NAYIONAL ARRONAL

C.P. No. 182

(13.359)
A.R C. Technical Report

MINISTRY OF SUPPLY

AERONAUTICAL RESEARCH COUNCIL
CURRENT PAPERS

Full-Scale Measurements of Impact
Loads on a Large Flying Boat

Part |

Description of Apparatus and
Instrument Installation

J. W. Mclvor, B.Sc., AM.LE.E.

LONDON . HER MAJESTY’S STATIONERY OFFICE
1954

THREE SHILLINGS NET



THIS DOCUMENT PROVIDED BY THE ABBOTT AEROSPAGE

TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM



COPU NO' 182

Report No., F/Res/216

March 1950

MARINE ATRCRAFT RXPERIVMENTAL FSTABLISHMENT

Full Scal e Lcasurements of |npact Loads on a Large Flying Boat

Part I

Description Of Apparatus and | nstrunent
Installation

by
JW. Mclvor, BeSc., AddeLeE.Ee

SUMMARY

The variastaons With time of the tote. 1 force and the dastribution of
water progsures oOn the hull bottomof a flying boat are related to the
horizontal vclocity, vertical velocity and keel attitude relative to the
mat er during tho impact. Methods are described for obtaining, in a form
sultable for eagy analysis of results, records of these variables, in order
to verify impnact theories.

The equi pnent used included transducers for the zonversion of
physacal quontities 0 electrical signals, mlti-channel electronic amplifiers
and mirror galvanometer recorders. A shor e- based cine camera, synchronised

w?t% the intoernal recorders, provided information on forward speed end rate
of descent.
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1. Introduvction

Informati on was requircd on the variations With time of the total
force, the stresses in the hull structure and the dastribution of water
pressures on the hull bottom of a flying boat on alighting. The se f orces
and pressures had to bo zelated to horizontal velocity, vertical velocity

and keel attatude, relative to water surface.

Experience from carlier nodel and full scal e experiments of this
kind had show that m:chanical ingtruments for mrasuring total force and
| ocal pressures suffered fromdisadvantages such as inaccurate synchronisation
and time-consumng analysise Many of the disadvantages associated With
t hese 1ndruments can be overcone by the use of elsctronic equipment, and

this notedescribes the ingtaliziion and combinitaon Of @ numher Of Such
instruments to give reliable operation, and to provide ampact records in

a formyghich would lend itsedf to the conputation of results with least
effort.

2. Quantities to be measured

2.1 lnpact Paraneters

The inpact acceleration and hydrg?dyénamic pressures on the hull bottom
of a given flying boat have becn Shewn "#< to depend on the speed, the flight
path angle and the attitude of the aircraft at inpact. Verification of these
I mpact |aws therefore demands the measurement of horizontal velocity, vertical
velocity and kcel angle relative to the water surface.

For the Sunderland, horizontal veloelty may vary slowy in the range
160 f4/sec t0 110 £t/sec during first i npact and the subsequent ampacts
wher e skipping occurs, The maxi mumvertical weloeaity expected is approximitely
10 £t/secs  Keel angle may change from horizontal to + 15" during the inpact
ard a range of = 39 t0 +17° is necessary to cover normal circuit corditionss

2.2 Acceleration

Measurenent of the acceleration normal to the keel of the entre of
gravity of a flyang boat during inpact is complicated by engine vabrations
and Wi ng fundamental and first harmomc vaibrations.  The acceleration/time
curve burlds up to a maxigum in 0.3 to 0.7 seconds and the maxi num i nposed

acceleration expected 1S 2.0 g,
2+3 Pressure

The hydrodynam ¢ pressures on the hull bottom during inpact vary from
a sharp psak pressure near the edge of the wetted surface to a comparatively
steadyvalueof about half of the peak val ue, The pressure rises from zero
t o a maximum Of about 35 1b/sqein. i N 0.01 seconds for the sharpest wave
fronts. Tha distribution of pressure offer the hull bottom during the ampact
is of considerntle inportance.

2.4 3trains

The distribution of the load on the hull bottom throughout the
structure can be traced by measuring the strains insuitable members. The
rate n+ whieh strains build up in the structure depenis on the |ocation,
being about 0,01 sccondfur bottomplating and 0.2 second in moan fromes.

2.5 Tame of first impact

Zoro LiMe in the history of an aimpact is usually taken as the instant
at winch first contact is made with the waters A recorded indication of
this event is necessary.

/%, Recordi ng Equapment yuy o



3. Recording Equi prent

3. 1 Deserip tion

To facilitate analysis and t0 samplafy synchronisation it is desirable
to use as few independent recorders as possigle. Measurement of the
variation of the pressure distrazbution on the hull bottomduring the time of

i npact demands a relatively |arge number of recorder channels with a frequency
response fromO0 to at lcast 100 c.pese

A sixteen channel mirror galvanometer oscillograph, Manufactured by
the William MIler Corporation, U,3.4., With its associated multi-channe
electronic anplifier was at the tine the only available equi pnent suitab le
for fli E_ht use winch Nt these requrements. Two such oscillographs were
uscd naking available 32 charnels for internal recordang of préssures,

accel erations, strains and angles of pitch and roll

The amplafaier unit has fifteen simlar channels consisting of a bridge
circuit energased by 10 volts, 2000 c.pes., followed by two stuges of anpli-
fication at carrier frequency.  The galvanometer current is obgained froma
phase sensitive denodul ator followed by a diregt coupled cathode follower output
stges  The power supply unit for these anplifiers provides stabiliscd direct
voltages at + 250 v and -150 v and includes a carrier oscillator whose output
vol tages are maintained at constant anplitude and frequency.

The mrror galvanometers in the recorder are of the D!Arsonval type Wth

a coil of very small dimensiong in a conmon nagnet system Domping forces
are provided by the back eymef. in the coil and eddy currents in the former.
The gal vanoneters used have a natural frequency of 165 ce.psse. ard a response
lovel within 2% up to 100 c.pess when Sui tabl e individual damping resistors
are fatteds  The record 1g made on eight inch w de photographic paper driven
by A remotely controlled nmotor. § ins/sec Was found to be a convenient speed
for inpact experments, The marking of the time base and synchronisation of
records wall be described |ater

3.2Ingtallation

The recorders, anplifiers and power units were installed in the wardroom
of the Sundcrlsnd asshown in Figures 1 and 2, The compact arrangenent was
adopted to enable the squipment to be conpletely enclosed by plywood panels
ard covers as shown in Figure 3. It was necessary to devase some form of

rotection fromthe humid salt-laden atnosphere as the removal after tests
rom s moored flying boat of six units weighing up to 90 pounds each was
considered to involve too great a risk of damage.

Experience fromthe first serics of tests using this installation
showed that the method used was quite satisfactory for swmmer conditions.
Geater precautions to protect the equipment, such as the use of drying agents,
may be necessary | N adverse weathers

A 12 volt supply consisting of accumulators with a total rated capacity
of 480 ampere~hours wag provi ded with local and remote switchang for each power
unit and rccorders  The total connected load for two sets of equipnent is 75
anperes at 12 voltss TFagure 4 shows the accumlator installation and | ow

voltage swatching on the port sido of the wardroom

The conncetions for all pick ups and strain gauges were brought to a
distribution pancl on the aft bul khead of the wardroom enabling pick-ups to
be readily selected for a particular test « Figure 2,

4. Pressure Gaages

4.1 Requirements

2 .
Theoretical investigation , confirmed by model soale experiments at

JUAE B ey



-uG-n

M.A.E.E."f has shown that the pressure distribution on a hull bottom during

impact has a characteristic peak near the edsc of the wetted surface fol lowed by
o | ower sustained pressure

In Ref.4, the Wagner pressure distribution was used in the evaluation
of a correction factor for pressures mecasured over a fimte area, Vithin
the practical limts of installation in a Surderland, an instrument with a 1
inch daameter di aphragm remires an area factor varying from 1.07 at the keel
to 1.02 at the chine, The correction i s smallenough t0 reduce to a negligible
nmount the effects of errors in area factor due to the limtations of the Wagner
distfibution theory.

The pressure at the wetted edge has @ mintmum time to punk of 0,01
second. This demands a pressure gauge with a dynam c response free from
errors in amplitude and phase up to at least 100 c.pis.

The maximum value of the peak pressure expected during heavy landings
by a Sunderland flying beat was estimted at 351b/sqe1n,

Adequate water proofing of the gauges and ease of calibration in situ
are 0of considerabl e importances

4.2 Description

Gauges to meet this specification were manufactured at the Royal
Aireraft Establi shment. The construction is sinple and is clearly shown in
¥igure 54 A @erman silver diaphragm, 1inch di aneter amd 0. 004 1rchss thick
19 fitted flush with the outer surface of the bottom plating. D4 aphragm
deflection s transmatted to a beryllium copper cantilever whose bending is
measured DY straan gauges.

The undamped natural frequency of vabration of the cantilever and
diaphragm systemwas found to be approximately 1500 cepsse The damping
cocfficient is very low being |ess than 0,05 0f critical for all conditions of
diaphragm immersione  The response of the pressure pick up to pressure varia~
t1ons up to 100 cepese 18 thercfore substantially level with a percent age over shoot
at 100 cepes. Of less than 0,5% Due to the very low damping ceefficient and
rclatively hi gh npatural frequency Of vabraticn of the diaphragm-cantilever
systcnthe effects of phase distortion anl consequent displacenment of a
pregsure wave along the time axis can be negl ected.

_ A view of the hull bottom with pressure pick-ups installed 1s shown
in Figure 6o

L,y 3.Comparison Wi th earlier instruments

In earlier full scale and molel scale measurenents of inpact pressure85
wc was made of a mechanically operated gauge simlar, in principle, to the
electronic gauge just described, except that the novenents of the diraphragm
were recorded on a glass or netal slide by a diamond tipped |ever. These
instrunents were inferior to the electronic instrunent in that each had its own
i ndividual record which hal to be measured froma highly magnified projection
of the recording slide, thus causing an increase in the tine required for
analysis, Thére was, | N many cases, SONE inaccuracy i n synchronising t he
records from various pressure pick-ups.

The results fromthe latest Sunderland tests confirmthat tne
<leotronic instruments arc nore convenient to instal and the records from
them arc nmuch more cagaly and accurately analyseds  However, 1in experiments

where only one or two pressure gauges arc involved and extrems accuracy in
synchronisation i S not nccessary, the mechanical type of gauge may hawve
advantages f&n sinplicity of installation over the electronic typesa

Jhele v wena



4.4 Calibration

The pressure gauges are calibrated in situ since the pressure/
defl ection curve for the pick-ups is not quite |inear and a change of
zero due to slight distortion of the instrument on installation

i ntroduces errorsa

A calibrating cup was sorcwed to an outer ring to avoid inter-
fervnce with t he pressarc gauge, Air pressure applied to the calibrating
cup was measured by a duad Weight tester.

The calibration of all prcssure pick-ups was carried out before and
after each scries of tusts amd werc found to repeat with a maxinumerror
of 4% of full scale deflection. Ths greatest anticipated error in peak
pPressurc measurements iS estimated to be of the order of 5%

5. Aceeleration Measur ement

5.1 Discussion

The measurenent of the normal ¢.G, acceleration of a flying boat on
al i ghting 1s complicated by the presence of |ocal alternating aocelerations.
The nost important of these vibrations in main structural nembers at the main
step and centre section are engire vibrations and the fundamental and first
harmoni ¢ vibrations of the ving vhen excited by a heavy inpact.

Troublesome accel erations due to angina vibrations have frmguenocies
greater than 10cepess and as the inpact acceleration has a tine to peak of the
order of 0.5 second a low pass filter can be used in the anplifier to attenuate
the higher frequencies wthout serious distortion of the inpact acceleration

wave form

Frequencics of wang vibration of' suignificant anplitude are about 3.5
cspes. and 8 cepess and, consequently, their effects cannot be elimnated
by a frequency discrimnating circuit. It has been shown in earlier work
on this subgect that the addition an correct proportions of the accelerations
meagured at t hree points along the wang el i m nates the aceelerations due to
the two predom nant nodes of wvibration and gives a sensibly true neasure of the
CsGs nccelerations A development Of this method 1s the electrical conbination
of the signals fromthree acceleromecters whose ssnsitivitics are appropriate
to their porsitions

5.2 Deseripticon of nethod used

Thore | S avaiinble fOr use with the M2ller equipment a varicble air
gap inductance accelerome ter whose small size and wei ght make-it suitable for
aireraf t USC. The Instrument, which i s described elscwhere ' has acceleration’
and froquency rangos of = 12 g and 0-100¢.psse

To reduce the effects of engine vibratims the out-off frequency of
the amplafaicr |owpass filter, which normally rejects the carrier, was
lowered t0 ~ttcnunte signals above w0c.p.ss  The effects of this relatively
severc curtailment of the fraquency response were cxamined by Fourier
anal ysi s-of the measured acceleration wave formand was found to cause |oca
changes 1n wave shape whose magnitude in the worst case neasured was |ess than
2/ of peak aceelerations A second affect of the low pass filter is the
wntroduction of 1 phase change of 8°/o.p.se the result of which 1s a delay of
the ascelceration signal by 0.02 sec. Thi s constant delay can be al |l owed
for in analysis of the records.

Inspection of the results of the first series of tests indicates
that |ess gevere attenuation of accelerations due to engine vibrations
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can be tolerated as during inpact the engine power is small and consequently
the | evel of disturbing signals is I|ow. A higher cut-off frequency will, of
course, give an inprovement in the accuracy of measurement of tne impact

acceleration.

To elimnate the effects of wing vibrations, ths signals fromthree
accel eroneters with sensitivities correspondang to their positions on the wing
were conbined by applying the parallelled output of three anplifier channels
to a single galvanometer, The effect of shunting an anplifier output by
the out put impedance Of two others IS apprecisble but it can bc counteracted
by cdabrating the accelorometers i ndividual |y and colloctavely with Circuit
conditicns as used f or measuremsnt.,

Tho acceleromcters were mounted on pads clemped at suitable stations
to the web of the inverted " section which forns +he lower menber of the
mai n plane front gpar,

5.3 Calibratrcn

As accel eronet ers with alincar acccleration/@cflccticn I €eSponse yere
being used %o only10% of their rated frequency range, static calibration over
the Tange & 1g was considered adequatc, The conbined sccelerometers Were
calibrated Sinul taneously after the anplification of the individualchanncls
had been adjusted to give sensitivities appropriate to the position of the
acccleromoter relative to the nodes of the fundamental and first harmonic vibratz.cns

of the wing.

Periodical check calibrations durang test flights nere made by recording
the inversion of a master accel eroneter during straight and |evel flight and
followng this by a record of a "g pull-out” whmch, of course, applied an
equal ucceleration to all pick-ups.

Overall error of acceleration measurement 1s considered to be | ess than
0.1 g

A typical accelerataon record is illustrated by Fagure 7. It shows
the third inpact in a lending where skapping occurred. Thereas the mid-hull
accelerom.ter shows wing fundanmental vibration at 3.5 cipese. and the mid-wing
accclerometers, situated close to the node of the fundamental vitiation,

indicate first harponic vibration at about 8 c.pss., both these unwanted
sagnals are effectively elimnated fromthe record of the conbined accel ero-

neters.

6. Strain Gwupes

Strain gauges werce used to nmeasure the distribution of the inpact |oad
on the hull bottomthrough the hull structure.

Commercial ly obtainablc Strain gauges were affixed to selected points
on the hull structure with o cold-setting coment and woter-proofed by a
coating of wax conpound, "Dijel" followed by a covering of "Bostic C" cenent
for mechanicalprotection. The waterproofing was not entirely satisfactory
and further Work i s required t0 determane t he nbst suitable metnod of
protection of strnin gauges in flying hoatss

The strain gauges were calabrated by application of a neasured pressure
to a limit aren of hull bottom by means of a water bage

7. Anular Movement - Pitch and Roll

7.1 Method

+

The reguired range of pitchoovered keel angles from-3" to + 17° and
rollover-15=

£ »
{7 acaan
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An electrically driven gyroscope of German origin, the Anschutz horimont-
mitter, wag used to provide a reference plane against which the pitch and rol
of the airoraft was neasured. As the gyroscope Was fitted wth potentioneter
pick-of fs a resistance bridge circuit provided voltages for visual indicators
and recorder ?alvanoneters. The gyroscope was installed with the ginbal
rings conpletely balanced and with the accelerometer nounted on the inner
ring | ocked. The el ectrical erection systemincorporated a bubble switch
and there were also facilities for fast erection when the rotor stahted from

rest.

The installation of the control unit for the gyroscope and the second
pilot's indicators are shown i1n Figures 8 and 9 end the ¢ircuit of control
unit in Figure 10. A carbon pile voltage regul ator provides a constant

voltage for the rotary convertor and indicator circuit. A double Iine
swi tch 1s necessary to protect the nmeters fromtho transient voltage devel oped
by the convertor on swtching off. Further protection fromoverload during

initial erection is given by a thermal dulay relay. A renote meter swtch
cuts out of circuit the pilot's indicators and the recorder galvanoneters and
trebles themnge of the local roll indicator to deal With the angles of bank
experienced during flight, To free the gyroscope the erection switch dig=
conneots the erection coils,

During flight the erection mechanism Which is, of course, pendul ous,
Is switched on only when no horizontal conponent of acceleration is applied
to the gyroscape and the renote neters are normally disconnecteds While on
the last leg of the approach the gyroscope is finally erected and the remote
neter connecté& Immedaately prior to landing the gyroscope is freed.
The aircraft is maintained on a straight path to the end of the l[anding run

when a record of the horizontal datumis takene

7.2 Cglibration and assessnent of accuracy

Rotating the gyroscope on its mounting and neasurin% the case angle
with an inclinoneter enables the conplete systemto be calibrated. The
gyroscope case is then aligned with the keel and the transverse datumline.

Alimt to the accuracy of measurement IS the angle subtended at the
centre of the toroidal wirewound potentioneter by a single turn, Thi s
~orrespunds 10 approxamately 0.2° and the angles are indicated in steps of
this mgnitude. The maximumerror of measurcment, including the effects of
gyroscope precession during |anding, variations of applied voltage and imtial
eslibration errors, i s estimted to be 0,5

B+ Vertical and Horizontal Velocities

8.1 Method

A high spced 35mme cine camera running at 100 frames per second was
set up on shore tO traverse in a horizontal plane and photograph the flying
boat descending before inpact ang during landang, including subsequent inpacts
whor e ski ppi ng occurred. The camera was fitted with @ 1/50 sce. tinme marker
and was synchronisced with the internal recorders.

8.2 Analysis

The aircraft is marked with a series of black crosses at nmeasured
intervals on a whitc background formng a vertical line and a line paralle
t0 the ketls  Moasurement of the apparent distances between crosses on each
frame enables the range amd obliquity of the aircraft to be established.
Correction of the neasured height of the aircraft froma horizontal datum(e.g.
the horizon or the edge of the frame if the camera traverses horizontally)
gives the true height fromthe datum lincs A height/time curve 1s obtaine’
by analysis of successive frames and graphical differentiation gives the
vertical velocity. Similarly horizontal vel ocity end keel argle can be

[derived ... ..
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derived al t hough these parameters are nor e readily measured i n theaircraft
by a |ow reading air spced indicator and the Anschutz gyroscope,

Be3Criticisns of the use of an external camera

The use of an external canera gives rise to a number of disadvantages
notthe |l east of whach is the tinme and 1abour required to analyse the film

Weather conditions restrict the use of the external camera, both
visibility amd wind direction being limting factors. Further, rate of
descent is measured relative to a horizontal datumand the method is therefore
limted to calm seas with no swell. The presenccof a shore based canmera
conplicates the test procedure, requiring in addition to the photographer :-

(4 a commwmicatrion system air to canera;

(b)  synchronising equi pment, as the time of first inpact g
not sufficiently clearly defined in adverse conditicnsy

(c) arestricted range of touch down points, adding to the
daxffioul ties of a pilot making a controlled heavy
1&]'1(1"1.1'}8;-

M nor troubles experienced during tie first series of tests due to an
unsatigfactory horizontal datumline havc been remedicd by fitting a
graticule in the high speed canera and by making sgm adaptor to fit
the cemera to g Standard Fy7canera tripod which has superior levelling
facilities,

8.4 Accuracy

The probable error in the measurenent of vertioal velocity by this
mzans is high, being as great as 1 ft/sec in 10 ft/see, and 18 mainly due to
innacuracy an differentiating the height/tine curve.

9, Time of First Impact

A water contact (Fig.1i)is fitted as near to the keel at the main step
as possible. The change in its resistance when wetted lights a neon indicator
on the sceond pilot's panel while part of the lampccurrent is passed through
a galvanometer to mark the record, A correction is necessary to allow for
the small distance between the contact and the point of ths step.

"0 _Timng and Synchronisation of Records

10.1 Accuracy Required

The most severe demard on the accuracy of tine measurenent is nmade by
the use of a single initaal signal to synchronise the two internal recorders
and the external cine cameara over the period (say 10 seconds) of successive
i npact s where skipping occurss For the internal recorders, alignnment of
ressure signals to within two nmilliseconds nccespitates a frequency difference
bet ween timng systems of less than 2 parts in 10%  As vertical velocity
1s a relatively slowly changing paraneter before impact, the degree of
synchronksm required between the external camera and recorders xs |oner, 0.5%
beang Satisfactory. The absol ute accuracy needed fromthe recorder timirg
s%stem is not high, 0.1% bei n? mory: than adequate since a linmt is set to
the usable accuracy by the difficulty of neasuring snmall time intervals at a

papcr speed Of 6ins/scos

1062 Taming systemof M| er recordérs

, _The time base of the MIler oseillograph is derived froma valve
meinteined 60c¢/s tuning fork, driving a synchronous motor through a paraphase

Joaherr il gasas
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push-pul | amplifier. As the timing circuit 1s omitted fromthe manufacturer's
handbook it is incluled as Figure 12. An occulting disc, with twenty

radial Slots, the tenth and twentieth being wider than the others, is driven
through gearing at 300 r.pems Light passing through the disc marks the record
at 1/100 second intervals with heavy lines every 1/10 secord. A check at
roomtenperature of tuning fork frequency against a, sub-standard oscillator
indicated that the accuracy was better than {1in 104

10.3 Timing Of External Camera

The timaing system of the high speed cine canera consasts of a 50
Coprs. tuning fOrk which is maintained in oscillation by an electro magnet
controlled by a contact on the fork. A similar contact ipterrupts the primary
circurt of an induction coi1l whose secondary voltage triggers a spark gap;
the light fromthe spark gap marks the edge of the f1lm at 1/50 second intervals.
This $iming system agreed wath that of the Miller recorders to within 3 parts
in 107

10. 4 Synchronising Signals

The synchronising system is duplicated both radio and light saignals
beang used. Anaitomatic method of originating the signal rcduces t he
possibility of human error and enables a short timaing pul se to occur soon
after the start of the recordcrs.

Fagure 13 iS a schematic circut Of the recorder renote control
system and the automatic synchronising unit. The recorders.are individually
control led by the renote control units and joantly operated by the geor:d
prlot's push-button. Operation of this push-button, normally during the |ast
few seconds of the approach, starts both recorders and initiates the following
synchronising  sequence. Rclay B operates and switches the aircraft's V.H F.
equipment (IR 1430) t0 transmits Relay A 1s slow to nake, the 150 m/sec
oparating time being ccoupied by the swatching and acceleratang of the
recorder notors and by V.H F. awitching. The contacts ON Relay A are adjusted
go that when A operatcs the events listed bel ow occur within 1 m/sec.

(a) 4 voltage is applaicd to relgy C
(b) A paw of photoflash lanps are fired

(c) 0.25 mA is passed through a galvanomcter in each recorder

(d) A relny circuit un the V. H F. transmitter i s cl osed
causang a 1000 ¢.pss. Note to be transmxtted,

Relay C whaich as also slow tO operate, releases A and |ocks itself in
until the push-button is rel eased.

The radio signal systemis a s:i.mglifmd vergion of that used by the
Bl i nd Landing Experimental ESt abl i shment © The 1000 cep.s. pulse is received
by a TR 1143 at the ground camers and fed to a parallel-T bridge amplifier ?
whach control s a relay, This relay interrupts the timing circuat of the high
speed camera for the duratron of the synchronising pulse.  The V.H F. equipment
1s also avallable for voice communication.

Two photol Lash | anps arc fatted as they frequently fail to operate
and there 1s the possibility of' a single | anp being obscured from the camera
by a float, A typical view of the flying boat, enlarged from the cine
falm, ghows the laight signals - Figure 14.

10.5 Calibration of synchronising signals

Delay an the radio synchrenisang signal IS due to the operating taime
of the relays in the {yansmtter and tuned amplifier and to the displacenment
of the spara[‘zv gap fromthe gate an the canera. An overall dircot measurement

[of . ewen



of the time difference was obtained by applyi ng a fraction of the spark gap
triggering voltage t 0 ananternal recorder. ynchroni sstion by this
method 1s to the nearest timimgimpulse , i,es not better than 20 mSeccs

The only significant delay in the photoflash systemis that due to
the lanmps themselves, By using a photocell to resord the 11ght ~ulse the
average delay to 50%of peak |ight was found to be 7m Sec, = 3m Sec:
Synchronising is possible by this nethod to the nearest frame, i.esto
1/100 sec.

11e Further WOrk

Vertical velocaty i S the parameter whach is nmeasured wath | east
accuracy and nost computing labour. There g a need for an airborne
i nstrument which will measure vertical velocatydirectly, A formof |ow
readi ng radic altimeter appears to be thg nDSt promrsing sol ution.

The waterproofing of Strain gauges in the presence %n‘é sea mater is
a troubl esome problem and the nethods rucommsrded by Fitch mey well be
tried.

12¢ Conclusannsg

El ectronic equipment i s well suited to the measurement of the
impact pressures and gzccelerationg experienced during the alighting of a
flying boat especially when a nunber of rapidly chenging parsmeters have
to be related on & common time scale.

It is essential, however, that the limtations of the equipnment are
continually borne in mind #nd that suitable precautions are taken during the
calibration, operation ard maintenance of the instruments to keep errors to a
m ni mum
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FIG.1.

INSTALLATION OF MILLER EQUIPMENT IN WARDROOM

FIG.2

INSTALLATION OF MILLER EQUIPMENT SHOWING
PICK-UP JUNCTION PANEL.



FIG.3.

PROTECTIVE COVERS FOR MILLER EQUIPMENT

FIG.4.

ACCUMULATOR INSTALLATION



FIG.5.
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INSTALLATION OF GYROSCOPE CONTRCL UNIT
AND MILLER REMOTE CONTROLS

FIG9

SECOND PILOT'S PITCH AND ROLL INDICATORS
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FIG. Il

WATER CONTACT.
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