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IABSTRACT. (U) For store separation analysis the availability of
reliable aerodynamic interference data is of prime impertance. Pres-

ently a number of sources is used to obtain these data, such as wind
tunnel measurements, panel method calculations and calculations based
on measured store separation trajectories. To gain more insight into I
the limitations of the various sources as well as to obtain a tool
which can be used for the certification of new stores for existing
aircraft an aerodynamic load measuring store was developed. It con-
sists of a support structure to be mounted from 14 or 30 inch bomb
racks, a load measuring balance, and a shape representing the store to
bt analysed. The shape is replaceable.

A flight test program has been carried out in August 1977 with a
store reserabling a BLU-1/B, on an NF-5A aircraft in various configura-
tions. The results are compared with wind tunnel data from variouo;
sources, panel method calculation results and data obtained from in-
flight separation tests. It is shown that in-flight measurement of
aerodynamic loads will allow a reduction in the number of flight tests
required to demonstrate safe separation.
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INTRODUCTION

In the last decade NLR has carried out airworthiness demonstration
programs for new aircraft configurations for the Royal Netherlands Air
Force (RNLAF). In this period the tools required for this work have
been subject to constant improvement. A large part of the research
underlying these improvements, including the work described in this
paper, has been carried out under contract with the RNLAF.

Store separation prediction at NLR ii carried out using the com-
puter model shown in figure 1. The results obtained with this model

differ from the store behaviour measured in flight. Trials have shown
that the submodels labelled ejection system and wing response are ade-

quate. The differences thus must be attributed to an incorrect repre-
'S sentation of the aerodynamic forcing function. This may have twoill causes:

- incorrect aerodynamic input data, possibly due to differences between
- wind tunnel measurements or calculations and the full scale situation

- instationnary aerodynamic effects that are not accounted for in the
calculations.

Due to this uncertain basis of the predictions, critical store
separation cases htve to be cleared in a stepwise manner. A typical
program set-up is shown in figure 2. At each stage of this program one
or two stores per configuration have to be dropped in flight.

The aerodynamic load measuring store was developed to gain more
insight in the limitations of the various sources of aerodynamic inter-
ference data and in the cause of the differences between predicted and
measured store motion.

Furthermore it was expected that in-flight measurements could be

used with future projects to reduce the number of stores required for

safe separation demonstration and would improve the confidence that can
be put in the final result.

A BLU-1/B-like store shape was selected for the flight test
program, to evaluate the aerodynamic load measuring store. The tests
were carried cut with an NF-5 aircraft. This selection was made because
for this aircraft-store combination measured and calculated information
on interference aerodynamics as well as on store motion was available
from various sources.

Flight tests started in August 1977. Five configurations, with
the store in the normal captive position, have been tested to date.
Tests with the store mounted .15 m below the pylon are planned.

LI



AIRCRAFT CONFIGURATION DATA

STOREMASS IEJECTION
FLIGHT CONIIN DATALAS SYSTEM
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Figure 1 Store separation prediction model



PREDICT LOW SPEED DROPS

DROP IN FLIGHT

PREDICT HIGH SPEED DROPS

DROP IN FLIGHTI

MODIFY AERODYNAMIC:4 DATA FILES UNTIL
RESULTS MATCHI

FINAL ANALYSIS 1*

DROP, WORST CASE i

E
"AERODYNAMIC" DATA FILES BASED ON DROP TESTS

Figure 2 Evaluation procedure to det. ,rmine the safe store separa-
tion envelope

I. i i
I? W

J o,-.o_, >--~-'------ - -



_101

I ° .

THE FIVE COMPONENT AERODYNAMIC LOAD MEASURING STORE 4

The store is shown schematically in figure 3. It consists of
four parts:

a. A support beam, provided with bomb lugs and sway brace reaction
areas. The beam serves as a mounting base for the load measuring
balance and for the instrumentation. The bor;. lugs can be re-
placed by two pillars of up to .15 m length. The rillars are
mounted on a bracket that replaces a bomb rack. Thus air loads
can be measured with the store .15 m below its normal captive
position.

b. A five component balance (Fig. 4) to measure normal and side force
as well as the moments in pitch, yaw and roll. The measuring
ranges are ±tOOO N ard ±2000 Nm. The balance is designed to with-
stand five times its measuring range. The design speed limit is
650 KEAS/Mach 2.0. The balance e.in be shifted in a forward/aft
sense in the store, to obtain an optimum position of its moment
centre. Measurement of the axial force has been omitted to im-
prove the ruggedness of the construction. This could be done as

axial forces need not be known accurately for store separation
analysis.
The space around the balance is sealed off with a thermal insula-
tion material. heaters are provided to maintain a constant bal-
ance temperature.

c. A shell, representing the store to be measured: in the present
case a BLU-1/B type weapon (Fig. 5). The shell has to be kept as
light as possible to minimize the effect of mass forces, to make
optimum use of the measuring range of the balance. The more com-
plicated parts (nose and tail) have been taken from a real store.
The cylindrical center section has been specially built, and is
provided with a bulkhead to mount the balance. Holes are made in

the skin to allow lugs and sway braces to pass. The remaining
openings are sealed by means of rubber bellows.

d. Instrumentation (Fig. 6). For the first evaluation of the store
use was made of an instrumented aircraft. The instrmnentation in
the store was limited to two accelerometers and the power supply
and signal conditioning for the strain gages, but space is avail-
able for a small but complete data acquisition system. This offers
the possibility to use the store on any 14 inch weapon station on
any aircraft where 28 VDC and 115 VAC are available.
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Figure 3 Five component aerodynamic load measuring store
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The total store mass is 165 kg. The weighed part is 90 kg. When
mounting the store from a wing pylon, store mass properties may be of
importance. The present store has the mass properties of a LAU-3/A.
By adding mass to the support beam other mass-inertia combinations can
be made to satisfy peculiar flutter requirements.

The store was designed to make a change in shape as simple as
possible. When other stores are to be measured only the shell needs
modification. alance, support beam and instrumentation remain un-

changed. Stores with a diameter down to 14 inch can be accomodated.

* 1 I I I Im III JlL - : :: -' rl IgIfIt
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DATA ACQUISITION AND PROCESSINGgI
] For the present trials the existing NF-5A K-3001 PCM-1O instrumen-1 tation system has been used for data acquisition. The most important

parameters that have been recorded are shown in the schematic represen-
tation of data acquisition and processing in figure 7. Other param-
eters have been recorded during this first evaluation as a check on the
validity of the information that has been obtained, but these are not
essential to obtain the aerodynamic coefficients.

The PCM-1O system operates with 138 samples per second and records
data with a resolution of one per mill. All signal conditioning used
has a cut-off frequency of 5 Hz. The transfer functions of the strain
gage and accelerometer cha'inels were made identical, to minimize errors
due to dynamic store behaviour.

Standard data selection, reduction and calibration routines are
used to convert the raw data on the flight tape into computer compat..
ible data files.

The processing consists of two parts. First force and moment
coefficients are calculated, then a sorting and selection process is

i carried out to yield aerodynamic coefficients as a function of flight
parameters. The loads acting on the balance are calculated using the

strain gage outputs. The aerodynamic contributions are derived by sub-
tracting the effect of store mass, as measured by the accelerometers.
Using Mach number and static pressure the captive aerodyn4mic coeffi-
cients are calculated.

During flight tests it is difficult, if not impossible,to vary one
flight parameter at a time. To arrive at an acceptable data presenta-
tion some sorting procedure has to be used. Sorting is done in an
array consisting of specified intervals of Mach number and one other
parameter (either ct, Sor 6). For the two remaining parameters inter-
vals are set before the sorting process takes place. Only data within
those intervals is admitted. The data loaded in the array consists of
means and standard deviations of the five aerodynamic coefficients and
the mean of the second array variable. Prints and plots are available
as output. Print-out samples are provided in tables I and II.

When a self-contained instrumentation system is used in the store,
a slightly different data acquisition scheme will be used. Static
pressure and Mach number will be derived from a small pitot-static
system, mounted in the store. Angle of attack and angle of side slip
will be calculated from normal and lateral acceleratious as measured
in the store. For this purpose the pilot will have to record aircraft
gross weight as a function of time and time will be recorded in the
store as well. Difficulties will be encountered in measuring aileron
deflection angle.



RECORDING OF FLIGHT DATA (PCM. 10 BITS, 138 SAMPLES PER SECOND)

A. FLIGHT PARAME T ERS : MACH NUMBER M
STATIC PRESSURE P,
ANGLE OF ATTACK r

ANGLE OF SIDESLIP

AILERON DEFL. ANGLE 64

8. STORE PARAMETERS 5 5 STRAIN GAGE SIGNALS Sl THRU S5
VERTICAL ACCELERATION az

LATERAL ACCELERATION OY

* REDUCE DATA RATE TO 10 SPS

PRE-PROCESSING *CALIBRATE
* STORE ON PERMANENT FILE

Iii

CALCULATE FORCES AND MOMENTS FROM $1 THRU S5

DEDUCT THE CONTRIBUTIONS DUE TO STORE MASS, USING
02 AND ay , TO OBTAIN AERODYNAMIC CONTRIBUTIONS ONLY

CALCULATE FORCE AND MOMENT COEFFICIENTS

/

SORT DATA IN ARRAY FORMED BY SPECIFIED MACH,
a ,/, ANDI e INTERVALS

CALCULATE MEAN AND STANDARD DEVIATION OF
COEFFICIENTS PER ARRAY ELEMENT

PRINT AND PLOT COEFFICIENTS AS A FUNCTION
OF ONE FLIGHT PARAMETER FOR SPECIFIED INTERVALS
OF THE OTHERS

Fn

Figure 7 Datta acquis~ition and processing schcrno
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FLIGHT 'HoTr

A summary of tile configurations tested to date is provided in
table III (M indicates tile position of tle measuring store). In con-
figuration A the structural integrity of the c-torc was demonstrtevd.
On configurations B and C the largest body of measured aid calculated
aerodynamic and store motion data is available. Configuration C was
selected to evaluate repeatability of the measurements, P to evaluate
the effect of the presence or absence of an inboard store.

As a follow-on to this program measurements will be carried out
with the store mounted 0.15 m below the pylon. In this way the variii-
tion of aerodynamic interference with vertical position relative to the
pylon can be evaluated.

To obtain adequate coverage of the Mach number-angle of attacok
data array a slk-w iymmetrical flight manoeuvre was prescribed. The
pilot had to start this manoeuvre at Mach number intervals of approxi-
mate 0.025. A number of actual measurement runs is shown in figure 8.
Normal load factor ,tas limited to 3,as a precaution not to overload
the balance. In the figure it is showni how a typical data sorting
array element will be filled. See ilso table I for the numiber of menas-
urement points per array element. Variation in aerodynamic coefficients
as a function of angle of side slip or aileron deflection angle is
measured by means of rudder pulses (8) and aileron oscillations (Sa)
during nominal straight and level flight.



FLIGHT TEST SUMMARY lONE FLIGHT PER CONFIGURATION)
NF - 5 A CONFIGURATIONS MACH RANGE

8 :1

A 0 0.85

Mj

IB

: i

FLIGHT CONDITIONS0: 0 TO 30.000 FEET

, 200 TO 600 Kts
;0 TO 12 DEGREES ANGLE OF ATTACK

Di

-.5 TO 5 DEGREES SIDESLIP ANGLEG C-20 TO 20 DEGREESAILERONANGLE

-0.5 TO 3.0 NORMAL LOAD FACTOR

Table III Flight test stu1nmary

- - ~ ~ i



4 MANOEUVRES IN
VERTICAL PLANE -

54 25 TIME (SECONDS)

6RESULTING COVERAGE OF
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RESULTS

PROPERTIES OF THE MEASURED DATA

From static and dynamic ground trials the accuracy of the aero-
dynamic load measuring store has been estimated. The accuracy of the
mean value of the measurements in case a large number of measurements
is taken and of the standard deviation in that case is shown in table
IV..

Accuracy of Accuracy of coefficients at:
Parameter force/moment 200 kts 300 kts .400 kts '

mean SD mean SD mean SD mean SD

z, Cz
±45 N ±70 N .045 .070 .015 .025 .011 .015

Y, Cy

L, C 3 Nm ± 5 Nm .003 .010 .002 .005 .001 .003

M, Cm ±20 Nm ±40 Nm .005 .010 .002 .004 .001 .002
N, Cn

Table IV Measurement accuracy data

The standard deviations of the flight test data that have been
obtained under low to moderate turbulence conditions match the table
IV values. Repeatability checks, where the data obtained in one con-
figuration was processed in batches did confirm the accuracy estimate
for the mean value.

In the configuration with the store at the outboard pylon two
flights have been carried out, one with the store of the left hand
station, and one with the store at the right hand station. Compari-
son of the results of both flights show a definite difference in
captive yawing moment data. The difference appears as a pure shift
of \,.006. As the free air moment coefficient derivative about the
vertical store axis is .016 per degree, the difference can be caused
by:
- a relative misalignment of left hand and right hand store of 0.4

degree or
- an average aircraft angle of side slip of 0.2 degree.
Either of these conditions may have existed without being noticed.

The measurement runs have been repeated at various altitudes
(5,000; 10,000; 20,000; and 30,000 feet). Data has been processed per
altitude to evaluate whether any Reynolds-effect was present. No sig-
nificant differences were noted.
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COMPARI SON WITH DATA FROM OTHER SO .CES

The configuration labelled B in table Ill has been used in the
past to evaluate accuracy of store separation lt-asurolnet toehniques;
as well as to demonstrate tile prediction possibilities of the model
shown in figure 1. Thus a large and varied body of information is
available. The part that is used is sunarized in table V.

The data is compared with the results of the measuring store in

figures 9 (pitching moment), 10 (yawing moment) and 1I (normal and
lateral forces). Furthermore store motion during separation has been
calculated for a flight condition at 4i0 KEA,, M= 0.7, a= 2.5, using
the M=0.7 wind tunnel data (Ref. 1) as well as the data measured in
flight. Note that only the pitching moment ooefficient differs in
this particular case. The result, shown in figure 12 is indicative of
the significance of the differences in the various data sets in figures
9 and 10.

Wind tunnel and calculated force coefficients agree reasonably with
the values measured with the store. A notable exception is the C,
value obtained from reference 2, possibly due to the absence of t.h9
gap. The moment coefficients from these sources agree less well. No
effort will be made yet to identify the cause of these differences.
Candidate causes are listed in table V.

Moment coefficients, calculated by modifying captive aerodynamic
coefficient sets based on wind tunnel measurement according to the
scheme of figure 2, agree very well with the data measured with the
store. In this particular case the prediction model was operating

using captive aerodynamic data as the basis for the calculation of
interference aerodynamics. The variation of aerodynamic interference
with vertical position was based on panel method calculations (Ref. 3).

Difference between measured and recalculated captive aerodynamnic
data may originate from errors due to the quasi-stvady treatment
of an non-steady process as is done in the model of figure 1, or
from wrong modelling )f the variation in interference with vertical
,.Usition. As the moment coefficients agree well, it is likely that
both the quasi-steady treatment and the calculated variation in
interference are sufficiently accurate. This will be verified by
carrying out measurements in flight with the store 0.15 m below its
normal position at the pylon.

Inversely it indicates that, when using aerodynamic coefficients
measured in-flight for prediction of store separation, the result will
be very reliable, especially when the aerodynamic coefficients are
measured at one (or more) positions below the pylon. This possibility
will be of prime importance in case separations from multiple ejector
racks are concerned.
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CONCLUDING FMARKS

The tests have demonstrated the feasibility of in-flight neasure-
ment of aerodynamic coefficients in an accurate manner.

Such measurements, when used in combination with a adequate store
separation prediction program, will make st re separation analysis
more trustworthy. Subsequently the number of drops required to de-
monstrate safe separation may be reduced.

It is expected that the use of an aerodynamic load measuring store
will pay off primarily in cases where separation might be critical.
Light and large stores, unstable stores, and the transonic flight re-
gime are examples of such caser.
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