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PART IT'. DATA FOR IiiPACTS ON THE AWER?olX 

R. PAFXER, B.Sc. 

A comprehensive series af landing mpact tests has been carned 
out by M.A.E.E. zn both calm and rcugh water on a Sunderland flying boat. 

Results are given in this report for landings in calm water at 
attitudes where apprecmble pressures occur on the afterbody and conpr~se 
data on total forces and booal presswzs on the afterbody. 
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1. ~WUCTION 

A comprehensive rsnge of tests has been carried out by M.A.E.E. 
on a standard Sunderland Nark 5 flying boat in three series VU. ~dm water 
tests where the forebody only is affected, calm wetcr tests where the 
afterbody plcys an appreoiablc part and rough water tests. 

The results of the first series (forebody impact tests) are recorded 
as d3t3 in Referenceland compared with the mlevsnt theory in Reference 2. The 
purpose of this report is to present, as straightforward date, the results of 
the seoond series, i.e. tests at high attitudes where the afterbody is 
subjected to appreciable local pressures and suctions and the foroes on it 
form an appreciable part of the total. 

There is at the moment no theory with &ioh these results OM be 
directly compared,eventhe case of the forebody only with no rotation in pitch 
has not been successfully treated theoretically. Where the afterbody plLays 
an important part, appreciable rotation in pitoh ooours and exoept for the =rY 
early part of the impaot, the afterbody is planing in the wake of the forebody 
which results in a ocmplicatcd surf'noo shape, 

The immediate uses therefore to whioh the present results may b 
uaefW.ly applied are direct comparison with existing seaworthiness require;nents 
and any other cmpirioelmethod of establishing the pressures and forocs to be 
allowed for in seaplane hull design. 

2. AI.GUFT 

The aircraft employed was a stcndard Sunderland Mark 5 flying boat 
with four Pratt and Rhitney ttin vasp engines. A general arrangement drating 
Of the aircraft is giivcn in Figum I, and a lines plnn in Figure 2. 

As the flexibility of the wings may have M appreciable effect on 
the impa&, Figure 1 includes a general indication of the major concentrations 
of mass in the aircraft, as loaded for the tests. 

3. ~~~STR~-MRRTATION. 

The apparatus used is basioslly similar to that which was used 
for the earlier tests on the forobody and is disousscd in Reference 3. Cortair 
items of equipment have, however, been changed for similar ones of different 
manufacture, and the main diffcrenae is that considerably less recorder channels 
wore nvcilnble. A brief survey of the various items is given below. 

3.1. Total forces 

The method of oombining the outputs of several acoeler~eters described 
inReference ans not used as exsminetion of previous work shows the centre 
section acoelorntion, whhen osoillatory components are meaned out, to resemble 
the correct C.G. acceleration within fair limits. 

In this onsc two acoelcmmeters mere used, one placed on the main 
spar centre section (just forward 0f the C.G.) and one abore and slightly 
forward of the mar step. During the earlier tests (Referenoe 1,the main spar 
centre section acceleration was considered to be the same as the C.G. acoeloratio~ 
as tho tests oonoerncd inmlved little or no angular aoocleration. In the 
ourront tests, this is not the case and the outputs of the two accelerometers 
fitted have been used to caloulnte an aotun1C.G. nccolerntion and a pitohing 
acceleration. 

/3.z 
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33. pressures 

The pressures on the plmin,g bottom wera by means ef flush 
~pkragm pressure pick-ups, similar in prinoiple to those 
RefWeaoe$,but re-designedwith a more robust construction of an inherently 
water-proof mature, which resulted in better serviceability. 

3.3. Attitude and roll 

Attitude was measuredby means of an Anschutz gyroscope a& while 
roll was indioated at the observer's position, this was not recorded and run.3 
where it vas observed to deviate appreciably from eero were discarded. 

3.4. Vertical and horizontal velocities and drausht 

The aircraft position at any instant was recorded by means af a high 
speed camera, mounted on an accurately-aligned tripod at a suitable shore 
position. 

Analysis of this photographic record enabled calculations to be mde 
of vertical and horizontal velocity, draught and keel angle. The latter is a 
dYpllCation of the attitude measured by the gyroscope and forms a oonVenient 

check on the accuracy achieved by the two methods. 

3.5. Recording 

Measurements under Sections 3.1, 3.2 ana 3.3 were recorded on 0~13 

IS-Channel galvo-camera recorder, samrfactured by Films & Equipment Ltd. 

The attitude was obtaimedby an electrical signal directly from the 
WOSooPe and fed straight to the galvonomter, while the accelerometers and 
the pressure pick-ups worked in conjunction with two 6-channel amplifier units, 
mnufaoturedby Moxichael Radio Ltd. 

Tiaing systems were incorporated in both the recorder and the shore 
camera, and accurate synchronisation was achieved by firing a flash bulb from 
the aircraft, which was visible from the shore camera position, Sirmiltanems~ 
with the application of an event signal in the recorder, 

3.6. Accuracv 

The acouraoy achieved in the various mcssurements has been assessed 
in ReferenoeXand is as follows: 

Attitude 

Draught 

Vertical velocity 

Forward velocity 

Time 

Acceleration 

Pressures 

t 0.50 

+, 0.2 ft. 

+, I ft./se& 

t 2 ft./SW. 

2 0.1s (synchronisation +- 0.01 sec.) 

+, O.lg. 

t $ (The minimum time of pressure build-up 
which can be recorded is 0.W sec.) 

4. RANGE CF TESTS AM) PILtYI TECHFIQUE 

The obJect of the current series of tests was to investigate 
conditi.ons where the rear step played an important part in the impact conditions 
ati &d not conform to those assurred in the au-rent hydrodyntio lmpad theories 
with regard to angular velocity and immersion of the rear step. Conditions 
to which the pilot was instructed to conform were: 

/(a) 



(4 zero vv~-tioalacceleration prior to touahdotit 

(b) zem arm at touohiioatl, ma 

(0) zeru angle of roll throughout the impaot. 

The &Loting technique used wes similar to that described in 
~eference2,exoept that the instructionsincluded an approximate indicated airsped 
and a statement that the wrtioal velocity should be either higher or lower 
than the prEvious tests. 

In all landings, the elevators and engine settings we14 left constant 
during the impact and Par as long as possible before this though, in the 
higher attitudes the aircroft was nenr to stalling and continuous control by 
the &Id was necessary. 

To achieve the low indicntod airqeeds and, th&efore, high attitudes, 
it wss neoessexy for a considerable amount of engLne pwer to be used throughout 
the im&, and the condition of eerO acceleration prior to touchdown was 
ve.ry aim0uit to achieve. 

All tests were made at one weight wd C.G. position, i.e. 50&C 1p. 
all-up weight, withC.G. 3 ft. forward of the main step point,mcnsYred parallel 
to hull datum and all landings were done in the normal landiqg configuration, 
i.e. two-thirds flap and in good weather conditions, with winds Oft on an 
average, 3-4 knots, giving a relatively calm water surface, with the roughest 
conditions oonsisting of wavelets not more than 6 ins. high. 

5. RlSSKLTS 

Th& results are given in Figures 4-15, and oonqxise time histories of 
keel attitude, main step end rear stop draught, main step and rear step 
VWtiOd WlOOity, forward velooity,C.G, Vertical acceleration, pitching ' 
acceleration and pressures at a nmber of indj.vidual p&r&s on the afterbody, 
with one or two points on the forebody near the main step to give a direct 
comparison. The Eositions of the pressure points used are given in Figure 3, 
end relevah dimensions in Table II. 

The numbers used to identify the runs consist of the date of the test 
preceded by the number of the run on that particulsr day. The completeness 
Of results is severely impaired by the small number of recorder ohennels Neil- 
able, and each run contnins only pressure records for a limited area of the 
afterbdy or a very scattered survey of the whole afterbody. 

The draught results contain curves for main st?p and rear step,, 
both of which hem been obtained by two methods , i.e. from the shore osmere 
record ond by double integration of acceleration records. In many oases9 
good agreement vas achieved and only one cum is presented. Where this is 
not tho case, the two separate curves are plotted and .an indication is therefore 
given of the accuracy of the results. 

Owing to the ch~ahge in flight path angle and the large r!anges in 
attitude during an imp&, the wing lift will change ap?reciebly. To 
pernit oaloulation of the magnitude zf this effect, lift curves measured on 
the actual airoraft used are given in Figure 16 for the condition with twc-thizds 
flaa 

It till be noted that there is a difference between the level flight 
and,glido ourmy mcl, as the amount of engine pwer used on any particular run 
is not recorded, it is difficult to sny which curve gives the best approtiation 
but, in general, the level flight curve is likely to bo the nearest. 
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No analysis of the results is attempted in this 
is to make available the measured data obtained but a few 
noted below. 

report 2s its purpose 
general points are 

The naximv6nC.G. nccelorotion and maz&mnn pitching acwlerotisn both 
occur late in the impnct and result from forebody Poroes, the initial nose 
down pitching aooelerntion due to afterbody forocs remly exceeding 0.7 raa/soc. 
(shown ns n nogotiw value in the plots). 

Whi.10 forebcdy pressures up to 30 P.S.I. are recorded pressures on 
the afterbody rnroly exceeds 10 P.S.I. and no significant pressures were 
recorded at positions forward sf No.21 (J?ig.j).~egntive pressures (or suctions) 
of nearly 10 P.S.I. below atmospheric were measured aft of the main step and 
significant suctions were measured as fnr back 3s psitionNo.26. 

Afterbody pressures all disappear after the forebody has been immu-sed 
long enoq-,fi to form a a=ppreoiable wake - more pressures would occur later 
but the current work is concerned only with the early pnrt of the landings at 
high plau.ng speeds. 

References] 
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TABIE I 

Slpderlnnd Mnrk 5 
JMtrt 

Hull 

Beam (mm) 
Length (F.F. to Rear Step) 
Length: Beam Ratio 
Forebody Length (P.F. toMsin Step Keel) 
Afterbody Length (Mnin Step Keel to 

Aft step) 
KeeLChine Deadrise 3t Main Step 
Step Plan Included Angle 
Fombody Keel - Hull Datum Angle 
He01 - Heel Anglo 
Forobdy Keel - Aftorbody Keel Angle 
Main StepFairing Ratio 

m 

Area (gross) 
SP=JJ 
Incidence to Hull Datum 
Section 

Plaps 

TYPO 
Area 

Tailplane 

Area (includ 
? 

elevators) 
Elewtor area inoluding tabs) 
Elevator movement 

9.79 ft. 
62.12 ft. 
6.35 

32.94 ft. 

29.18 ft. 
260 

1320 
0 

iTo 47 
-p 1 

: 

1601 sq.ft. 
112.8 ft. 

60 9' 
&ttingen 436 modified 

Gowe 
286 sq.ft. 

205 sq.ft. 
a4.5 3% ft. 

16~ 30' up cd down 

4 Pratt Whitney Twin Wasp R.1830-90B giving 1200 B.H.F. at 2,700 r.P.m. 
and + 9 lb/sq.jn. boost for see level teke-off. 

Lodinp, 

At A.U.Wt. 50,000 lb 

C.G. Wormal" is 3.02 ft. forward of main step at keel parallel to hull 
datm line. 



Detdls Of Individual P-cessnre 
--iKEEp Posltiow 

Pick-up 
NO. 

35 

l(h) I'( in) b(b) "(in) @L 

33.8 7.6 8.9 3:.o" 
I 20 I 13.7 I 1 7.6 1 9.0 I 31.0" 1 

I 

I , I I 
31 I 1 346.75 13.59 I 16.x 1 i6.75' 

26 140.00 7.1 9.0 36.0' 

27 112.5 7.0 8.6 35.00 
28 112.5 16.1 19.2 27.G' 

29 90.0 6.8 8.3 1 34.0° 

I 30 I 69.0 6.8 8.1 31.50 

1 Distance forwnrd of mob step at keel xd porellcl to 
keel datum. 

1, Distznce forword of rear step and parcllel to keel ddxm.. 

b Horizontal distance from keel to pressure pick-up. 

C Distance from keel to pick-up along keel-chine line. 

@L Loan1 Dodrise. 
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FIG.1 1. 
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