C.P. No. 340

(17,895)
A.R.C. Technical Report

LIBRARY

AL AIR T ESTABLIS:; . teg
o (DRI

Ao -0k ¥

NN et
‘ \/,(‘\1.1"-’.; .

- d "'
P =Y N
"

MINISTRY OF SUPPLY

AERONAUTICAL RESEARCH COUNCIL

CURRENT PAPERS

C.P. No. 340

(17,895)
A.R.C. Technical Report

Full Scale Measurement of Impact Loads on
a Large Flying Boat (Sunderland Mk. 5)
Part I11- Data for Impacts on Main Step

By

R. Parker, B.Sc.

LONDON : HER MAJESTY'S STATIONERY OFFICE

1957

SIX SHILLINGS NET






c.P. No. 30

Renort No, F/E&eyzgg

Auvguat 1

MARINFE ATRCRAFT EXFERIMENTAL ESTABLISIMANT, FELIXSTOVE, SUFFOLI

FULL, SCAIE MEASUREMENT OF IMPACT LOADS OW A LARCE FIYING BOAT
(SUNDERTAND MK, 5)

PART ITT - DATA FOR TMPACTS G MATN STRP

by

R, Parker, B,Sc.

SUMMARTY

The results of a series of full-scale impact tests on the hull
of a Sunderland Mk.5 flying boat at an all up weight of 50,000 l1b. were
comparcd with an approvriate theory and discussed generally in a previous
report, As disarcepancices between this data and the theory were shom and
cxplanation of this has not been forthcoming, this report mresents completo
time histories of a numbor of the actunl measurements to permit comparison
with other theorics whon such become available and application by cmpirical

methods where approprinte,
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1. INTRODUCTION

A full investigation was carricd out some time apo on forebody
landing impacts of a Sunderland Mk,5 flying boat, as part of a general
investigation on seaplane landing impacts, This first serics of tests wes
confined to calm water only, and almost entirely to cascs where the after-
body was not wetted during the initial impact. The results of these tosts
were compared with the most rccent relevant theory (Rcf.4) ond the comparison
was reported in Reference 2.

Discrepancies betbween the measured and calculnted acceleration/timo
curves were found, in particular the measurcd times to maximum acceleration
were about twioe those predicted by theory. As no cxplanation of this
discrepancy has been found a selection of the measurcd data is given in this
repart for two purposes viz,

(a) to permit comparison with other theoracs or further investigation
of the apparent errors in that at present available and

(b) to permit ats use by cmpirical mcthods and comparisona with
current design strength reguircments for seajplancs.

2o  AIRCRAET

The aircraft employed was a standard Sunderland ¥k.5 flying boat
with four Pratt and Whitney Twin Wasp engines., The genoral arrangement drawing
of the aircraft is given in Figure 1 and a lmes plan in Figwe 2.

One possible explanation of the discrepancics between measwred and
caleulated resulbs is associated with the flexibility of the aircraft structure,
particularly the wings. To permit investigetion of this Figure 1 includes a
general indieation of the major concentrations of mass in the aircraft as it
was loaded for the tests.

3.  INSTRUMENTATION

The apparatus is Jdiscussed in Refercence 3 in considerable detail and
only a bricf swvey is given below,

3.1, Iotal force
Total forcevas reasured by means of an arrangement of accelerometcrs
vhose oubtpubs ware combined in the corrcct proportions to give o true representa=-
tim of the acceloration of the aircraft's C.G.

3.2. Pressures

Pressures on the planing bottom were moasured by means of flush
diaphragm pressure pick-ups.

3.3. Attitude and roll

Aroraft attitude (keel -.mgle) and angle of roll were measured by
mcans of an Anachutz gyroscope,

Jedre Vertical and horizontal velocitics and draought

The alrceraft position at any instant vms recorded by means of 2 high
speced camera mounted on an accurately alipned tripod ot a suitable shore position.

Andysis of thais photogriphic record enables ecaleulation to be made
of verticnl and horizontal velocity, draft and keel angle,
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The latter is a duplication of the keel angle measurement by the

gyroscope, and forma a convenicnt check on the accuracy achieved by the two
methods,

3.5. Recording

All measurements under Items 3.1, 3.2 and 3.3 wae rccorded on hwo
16-channel galvo-camcra rocorders, the attitude and roll being shhained by
electrical signals directly from the gyroscope vhichyee £ed straight to
the galvanometers, while the accclerometers and pressurc pick-upg work in
comjunction with two 15~channel amplificr wnits,

A system producing a timing mark simsltancously on both the shore
camera £ilm and the recorder rccords is used to give accurate synchronisatim,.

3.6, Accuracy

The acowracy achieved in the various measurcments has beon asscssed
in Reference 3, and is as follows.

Attitude to,5° ’
Draught T o,2 £t.

Vertical Velocity T 1 £t,/sec,

Farewnrd Veloeity T 2 £e./sec.

Time '_"- 0,15 (Synchronisction ¥ 0,01 soc.)
Acceloration t o0.1g.

Pressures t 5% (The minimumm time of pressure build

of which can be recorded = 0,01 scc.).
L, RANGE OF TESTS .ND PILOT ToCHNIQUE

The primnry obJectiva of the tests was to obtain landing impacts
which fulfilled the conditions assumed in available theorctical analyses.
Future thearetiecal work will almost certainly include the cases covered,

though may permit relaxation of some of the requirements, which are assuned as
follows: -

(a) zero vertical acceleratim pricr to touchdown,
b} zecro drift at touchdown,

¢} zcro angle of roll throughout the impact,

é) zero angular velocity in pitch, and

(¢} tho main step only to be irmersed,

The piloting technique to achieve these comditions is described in
Reference 2 and the runs given in this report have been scleeted to comform, as
closcly as possible, to these requrcments with the excoption of two runs in
which the landing attitude is high and the afterbody plays a congiderable part
in the farst part of the impact.

The angle between the forebody keel line and a line from the main
stop to the rear stop point is approximately 9° so impacts with an attitude atb
touch dowm groater than this will involve some afterbody cffoct.

Where the attitude 1s lower than this throughout the whole impact (as
in most of the runs given here) the afterbody is in the trough behind the main
step and its only 1likely effccet is the possibility of suchions occuring duc to
imperfect ventilation,
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A later gerics of tests has bceon completed in which the pressurcs on
the afterbody were measurcd in landings covering a lavrge range of attitudes and
the results are rccorded in Rcfercnce L.,

all tests were made at one weight and C.G, positaon, i.,e, 50,000 1b,
all~up weight with C.C, 3 £%. forward of the main step point mecasured parallel
to hull datum, A1) landings were done in the normal landing configuration, i.c.
2/3 £lap and in good weather comditims with winds of, on an average, 3+, knots
giving a relatively calm water surface with the roughest condition consisting
of wavelets not more than 6 in, high,

5,  BESULTS

The results are given in Pigures 4 to 15, and comprise time historics
of keel attitude, draught, vertical veloeity, C.G. acceloration and pmressurcs
at a number of individual points on the forebody, The positims of these points
are given in Figure 3, and relevant dimonsions an Table IT.

Roefercnce 2 gaves results from 23 impacts and uses data from these,
The twelve impacts of vhich dnta is given in this report arc sclected from
these and cover as wide a range of the various paramcteors as possible and
include only runs where the data is fairly complete, (The main difficulty was
poor serviceability of pressure pick-ups).

The mubers given to the various runs are the same 2s those used in
Reference 2 50 reference from once repoart to the other moy be rmode readily.

It will be noted on some of the draught plots that more than one
curve is given, this is done wherc inconsistencies occour which cammot be
explained, The results of three methods of sbtaining draught are used in 2all
cases and where only onc curve is given, satisfactory consistency was achicved,
Where more thon one, the degree of accuracy which can be assumed 1s apparent.
Methods used for obbaining draught are:

b/! double integration of the vertical acceleration record, and
c) by geomctricel methods from the positions of pick-ups near to
the keel as each entors the wndisturbed water surface,.

go.i dircet measurement from the camera record,

_ The accuracy given in Scction 3,6 relates to the comera method and
this is felt to be generally relinble,

The doublc integration of draught from comera records requires o
menns of establishing the initinl verticnl wvelocity or the time of maximum
draught,i.c.the time of zero vertical velocity. Where this method is used, one
or o~ther of these must be obtained from the camera record,

The geomctrical method, using first contact of cach pick-up ia
subject to slight error duc to the splash-up but, as only pick-ups near the
keel are used, this is small as splash-up forvard is negligible. It will also
be noted that the rceords show the vertical acceleration at the instant of
touch-dom to differ from zero by amounts up to O.ig = generally in an upmrd
sense, il,e, the 1ift is slightly greator thon the weight of the aircraft.

The wing 1ift will zlso vory slightly during an impact due to change
in the [light path angle. .and, whore it is_apprecicble, changes in attitude both
of which alter the wing angle of attack.

To pernit cstirmatio of the mgnitude of this effoet the 1ift of the
aircraft in the condition used wns measurcd and the Cp curves obtained are
gi~en in Figure 16. It should be noted that these curves are the results of
tests done 2t an altitude of severnl hundred feet and application withoub
allowance for rround ciffccts moy itour o slight orrar,
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Results for level flight and glides are given ng some tests were
done with a lzttle engine power on but in general the 'glide" curve will pive
the most accurate represcentation.

6. GENFR.L DISCUSSIO

It is not proposcd in this report to cxemine the results in dotail,
as the purpose is merely to mike the data available for use, cither to assist
in the establishment of cmpirical rclationships or as o chock and guide in the
development of basic theorics.,

Tho geometry of the Sundcrlond hill is typicnld of a low boam loating
ssaplane and is such thnt the chines are very rarely immersed during inivial
landing impact,

The accuracy of the resulis presented is not as high as maght be
desired but zs felt to be quite good for full seale work of this type. The
asgessments in para 3,6, arc maximm values ond much of the data is within
clogser limits than these,
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T.BLE I
Swnderland Ynrk 5
Da ta
Hull
Beam (max) £+,
Length (P,P. o Rear Step) T,

Length: Beam Ratio
Forebody Length (F.P, to Main Step Keel) £t.
Aftexbody Length (Main Step Keel 1o AfE
step) ft.
Keel-Chine Dendrise at Main Step
Step Plan Included ingle
Forebody Keel - Hull Datum Angle
Heel -~ Heel Angle
Forebody Keel - Afterbody Kecl Angle
Moin Step Fairing Ratio

Wings
Area {gross) sqeTt,
Span £t.

Incidence to Hull Datum
Section

Flaps

Typo
Avea sq.ft,

Inilplone
Area (including clevators) sq.ft.

Elevotor area (including tabs) sq.ft,
Elevator movement

Engines

2,79
62,12
5.35
22,9
29,18
o]
15?0
9% 47
7° 29!
6:1

1637

Gottingen 436 modified

Gouge
285

205

845
16° 30! up and down

4 Pratt Whitney Twin Wasp R,1830-90B giving 1200 D H.P. at 2,700 r.p.m.

and + 9 1b/sq.in, boost for sea level take-off,

Loading
£t AJUHE. 50,000 1b

CG. "Imal" is 3,02 £t. forwvard of mein step at keel parallel to hull

datum line,
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TABLE IT

Detaals of Individual FPressure
Pigkwup Positions

Plﬁf:up 1(in) b(in) Qi(-:..n) °L
1 206.2 9.3 11,5 34°
2 1754 9.9 11.7 34°
3 W7 | 10.7 12,6 30.5°
b 122.6 6.8 8.0 31°
5 1226 | 16,5 19.3 29°
6 122,6 | 27.0 31.2 27”2
7 122,6 | 37.9 h3.2 23°
8 9341 7.0 8.3 34°
9 70,3 7.3 8.7 | 31°

10 703 1 17.7 20,6 8>
14 70,3 | 28.3 32,5 26>
12 70,3 | 39.0 Wede | 20
13 70.3 | 52.1 56.3 18°
1k 49,1 7ok 8.8 31°
15 33.8 7.6 8.9 34°
16 33.8 | 18.2 21,14 29°
17 33.8 | 28.8 3341 27°
18 33,8 | 39,7 45,0 2.°
19 33.8 | 50.2 5643 19°
20 13.7 7.6 9.0 31°

1 Distance forward of step and parallel
t5 keel datum

b Horizontel distance from keel 4o
Pressure pick-up

o Distance from keel %o pick-up along keel
chine line

BL Local deadrise
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