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SUMMARY

Stitfrness and natural frequency tests have been made on an alr bag
designed for the ground resonance testing of' a medium size aircraft.
Resulls arc compared with those obtalned from an existing theory and
from a new theory put forward in this report. Agrecment between the ex-
perimental results and the theory of this report is very good. The re-
sults show that the present design of air bags does not provide thc low
frequency anticipated. '
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1 Introduction

A cons;.derat:.onl of various typés of flexible support for aircraft
during ground resonance tests indicated that one of the most promising
methods of providing the desirable low support frequency was by the use
of air bags. No detailed investipgation of thc behaviour of air bags
under various conditions of loading has been made up to the present and
the method of support has not been widely used in the resonance testing
of aircraft, Recently, however, air bags were specislly designed for
use with a large aircraft and the results obitained indicated that the
support frequency was higher then the frequenoy predicted theoretically.l
A detailsd investigation was thereofore made of the characteristics of
an oir bag of similar design to those used in the above tests, and the
original theoretical treatment! was cxamined in detail.

This report gives the results of stiffness and frequency tests
mode on the air bag, and shows that the formula for the bag frequency
of Ref,l is incorrect., A new formula is established and shown to
agree well with the test results, It is concluded that the present
Jdesign of air bags doesnot provide the required low frequency support
for vertical motion of the aircraft for ground resonance testing and
that further development is necessary,

2 Type of airvr hag tested '

The air bag on which the tests were made was constructed of three
ply dinghy fabric and the main dimongions are given in Fig,l., The
sides of the bag consist of five lobes, the Junctions of which are held
in position by 30 cwt., cable, During design experiments the bag was
found to be unstable in both shear and roll, To overcome this in- "~
stability, vertical diaphragms were provided internally, end a surround-
ing apron attachcd to the lobes was fitted externally., The diaphragms
allow frec expansion of the bag up to o height of thirty inches; this
height is subsequently reforred to as the 'design height! and bag heights
are expressed as percentuges of 1t, A pressure of 2 pounds per square
inch above atmeospheriec 1s regarded as 'design pressure! and this gives
a 'dosign lozd! of 8150 pounds, other-loads being expressed as per-
centages of design loed,

3 Methed of test

3.1 The test rig shown in Fig,2 was used in both stiffness end
frequency measurements, A 6' x 6' x I steel plate "A" forimed a
Lloa platform to which additional woight could be directly added,
while the beam "B" hinged vertically to a fixed point at one end and
te the loading plate at its centre point uoted os a stabilizer, TFor
the stiffness tests increments of load were added and the variation
in bag heaght moasured. Three sets of initial conditions wore
oxamined - hoights of 30", 30,5" and 31" under a load of 2L..6% of’
design load (i,c, 2000 1b), The dafficulty of loading above 73,7%
of design load (600C 1b) by means of dead weight prevented a direct
loading up to the full des.gn load, For a fourth stiffness test
thercfors o lovor system was used and the starting conditions were:-
bag height 31" ond load 61.4% (5700 1bs), The load was increased
incrementally to 110.4% (9000 lbs) Considerable friction was
apparent in the lever system, and for this reason direct loading was
used in all cther tests,

The vartation of pressurc with bag hoight under constent load

was measured in order to determine the effect of the internal- disphragms,
ond the decreancc of supportlng erce with helght,
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3.2 To obtain the bag frequency under load the beam "B" was excited
vertically at ats free end; -1t Was convenient to excite by hand sance
damping was o lov that only at the resonant frequency was it possible
to obtain any appreciable amplatude. The frequency was measured by
timing a number of cycles. ' ' ‘ )

L

L Test results

4.1 8tiffness tests

Curves of bag height against air pressure for varaous loads are
shown an Fag.3. Two points are noteworthy:-

(1) that thc stiffening effect of the .anternal diaphragms
becomes apparent between 100 and“ 103, of the design height,

(21) that below the desagn height there is a slight veriation of
pressurc with height, andiceting that the bag supporting :
area decrecases with ancrease of height; this is due to
the rounded edges of the top and bottom of the bag,

The stiffness test curves arc shovm an Figs.h and 5; these
indicate a.diaphregm effect between 102 and 103% of design height, .
but owing to the risk of damage to the air bag, heaghts above 103.3%
(31 inches) were not investigated, and the critical height for dia-
phragm effect is not-.accurately established from the static test
results. .

4.2 ¥Freguency tests

+ The bag frequency variation with load and height as shown by the
set of curves ain Fig.6. 4 cross plot of these results 1s shown in
Fag.7 which gives variation of frequency egainst load (a) as measured,
(b) as calculated from the stiffness measurements, and (¢) as calculated
from the formula gaver in para.5.1 of this report. The frequencics
obtained from stiffness meesurements have been corrected assuming i1so-
thermal conditions for stiffness and adiabatic conditions for frequency
measurements., Due to diaphragm effect a cratacal height i1s apparent
in Fag.6. This is at 101% of, design height and jindicates the upper
limit of beag height permissibie for effective operation.

5 The comparison of expéraimental and theoreticnl results

From the consideration of & simple 2ar column of heaght S,wunit
cross-sectional area, internel pressure p_ and applied loading W,,
Molyneuxl establishes that the stiffness o% such a column. is given by:-
Y Po 1

5

where ¥ 15 thec adaabatic constant for air, “he concludes therefore
that the freguency of the zpplied load on the column is--

K =

YPo 8
£, = = / o= . (1)
, on \ 5w,
Using the relataonship Wo =Pg e (2)
he then derives f =21 /Yg o
v 2%’ S (3)



Relationship (2) 1s, however, inconsistent with the use of We in (1),
where 1t represents the applied structural loading (inertia of the

ambient arr beang ignored), On this intéerpretation, (2) should be
replaced by

W =Dy = By ceeeee (8)

P, Dbeing the atmospheric pressurc, and cxpression (3) is then replaced

by
1 Yr, 8
fﬂ: S(po - PA)

or Y P
E po=t |2 (14t ceennn (5)
27y 8 Ap

where Ap = excess bag pressure above atmespheric,

Using formula (5) a theoretical curve is shown in Fig.7 and shows
good agreement with the measured frequencies,  There will inevaitably
be some difference due to the bag expanding laterally under load; this
should reduce measurcd frequencies comparcd with theoretical and Fig.7
confirms that thrs is so, Tag,7 wlsc shows the error which arises
from the use of the frequency formula

1 [Ye
£y == [“ .
2% Q 3

The lineority of the stiffness curves (Figs.h and 5) seems ab
first sight to te erroneous; the curves should follow the »V curve
for the mass of air in the bag, But, as 1s shown in IMg.8, the
section of the pV curve in vhich the pressure and volume are varied
is small by comparison with the rest of the curve, and the stiffness
curves are assumed to be linear within the limits of experimental error,
Similarly, with d&ffering initial condition in the stiffness tests,
different stiffnesses would be expcected, tince the mass of air, and
hence the isothermal constant is varied, But the pV curves for the
gmall air mass variation which occurs in the hag are nearly parallel,
and again the stiffness variation camnot be measured within the limats
of experamental crror.

6 Daiscussion of results

In designing a flexible support for ground resonance tests 1t is
shown that a sufficiently close estimate of air bag frequency can be
obtained from the formula:-—

b
2% \ ] AP

vertical fregquency in c¢.p.s.

i

where £

1]

atmospheric pressurs

excess air pressure in bag above atmospheric

=
vty I
I u

bag height,
Da



" For a1l but very large arrcraft the lower limit of the lowest
fundemental symmetric frequency can be taken as 3 c.p.s.” and the
corresponding desirable suppori frequency as i of this valuet: viz.

1l c.p.s, For the latter value and taking an air bag 30 ins, in height
the internal pressure neccssary is 12,4 1bs/sq.in. At this pressure a
bag diameter” of only 14.5 inches would be required to support the dezign

load of the bag already tested,

Generally, it would be impractical to usec air bags more than six
feet in heaght, and 1f the bags are in dirsct contact with the under
surface of an aircraft a loading 1n excess of Z pounds per square inch
is prohibitive, A bag of this herght and at this pressure would have a
frequency of 1.3 c.p.s. (epprox.). This value i1s in excess of the
desirable frequency of 1 c.p.s. but might be reduced if special means
were used to distribute the load of the airecraft.

7 Conclusions
The experiments and theory of this report show that the present
design and application of alr bags do not provide the deslrable low fre-

quency support required in the ground resonance testing of medium and
large size aircraft and that further development 1s necessary.
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FIG. 3.

AIR PUMPED INTO BAG TO INCREASE
NEIGHT AT GIVEN LOAD.
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FIG.6.

AIR PUMPED INTO BAG TO INCREASE
HEIGHT AT GIVEN LOAD.
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