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MARINEAIRCRAFl'EXPERIJ@NTAL ESTKBLISHMENT 

Stability tests en a large scale model of the 
Shetland hull bottom 

H. G. White, B-SC. 
A. G. Smith, B.Sc., D.I.C., A.R.C.S. 

Tests on the stability of a large scale model of the Shetland R 14/40 
hull bottom were required to indicate the stability of the full scale flying 
boat and for comparison with the tank model results. These test8 have been 
made at M.A.E.E. on a 1 : 2.75 scale model hull, but the superstructure and 
the wing tip floats used in the test8 were not models of t.iose of the 
Shetland, although the wings were closely to scale. 

The reotits show that the Shetland has a reasonable stability range at 
J20,OOO lb. which decreases with movement of the C.G., use of flaps, or with 
an jncrease in weight. The tank model stability range is wider below 
85 knots but is in agreement near the take-off speed, if the leas severe 
U.&t8 are chosen. The Shetland stability range appears to be less than the 
faired step Sunderland 111. However, the pilots at M.A.E.E. exe of the 
Opinion that the Shetland is a8 good aa the Sunderland III in normal 
handling. 

The Shetland appears to be dirty at speeds below 55 lmots and cere will 
b neeaed to avoid damage to the propellers anti tailplane. A bouncing 
PorPoise is likely to occur in take-off if the Shetland is pulled Off, Or 
if a big water disturbance is hit, ana also in landing if the touch dam 
speed if3 too ~10~. increase in weight accentuates dirtiness at low aPea 
ana increases the possibility of the bouncing porpoise occurring. 

Tests have also been made with the Shetland tail unit and wing tip 
floate5. 
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1. I-auction 

Tests on the stability end water performsnce of a large scale model of 
the Shetland (R 14/40) hull bottom were required to determine the stability 
cheracteristlcs of the full scale flying boat end to check the R.A.E. tank 
results. preliminary tests were made at the M.A.E.E. on a 1 : 2.75 Scale 
model hull attached to a Sara 37 superstructure, end the results are given in 
this report. tither tests have been made with the Shetland tail unit and 
wing tip floats. 

2. R_nge of investigation 

Attitude, acceleration e,na stability cheracteristics were measured in 
steady runs ana take-offs. one tests were made at a weight of 5,700 lb. end 
6,250 lb. which correspond respectively to 120,000 lb. end 130,000 lb. full 
scale. Steady runs were done at 5,700 lb. with Oo flap and C.G. in normel, 
forward end aft positions, end then with 150 flap and C.G. normal; take-offs 
at this weight were done with C.G. normal with.00 flap end 200 flap. Steady 
runs and take-offs were done at 6,250 lb.,with the C.G. normal and Oo flap. 

The general outlines of the Sero 37 with the lines of the Shetland hull 
bottom are given in Fig. 1. The hull lines are sim?Ler in general layout 
to those of the faired step Sunderlana (Mark III). The step fairing has a 
fairing rat10 of 5: 1. The different C.G. positions relative to th; ;tep 
are given in Table 1 (A), which also gives general aircraft data. . . 
nOrn!d is at 3O$ M.A.C. and the forward end aft positions are at 25% end 35% 
M.A.C. respectively. Table 1 (B) gives a general comparison of the le$ge 
model with the full scale Shetland also with the full scale Sunderlend, and 
indicates that the model is very closely a scale model of the Shetland. 

Attitude and acceleration were recorded by an R.A.E. two axis aCCelerO- 
meter end gyro pitch recorder. The elevator engle was indicated by a two 
way voltmeter on the pilot's instrument hoerdl. Speed in take:off has been 
obtained by Integrating the acceleration, making allowance for the initial 
speed. Speed in steady runs has been derived from the Indicated air speed 
and measured wind speed. The position error which was applied in cdlc~at&3 
the speed in steady runs has been obtained by taxying over a speed course. 

3. - Results and discum 

The results arc discussed under (1) steady runs, (2) take-offs. Each 
figure is plotted with the full scale Shetland speed as base, and tho attitudes 
shown are those relative to the Shetland hull datum. In the figures and 
text, reference is made to the full scale weight only. The test results are 
compared with the Shetland tank tests2 end with the full scale faired step 
Sunderland 111. An index to the figures 1s given before Fig. 1. 

3.1 Steady runs 

Steady runs were done at 120,000 lb. to find the nature of the stability 
and also the effect of C.G. :ravel and of flaps on stability. Tests were made 
at 130,000 lb. to investigate the stability at the higher overload. The points 
obtained in the steady run tests for each condition ere shown in F&s. 2 to 6. 
Each figure shows the mean attitude curve for stick central end the interpolated 
stability limits. Stick central corresponds to the stick held fix&with the 
elevator angle zero, the flying boat being then free to trim in pitch. The 
porpoising points are plotted at the mean attitude of the porpoise end details 
of the norpoising results are given in Tables 2 to 6. Every definite OsCil- 
lation in pitch recorded in the tests is shown in the tables whatever the 
amplitude, unless the oscillation damped out, but the interpolated stability 
limits are based on porpoising points of over 20 amplitude only. 

Fig. 2 and Table 2 give the steady run results at 120,000 lb. for C.G. 
norm&l with 00 flap. Fig. 2 (A) gives the steady run points, and Fig. 2 (B) 
the mean curves of attitude for a range of stick positions, Three stability 
limits have been found, the normal conventlonol upper and lower limits which 
dcflno the stability range, and a second upper limit which marks the incldcnce 
of a bouncing porpolso slLnilar to that obtalncd on the fair& step 



Sunaerl~a 1113. The stability limits drawn in Fig. 2 suggest a reasonable 
stable region over the whole speed range if the emall amplitude porpoising 
is neglected as of no importance. The narrowest stability range is $0 at 
68 knoto, the range increaoing both below and above this speed. At speeds 
above '75 knots with the stack hard back (i.e. at high attitude) the bouncing 
porpoloe is experienced and is rather vicious. It is however unlikely that 
thio would be encountered unless the boat is deliberately pulled off or hits 
a bad water disturbance. 

The effect of moving the C.G. forward (Fig. 3, Table 3) is to raise the 
lower limit by g-0 at 50 hota although lt is little changed above 70 knots 
and to raise the normal upper limit beyond the practical range of attitudes 
attainable. The mean attitude stick central is also higher at the hump 
because of the Increase in porpoising; aa the report on the Sclon4 shows, 
porpoising in the lower region of instability tendo to raioe the mean 
attitude. The bouncing porpoise is still found at high speeds and high 
attitudes but is less likely to occur then in the C.G. normal ca8e, for the 
attitudeo 'are higher. The general result io a wider stable range above 
60 knots, but porpoioing cannot be avoided over the hump speed range. The 
porpoising which occurs over the hump is not very important, unless drunage 
to the tailplane or propellers is experienced, since it will be ampa out 
quickly above 60 knots. 

When the C.G. is moved aft from the normal positlon (Fig. 4, Table 4) 
the lower &ability limit is r&Bed about lo at 50 knoto but is little 
changed above 70 knots. The upper stability limit is slightly lower at 
55 knot&but is otherwioe very similar to the C.G. normal limit. The 
resultant stability band therefore becomes narrower than for C.G. normal 
below 70 knots, decreaoing to 14" at 60 knots. This narrow range is how- 
ever very local in speed and any porpoising, although of fairly high ampli- 
tude, should be controlled quickly above Go knots, The bouncing porpoise 
occura at olightly lower attitudes at high speeds and is therefore more 
likely to occur than in the C.G. normal case. 

The test results for 120,000 lb., C.G. normal, with 15O flap are given 
in Fig. 5 end Table 5.( )? As compared with the Oo flap case, the lower 
ntahility Itit is unaltered at 50 knots although it is 2O lower at 70 knots. 
The upper limit is both lower over the whole speed range and extends down to 
50 blots. The goneral effect is to lower the running attitudes by lo, to 
narrow the stability range by about lo above 75 hots and reduce the stabil- 
ity range between 45 and 65 knots to l+. Porpoising in this range is 
unlikely to be dangerous, but may cause damage to the tailplane and propellera. 
The upper stability limit come8 80 low at 85 knoto, that take-offs in which 
the flap is lowered just before flying speed is reached, would be subject 
to porpoising before the machine was airborne and might possibly cause damage 
to the aircraft. The bouncing porpoise is unchanged. 

The effect of changing the weight to 130,000 lb. (00 flap, C.G. nurmal) 
is shown in Fig. 6. Tho lowor stability limit is raised lo at 50 knots 
although it io again little changed above 70 knots; the upper limit is 
generally lower by 2O at 80 lmots end lo at 70 knots; 
limit is also lowered about l$-". 

the bouncing porpoise 
The stabllity range is &ill quite fair 

at take-off speeds but 13 reduced to about 2O from 50 to 70 hots. The 
lowering of the bouncing porpoise region mcreaeeo the liability to porpoise 
and may indicate a steady worsening of conditions a8 the weight increases. 
Porpoising at the lower epeeds is again not dangerous, except that at the 
high weight there is more likelihood of damage to the tailplane and 
propellers. 

, 3.2 Take-off results end comparison with steady run8 

All recorded take-off8 were made with the C.G. in the normal position. 
Each take-off figure contains the appropriate steady run results dratito 
the same scale. 

The take-offs made for a weight of 120,000 lb. end Oo flap (Fig. 7) 
cover the whole range of elevntor posjtion available, and are in very good 
agreement with the atsadly run ranults of Fig. 2. The low amplitude 
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porpoising neglected by the steady run limits occurs in the take-offs but 
never exceeds 2O. The bounce porpoise is experienced, when the stick is 
held half to fully back, just before take-off (above 90 knots) but should 
not occur in a take-off with normal handling. 

The take-offs with 2O*o flap (Fig. 8) do not cover the whole range of 
attitude available, but within the attitude range measured they agree very 
well with the steady run results. The running attitudes are lowered by 
about lo and the stable range decreased below 65 lolots, when compared with 
the Oo flap case. Considerable spray was thrown up into the propellers at 
the lower speeds during porpoising. 

Take-offs with O" flap at the overload weight of 130,000 lb. are shown 
in Fig, 9, The stick positions indicated in the figure only apply above 
40 knots since the stick had to be held fully back at lower speeds to avoid 
excessive damage to the propellers by spray. The results are again in very 
good agreement with the steady run results, with respect to the porpoising 
of both above and below 2' eqlitude. The reduction of the stable range at 
130,000 lb. is confirmed. The porpoising experienced between 45 and 65 knots 
caused dsmagc to tho propellers and tailplsnc by water. With the stick half 
back a vicious bouncing porpoise took place at 85 knots when the boat was 
disturbed by a swell. 

No landings were recorded but it was noticed that a bouncing porpoise 
occured at 120,000 lb. although it could be avoided without much difficulty. 
At the overload weight there was a greater tendency to bounce porpoise. 
Further tests will bc made to confirm these results. 

3.3 Comparison with pilots' opinions 

The general opinion of the pilots at M.A.E.E. on the model over the 
tceted range of conditions was that it was quite satisfactory in take off 
under all conditions provided that the pilot did nothing ahnormal. They 
wcrc satisfied with tho stability range which did not seem unduly narrow to 
them even at the overload weight or with flaps down, because they felt that 
they had a sufficient margin of control and that the stability was very 
good inside that range. The porpoising at speeds of 45 to 65 knots, mostly 
of less than 2O amplitude, was generally ignored; in the worst cases the 
stick was usually held well back to avoid demage to the propellers. It was 
reported that the bouncing porpoise, experienced at high speeds, was 
unpleasant snd would occur if the stick was held well back, but this was 
considered to be bad handling in take-off from the pilots' viewpoint. ThOY 
also thought that come trouble might occur in wrongly made landings but this 
was avoidable. They considered that the model compared favourably with the 
fairod step Sundcrland III. 

3.4 Comparison with the tank model result 

The tcnk model take off at 120,000 lb. with Oo flap is shown'in Fig. 10. 
Since the tank model C.G. is slightly aft of C.G. normal on the large model, 
the result is compared with the C.G. normal steady runs and take-offs in 
Figs. 2 and 7 end the steady runs with C.G. aft in Fig. 4, all of which wore 
done at 120,000 lb. with 0' flap. 

The tank model stick central, free to trim, attitude is lo higher at 
50 knots and 80 knots but is lo lower at 90 knots in comparison with the 
steady runs in Fig. 2 (C.G. normal). The take-offs in Fig. 7 agree with 
this comparison below 80 knots; at 80 lolots thore is agreement with the 
tank model, and above 80 knots the take-off attitudes ore between the steady 
run results end those for the tank model. The lower limit below 60 knots 
lies between those for C.G. normal and C.G. aft, being nearer the latter. 
Above 80 knots it is about lo higher. The upper limit, however, is of 
quite different form although the mesn values are of the same order. It 
is concave downwards instead of upwards and is 20 high from 60 to 85 knots, 
and then joins up with the lower limit at 90 knots giving no stablersnge 
above this speed. The alternative limit given agrees fairly well with the 
bouncing porpoise limits between 90 and 100 knots. No mention of a bounce 
porpoise is made in the tank report. 
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Generally the lower limit is in fair agreement, the upper limit io 2' 
high except above 90 hots 111 the take-off region. The more severe limits 
have not been found full scale so far, but may be bound up with the occurrence 
of bouncing porpoise. 

3.5 Comparison of the results with the full scale faired step 
"Sunderlend" take-offs 

Take-offs for the full scale Sunderland with 1 in 6 step fairing are 
shown in Fig. 11 for a weight of 49,000 lb. and O" flap. This weight corres- 
ponds to 101,600 lb. on the Shetland for the same beam loading (W/b3). 
These take-offs have been used in the comparison since there ere no stability 
records for a higher weight on the Sunderland. 

The Shetland large scale model take-offs (Fig. 7) and the full scale 
Sunderland take-offs (Fig. 11) show that the Shetland is generally more 
unstable than the faired step Sunderland. The lower stability limit is 
generally lo lower but the form is very similar. The more violent por- 
poising shown for the Sunderland take-off with stick fully forward developed 
because the stick remained forward until a much higher speed was reached than 
in the corresponding Shetland take-off. The upper limit for normal or 
bouncing porpoise is outside the practical range of attitudes during 
Sunderland take-offs. The bouncing porpoise experienced in the Shetland 
take-off has only been observed in Sunderland steady runs. The bouncing 
porpoise is also only found in the Sunderland landings at the stalling speed, 
and then only occasionally. 

Table 1 (8) indicates that the Sunderland at 56,000 lb. (the highest 
weight at which the performance of the Sunderland is well known) has lighter 
wing and bosm loadings than the Shetland at 130,000 lb. The Sunderlaud 
weight which corresponds to the same beam loading condition as 130,000 lb. on 
the Shetland is 63,800 lb., and at this weight it is thought that the 
Sunderland might be more difficult to handle and it would be very dirty at 
low speeds. The &ability range of the Shetland decreases with increase of 
weight and hence the Sunderland at 63,800 lb. might behave similarly to the 
Shetland. 

4. Conclusions. 

The Shetlsnd at 120,000 lb., C.G. normal, 0' flap, has a reasonable 
rango of stability over the whole of the take-off speed range, if porpoising 
of less than 2O amplitude LO neglected. The r‘ange generally increases from 
$0 both above and below 68 knots, but at high attitudes and high speeds a 
bouncing porpoise may be encountered if the boat is pulled off strongly, or 
hits a water disturbance which leads to a high attitude. 

Increase of weight to 130,000 lb., and change of C.G. forward both raise 
the lower stability limit considerably from 40 to 75 knots, but otherwise 
leave it little affected. Change of C.G. aft raises the lower stability 
limit slightly. The lower limit is not greatly affected by use of flaps. 
Porpoising between 40 to 75 knots is not always avoidable but is not dangerous 
end can soon be damped out, although damage might result to the propellers . 
and tailplane. It is advisable to hold the stickwell back over the region 
of the hump speed. 

The upper limit consists of two parts corresponding to normal and 
bouncing porpoising. The attitude of the latter is lowered with increase 
in weight and it may therefore become more troublesome if the weight is, 
increased further. The normal upper limit disappears from the practicable 
range of attitude for C.G. forward, 1s unchanged for C.G. aft, but is lower 
end extends to lower speeds with 15' flap and at 130,000 lb.\% With the C.G. 
aft at 120,000 lb., and C.G. normal at 130,000 lb., the stability range from 
45 to 65 knots is only l$" but again the porpoising is not dangerous, except 
for possible damage to the propellers and tailplane, and can easily be 
controlled at higher speeds. 
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No landings have been measured but it .~eem~ that the bouncing porpoise 
may be encountered at low lending speeds, the frequency'of occurrence 
increaoing with increase in weight. Further tests will bo made when the 
aircraft is again available. 

In the opinion of the pilots who have flown the aircraft at M.A.E.E. the 
Shetland is as good as the Sunderland 111 under conditions of normal heellx~. 

The stability range from tank results for C.G. normal, 0' flap and 
120,000 lb. is wider below 85 kcote (due to the upper limit being 2O higher), 
but is about the oame at higher speeds if the lees Bevere limits are chosen. 

The eevere limits, which bhol? no stability above 85 knots, ere not found full 
scale; they may be bound up with the occurrence of the bouncing porpoioe wZth 
large disturbances although no bouncing porpoise was mentioned in the tenk 
results. 

The Shetland at 120,000 lb. is leas stable than the f&red step 
Sunderlend at 49,000 lb. This difference is specially marked in the 
bouncing porpoise end normal upper stability limits, both 0:' which do not 
appear In Sunderland take-offo end have only been oboorved in steady rnn~. 
The Shetland hao a narrower stability range at the hump for the overload 
weight and this is likely to lead to more damage to the prcpallers and 
tailplane. Below the hump npeod the Shetland at 130,000 lb. io very dirty 
end liable to suffer damage to the propellero. In the practical t&c-off 
conditiono for the two aircraft the Shetland is not as good as the 
Sunderlend III particularly at low speeds, at the hump speed and near the 
take-off speed. 

5. Further developmenta 

tither test& have been made on the Saro 37 with the Shetland 'xi1 unit 
and wing tip floats to confirm the atability results. It is suggested that 
further tests be made in the tank with an increase in beam of @' full scale, 
which would give the Shetland at 130,000 lb. a beam loading equal to that 
of the Sunderland III at 36,000 lb. Model tests of the effect of 12" and 
18" (full scdo) lmxoa~e in beam are also recommended. 
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Table 1 (A) 

Generai particulars of Saro 37 with Shetland bottom 

. Wings 2. Tailplane 

Area/gross 340 sq.ft. Total area 43.2 sq.ft. 
SF= 50 ft. Span 

6.0 ft. 
15.5 ft. 

Moan Chord Elevator area 
Aspect ratio 7.35 (including tabs) roe7 sq.ft. 
Aorodynarmc Chord to 

R.14/40 hull datum 
Elevator movement 

60 11' 
ZiO *p 
2Oo dorm 

Flaps H.P. slotted 2C$ wing chord 

Flap semi span 11 ft. 
Flap angle - fully out 480 

. Propellers Fixed pitch, two blade 4. w 4 Pobjoy Niagara III 
wooden propellers. 

Diameter 6.5 ft. 88 B.H.P. at 3300 r.p.m. 
Blade chord at 0.7 85 B.H.P. at 3135 r.p.m. 

radius 
Blade angle at 0.7 

5.90 ins. j Gear ratiy take-off) 

radius 28.10 
/ 

0.468 

Large Model fill Scale 

Overall length 
Beam 
Angle of forebody to hull datum 

@.14/40) 
Scale 

41 ft. 6.75 ins. 110 ft. 
12 ft. 6 ins. 4 ~.~;.28 ins. 

0 t 20 38' 

l/2.75 1 

. Loads at which tests were performed 5,700 lb. 
6,250 lb. 

120,003 lb. 
130,000 lb. 

C.G. normal distant forward of 
step along hull datum 

C.G forward 
C.G. aft 
Tank model C.G. 
Sunderland C.G. on Shetlana scale 
Corresponding speedo based on 
l?roudc's Law 

1 ft. 8.11 ins. 4 ft. 7.3 ins. 
2 ft. 0.55 1ns. 
3 ft. 3.67 ins. 

5 ft. 7.5 ins. 
3 ft. 7.1 ins. 
4 ft. 1.8 ins. 
3 ft. 9.9 ins. 

v knots ./GC-E v knots 
- 
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Table 1 (3) 

Comparison of Large Model-and fill Scale Shetland 
and. till Scale Sunderland III 

Unit 
Large 
model Full scale lU1 scale 

Shetland Shetland Sunderland III 

Beam (b) 

Wing Area S 

Span 

Scale (based on beam) 

Overload weight (W) 

wing loading (W/S) 

Wing loading sealed up to 
full scale Shetland 

8ee.m loading W/b3 

ft. 

sq.ft. 

ft. 

lb. 

lb./ 
sq.ft. 

lb./ 
e.ft. 

4.54 12.5 9.8 

340 2618 1690 

50 150.4 112.7 

l/2.75 1 111.275' 

6,250 130,000 56,000 

18.4 49.7 33.1 

50.6 49.7 42.3 

66.6 66.6 59.5 

Corresponding weight 
Shetland W/b3 

to give 

Corresponding wing loading 
for Shetland W/b3 

Height of C.G. above step 
(perp. hull datum) 

- ditto - Scaled up to 
Shetland 

Water clearance of propellers 
at rest (approx.) 

- ditto - Scaled up to 
Shetland \ 

-- 

6,250 130,000 63,800 

50.6 49.7 48.2 

ft. 5.8 16.0 11.8 

ft. 15.95 16.0 15.1 

ft. 2.35 6.4 4.8 

ft. 6.46 6.4 6.1 
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Table 2 

Details of porpoieing points 

steedy runs: C.G. Normal Wel&t 120,000 lb. Flal 0' -- --- 

Water 
speed 
blots 
fIiL1 
scale 

64.2 

66.3 

66.7 

78.7 

80.8 

84.5 

40.5 

43.3 

46.3 

47.9 

56.3 

61.3 

51.7 

53.3 

56.0 

59.3 

59.3 

59.3 

37.7 

Meal-l 
attitude 
iegreef3 

hpli- 
tuae 

degrees 

Water 
speed 
knots 
full 
scale 

3.9. 4.1 43.2 

2.5 3.3 47.5 

3.3 3.9 57.0 

2.5 2.0 68.2 

1.4 2.2 71.2 

1.5 2.5 75.5 

5.2 1.5 75.5 

4.9 6.5 42.0 

4.6 4.6 44.8 

4.2 3.7 69.0 

3.5 4.3 . 78.7 

2.9 3.4 48.8 

2.7 2.3 65.0 

2.2 1.2 51.7 

4.1 4.5 69.7 

2.7 2.5 72.5 

2.4 3.0 78.2 

2.6 

2.2 

3.4 

1.4 

79.0 

86.3 

85.3 

Meen 
rttituae 
legrees 

4.9 

5.4 

4.6 

5.3 

3.0 

2.2 

2.0 

8.2 

8.1 

7.2 

6.6 

8.9 

8.1 

7.5 

9.0 

9.0 

8.7 

8.5 

8.5 

7.3' 

Aqli- 
tuae 

iegrees 

4.0 

7.4 

6.6 

2.3 

7.0 

0.7 

4.7 

1.3 

l-5 

2.6 

3.1 

1.2 

1.3 

3.4 

4.6 

4.7 

5.9 
3ounce 

4.1 
bounce 

6.7 
3ounce 

4.2 
bounce 

IE 52171/l 8 



Table 3 

Details of porp0islq.q points 

steady runs: C.G. Forward. Weight 120,000 lb. Flap 0' 

Water 
speed 

full 
scale 

39.3 

46.8 

47.2 

48.3 

55.3 

57.2 

58.3 

59.3 

---- 

Stick 
?OSl+iiC 

Mean 
htltude 
tegrces 

Ampli- 
tude 

Legrees t 

8.1 1.2 

8.7 2.6 

7.0 5.4 

10.1 ’ 4.9 

7.0 5.6 

9.2 2.4 

7.1 1.2 

5.8 1.6 

Water 
speed 
knots 
full 
scale 

72.3 

72.3 

84.8 

83.7 

61.7 

87.0 

85.0 

93.7 

Stick 
position s 

d 

Mean 
.ttitude 
.egrees 

Ampli- 
tude 

7 

degrees 

3.2 3.1 

2.6 1.5 

2.5 2.5 

1.7 3.4 

3.4 7.0 

9.8 8.0 
bounce 

8.5 4.0 
bounce 

7.2 9.0 
bounce 

Table 4 

Details of EmpoisinK points 

Water 
I 

speed knot 8 Stick Meen 
position attitude tuclt? II 1 

full dcgreeo 
Scale 

de@ 
knots 
full 
scale __- 

Stick MeaIl Ampli 
position attitude tucie 

defgees degree 

43.4 Central 7.7 

47.0 ‘I 7.3 

53.3 ” 6.8 

54.2 ” 7.3 

55.7 ” 7.3 

71.8 ” 2.7 

47.8 

58.7 

62.0 

62.3 

66.7 

58.8 

*back ‘9.5 0.8 

II 8.8 2; 3 

II 8.2 2.0 

II 8.4 2.2 

I, 7.2 1.6 

nllly 8.0 5.0 
back 

86.8 11 4.0 
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Table 1~ (continued) -- 

Water 
Sped 
knots 
full 
scale 

55.8 

60.3 

68.7 

79.8 

55.6 

60.3 

68.3 

69.3 

74.2 

Water 
speed 
knots 
full 
SCS2.C 

47.0 

48.0 

48.3 

50.0 

55.3 

57.8 

59.2 

so.5 

53.0 

11.9.8 

Stick 
losltion 

Mean Plllpli- 
.ttitude tucle 
.egreeo degrees 

water 
speed 
lolots 
f?lll 
scale 

6.4 1.8 62.5 

5.4 

3.9 

2.4 

1.1 

1.0 '70.5 

1.6 73.3 

1.7 67.8 

76.7 

5.6 

5.3 

6.5 

3.1 

3.0 

4.4 

82.3 

3.2 85.3 

2.6 88.0 

2.1 

Stick 
position 

MlY 
Back 

I, 

Mean Ampli- 
.ttltude tude 
.egrees degrees 

9.2 1.8 

8.5 

8.6 

9.6 

1.5 

5.2 

5.2 
bounce 

10.2 3.0 
bounce 

8.2 2.5 
bounce 

7.4 4.2 
bounce 

6.2 5-l 
bounce 

- 

Table 5 

Details of porooisim aoints 

Steady mm: C.G. Normal Weight: 120,000 lb. Flap 15' 

,! 
ix3 52171/1 

Mean Anipli- 
.ttitude tude 
,egrees degees 

6.4 4.4 

water 
speed 
knots 
till 
scale 

58.8 

5.8 5.6 65.3 

6.4 2.9 68.8 

4.7 7.9 74.0 

5.9 2.6 43.0 

3.4 2.0 85.0 

3.6 1.2 89.7 

4.7 4.6 51.0 

4.9 

5.3 

4.5 

7.9 

62.0 

77.2 

10 
L 

I4ee.n 
attitud 
degrees 

e 
, 

Ampli- 
tude 

legcees 

4.0 4.6 

1.9 2.6 

1.4 3.3 

1.5 3.3 

6.7 3.6 

5.4 1.0 

4.5 2.2 

7.7 5.1 

6.8 

7.1 

2.1 

7.0 
bounce 



Table 6 

Details of porpoising points 

Shady run*: C.G. Normal Weight 130.000 lb. Fls& 

water Ep33d knots 
full 
SCdO 

43.7 

50.7 

50.7 

50.7 

52.0 

52.8 

54.8 

55.0 

38.2 

67.0 

77.2 

02.2 

52.a 

82.0 

96.0 

60.0 

65.0 

61.8 

n 
, 

d 

d 

- 

MLCXl 
attituac 
clegrees 

Ampli- 
tude 

degees 

Water 
speed 
lulots 
full 
scale 

6.1 4.3 75.0 

6.1 2.2 81.7 

6.1. 2.2 65.7 

5.6 2.2 65.7 

5.4 4.3 95.8 

5.2 4.4 46.7 

5.6 

'6.3 

3.7 

3.3 

2.8 

1.a 

1.0 

1.9 

5.1 

2.1 

0.7 

5.4 

3.6 

4.1 

--- 

37.3 

85.7 

3.9 45.7 

4.3 

3.4 

09 

4.8 

0.8 

1.0 

55.0 

67.3 

72.0 

77.0 

85.9 

74.2 

I+ . 0 

4.0 

2.2! 

-.--_ 

82.3 

86.8 

85.3 

-_. 

Stick 
position 

i Forward 
If 

II 

1/8th 
back 

1/4th 
back 

f Back 

Fully 
back 

II 

Mean 
sttituds 
iegrees 

e 
t 

Ampli- 
tude 
legreef 

1.3 1.1 

0.4 2.7 

3.6 a.0 

2.8 3.6 

1.4 2.0 

7.5 2.3 

7.8 3.9 

7.2 
1 

8.6 

4.0 
)ounce 

1.5 

7.7 

6.4 

6.5 

5.9 

4.3 

8.0 

7.3 

5.8 

5.7 

-- 

1.5 

3.4 

1.0 

0.7 

2.7 

4.7 
IOUIICC 

5-o 
,OW-lCC 

3.0 
,0lUlce 

5.0 
,0El-Ce 
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Index to Fiwee 

Wl scale 
weight 

lb. 
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