulse having a duration equal to
twice t he repetition period of an incoming clock is generated after some delay. \Vilh such a
circu it (repeated 10 times) individual timing components are not needed to sdt output pulse
duration for each readout.

W henever the “I)” output of Q3 switches low Q4 will begin to count cycle s of the incoming
clock (derived from OP CI.K I input) hut after 5 cycles have been counted Q4 v~ ill latch into
t he /ero count state where it will remain until the next time it is reset to the nine stale hs the
pre-counter output. The reset and count state logic sequence for the “clocked” pulse generator
is indicated in th~ following table :

9
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Reset
inputs Counter outputs

Time sequence — — — —
R0

R9 (=A) D C B A

For time pre-counter output is high (i.e. R9 = 1) 1 0 I 0 0 1

Just after R9 reverts to “0” but before first clock pulse 0 0 1 0 0 1

At first clock pulse 0 0 0 0 0 1

At second clock pulse 0 0 0 0 I I

At third clock pulse 0 0 0 1 0 1

At fourth clock pulse 0 0 0 1 1 I

At fifth clock pulse and thereafter till pre-counter
switches high again 0 0 0 0 0 0

____________________________________________ 
Li

For time pre-counter output is high (i.e. R9 1) 1 0 1 0 0 1

As indicated in the above table the C output of Q4 switches high after two OP CIK pulses
have been received since the Rg reset input reverted to the low state (i.e. since the pre-counter ~

. -

state changed from 999 to 000). The C output remains high for two periods of the clock (i.e. for I ~O’2 second), then reverts to the low state in which it remains till the next pulse cycle. The
O~2 second duration pulse generated on the C output is inverted and coupled to the readout
via the optical isolator and driver.

For each secot~d of totalized time that the torque is within a particular band a pulse will be
transferred to the corresponding readout. Hence the readouts register totalized time in seconds
that the torque falls within the limits of the specified band for that readout.

3.2.7 Switch-on Delay Circuit
To prevent erroneous counts being registered in the readouts at the time AC power is first

applied it is desirable that application of 28 VDC to the readouts be delayed somewhat to allow
the regulated outputs ± 15 V and + 5 V to come up to specification. Further it is desirable that
the pre-counters be intially reset to the zero count state so that there is no chance of an output
pulse being transferred to a high torqueband readout at this time. Erroneous I second contri-
butions to Band 10 for instance could be very misleading and cause unnecessary concern.

A delay circuit (Fig. II) powered from the +5 V regulator output is used. Prior to the
application of power , capacitor Cl will be discharged. When AC power is first applied the output
of the +5 V regulator will rise towards its specified value, the output of comparator QI will
switch to the low state, and the outputs of NAND buffers Q2A and Q28 will switch high.
Under these conditions relay K I will not be energized.

After a delay period O~7 (CIXRI) second approximately (where Cl is expressed in micro-
farad and RI in megohm) the output of comparator QI will revert to and be maintained there-
after at the high state. As a consequence the output of buffer Q2B will switch low and relay K 1
will be energized thus connecting 28 VDC to t he readout circuits. For the present circuit the
delay is set to 3 seconds approximately.

Buffer output Q2A is used to initially reset all pre-counters to the zero count state.
Diode CR1 allows capacitor CI to rapidly discharge through the circuits loading the + 5  V

regulator when 115 VAC power is switched off. In that way relay K I drops out rapidly and
erroneous additional counts on the readouts are prevented.

- - ,-, .. -



4. PF ;R FO R \I AN ( F: OF LOAD SPECTRUM INDICATOR

The transducers (Sec. 3. 1) are designed for use in an airborne environment and they have
per formed quite satisfactoril y in the two installations presentl y acquiring data during flight.
Floweser some shift s (which rendered a new calibration necessary) were noted in one transducer
alter about Si’. mont hs operation.

At an ear ly development stage the performance of the electromechanical readouts was
checked to establish their suitability with respect to vibration and steady acceleration.

Readouts installed in the final housing (“hard” mounted ) were checked over the frequency
range 5 to ISO Hz with an applied vibration velocity level of 89 mm,’. and a sweep rate of

~ 
octase per minute ( DEF (AUST) 247 Specification for equipment to be installed in helicopters).

When tested in each of three mutually perpendicular directions the readouts counted correctly.
No mall’unct ioning of the readouts occurred when they were subject to a static acceleration

of oG Ic. el in any of three mutually perpendicular directions.
The perlormance of each Torque Analyser was carefully monitored during their respective

initial tcst flights. To check whether the electromechanical readouts performed correctl , in the
flight en’. ironment a separate electronic counter with solid state (light emitting diode) disp lay
‘.vas used to count “seconds ” as generated by the internal timing of the analyser. A flight test /
last ing about 70 minutes was performed on the first analyser and one lasting about 145 minutes
‘.5 as pert ’ormed on t he second.

Ihe change in the electronic counter reading was compared with the change in the sum of
the electromec hanical counter readings for a period starting soon after alternator power ss’. itch-on
and ending just before alternator power stitch-off. For each analyser the change in the electro-
mec hanical counter readings was about 3 less than the “seconds” count on t he auxiliary electronic
counter. Because the pre-counters (Sec. 3.2.6) are initially reset to zero it is to be expected that
the change in t he electromechanical counter readings will be slightly less than the “seconds”
count hut should not exceed 7 if it is assumed that there is no contribution on the upper three
torque hands. This test proved conclusively t hat the electromechanical readouts performed
without los’. or extraneous addition of counts when operated in the flight environment.

The anal ysers were designed and tested for operation over the temperature range 0 to 55 C.
a range considere d adequate for the present application. Some shift in the analogue amplifier
characteristic with temperature has been observed. Combined zero and sensitivity shift gives
rise to an output var iation within ± 10 ,, of full scale over the temperature range indicated above.
Referred to the input ± l ’~ of full scale is equivalent to ± 3 psi (dynamic range is l98 to 506 psi)
or ±0 7” ,, rated max imum torque. Most of the variations with temperature take place in the
f irst analogue amp lif ier stage (incorporating Q5 of Fig. 6). Tests have shown that the Mk. 2 equip-
ment is less affected by temperature variations.

Most integrated circuits used in the anal~ser’. have specifications guaranteed over the
temperature range 0 to 70C C. However more expensive types with specifications guaranteed over
t he temperature range — 55 to l 2 5~C can be used as direct replacements (of same physical
dimensions) for these.

Crysta l controlled timing frequency (1 MHz nominal) was found to be within 002 ,, of
nominal frequency at 20T and to vary by 0’007” 0 over t he 55CC test temperature range. When
t he anal~sers were flight tested the analyser t iming precision was compared with that of a stop-
watc h for flights of over an hour in the case of each analyser. For both analysers t he reading
ditiered h~ onl~ I second over that period. Such timing accuracy is considered to he more than
adequate .

Osera ll system linearity (readout counter changeover point versus applied pressure) has
been checket 1 using a dead weight pressure calihrator providing 0 2 5  psi resolution over the
pressure range of interest (198 to 506 psi). All changeover points were within 0 2 5  psi ~or 0 06’ ,,
of rated maximum torquemeter pressure (440 psi)] of the theoretical points based o~’ an exact
stra ight line relationship. Linearity of the system of converting torque to the analog~ pressure
ha’. not been investigated.

The torque analyser provides a fairly low noise measuring system. Before the 25 Hi filter
(Sec 1) was incorporated the noise level measured at the ADC input with the transducer
not connected to t he torquemeter pressure line but with aircraft engines operating normall y w a s

about 0 I ’ ,, full scale RMS with the major component at 400 Hz. Following the introduction
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of the filter noise other than that arising from extraneous pressure fluctuations was totally
neg ligible. It was not possible to observe any 130 Hz noise component on the A L~ ~. p~.t at
this stage because of other fluctuations (arising mainly because of genuine torque variation~ .
At 100” ,, torque loading the true signal variations observed at the ADC input typi~ally amount
to 0 3  V or 3” ,, of full scale ADC input.

As mentioned in Section 3.1 a sealed gauge type transducer has been used to measure
torquemeter pressure. In such transducers atmospheric pressure sealed in at the time of manu-
facture is applied to one side of the diaphragm. Thus these transducers tend to act like absolute
transducers. Changes in atmospheric pressure with varying ambient conditions and with altitude
will give rise to some errors in the measurement of pressure since the pressure of interest is
that of the torquemeter relative to atmospheric pressure. In the worst case, say at an altitude
of 3000 m or 10,000 ft the error could be about 4 ’ S psi. Vented gauge types are used in the
Mk. 2 system.

The torque load spectrum indicators (incorporating analyser and transducer) have been
gathering torque load data since July and October 1975 respectively. At the end of each flight
the analyser readings are entered on special data sheets. Pilots also log flying time on these sheets.
Agreement between times logged by pilots and the total change in the electromechanical counter
readings has been noted for all data sheets received to this stage.

Overall performance of the load spectrum indicators installed in Wessex Mk. SIB aircraft
is considered to be satisfactory. Li

5. ANALYSER CIRCUIT IMP ROVEMENTS

Improvements , the chief ones of which are summar ized below, apply for circuits used in
the Mk. 2 equipment :

(i) Incorporation of analogue amplifying system less affected by temperature variations :
(ii) Use of a dual purpose band separator which will not only allow the integrated time in fseconds for which torque falls within specified bands to be indicated, but alternatively

the total number of level exceedances or fatigue cycles which have occurred (if an
alternative link is used on the band separator circuit);

(iii) Use of a versatile pre-counter in which counting for all bands is done using a single
counter utilized on a time shared basis;

(iv) Overall reduction in the number of components and the number of printed circuit
- - boards (reduced from six to four).

lnterwiring changes were necessary for the Mk. 2 equipment.
One very simple modification which could be used as a direct replacement for the Mk. I

band separator w ith no interwiring changes is drawn in Figure 12. A suitably programmed
plug-in ROM (read only memory) is used to define the changeover points for each torqueband.
The 8-bit ADC output is used as the address input to the ROM which allows 256 4-bit memory
locations to be accessed. Addresses 0 through 9 (for torqueband counters I to 10) are stored in
batches of the 4-bit memory locations so as to define the limits for each torqueband. With this
form of band separator the particular program summarized in the following table would yield
a torqueband distribution similar to the one used at present (Sec . 3.2.5):

12
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Range of ROM Memory
Equivalent Torque Range Torqueband “K” Locations “V  ‘in which

Address K is Programmed

Above 115” ,, X =  10 254 ~ V ~ 255
110 - 115° ,, K = 9 236 ~ V ~ 253
lOS 110” ,, K = 8 218 ~ V ~ 235
100 l05° ,, K = 7 200 s~ V ~ 2 17
95 100” ,, X = 6 182 ~ V ~ 199
85 - 95” ,, X =  5 146 ~ V ~ 181
75 - 85° ,, K = 4 110 ~ V ~ 145
65 -75” ,, K = 3 74 ~ V ~ 109
45 -65 ” ,, K = 2 2 ~ V ~ 73
Below 45” ,, K = 1 0 ~ 

y 
~ I

To set up the system for the torque ranges indicated in the above table zero and sensitivity
adjustments in the analogue amplifier would have to be performed.

Any new set of torqueband limits could be introduced simply by plugging in a new ROM
with suitable programme. Band changeover points could be located anywhere in the range of
interest but with maximum resolution of about 0 4 ° ,, (equivalent to I in 250 bits).

In applications other than that described in this report the transducer characteristic may
have significant non-linearity. With this band separator the overall linearity may be improved
to ±0’4° ,, of full scale by suitably programming the ROM according to the known calibration
characteristic.

BCD to decimal decoder Q4 provides a 10-line output for use with the pre-counters
(Sec. 3.2.6).

Component count for the band separator is three intergated circuit devices, one ADC and
minor components. This represents quite a saving relative to the band separator circuit of
Figure 9.

6. CALIBRATION AND TEST PROCEDURES
6.1 General

Although only two analysers have been put into service appropriate modifications (a special
pressure fitting for the transducer and incorporation of additional wiring) have been performed
on a number of Wessex Mk. 3IB aircraft to allow fitment of analyser and transducer.
Analysers and associated transducers are transferred from one aircraft to another from time to
t ime in a way which tends to maximize the amount of torque load data collected. Whenever an
analyser and transducer are transferred to a different aircraft a functional checkout is performed
on the system.

To facilitate the performance of a functional check on the analyser, and also on the trans-
ducer to a limited extent , a Torque Analyser Function Tester (TAFT) described in detail in
Section 6.3 has been made at these laboratories.

System calibration requires the use of a dead weight pressure calibrator capable of applying
pressures in the range 198 to 506 psi (for the original torqueband allocation). Pressure resolution
over t he range must be at least I psi.

Convenient checkout of the system calibration can be performed periodically (without the
need to apply pressure to the transducer) using a Torque Analyser Calibration Tester (TACT)
described in detail in Sect ion 6.4. This unit is matched to the previous system pressure calibration
and indicates in I psi increments in the range ± ~ psi any departure from the previous calibration.

Because function and calibration testing with TAFT and TACT respectively are normally
performed with the equipment in situ in the aircraft with engines off (i.e. no alternator power
available for the Torque Analyser) an auxiliary supply is essential for ground testing. For
convenience a portable static inverter power supply (Sec. 6.2) powered from 28 VDC (nominal)
has been produced for this purpose.
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6.2 Static Inverte r Power Supply

The Torque Analysers require both 115 VAC (57 to 440 Hz) and 28 VDC. Normally
115 VAC 400 Hz is obtained from the transmission driven alternator. No current is drawn
from the 28 VDC line until 115 VAC is applied.

To allow the analysers to be operated during ground checks (when the alternator is not
driven) a static inverter power supply (Fig. 13) providing 115 VAC 400 Hz output is used.
The input requirement for this supply is 22 to 30 VDC at about 2 ’S A (when loaded with an
ana lyser). The supply is interposed (Fig. 14) between the analyser power input cable and the
mating receptacle on the analyser.

Power for the analysers during ground checks is drawn from aircraft DC supply boosted
either from a mains rectifier supply or engine driven mobile generator. Operation from aircraft
battery is not recommended because the combined effect of low battery voltage and drops in
the aircraft power wiring may cause the analyser to malfunction because of inadequate supply
voltage.

Aircraft supplies boosted by a mains rectifier or engine driven generator (mobile type)
exhibit a fair amount of ripple and noise. To reduce the effect of these, a filter (Fig. 14) has been
incorporated in the inverter supply. With full load current (about 2 ’S A) flowing through the
filter the resulting output ripple is normally less than 1 V peak to peak.

La

6.3 Torque Analyser Function Tester

To perform a function check using the tester:
(i) the transducer must be connected in the normal manner;
(ii) pressure must not be applied to the transducer (i.e. engines would normally be off).
Power is applied to the analyser using the static inverter power supply in the configuration

depicted in Figure 14. The Torque Analyser Function Tester (Fig. IS) is interposed (Fig. 16)
between the transducer output cable and the mating receptacle on the analyser.

The tester applies a shunt resistance across one arm of the strain gauge bridge incorporated - -

in the transducer. The value of shunt resistance is switch selectable (Fig. 17) and arranged to - -

simulate input pressures which fall within each torqueband (I to 10). Shunt resistors are mounted
on a plug-in printed circuit card accessible when the bottom cover is removed from the tester.
Because the characteristics of the two transducers at present used are similar the same plug-in
card can be used to functionally check both analyser installations. Initially the shunt resistors
have been chosen to check the pressure ranges indicated in the following table, If the pressure
ranges are changed at some future date from those tabulated a new function tester card will
be required.

Setting of Torqueband Equivalent Pressure
Band Switch Checked Range (psi)

0 I Ext. Shunt Posn.
I Below 198

2 2 198—286
3 3 286—330
4 4 330—374
5 5 374—418
6 6 418—440
7 7 440—462
8 8 462-484
9 9 484—504’6

10 10 Above 504 6

The tester case should not touch aircraft frame (hence the reason for using insulating feet)

- 
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when the tester is in use. Isolation from aircraft frame is merely to reduce ground loop noise
and no damage will result if the tester case is electrically connected to aircraft frame.

The Function Tester checks that:
(i) the transducer strain gauge bridge is intact;
(ii) all circuits and all readout counters in the analyser are functional.

The Function Tester does not check that pressure applied to the transducer produces an
equivalent strain. To functionally check the complete system some test pressures would have
to be applied with the engines running or alternatively a system pressure calibration using a
dead weight tester could be performed. Checkout with pressure applied is not required for
routine functional checks.

For convenience in the performance of more detailed checks the transducer excitation and
the transducer output are brought out on terminals and connector respectively. With the thumb-
wheel switch set to position 0 the bridge output may be controlled by an external shunt connected
via the EXT SHUNT connector.

6.4 Torque Analyser Calibration Tester
The Torque Analyser Calibration Tester (Fig. 18) applies a shunt resistance across one arm

of the strain gauge bridge incorporated in the transducer. The value of shunt resistance is switch
selectable and accurately trimmed, at the time of the previous system pressure calibration, to
simulate torqueband changeover (i.e. Band 1—2 to Band 9— 10) pressures. In addition top panel p1
mounted pushbuttons allow the equivalent applied pressure to be changed in increments of
I psi in the range ±7 psi relative to the calibration pressure. Complete circuit details of the
calibration tester are given in Figure 19.

Precision fixed resistors and trimming potentiometers (one for each band changeover) are
mounted on a plug-in printed circuit board, A separate board is required for each transducer
and any change in band changeover pressures would necessitate a change in the resistance
components on the board. I- ~

Primari ly the calibration tester is designed to pro vide a very simple method of checking F-
how accurately the calibration is maintained over long periods. The pressure to strain relationship I - 

-

for the transducer is not checked, but any changes in the bridge characteristics or in the circuit
components in the Torque Analyser will be immediately apparent if such changes give rise to
variation in the calibration characteristic.

To perform a calibration check using the tester:
(i) the transducer must be connected in the normal manner;
(ii) pressure must not be applied to the transducer (i.e. engines would normally be off

when the calibration is checked with the equipment installed in the aircraft).
Power is app lied to the analyser using the static inverter power supply in the configuration

depicted in Figure 14. The calibration tester is interposed between the transducer output cable
and the mating receptacle on the analyser.

To perform a calibration check the toggle switch on the top panel is turned “ON”. The
“OFF” position allows an external shunt to be applied via the EXT SHUNT connector without
any parallel resistance being applied by the tester. TDR EXCIT and TDR OUTPUT con-
nectors allow the excitation and the transducer output respectively to be monitored if desired.

With all six INCR pushbuttons on the top panel in their normal (not depressed) state the
tester produces an output equal to that which would be obtained if the equivalent band change-
over pressures (indicated in the following table as a function of SELECTOR switch position)
were applied to the transducer.

I S



Selector Switch Torqueband Equiv. Pressure
Position Changeover Calibration (psi)

0 Not Applicable 7
I 1—2 198
2 2—3 286
3 3—4 330
4 4—5 374
5 5—6 418
6 6-7 440
7 7—8 462
8 8—9 484
9 9-10 504’6

The checkout procedure is best illustrated with the aid of an examp le. Assume the 5-6
torqueband changeover is to be checked in relation to the previous pressure calibration. Selector
switch position 5 is first chosen. Assume that with no buttons depressed output is obtained only
on the band S readout. It follows that the actual changeover pressure must be higher than the
calibration pressure. Positive INCR pushbuttons, starting at -1- I, are depressed until an output
is obta ined only on the band 6 readout. If an output is obtained only on the band 5 readout
w hen the . 2 pushbutton is depressed and only on the band 6 readout when the I and 2
pushbuttons are simultaneously depressed it may be concluded that the calibration has shifted
between 2 and 3 psi. All remaining ban d changeovers may be similarly checked. . -

The tester case should not touch aircraft frame (hence the reason for the insulating strips -~ -

on the base) when the tester is in use. Isolation from aircraft frame is merely to reduce ground
1oop noise and no damage will result if the tester case is electrically connected to aircraft frame.

A flexible printed circuit layout allows the value of transducer shunt resistance to be con-
veniently set to provide the required outputs. Each shunt resistance (Fig. $9) may utilize a series
or a parallel combination of fixed resistors. The transducer manufacturer indica tes the shunt
resistance value which produces a bridge output equal to 80% of full range pressure.

Define P(~ -~ 8O°~, pressure (400 psi for the transducer used)

= 80° ,, shunt calibration resistance

P arbitrary pressure
R.5 = value of shunt resistance having same effect as the application of pressure P.

R.5 may be calculated from:

400R.5 R~c

The transduce r associated with the first analyser commissioned had a value of R~e equal
to 27 98 kilohm (k). For that transducer the resistance values (where RI for instance represents
the total shunt resistance presented between pin 18 and IS of J6 (Fig. 19) and thus includes the
effect of RI -1 , RI 2 and RI - 3. and so on for R2 etc.) given in the following table apply :

16 
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Selector INCR Equiv. Total Shunt Resistance
Sw itch Buttons Pressure

Position Depressed (psi) Legend Value
(Fig. 19) (k)

0 2, 4 I RI 1 11 9 2
0 l , — 4 2 R2 5596
0 2, - 2  4 R3 2798

NIL 198 R4 56 53
2 NIL 286 R5 39 .13
3 NIL 330 R6 33 92
4 NIL 374 R7 29 93
5 NIL 418 R8 26’78
6 N I L  440 R9 25 44
7 NIL 462 RIO 24’23
8 NIL 484 RIl 23’12
9 NIL 504 625 Rl2 22’l8

Rl3 Open Circuit
O - -  I, 2. 4, 4 4 Rl4 2798 La -

O —1 . 2. —4 , 2 2 R15 5596
0 - - - I, 2. — 4 , I I R I 6 1 119 2

6.5 Pressure Calibration

Comp lete s~stem checkout and recalibration is best done with the aid of a dead weight
pressure calibrator providing pressure inputs in the range 198 to 506 psi (for initial torqueband
settings) adjustable in increments of 1 psi. Although the recalibration may be performed with
t he equipment installed in the aircraf t, but with the transducer disconnected from the aircraft
torquemeter pressure line , it is normall y more convenient to take the analyser and transducer
to t he pressure calibration facility. The configuration indicated in Figure 20 has been used fo r
reca libration at the Australian Naval Air Station at Nowra. Cable CBL-l is made the same type
and length as the aircraft wiring and therefore minimizes any errors due to different transducer
cables. In any case the interposing of the aircraft wiring between the transducer and the analyser
produces a change equivalent to less than I psi or 0~2° ,, of transducer full scale pressure.

Recalibration normally involves the trimming of the two potentiometers in the analyser and
the nine potentiometers in the calibration tester. A recalibration is recommended if:

( i) The shift in calibration of any band changeover point , as indicated by a test using the
ca libration tester (Sec. 6.4) amounts to 5 psi or more after the analyser ha s been
sw itched on for at least 30 minutes.

(ii) Six months have elapsed since the previous calibration was performed;
(iii) The transducer is replaced for any reason:
( iv) The torqueband limits are changed for any reason.
If (iii) or (iv) applies modification to the pre-amplifier board in the analyser and to the

ca libration tester plug-in board will probably be required.
The analyser may be powered (Fig. 20) from the static inverter supply which requires

28 VDC (nominal) input at about 2’S A.
A recalibration involves the following steps:
(i ) Ambient pressure is noted for future reference (any changes in ambient pressure will

give rise to variations in the system calibration because the transducer ii~ a “sealed
gauge” type).

( ii) The transducer output voltage is recorded for two extremes of applied pressure (normally
198 and 484 psi which represent the band 1—2 and band 8-9 changeover pressures
respect ively for the initial band allocation).

(iii) The potentiometers in the calibration tester are adjusted to match the calibration of (ii)
at the selected points. Intermediate changeover pressures are simulated after adjustment

17
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of the remaining potentiometers in the tester to provide outputs which lie on a straight
line between the two calibration points above. If V1 and V8 are defined as the transducer
outputs corresponding to th~ calibration pressures P1 and P8 respectively, then the
potentiometers in the calibration tester are adjusted, with no pressure applied to the
transducer, to provide an output V to simulate a changeover pressure P according to
the following relationship:

VT V1 V8 — Vi
P — P 1 

— 

P8 — Pt

v — 
Vs (P — Pi) + V1(P8 — P)

— 

Ps—P1

(iv) The analyser is adjusted to match the calibration tester at two points, normally the
band 1-2 and band 8—9 changeovers (selector switch positions 1 and 8 on the tester).
Potentiometers “Z” and “G” (“zero” and “gain”), accessible with the top cover
removed from the analyser, are adjusted such that equal rate outputs (about I count
every 2 seconds in each case) occurs on readouts 1 and 2 at the band 1—2 changeover
and on readouts 8 and 9 at the band 8—9 changeover. As both changeover points vary
with the adjustment of both potentiometers a progressive adjustment and re-checking
procedure is required. The C potentiometer has more effect on the 8—9 changeover
setting than the 1—2 setting.

7. SUMMARY OF EXPERIMENTAL RESULTS

(a) A simple system of indicating totalized time that torque loading falls within each of a
number of specified bands is described. - 

-

(b) Load sensing is via a single transducer and only two adjustments are necessary in setting
up the equipment. 1~•

(c) By using under-range and over-range indication the sum of the totalized times for each
band should equal aircraft operating time, a characteristic which allows a simple form of cross - 

-

checking. 
- 

-

(d) An ancillary functional check unit allows the system installed in an aircraft to be
rap idly checked periodically.

(e) Two sets of equipment which have been installed in helicopters have been successfully
used to gather torque load data on a major transmission component.

18
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APPENDICES

1. COMPONENT USTS

The following tables list the components used in the circuits described in the text. Com-
ponents 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 CR
Integrated or hybrid circuit Q
Test Socket TS
Power Supply PS
Electromechanical counter EMC
Chassis mounted plug or socket J
Transistor TR
Crystal XL
Relay K
Card extractor handle CEH

The number following the letter prefix identifies the particular component of the spxitIed
cI ass .

Resistance and capitance values given in the component lists (and also marked on the
circuit diagrams) are given respectively in unit of ohm and picofarad (where K = 10~ and t
M = 106 multiplication factors). Thus a capacitance value designated 10 K means 10,000
picofarad and a capacitance designated 6’8 M means 6~8.I0~ picofarad or 6’8 microfarad.



width of the bands may be increased in integral increments of *of the range of interest. Dotted

-
~~~~~~~~ 

4

1.1 Components for ( luc k and Pre -anip Board

legend Value I)e’.cnption

RI 33 K Res istor . Iixed . glass - tin ox ide. st~ Ie RFG5, Electros il
R2 IS K -\ .~ or R I
R3 4 - 7  K A .. (or RI
R4 3 3 K  As for RI
R5 4 - 7 K  - \ .. or RI
R6 IS K As for RI
R7 3 3  K As for RI

-\~ or RI
R9 500 Resistor , var iable. w irewound , Bourns 3059L.

RIO Value of RIO . R I  I to he about 54 K for initial torque
s Ctt i f lg s, to he selecte d to give required adjustment , t~ pe

RI I as or RI
RI 2 Value of RI 2 - - R 14 to be about 28 K for initial torque ‘ 

-

set t n~!... to he selected to gise required gain , type as
or RI

R13 200 -\.. for R9 ~j .

R14 See note under R12
RIS 1 - 2 K  - -\s f o r R l
RIo 4~) - 5  K Resistor , fixed. RNSS MIL equiv .. -~- 25 ppm (~
R17 4 7  K A ’ fo rR l
Rl~ I - 2  K -\ .. (or RI
R19 27 K As for RI
R20 -2  M Resistor , f ixed. Phili ps CR 25
R21 2 - 7  M As for R20

(‘I 2 - 2  \l Capac ito r . f ixed . e lectrol~ iic. tanta lum. Sprague CSI3 .
- 35 \

_

~~~

( 2 00 Capacitor . ti~ed. phenolic dipped ceramic , Vitramon
\ K23BW series

(3 10 M -\s  for ( I
(4  2 - 2  \1 A s  for ( 1  p
( 5  I 22(1 - A s  for (2
(
~
6 0 M A s t’or ( 1

( 7  I -\.. for ( 1
(‘8 I -\ ,  or ( 1

\a lue  to be selccicd to provide requisite f ilter character-
(9 is t ic .  for R 12 3 - 9  K and R14 = 24K required C is *

a boul 4 - 2 \l. use type as for CI in “back-to-hack”
connection

(‘10 100 K I ( apac itor . tixed . phenolic di pped ceramic . Vitramon
\ K33BW series

CII 27 As for ( 2
C12 470 K  .As for ( IO
CI3 470 K As for ( 10
C14 100 K As for (‘ It)
ClS I \s  for ( 1
C16 10 As f o r ( 2
Cl 7 10 As for (2
C18 lOO K A s for (10
C19 lOO K As for ( 10
C20 lOO K A s I ’or ( lO



sceonu. ioaiizing ne numoer 01 puises wit i give tne integratea time that the torque tai ls
wit hin the relevant band.

S

- . --- - - -  _ _ _ _ _ _ _ _  _____

Legend Value Description

(‘RI Diode, reference, temperature compensated, LM 113 ,
I ‘220 V

CR2 As for CR1
CR3 Diode, Zener, 12 volt, 1N4742

TRI Junction FET, P-channel, 2N4360
TR2 Junction FET, N-channel, 2N3819

QI Integrated circuit, positive rep’ulator , LM3O9H
Q2 integrated circuit , operational amplifier . LM3O8H
Q3 Integrated circuit , negative regulator , LM32OH
Q4 As for Q3
Q5 Integrated circuit, instrumentation amplifier, LHOO36CG
Q6 As for Q3
Q7 Integrated circuit , MOS counter time base circuit ,

MK5009P
Q8 Integrated circuit, decade counter, SN7490N
Q9 integrated circuit , decade counter, SN7490N

XLI Crystal , I MHz, HyQ

TSI Test socket , white, Amp Part No. 3-582118-9
TSI Test socket, red, Am p Part No. 3-582118-2
TS3 Test socket black, Amp Part No. 3-582118-0 

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



1.2 Components for Torque Band Separator Board

Legend Value Description

R I  470 Resistor, fixed , glass—tin—oxide , style RFG-5, Electrosil
R2 470 As forR l
R3 10K As forR l
R4 10K As forR l
R5 270 As forR l
R6 10K As fo rR l
R7 10K As forRi
R8 270 As forRi
R9 10K As forR I

RIO 10K As forRl
RIl 270 As forR l
R12 10K As forR l
R13 10K As forR l
Rl4 270 As for RI ‘ -

Rl5 10K As for Rl
R16 10K As for RI
R17 270 As for RI ‘

R18 10K As for Rl
R19 10K As fo rRl
R20 270 As for RI —

(‘I 820 Capacitor, fixed, phenolic di pped ceramic, Vitramon ~
‘

VK23BW series
(‘2 820 As for Cl
C3 ISO K Capacitor, fixed , phenolic dipped ceramic, Vitramon

VK33 BW series
C4 150 K As forC3

CR1 - CR6 Diode, ligh t emitting, Dia light Corp. Type 521-9167

TRI - TR6 Transistor, sili con, NPN , 2N3646

QI Integrated circuit, hex inverter, SN7404N
Q2 Analogue to digital converter, 8-bit , Datel EH8B-l
Q3 Integrated circuit , quad latch SN7475N
Q4 Integrated circuit, dual 4-input NAND ga te, SN7420N
Q5 Integrated circuit, quad 2-input NOR ga te, SN7402N
Q6 Integrated circuit , 4-line to 16-line decoder, SN74154N
Q7 As for Q5

Q8 QI I Integrated circuit , quad 2-input NAND gate open col-
lector SN7409N

QI2 - Q l3  As for Q5

TSI - TSI6 Terminal sockets , Oxley twin pad
TSI7 - TS25 Terminal sockets, Oxley single pad

~

-

~

-‘.--..- -- - -

~

--

~ 

- — - — .- —-~~~~~~ -- -



1.3 Components for Quad Pie-counter Board

legend Value Description

RI ISO Resistor, fixed, glass—tin--oxide , sty le RFG5, Electrosil
R2 4~7K As forR l
R3 2 ’ 7K  As forR l
R4 1 2 K  As forRi
R5 1 2 K  As forR l
Rh 33 As fo rRi
R7 180 As for RI
R8 4 ’ 7 K  As forR l
R9 2 ’ 7K  As fo rR l

RIO 1 2 K  As fo rR l
Rll  1 2 K  A s f o r R l
RI2 33 As fo rR l
R13 180 As fo rR l
Rl4 4 ’ 7K  As fo rR l
R15 2 ’7  K As for RI
RIb 1 2 K  As fo rR l  :
Rl7 1 2 K  As fo rR l
RI8 33 As for RI ‘ ‘

R19 180 As for RI
R20 4 7 K  As forR l
R2l 2”/ K As forR l
R22 1 2 K  As forR l
R23 1 2 K  As fo rR l
R24 33 As b r  RI

(‘I . (‘6 150 K Capacitor, fixed, phenolic dipped ceramic, Vitramon
VK33BW series

QI Q4 Integrated circuit , decade counter, SN7490N
Q5 Integrated circuit , optical isolator , Hewlett Packard

5082-4350
Qh ~Q9 As forQ l 1’l

QI0 As for Q5
Qll -Q 14 As forQ l

Ql5 As Ior Q5
Q16 ~QI9 As forQl

Q20 As for QS

(‘RI . CR4 Diode, silicon , 0A202

TRI TR4 Transistor , silicon, NPN, 2N2 102



1.4 Components for Switch-on Delay Circuit Board

Legend Value Description

RI 100 K Resistor, fixed, glass—tin—oxide, sty le RFG-5, Electrosil
R2 10K As for Rl
R3 10K As forRl
R4 4 ’7K As forR l

Cl 47 M Capacitor, fixed, electrolytic, tantalum, Sprague CS 13,
35 VW

CR1 Diode, silicon, 0A202
CR2 Diode, silicon, I N4007
CR3 As for CR1

QI Integrated circuit, voltage comparator, LM3I ID , NS
Q2 Integrated circuit, quad 2-input NAND buffer, SN7437N

KI Relay, Magnecraft WI I8DIP- I

1.5 Components for Ma in Frame

Legend Description

PSI Power supply, AC to DC converter, +15 V and —1 5 V regulated
outputs, Tecnetics MR-2150-5

PS2 Power supply, AC to DC converter, + 5 V regulated output, Tecnetics
MR-lO5O- 8 - 

-

EMCI to EMCIO Electromechanical counter, impulse type, 6 digit, Uengstler 0 402 165
with socket

i t  Plug, chassis mounting type, Cannon KPTOOAIO-6P (F152)
J2 Socket, chassis mounting type, Cannon KPTOOAIO-6S (F152)

.13 to 19 Connector, printed circuit edge mounting type, double sided, 22 pins
per side, Elco 00-6007-044-980-003



r - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
—

2. I NTERW I RI NG DETAILS

Details of alt interwiring within the Mk. I Torque Analyser are given in this section ,
A summary of the connectors together with their application is given in the following table.

Details on the types of connectors (referred to in this section) are given in Appendix 1.5.

Connector Location Application

ii Rear panel Aircraft input power (115 VAC and 28 VDC) connector
.12 Rear panel Transducer input/output connector
J3 Internal chassis Clock and pre-amp board edge connector
J4 Internal chassis Spare
.15 Internal chassis Torque band separator board edge connector
16 Internal chassis Quad pre-counter (for bands 9 and 10) board edge

connector
J7 Internal chassis Quad pre-countcr (for bands 5 to 8) board edge con-

nector
18 Internal chassis Switch-on delay board edge connector
J9 Internal chasvis Quad pre-counter (for bands I to 4) board edge con-

nector

Details of the interconnections within the analyser are given in the following table ;

‘I
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FIG. 15 TORQUE ANALYSER FUNCTION TESTER
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