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SUMMARY

A technioue 1s prescnted for using Miller recording equipment
to obtain statistical data on flight loads, The technigue includes
modifying the eguigment and taking sample records of the flight loads.

Considerable labour zs required to extract statistical data
from the records, and Miller recording equipment should aaly be used
until more sultable equipment has been developed,
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1 Introduction

In 1946 the Mechanics Committee A.R.C. noted the scarcity of
flight load utatlsflca and recommended the immediate collection of
statistical data’s2, Until more swteble equipment should become
available a multi-channcl recording oscillograph was to be used, the
equipment to be operated by a irained observer over standard airline
routes,

in 197 some trial flights were made in a Lancaster, The purpose
of the flights was to develop a technique of measurement using Miller
multi-chamel oscaillograph recording cquipment.

&n account of these testi flights and of the technigue developed
ig given in tmys repori. The technigue ancludes modafications to the
equipment, and methods of calibration and sampling for use in flight.
The analysis of the records i1ig also discussed,

2 Equipment and installation

A brief account of the Miller recording equipment and of the
accelerometer and strain gauge pick-ups s given in Appendix I; further
detarls are to be found in a paper by Bennett,Richards and Voss?, In
order to carry out the prescnt work it was necessary to make a number
of modifications to the equipment both before and during the flight
tests, The purpose of thesc modafications was to render equipment
normally used to measure accelerataons up to + 12g over short periods
of time suitable for measurement of small strains and accclerations
(normally less than + 1g) over a long period of time, A last of the
modifications 1s given in Appendix T.

Notes on the installation of the Miller equipment and of the
accelerometer and strain gauge pick-ups are also given in Appendix I.
Particular care was taken to waterprool the strarn gauges in order to
reduce draft as much as possible, but because of the long periods of
tame over which strains wers recorded, drift produced appreciable errors,

3 Description of flight tcats

BEaghteen flight bests were mede. MMost of them were made to test
ithe modifications to the equapment and, owing to a long period of
unservicecability of the aircraft, only a shert time was available for
{the devclopment of a suateble {iechruque. The detalls gre given in
Appendax IT, 2 summary of which is given below.

. The first six Llight tesis were concerned with the elimination

of faults due to the use of & much slower speed for ihe recording paper
than the standard, (I inch/second instcod of 5 inch/sceond), and with
the adaptation of Statham typu accelerometers for use with Miller
recording cquipment. The seventh {light was of long dwrnticn (3% hours)
and the records showed considerable drif't in the mean wvalues of the
accelerations and gtrains. The eighth to fifteenth £1lights were
concerned with the testing of further modifications made to the Statham
accelercmeters and with the use of a faster speed (1 anch/second) for
the recording paper. Analysis of the rccords obtained an thesze flights
showed an unsatisfactory amount of drift and variation in sensitivaty.
It was nt this stage that the aircraft became unserviceable for three
months and only three more flight tests could be fitéed in. OF thesme
the sixtecenth flight was short and made to test the functioning of the
equipment after tho long period of unservaiceabrlity, and the last two
flights were a 32 hours flight to study the calibration of the strain
gauges and a 6 hour cross-country flight to make a final check on the
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complete unit. The drift and variation of sensitivity still remained
appreciable and special measures for determining the sensitivity in
flight and correcting for drift in the analysis are described in
Appendices III and V.

4 Technique of recording flight loads

k.1 Calibration of pick-ups and recording equipment

The Lancaster test flights chowed that reliable results could
not be obtained if leaboratory calibrations made prior to the test
flights were used to interpret the measurements made in flight. For
this reason methods of calibrating both equipment and pick-ups in
flight were devised, A detailed description of the methods is given
in Appendix ITI.

L,2 Limitation on the frequency of loads to be measured

Williams1 has divided repeated loads into three types:-

(1) Very large loads of the order of half the ultimate load produced
by exceptionally rough air conditions.

(ii) Smeller loads that are constantly but intermittently met under
slightly bumpy air conditions.

(111) Still gmeller loads produced by rescnance of the structure under
the forcing frequencies of engine Or airscrew.

In the trial tests on the Lancaster attention was focussed on the
development of a technique for messuring loads of the second type. The
accelerations associated with the third type although large produce
little load in the main wing structure because of their high frequerncy.
These accelerations were eliminated from the records since they would
have obscured them. The absence of any measurable high frequency varia-
tion i1n the records of strain in the main spars confirms the smallness
of the loads in tho main wing structure associated with the high fre-
quency accelerations. Electrical damping was used to cut out the high
frequency accelerations, The amount of damping finally selected gave
55% of full response at 10 c.p.s. Above this frequency the response
fell off rapidly, about 33% of full response being obtained at 30 c.p.s.

4,3 Technigue of sampling

In recording accelerations and strains in a series of flights
designed to provide statistical data on flight loads, it is necessary,
if the recording 1o not to be continuous, to decide at what times
durang the flight records are to be taken. The early trials on the
Lancaster showed that the speed of the recording paper could not be
gufficiently reduced to make continuous recording a prectical proposi-
tron, (except for a very small number of flying hours). For this reason
it was necegsary to resort to a sampling procedure. Such a procedure
hag the daisadvantage of introducing e greater margain of error in
estimating the frequency of occurrence of high loads which only occur
infrequently, However, little accuracy is logt in estimating the lower
and more freguently cccurring losds and 1t 1s probable that, even if
recording was not limited to samples, the records would still reguire
sampling during analysisa.

During the test flights it became clear that the variation in

the magnitude of the repeated loads along the flight path tended to lie
in the same range for considerable periods of time making it possible
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Tor the experienced obscrver to vary the frequency of sampling with the
severity of the loads encountered. In this way 2 limited amount of
recording paper could be used more efficiently, and statistical data
on the frequency of cccurrence of {the higher loads could be obtained
with a smaller margin of error than if the frequency of sampling were
kept censtant,

Suggested frequencies of sampling and a list of the observations
to be logged at the time of sampling are given in Appendix IV.

5 + Analysis of the records

Miller records of acceleration and strain in flight contain a
great deal of information, but not in a statistical form, and congiderable
labour is involved in extracting such infommation from the records. The
statistical data contained in the records can be classified under two
headings: -

(1) Data particular to the aircraft in which the measurements are taken
showing the effect of flexibility on the distribution of the loads
induced in the structure: (this does not include the effect of
flexitoility on the external air loeds and hence on the induced
internal loads),

(ii) Data of a more general application on the megnitude and frequency
of the gusts and other leoads encountered,

Of these, (i) are probably the more important and form the usual
obgectave of measuring loads encountered in flight5: 6,7, Information
under heading (1) can be obtained duirectly from the strains and accelera-
tions measured at various stations on ihe aircrafi (see Fig.?), hut that
under heading (ii) must be deraved from the measured response of the
airereft. Methods of determining the accecleration of the centre of
gravity of the sireraft for the purpose of catimating the magnitude of
the equivalent gusts encouniersd by the aircraft are desgeribed in
Appendix V.

Whether statistical information iz reguired under headings (i)
or (ii) it is necessary to make a count of strains and accelerations
according to & scheme of classification. The form and scope of the
count adopted for a particular series of flights depends on the type
of data required and the effort available for analysing the records.
If special cquapment s built the form in which the count is made may
be partly determined by the operations which it can conveniently be
degigned to perform. For the pwrpose of framing fatigue tests in the
laboratory a useful form of count i1s that in which the peaks are
counted in bands and clagpified according to the range between each
peak and its adjacent troughs, In analysing a large number of records
the lgbour ainvelved in counting peaks and ranges is very great, and it
may be found necessary to restrict the full count to a limited number
of representative records, counting only peaks for the remaining records.

An account of the preliminary work necessary before making a count
(c.g. the determination of the seale of deflection and position of the
base line) and a detailed description of methods of counting, including
o description of a 'grid analyser' designed to assist in analysing the
records, are gaven an Appendices V and VI,

6 Gonclusions
Flight tests in a Lancastsr show that Miller equipment can be

modified to record strains and accelerations from which staetistical data
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on flight loads can be obtained, The use of Miller equipment inwvolves
special technicues for calibrating the equipment in flight, eliminating
unwanted accelerations assoclated with engine vibrations, and limiting
the amount of recording paper by a sampling procedure in which the
frequency of sampling 1s adjusted to the degree of turbulence encountered,

From the records of strain and acceleration thus obtained statistical
data on the magnitude and frequency of the applied gusts and manoceuvre
loads and on the distribution of the internal loads can be extracted,
A useful form an which to present the information is that of a count
of peak accelerations or strains classified in bands and according to
the associated range between each peak and 1ts adjacent troughs, An
analysis in this form anvolves considerable labour, & simpler method
consists of gountiang peaks (or thresholds crossed) classified only
according to magnitulde. It i3 aan advantage if this suimple count can
be correlated with the mare complicated count since alone it does not
provide all the information necessary for framing fatigue tests in the
laboratory,

The use of Miller equrpgment to obtain statistical information on
flight loads is to be regarded as an interim measure until more suitable
equarment has been developed,
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ADPPENDIX I

Modification and Installation of Equipment

Degeripticn of equipment

(1)  Miller recording equipment

For the benefit of readers unfamiliar with the Miller recording
equipment the following brief description of the partlcular models used
in the Lancaster tests i1s given:~

The equipment consiats of twe power packs, two six-channel
amplifiers, Type €2, and one twelve~channcl oscillograph, model H,
The powsr packs provide the warious low and high tension supplies
required for the amplifaiers, and also a closely regulated 10 volt 1000
¢.p.s., supply for the pick-ups. The amplificrs contain pairs of bridge
arms which with the plek-up arms form & complete A.C. bridge. Means
for initially balancing the bridge and ingecting a calibration signal
(termed 'hlipping') are provided. In the amplifiers the out-of-balance
signals from the bridges are amplified, demodulated, filtered and again
amplified. They are then fod into the Miller twelve-channel electro-
magnetic recordsr. This reccorder contains twelve D'Arscnval galveno-
meters sach of whach deflects a spot of light across a six inch wide
photographic recordlng peper, the deflection being sensibly linear over
a distance of + 13" for each of the 100 c,p.s. galvonometers used,
Wnen records are being taken the recording paper is driven at a fixed
speed which can be varied in four steps from 5 to 20 inch/second. The
recording paper is marked with a time scale by means of a slotted disc
revolvang in front of a lamp, the speed of the disc being determined by
a synchronous motor controlled by a vibrating reed, A numbering device
prints the number of the record at foot intervals, The amount of record-
ing paper used s shown on a footage indicator, the maximum capacity of
the spools beinpg 200 fest., A means of visually observing the position
of the twelve spots of light on the paper is provided. Both power packs
and recorder are run off a 12 volt D.C. supply.

(ii) Acceleration pick-ups

Statham accelerometer. This is a resistance type accelerometer
incorporating all four bradge arms in the acceleremeter, It is designed
to measure accelerations over the range + 12g and has a natural frequency
of 270 c.p,.s.

Miller Accelerometer. This induction type accelermmeter is designed
for use with Miller recordaing equipment and contains only two bridge arms.
It measures accelerations over a range of + 12g and has a natural fre-

quency of 180 c,p.s.

Modifications to equipment

Various modifications were necessary to adapt the standard Miller
recording equipment described above for recording loads in flight.
Some of these modifications were carried out before the flight tests
and some during the coursc of the tegts., Only brief mention will be
made of modifications which have no bearing on the equipment in its
final state.

Modifications prior to commencement of flight tests

(i) Addition of damping circuits

Provision was made for introducing between the signal and earth
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condensers of capacity varying from 0.00t UF to 0.1 UF in discrete

steps., This damping was introduced before the final amplification

stage and nescessitated the use of ancallary gear which was arranged
to plug intec the amplafiers,

(i1) Slowing down of recording paper

A slower paper speed of } inch/second was provaded on the twelve-
chamnel recorder. This was additional to the four standard speeds
already available.

(iii) Modifucation tc amplifiers to cut cut the two bridge arms

This meodification was necessary since the Statham eccelerometers
contained a complete bradge of four arms so that the two arms normally
provided by the amplifier to complete the bradge werc not required.
Elimination of these two arms had the effect of also e¢liminating the
calibrating device included in the ampilifiers, and other means had to
be provided whereby an electrical signal of known voltage could be
injected into the recording equipment for calibration purpeses. The
whole of this modification was dropped later in favour of medification
(v;i) owing to variousg snags inherent in the arrengement.

Further modifications during flight tests

(iv) Alternative lamp brillisncies for 1 inch/second paper speed

It was found necessary to alter the relative brilliancies of
the galvoncmeter lamp ard time marker lamp to obtain better definition
of recording at slow speeds. A switch was providsd for making this
change,

(v) Change of sloweat speed of recording

The additaonal slow speed wos ancreased from L inch/second to 1 anch/
second for greater clarity of recording and to be able to distinguish
frequencies up to 10 e, p.s.

(vi) Increase of intervals betwesn time marks

The number cf time marks was decreased from 100 a second to 5
a second to avold cbscuring the record. For this purpose a new dasc
was made with a gingle slot instead of 20 slots,

(vi1) Modification to Statham accelercmgters to cut cut two arms

The original modification to the amplifiers to cut out two arms
necessitated cutting out the potentiometer for initially balancing the
bridge. The lack of zero adjustment was found to be extremely incon-
venient and instead of cuiling out the smplifier arms it was decided 4o
madify the Statham accelerometers to operate on two arms only. This
modification had the disadventage of halving the sensitivity of the
Statham accelerometers but despite this they still proved sufficiently
sensitive,

Introduction of a 1000 e.p.s. galvoncmeter to give a datum line

It was found that the width of the recording paper varied and it
was not sufficiently accuratc to measure deflection of the traces from
the edge of the paper., Onc of the twelve~chammels was therefore used
to give a datum line, & 1000 c.p.s. galvonometer being fitting for this
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purpose, (The 1000 ¢.p.s. galvonometier was less liable to small
spurious effects due to acceleration than the 100 ¢,p.s. galvonometers
used to measure accelerations and strains,)

Change in source of high tension supply for time marker

The high tension batteries originally fitted to provide a 240 volt
D.C. supply For the tame marker did not maintain this voltage satisfactorily
and were replaced by a smell power pack running off the same 12 volt
accumulator as the twelve-channel recorder.

Substitution of Miller for Stathan accelerometers

It was decaded for purposes of comparison to fit Miller induction
type acceleramuters instead of Stathom acceleromsterg ot four stations.
This chanpe was made about half way through the tegt flights, but
comparisons betwesn the behaviour of the two types an flight were
inconelusive, It was finally decided to use Statham accelercmeters
since laboratory tests showed that they possessed better characteristics
when gubjacited to varying temperatures,

Pick-ups and Miller couipment finally selccted

As has been described above various modifications and alterations
were mads before and during the course of the flight tests, OF the
arrangements tried the following were the most promising:-

Accelerometers. Statham accelercmeters modified to cperate on two
arms only.

Strain gauges. Pritish Thermostati resistance strain gauges, 200 ohms
and 1000 ohms, (this was the only meke of resistance strain gauge tested
on these flights).

Recording equipment., Standard Miller cquipment consisting of 2 power
packs, 2 gix-channel amplifiers - Model C2, 1 twelve-chammel reccorder -
Model H, with the following modafications:~

(1)  Additional damping 0.01 u¥F before the final amplification
agtage.

(2)  Additaonal film speed of 1 inech/gecond.
(3) freguency of tame marks reduced to 5 per second.

(k) Fitting of 1 1000 c.p.s. galvonometer in twelve-channel
recorder - the other galvonometers to be 100 c.p.s.

(5) High tension supply for time marker from additional power
pack running off a 12 volt accumulator. (The accumulator supplying
the recorder can be used for this purpose.)

Power Supply. At least six 12 voll 40 amp hour accumulators are requared

for a six hour flaght. An arrangement for charging spare-accumulators
during flight would be an advantage.

Installation cf equipment

The installation of the equipment on the Lancaster was carried oul
as follows:-

Accelerometers, Statham resistance typve accelerometers were fitted at
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eight stations:- +{hree spaced along the port wing front spar, one on

the port inner engine, one on the port outer engine, and threc along

the fuselege at the nose, front spar, and tail. The positions are

shown in Fig.1. All accelerometers were attached by brackets or clamps
to the most rigid part of the aircraft structure available. The
accelercmeters were connectsd to the recording equipment by four-cored
metalw-gheathed rubber-coversd cables (supplied by the Miller Corporaticn).
Connections to the accelerometer leads were made by terminel blocks,

Strain gauges. Strain measurements were taken at four positions along
the wang spars: just outboard of the port irmer engine on the front

gpar top boom, on the front and rear spar top boom in the fuselage end
Just outboard cf the starboard inner engine on the front spar top boom,
(see Fig.1). The gauges used wers Braitish Thermostat wire resistance
gauges of resistance 20C ohms. The main gauge was attached to the flat
of the T-boom so that it measured the longitudinal boom stress, and a
matched dummy gauge (for femperaturc compensation) was attached at right
angles to the main gauge. A sparc gauge and dummy were similarly
attached at every station as a precaution against failurc of the first
pair, The resistance of thespare gauges was 1000 ohms (British Thermo-
stat). The gauges were stuck to the cleaned metal surfaces with Durcfix
and left to dry for 24 hours. Aftcer this period they were artificially
dried out by maintaining 2 current of 60 milliamps through the gauge
windings, the heat gencratced serving to dry out the fixative and any
moisture present. Drying was continued until the leakage resistance

to earth had been increased to a satisfactory level, (of the order of

50 megohms for & 100 volt potential betwecen the gauge winding and earth),
The gauges were then immediately waterproofed by painting with melted
Digell and covered with oiled silk, A final covering of polythene tape
was added to prevent the Dijell beang rubbed off. The gauges were
connected to the recording cquipment by means of four-cored metal-sheathed
cables (quadrame‘b lq.): small lengths of duratube wire were used for the
connections between the quadramet ond the gruges, and all joins soldered,
insulated and waterproofed waith Digell.

Miller recording equipment. This recording equipment was mounted in
wooden trays attached toc ihe navigator's table., A 2 inch thick rubber
sheet was placed between the recorder and its tray as an anti-vibration
mounting, and all the equipment was held down by elastic cords. The
arrangement was such that the instrument dials on the power packs and
amplifiers could be easily seen by the seated cbserwver,
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APPENDIX TY

Diary of Test Flights and Progress

No. of
test
flight

Date

Purpose of flight

Faults deiected

Modifications

Cround Tesis

Remarks

1

L.6.47

9.6.47

17.6.47

General funectioning of
apparatus.

(2)
(b)

(b)

Identification of charmels
not clear.

Absence of zero adjustment
for Statham accelerometers
unsatisfactory.

Paper fogged at slowest
speed {1 inchhecond).
Channels 8 and 14. not
operating.

Eeadings of strain gauge
10 and accelerometer 3
inverted.

Severe high frequency
vibration occurring in
records of accelerometer 7.
Time mark ocbscure.

No identification numbers
on records,

High frequency vibration
on chamnmel 8.
Identification and c¢alibra-
tion of acceleromsier
channels still unsatisfac-
tory.

Power pack failurs Jjust
before flight.

Manufacture of
ancillary apparatus
to overcome (a) and
(b) started.

Pogition of
accelerometer 7
changes to obtain
greater rigidity of
mounting.

Switch provided to
change relative
power of recording
and timing lamps.

Laboratory tests
put in hand to
determine causes
of (e) and (g).

Alignment test made
on recorder -
results satisfactory
(16.6.47).

Channel sensitivities

adjustsd to give more

equal amplification.
(16.6.47).

Faults (d) and (e)
traced to wiring of
filter box.

Idea of having
continuous zero

ad justment for
accelerometers
abandon=d (11.6.47).

A shecet of paper
fixed to the time
marker disc to cut
out a number of the
slots improved the
clarity of the time
marks,

Trouble in power
pack thought to
be caused by over-
heating.
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AFPPENDIX II (Contd.)

No. of
test Date Purpose of flight Faults detected Mcedifications Ground Tests Remarks
flight

L 20.6.47 Determination of (a) Failure of accumulators. Check of resistance
amount of electrical (h) Damping appears to be to earth of strain
damping required, inconsistent. gauges. All resistances
Investigation into (e) Microphony test shows small greater than 20 megolms,
the amount of vibra- spuricus signals on scme -
tion excited at channels.
different speeds.

5 246,47 " (a) Failure of power pack during Menufacture of An attempt to

flight. extra gear wheels use heavy dampaing
(v) Drift in accelerometer mean | to give paper speed to give smooth
levels, of'1 irchkecond put level flight read-
- in hand. ings to be used as
) a datum for the
strain gauge readings
was unsuccessful.

6 26.6.47 Study of strain gauge |(a) Flight abandoned owing to A 1000 e.p.s. gal-
levels on the ground Jamrming of recording paper. | vonometer fitted on
and in the air. channel 7 to give

datum line.
7 26.6.47 3% hour flight to study| (a) Failure of chammels 7 and |Galvonometer zero Drift thought to be

drift in mean levels
during flight.

(v)

(e)

11,

Perforation causing jamming
of recording paper.

Drift observed on some
acceleranster channels -~
egpecially between take-off
and first level flight

readiz}g.

adJustments locked
with Durofix.

due to shift of
galvonometer zero.
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APPENDIX IT (Contd. )

No. of
test D=te Purpose of flight Paults detected Modifications Ground Tests Remarks
fiight
8 27.6.47 General functioning of j(a) Failure of power pack. L. Statham accelero- Loss of one ampli-
apparatus. meters replaced by fier and power pack
4 Miltler accelero- owing to low
meters., priority of work
(3.7.47). Work
Positicn of accelero- continues on 6
meter 2 moved nearer chamnels only.
that of fundamental
node on front spar.
Statham accelerometers
modified to read on
two arms only.
9 15.7.L7 General functioning of |(2) Adjustments in New timing mark disc
apparatus. sensitivity required. fitted with one slot
instead of twenty
New gear vwheels
fitted to give paper
speed of 1 inch/second.
10 15.7.47 Measurements in severe
turbulence, Large cumulus ¢loud
available but pilod
dad not consider it
safe to meke deep
penetrations,
11 16.7.47 | Trials of new paper

speed (1 inch/second).
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APPENDIX II (Contd.)

N@és%’f Date Purpose of flight Faults detected Modifications Groumd teogts Remarks
£light

12 17.7.47 Determination of natural
modas of vibration.

13 18.7.47 Developments of methods |(a) Irregularity of time marks. Attempts were made-to
of calibration in heavy j(b) Drift in accelerometer bounce the aircraft .
pull-outs and under levels, heavily on the rmuway
negative 'g'. (¢) Amplifier trouble on chan- in order to determine

nels 1 and 3. modes of wibration.

14 28.7.47 Investigation into the |{a) Trouble with Tixing of
variation of levels with apparatus at negatave 'g'.
air speed.

15 29.7.47 " One LO cycle galvonoq{Gauge resistance to (4O cycle galvonometer

Fneter fitted for
trial. New power
pack for time-

marker installed.

earth satisfactory
(30.7.47).
Irregularity of time
marks and lack of mun-
bering found to be
due to faulty power

Temperature tests on
Miller and Statham

supply for time-nmarker.

unsatisfactory owing
to vibration trouble.

In order to have as
many chammels as pos-

accelorometers showed
better results for

Attempt made to esti- ’
mate effect of fill-
ing fuel tanks on

strain in main spars.

sible working for

Itest flights, a new
Statham accelerometers. amplifier and three

more galvonometers
fitted (one a new
type galvencmeter
made in U.K.).
Two channcls still
incomplete,

)
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APPENDIX II (Contd.)

No. of
test Date Purpose of flight Faults detectsd Modifications Ground Tests Remarks
flight
16 28.10.47 |Preliminary {light to |(a) High frequency
determine sensitivity vibraticn on tvo
settings on new channels of new emplifier.
amplifier. (b) U.K. galvenometer readaing
inverted.
17 29,10.47 |3% hours continuous
landings and take-offs
for study of strain
gauge calibration
lewels.
18 30.10.47 | 6% hours cross-country This £light was

flight to try out
methods of sampling,
calibration ete,

intended as a dress
rehearsal for the
final progect.
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APPENDIX TTT

Calibration of pick-ups ond recording equipment

4 number of detailed calibration tests are made in the laboratory
prior to flight tests to check the lincarity and frequency response
of pick-ups and recording cquipment., CGCalibration figurcs obtained in
laboratory tests, however, cannot be relicd upon to remain constant
during a serics of flight tests and it 1s desirable to have some means
of malking & spot check of the sensitivities withoul a detailed explora-
tion, Methods for making a cample check during flight are now deseribed:
the sensitivitics of the picke-ups are in all cages considered in conjunc-
ticn waith those of +the recording cquipment and when methods of calibrat-
ing & pick-up are described the appropriate recording chamel is included
with the pick-up.

Calibration of accelercmeters by inversion

The most direct way of checking the calibration of the accelero-
meters 1s by inversion, i.e. by applying in effect a decremental accelera-
ticn of 2g. Records are taken at a suitable sensativity with the accelero-
meters the right-way-up and up-side~down. In the case of Miller accelero-
meters mounted on a heavy metal base or clamp, the base as well as the
accelerometer must be inverted since the induction of the coils is
affected by the surrounding motal, (errors up to 10% can be obteined
if this precaution is omitted).

The method of inversion is generally only practicable uin the
cagse of the accelerometer in the mid fuselage., This or any other
accessible accelerometer s termed the 'master accelsrometer' and the
sensitivities of other accolerometers are determined relative o that
of the master accelercmeter by comparing simultancous records obtained
during manceuvres in which & reasonably equal acceleration is imposed
on the whole aircraft,

Calibration of accelerometers by pull-outs

The best manoeuvre for calibrating accelercometers is a slow pull-out,
It should be earried out an cmooth air if possible, (Calibrations can be
obtained from pull-outs made in rough air but the resulis cannot be
analysed so accurately). The procedure 1s as follows:~ the aircraft is
put into a shallow dive and pulled out slowly until the reguired accelera-
tion is recorded on a Kollsman or other visual accelerometer, The
meximum acceleration is maintained for & sceend or two and then the
airceraft is brought back slowly to the straight and level attitude and
original cruising speed., The object of carrying out the manoeuvre
slowly is to reducs the accelerations in pitch in order +o obtain
senzibly the same normal acceleration at cvery pari of the alrerafit,
The following records arc taken:- before the pull-out a record of the
accelerometer signals during straight and level flight at fixed airspeed
and engine gettings, with blips in numcraical order on esach chammel to
check amplifier and recorder sensitivities and tc identify the traces.
A record i1s next itaken of the complete pull-out followed by a check
record during straight and level flight.

The records are analysced by plotting the readings for each
acceleromcter againsi ihe master acceleromcter reading ot the same instant of
time: the result should be a straight linc with very little scatter,

When it 2s not possible to perform pull-outs (e,g. in an airliner
carrying passengers) a susteined tuwrm can be substifuted for the pull-out,
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Calibrations made by the above methods are finally expressed in
terms of defleciion per unit acceleration, the scales of deflection
appropriate to each flight being used in the analysis of the records
cbtained in that flight.

Calibration of strain gauges by pull-outs

The sensitivity of the strain gauges cannot be relazed upon to
remain constant and a check of sensitivity is strongly advisable each
flight, There is no perfect calibration method for strain gauges but
a method which has much to recommend it 18 that of calibrating in flight
by means of a rapidly performed standardised pull-out. The aircraft is
first flown straight and level at fixed airspeed and engine settings:
1t 1a then put into a shallow dive again at fixed airspeed and engine
settings and when conditions are steady the control column is pulled
hard back until 2g is read on the Kollsman or visual accelercmeter,

The contrcl columm is then pushed guickly forward again and the air-
craft returned to straight and level flight at the original airspeed
and engine settings. The manceuvre should if possgible be carried ocut
in smooth air; if done in rough air the records will be more difficult
to analyse and will give less reliable results, Records with blips

on all channels in numerical order are taken during the straight and
level flights and during the pull-out. The airspeed should be noted
during the pull-out. The objeet of pulling-out as quickly as possible
is to ensure that the extra sir lcadaing on the wing is applied before
the airspeed has time to fall off, If 1t is allowed to fall off the
distribution of air load on the wing will change and different strain
gauge readings will be cbtained at the same nommel acceleration going
wn and coming out of the pull-cut, An example of this effect is given
in ¥ig.2, which shows & plct of calibration readings obtained in two
slow pull-outs of about ten seconds duraticon, The differneces in slope
are probably due to the pull-outs being mnde ot different airspeeds
and fuel leoads, and the narrow loops are caused by the airspeed fallirgz
off during the pull-outs.

Calibration of strain gauges from difference in ground and flight readings

For strawin gauges in the wing a calibration may be obtained fram
the difference in wing loading when the aireralt is stationary on the
ground and flying straight and level. The chief drawback to this method
is that a certain tame 15 bound to elapse between the ground and f£light
readings during whach the strain gauge signals may drift owang to heating
and instabilaty effects in the equipment. It i= then impossible to
digtinguish between the change in signal duc to inereased wing loading
and that due to drift. In calibrations made at the begimning of flight
the error que to draft may be reduced by switching oen the electrigsal
equipment 7 to 1 hour before flaight an order to allow it to attain a
steady temperature. The calibration procedure is then as follows:-
records on the ground arc taken farst with the engines off and then
with the engines ticking over at fixed r,p.m, and the aircraft facing
winto wind, The records should show blips on all strain gauge channels
in numerical order and the spots from the strain gauges should be
displaced to allow room for deflection when the aircraft becomes airborne.
As soon as the aircraft is airborne and the air conditions arc smooth a
record is taken in straight and level flight at fixed airspeed and engine
gsettings with blips on 2ll strain gauge channels., If smocth ajr is not
quickly obtainable a record is taken while the alreraft i1s still climbing
at a fixed rate of climb and airspeed, Taking the record immedintely
the aireraft is eirborne while gtill climbing reduces the time in which
drift is occurring but may make the records hardsr to analyse owing to
the turbulence often encountered at low altitudes.

- 18 -
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Errors in the ground readangs are introduced by static friction
(this causes the wing to take up & position other than its equilibrium
position) and by ground level winds. Nevertheless reascnably reliable
results can be cbtained, (see Fig.3 which shows repeated ground and
flight readings taken over a period of 2 hours, the errors being within
4+ 6%). It may be necessary to allow for the effect of the consumption
of fuel load in this method of celibration: for example, in the case
of the Lancaster the arrangement of the fuel tanks in the wing is such
that the difference between the wing root bending moment on the ground
and in level flight is approximately 30% less with wing tanks cmpty
than waith wing tanks full,

The strain calibrations are used to detecrmine scales of deflection
for each flight to be used in analysing the records.
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APPENDIX IV

Technique for taking sample records in flight

If the recorder is run continuously for a long series of flights,
the amount of recording paper used will be diff'icult to handle and will
require a very large number of man-hours to enalyse, (with continuous
recording at 1inch/second, over 5¢ miles of film are used in 100 flying
hours). For occasional flights continuous recording can be used but
it is more economical in paper, and the amcunt of f1lm to be developed
and analysed is more easily handled, af a system of sampling in the
air is adopted.

Recommended method of sampling

The observer takes sample records of fixed duration at regular
intervals of time. The records are taken for the whole of the flight
from the tame of raising to that of lowering the undercarriage. A
suitable duration for the sample 1s 24 seconds. At a film speed of
1 inch/Aecond this gives a lengbh of 24 inches, which is a convenient
length for analysis., (24 anches 1s also the length of record at which
the recorder shuts itself off automatlcally.) The frequency of sampling
is varied according to the severity of the turbulence encountered. 1In
smooth flying condirtions (accelerations at the wing tip less than O.1g)
the samples are widely spaced working up to nearly continuous recording
when rapid changes in the severity of the turbulence are encountered;
for example, when flying in and out of cumulus ¢loud tops with smooth

air in between. In most cascs five rates of recordaing are sufficient,
1 sample every % hour for smooth air, 1 every % heour for very slight
turbulence, 1 every 5 minutes for slight turbulcnce, 1 every 2% minutes
for glighi and moderate turbulence and 1 every minute for occasicnal
large gusts or rapidly changing conditions. In decading the frequencies
of sampling consideration should be gaiven to the man-hours available for
analysing the rccords.

This method of sampling requires a reliable and experienced

cbserver zancc he hags to decide whach frequency of sampling is appropriate

for the weather conditions and when to reload the camera in order not to
interfere with the sampling; he must also keep a careful log during the
flight. The log should ainclude for each record:-

(1)  Time of recording

(2) Indicated airgpeed

(3)  Altitude

(4)  Outside temperature ,

(5} Rate of clamb or dsscent, rate of turn 1f any

(6) Type and amount of cloud

(7) Position of aircraft relative to cloud

{8) Observer's comments on furbulence

(9) Pilot's comments on turbulence

(10) Whether aircraft is flown manually or on auto-pilot

(11) Changes made to recording equipment, e,g. change of accumu-

lators, readjustment of gpots on screen, or change of

senaitivity settings.
- 20 =



The all-up weight of the airceraft should also be noted for each
flight and the fusl contents of the tanks at the beginning and end of,
and occasionally during, the.flight.

Alternative method of sampling

The cbserver takes records of 2L seconds duration every 2% minutes
of flaght. At thas frequency of sampling about 300 feet of recording
paper is used in nine hours at a speed of 1 inch/second. When the
cbserver is certain that the turbulence is too slight to record, that
particular record can be omitted,
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APPENDIX V

Analysis of the Records

PART T

Determination of the acceleration of the centre of gravity of the aircraft

Although Miller equipment, used in congunction with accelerometer
and strain gauge pick-ups, does not provade direct information on the
magnitude and frequency of the gusts encountercd, ugeful data on equiva-
lent pusts can be derived from the measurements of acceleration obtained,
In particular the velocity of an equivalent gust, based on the assumption
of a stondard gust gradient, can be derived from the normal acceleration
of the centre of gravity of the aircraft -~ (by the centrc of gravity is
meant the mathematical centre of gravity and not the so-called position
of the centre of gravity on the aircraft frome). The advantage of analy-
sing the records in terms of equivalent gusts is that the information
obtained has a dircct application to other aircraft,

The normal acceleration of the aireraft centre of gravity is not
meagured directly since the accelerations measured at various stations
1n the aircraft contain not only components of the rigid bedy accelera-
tions of the aircraft but also components of acceleration due to struc-
tural oscillations excited by the gust loading., The normal acceleration
of the centre of gravity may be determined from the measurements at a
particular station either by removaing the oscillatory part of the
acceleration by eye, or by combining traces in certain proportions to
eliminate the oscillatory accelerations®, This procedure is not always
satisfactory since the rate of build-up and die-down of thes acceleration
of the aircraft centrc of gravity is often comparable with that of the
oscillatory acceleration (especially that of the fundamental mode)
making it difficult to scparate the two. In such cascs refercence to
other tracss may help to determine how much of a particular acceleration
i1g due to a natural csciltlatlion of the structure, A more direct method
is to install twe accelerometers in serieg, one on each wing al nodal
poantg of the troublesome mode, thence cobtaining a trace free of oscilla-
tion in that mode (4wo accelerometers are necessary in order to eliminate
roll), Thie method may not completely eluminate the mode at all tames
during the flight owang 1o movement of thu mode with the consumable loads.

PART 1T

Methods of counting

Determination of scales and basc lines, The records obtamned for the
measurcment of loads in flight consist of a number of sample records

of 24 seconds Auration, (or whatever duration of somple has been chosen),
Fach sample record shows eleven traces, the deflections of which repro-
sent variation of strain or acceleration at particular stations in the
airoraft, The records also provide a datum line from which to measure
the deflection of the iraces, To interpret the records in terms of
aceceleration and strain it is necessary to know the scale of deflection
and the position of a base line representing a known acceleration or
strain for each trace. The scale of deflection is determined by the
procedure for calibration described in Appendix III. The position of
the base line is determincd as follows:-
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On each semple record the position of the mean line through each
trace is estimated and its distance from the datum line plotted against
the time of recording., The position of the mean line can be obtained
with the aid of the grid analyser described in Appendix VI, or deter-
mined by an wntegrating mechanism, A number of points denoting the
position of the mean line on sach sample record are cbtained (see Figs,
4 and 5}, The value of acceleration or straui represented by the mean
line is usually very ncar the value of the acgceleration or strain in
gteady flight at normal cruising speed. It may, however, differ
slightly from this value owing to inasccurecies in ts determination,
or because the record was taken when the aireraft was accelerating
'In a glight turn or pull-out, or flying at a speed diffeorent from the
" normal cruising speed. Such differences cause irregularatics in the
variation of mean line position and thése can be faired out to give
an cstimate of the bhase line position corresponding to straipght and
level flight at conatant speed,

The variation during flight invthe position of the bage line for
the dcceleration traces is due to drift caused by imperfections in the
equipment (e.g, inadequate temperaturc compensation, regulation of
voltage supplied, effects of moisture, etec.,). It may in future be
possible to reduce this drift to negligible proporticns but at the
present time it is necessary to adept a method of analysis which takes
account of this effect. Drift also ocours in the strain gauge records
but in this case the variation in the position of the mean line during,
flight is not solely caused by defects in the equipment, but is partly
due tc variation in strain caused by changes in disposable load, If
the two effects are separated the drift due to defects in the equipment
is still large enough to nscessitate the determination of a base line
position for individual records.

The value of acceleration in straight and 1evel flight -~ i.e. 1g -
is an dbvious choice for the base line from whnch to measure the variation
in acceleration. For the girain trace the choice of base line is not so
straight forward saince there are two possibilities, a base line represent-
ing a constant strain can be used, or one corresponding to a constant
condition of flight - i.e straight and level flight at cruising speed.

In some airecraft and for some positions of strain gauge the change in
strain due to consumption of fuel i1s negligible so that the base line
corresponding to the constant condition of flight does represent the
same strain throughout the flight., In ihe other cascs in which the

two base lines are not identical a choice must be made, Por methods

of counting which include peaks and ranges either base line can be usged,
whereas for simpler metheds of counting, involving only peaks or thres-
holds crossed, an uncorrccted astraight and level flight base line will
probably have to be used.

Frequency restraction

In recording accelerations, clectric means are used to partially
cut out high frequency vibrations, and only accelerations of which the
frequency lies below a certain value are recorded within the requred
degree of accuracy, Before analysing the records, the high frequency
vibrations which remain in the records, should be faired out.

Amplitude restriction

In order to count the crossaings of threshold values or occurrences
of pseks 1t 1s necessary to decide how far the trace must fall back below
& particular peak or thresheld value in order that the next occurrence of
that peak or threshold crossing con gqualafy for snother count.
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Dragram (a)

For example, counting the peaks of daagram (a) it is necessary
to decide whether four peaks are to be counted in ihe 1,35g to 1.45g
band or only one. TFor the purpose of setting up fatigue tests in
the laboratory & count of onc would give a better indication of the
loads to be applied, 4 count of one in the case shown in dingram (b)
would however be misleading. In this case it is epparent that the
number of peaks counted in the 1.35g to 1.45g band depends largely
on the variation in amplitude which the cbserver decides to neglect,

1. 45g
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Diagram (b)

Two lines of approzch are possible in deciding what variation
to neglect, In one all variations which do not reduce the trace to
an arbitirary value are neglected - for example, it is stipulated
that the trace must return to the 1g level flight value in between
each count, (this 15 the method advecaled by Hooke9); alternatively
the variation to be neglectad can be fixed relative to the threshold
crossed or magnitude of the peak; for exemple, it is stipulated
that the trace must cross into an adjacent band between counts.

If a method of counting is adopled which takes account of peaks
and ranges of wvariat.on ths variation in amplitude to be neglected
ig decided relative to the pesak in the light of the degree of
accuracy rcquired, but for methods of counting which inelude no
account of the range the variation neglected has a more radical
significance,

Recommended method of counting

(a) Counting of maxaima and minims and associated range

25 ~ mmrr mom i = e e e i e
1.1 - -

A _
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e e -
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R R N
078 B b Time —->

Diagram (c)

A count is made of each maximum and minimum and of the
assocltated yrange, that is the gap between the maximum and mintmum
being counted and the following minimum or meximum. In diagrem {c)
the following mexima and minima and associated ranges are countod,
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Maximum or minimum nge

A AB
B BC
C CD
D B

The maximum or manimum and 1ts associated range are ¢lassified
according to the acceleration band in which they occur and the magnitude
of the range can be conveniently cxpressed in terms of the band width,

The count can be made in a tabular form such as that shown in diagram (d).

Maxaimum or minimum agceleration or strain

0.721C.8g | 0u%g 1 1g! 1.1g1 1.2 1.3

—y

-0.4g
-0.5g ]
Range of 0,28 !
accelera- | -0,1g

tion or +0.1¢ .

strain 10,2g !
+C. 3g ; | - ]
+0.4g | 1 !

Diagram (d)

A decision must be taken as to the minimum acscciated range to be
counted,

Alternative methods of counting

(b) Countang of maxima and minima

All maxima and minuma are counted and classified according to the
band in which they cccur unless the value between adjacent maxima and
minime 1s less than a pre-determined minimum - or alternatively, unless
the adgacent maximuws or minimum occurs in the same band,

(c) Counting of peaks

Peaks (1.e, maxama and minima concave o the base line) are counted
and c¢lassafied according to the band in which they occur. The count
obtained will depend on the variation between turning points deemed
negligible. If peaks less than o certean magnitude are not counted
there is a 'dead area! on either side of the bace lane.

(d) Counting of thresholds crossed

A count is made of the number of times the irace exceeds certain
threshold values. The count obtained will depend on the 'fall-off!
below the threshold value deemed nccessary for a re-cross of the threshold
to constitute another count,
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APPENDIX VI

A Grid Anslyser Designed to Assist in the Analysis of Records

The grid snalyser shown in Fig.6 consists of a thin perspex
plate with a slight inset on the underside in which is mounted an
adjustable grid of nylen wires. The grid spacing can be adjusted to
any required scale by revolving the arms to which the wires are attached,
Two scales at either end of the grid provide a means of readily deter-
mining the spacing between wvires.

The instrument is designed to assist in two operations:-

(1)  1in the determunation of the positiond a mean line through
each trace,

(2)  in the counting of peaks, thresholds crossed and amplitudes
between peaks.

For the first operation only the central zero wire is required,
The position of the grad analyser on the record is adjusted until the
zero wire is judged to lie in a mean position across the trace; the
distance of this mean position from the datum line is then read directly
on the grid scale,

To count peaks and thresholds crossed the grid is adjusted so
that the spacing between wires reprerents a suitable width of band and
the grid is then positioned on the record with the zero wire lying in
the corrected mean line position (see Appendax V). A count of peaks
or thresholds crossed can then be readily made by looking along the bands,
and the range between adjacent peeks estimated by counting the wires
crossed,
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TABLE T

Sensitivity of accelerometers 1, 2, 3, L and 6 relative to 5 - determined from

measurenents taken in pull-cuts

Acce lercmeter Relatave Sensitivity
Number
15th July 18+%h July 29th July
Farst Becond Thard Fourth Farst Second Thard Tourth first Second Thard
pill-out | pull-cut ;| pull-out| pull-out| pull-outv| pull-out]| pull-out | pull-out | pull-out pull-out; pull-~out

i 0.79 0.81 0.82 0,82 0.83 0.85 0.83 0.86 - 1.02 -
2 0.89 0.9 0,3 0.90 1.03 1.01 0.97 0.97 1.19 1.08 -
3 0,83 0.85 0.8, 0.83 0.88 0.8 0.85 0.85 1,06 1.09 1.07
L 1.23 1.25 1.25 1.25 1.35 1.30 1.29 1.29 1.62 1.56 1.66
6 0.93 0.96 0.96 0.96 1.05 1.04 1.01 1.01 - - -
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