ICAS-84-2.2.1

VALIDATION OF DESIGN METHODS AND DATA BY FLIGHT TEST
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1.

In the period of design of a new aircraft
theoretical maneuvers are carried out
using detailed wind tunnel aerodynamic
data combined with all other theoretical
data as are e.g. stiffnesses, geometry,
massdistributions and system informations.

Introduction

These theoretical design maneuvers are
presented in known requirements as are
FAR, BOCA and JAR.

Due to these requirements design loads
are determined rather by defining the
control surface deflections to permit
calculation of the aircraft response and
thus of the component loads.

Normally this work will be started a long
time before any component of the new air-
craft is produced.

It is evident that design loads determi-
nation under such conditions are usu-
ally done by an iterative process ('loads
loop') which converges on the final state
of data and results at least in the de-
sign loads.

used for
certifica-
310 aircraft.

These final design loads are
structural justification and
tion of the present Airbus A

Now it stands to reason that one would
like to know the relationship between the
theoretically calculated loads and the
real loads in flight by flight test
measurement.,

Military specifications have required
flight load measurements for a long time.
Of late special requirements of FAR 25
demand flight load measurement for commer-
cial aircrafts, too.

But additional to these requests, manu-
facturers of aircrafts are highly inte-
rested in flight measurement of loads to
find out reliability and validation of
the used data and methods.

Furthermore flight tests are done with

the special aim of finding out structural
margins allowing to build a more economi-
cal aircraft without any decrease in the
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level of safety.

In picture 1 a procedure is shown giving
a view about the validation procedure of
design methods and data.

It can be seen that the validation is an
iterative process which consists of seve-
ral circuits. Each circuit represents a
check of a special data set used for loads
calculation.

Mainly three parts are defined

o rigid aerodynamic/stiffnesses
o flexibilization
o methods

Today mathem. modelling of aircraft motion
in rigid body modes are of great acuracy,
the overall rigid aerodynamics obtained
from windtunnel evaluation are the same as
well.

Basic assumption for a reliable comparison
is the demand that the same methods and
data have to be used than for design ones.

The only input data, not used for design
are as follows:

o time history of control deflections
o mass distributions
o flight conditions

These data are taken directly from the
flight test transfer tapes.

Loads calculated with these data are com~
pared with loads measured during the
flight and showed in the following chap-
ters.

This report concerns as an example for
the total flight lcad investigation the
locads at tailplane due to an elevator
induced maneuver.

2. Design Maneuver Loads

For design purposes of large aircrafts
like the Airbus A310 the official requi-
rements of FAR 25 and in future the new
european requirement JAR 25 have to be
applied.

In these requirements the pilot's action
is given in general as a control movement
of the controls (elevator, aileron,
rudder ect.) = each on its own - and the
calculation of the response of the air-
craft requires to take into account
sufficient degree of freedom [11].

The control angles may be limited by any
of the following:

control steps

hydraulic characteristics

max. hinge moments

max. pilot efforts

any other limitation if installed.
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All in the requirements requested design
maneuvers have to be investigated within
the whole flight envelope taken into
account all available design data. The
philosophy is described in [2]. Result of
these load investigations build the maneu-
ver loads envelope expressed by spanwise
distribution of shear, bending and torsion
or combination of them [17.

3. Flight Test Loads

The flight test is carried out with a nor-
mal aircraft, which will be used in air-
line service after finish of flight test
program.

The aircraft equipped with strain gauges

for load measurement passes a flight test
program of more than 100 flights within

a year for performance, handling guality,
structural loads and other purposes.

That means about 500 flight hours are
available for different evaluation work.
From these great number of flight hours
time slices interesting for load evalua-
tion are selected.

The test measurement data run a vali-
dation procedure to find drop outs, fad-
ing of strain gauges and to check the
plausibility.

The results of the validation procedure
are e. g. the correction of the angle of
incidence, angle of sideslip ect.

With the checked data the real structural
load evaluation is done.

3.1 Flight Test Equipment

The aircraft is equipped with a weight
and balance system consisting of fixed
ballast in the fuselage and water ballast
in both cargo compartments.

The C.G. position can be changed during
flight by pumping waterballast from one
compartment to the other.

This allows to fly extreme C.G. positions
for a short time period or to guarantee

a constant C.G. position during the whole
flight.

To check the aircraft response during
flight an "On board computer" is installed
which is equipped with two screens po-
sitioned on the flight engineer panel.

The first screen shows
engineer the important flight data which
are necessary to check during each flight.
The second screen serves to observe dif-
ferent tasks which can be changed before
and during flights.

the flight test

During structural flight test all load pa-
rameters run a limit check program and
are shown on the second screen.
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These limits are defined by 80 % of the
design loads of each measurement section.

A special interface allows the flight
test engineer to take hard copies of the
information shown at the second screen.

During other flights (performance, hand-
ling guality) only selected load parame-
ters run the limit check program and is
shown on the first screen together with
an acustic warning, 1f the limit is rea-

ched or exceeded.

Besides this "On board computer" magnetic
tape recorder and brush recorder complete
the recording system.

On the tape recorder the total amount of
measurement parameters are recorded du-
ring the whole flight.

The line prints of the brush recorder are
used besides other criteria to select
interesting time intervals for load eva-
luation.

3.2 Flight Test Measurement

The first step to measure flight loads
with strain gauges is to select the mea-
surement stations.

Stations with local stress concentration
can not be used, otherwise the strain of
the structure have to be high enough,

to obtain sufficient measurement accu-
racy.

The best places for the strain gauges are
those which are assumed to show linear
relationship towards loads.

In picture 1 the loads measurement sta-
tions of the test aircraft are shown.

The optimal bridge selection can be car-
ried out in regard to load error and
number of strain gauge bridges. The
realization can be done either in gene-
rating electrical bridge summation or by
recording single bridge responses and add
those signals by computer in the labora-
tory.

The advantage of the computer method con-
sists in the great flexibility of bridge
combination calculations. If a strain
gauge 1s no longer usable for measurement,
another bridge combination with the lo-
west error can be calculated.

By an electrical summation a new bridge
combination can be realized only with
expenditure of work and time delay in
tlight test program.



3.3 Flight Test Load Determination

The flight loads are measured indirectly
with the well known method of Skopinsky
[3]. That means the output of the strain
gauges as a nondimensional gauge respon-
se due to load will be recorded and after
flight test transformed into shear, ben-
ding and torsion with the Bg-coefficient
matrix obtained by the strain gauge cali-
bration.

A load equation can be developed in the
following form: (8
11

L= [u;y up w3 .. uj] 812
Bis
Slj

L - load

B8 - influence coefficient

U - strain gauge response

The load calibration will be performed by
applying discrete loads in a grid pattern
over the component.

During the calibration more discrete loads
than the number of strain gauges have to
be introduced at the structure, to obtain
a over-determined equation system.

with this equation system the probable er-
ror of the load vector and the scatter

of the coefficient can be calculated.

Thus redundant and irrelevant bridges can
be detected and deleted.

4. Results and Comparisons

4.1 Moving Parameters

Taking into account the same kind of con-
trol deflections and the same flight con-
ditions as measured in flight the response
of the aircraft is calculated by use of
design programs and data (aerodyn., effi-
ciencies ect.). This is done for all
those time slices which have shown suffi-
cient magnitude of control deflections
and consequently sufficient change in
moving parameters which on the other hand
produce a sufficient level of loads.

The calculated moving parameters are com-
pared as function of time with the
measured ones. From all evaluated flights
an example is given in fig. 1 to 4 which
is an elevator induced maneuver.

Fig. 1 shows the elevator movement as mea-
sured during the flight. This measured
elevator deflection is used unchanged as
input data for the simulation program.

In fig. 2 the corresponding measured load-
factor is given in comparison to the cal-
culated loadfactor, fig. 3 shows the in-
cidence, fig. 4 the corresponding pitch.
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The close curves of measured and calcula-
ted moving parameters demonstrate the
good level of data evaluated from wind-
tunnel tests and shows the accuracy of
all other necessary data.

Furthermore proves the good agreement that
the mathematical model used takes into
account all main effects including nonli-
nearities so that the dynamic response

of the aircraft is sufficient reproduced
theoretically.

These sufficient agreements are exspected
because such investigations have been
carried out in our department since years
and meanwhile done as a standard proce-
dure.

Evaluation of flight test measurement are
done for a lot of time slices selected
from all usable flights.

They all show the same result as given in
the example presented here. Worth to
mention is that the rigid derivatives
used are flexibilized by a common proce-
dure which is explained in ref. [4].

This flexibilization procedure takes into
account the stiffnesses of the particular
components and determines in combination
with the rigid aerodynamic distributions
the flexible aerodynamic.

The flexible coefficients which are
function of Machnumber and of dynamic
pressure are introduced in simulation
programs for the design maneuvers. The
flexible aerodynamic distributions are
used to calculate the loads contribu-
tion along span.

4.2 Loads

The corresponding loads due to the a. m.
elevator induced maneuver are shown in
fig. 5 and 6 ; fig. 5 gives the shear on
tailplane at measurement station, fig. 6
the pertinent bending.

Both loads represent in a good manner the
total envelope of flight load measure-
ment because the relationship between
measured and calculated values is similar
in all evaluated flights.

At the starting-point of the evaluation
which normally is the steady level flight
a constant difference between measured
and calculated load can be seen. This
difference is also found in angle of trim.

The difference in loads remain nearly con-
stant during the whole time slice, that
means the correlation and phase of mea-
surement and calculation is acceptable.

In all evaluated flight-loads on tail-
plane the calculated loads are found to

be conservative.



4.3 Modification of Data [3]

Due to the fact that the measured loads

at tailplane are a certain margin lower

than the calculated loads the interest

question of reason arises and the question

with which modification in data it will be
possible to achieve agreement in loads. [4]

In an extended investigation a lot of da-
ta variation are carried out using dif-
ferent kind of methods.

One modification which leads to a suffi-
cient coincidence of measured and calcula-
ted load is a change in zero pitching
moment Cmo and in elevator efficiency Canp.

In fig. 7 (shear) and fig. 8 (bending) the
loads comparison after data modification
is given and it can be seen that the cur-
ves of measured and calculated loads are
closely in agreement.

The dynamic behaviour of the aircraft re-
mains unchanged.

5. Conclusion

From the total envelope of flight tests
a lot of evaluations for locads are car-
ried out, a great part of them concerns
elevator induced maneuvers.

As said before it has been shown that for
a given time history of elevator deflec-
tion and with knowledge of the aircraft
moving parameters the horizontal tail
loads are readily calculable.

The close coinincidence in moving para-
meters is excellent; in loads there are
certain differences (measured loads smal-
ler than calculated) which could be redu-
ced by modification of data.

Taking into account these modification

of data in design maneuvers no higher
loads level is found than used for de-
sign.

This means that from the point of flight
test evaluation there is no structural
margin in static design deducible.

For fatigue purpose the level flight
loads can be reduced because the tailpla-
ne loads in this case are a certain mar-
gin lower than in theoretical calculation
depending on Machnumber.
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