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FOREWORD
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ABSTRACT

Tests were conducted in the Aerodynamic Wind Tunnel (4T) using 0.05-scale models
to investigate the separation characteristics of the unfinned and finned BLU-1C/B,
M-117GP, MK-82GP, and MK-82SE when releascd from various wing pylon locations on
the A-7D aircraft. Captive trajectory data were obtained at Mach numbers from 0.34 to
0.95 at simulated pressure altitudes from 5000 to 7000 ft. The parent aircraft angle of
attack was varied from 1.8 to 12.3, depending on Mach number, climb angle, and simulated
altitude. At selected test conditions, parent climb angles of 0, -35, -50, and -70 deg were
simulated. In some cases, the separation trajectories of the BLU-1C/B were initiated at
the end of the ejector piston stroke using flight-test data to determine the initial store
positions and velocities. In general, the separation trajectories agreed well with flight-test
data for the trajectory interval of the test. For the trajectory intervals of the test, most
of the stores separated from the parent aircraft without store-to-parent contact.

-7 its distribution s unlimited, : % % %7/9
o7 /ﬂ%% 7
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XL, Forward ejector piston location relative to the store cg, positive forward of
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XL, Aft ejector piston location relative to the store cg, positive forward of
store cg, ft, full scale

Y Separation distance of the store cg parrallel to the flight-axis system Ypg
direction, ft, full scale measured from the prelaunch position

Z Separation distance of the store cg parallel to the flight-axis system Zp
direction, ft, full scale measured from the prelaunch position

ZE Ejector stroke length, ft, full scale
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FLIGHT-AXIS SYSTEM COORDINATES
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XF

Parallel to the free-stream wind vector, positive direction is forward as seen
by the pilot
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Perpendicular to the Xy and Zp directions, positive direction is to the
right as seen by the pilot

In the aircraft plane of symmetry, perpendicular to the free-stream wind
vector, positive direction is downward

The flight-axis system origin is coincident with the aircraft cg and remains fixed

with respect to the parent aircraft during store separation. The Xg, Yf, and Zp
coordinate axes do not rotate with respect to the initial flight direction and

attitude.

STORE BODY-AXIS SYSTEM COORDINATES

Directions

Xp

Yp

Parallel to the store longitudinal axis, positive direction is upstream in the
launch position

Perpendicular to the store longitudinal axis, and parallel to the flight-axis
system Xg-Yg plane when the store is at zero roll angle, positive direction
is to the right looking upstream when the store is at zero yaw and roll
angles

Perpendicular to both the Xg and Yg axes, positive direction is downward
as viewed by the pilot when the store is at zero pitch and roil angles.

The store body-axis system origin is coincident with the store cg and moves

with the store during separation from the parent airplane. The Xg, Yy, and Zg
coordinate axes rotate with the store in pitch, yaw, and roll so that mass moments
of inertia about the three axes are not time varying quantities.

xi
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SECTION |
INTRODUCTION

A captive trajectory test was conducted in the Aerodynamic Wind Tunnel (4T) to
determine the separation characteristics of the unfinned and finned BLU-1C/B, M-117,
MK-82GP, and MK-82SE bombs. Separation trajectories were initiated from both the pylon
carriage positions and at the end of the ejector stroke for the unfinned BLU-1C/B. The
remaining stores were separated from their respective carriage positions with simulated
ejector forces acting on the stores.

To determine the separation trajectories, 0.05-scale models of the A-7D aircraft and
the various stores were employed. The flight conditions simulated were Mach numbers
from 0.34 to 0.95 and pressure altitudes from 5000 to 7000 ft. At selected test conditions,
parent aircraft climb angles of 0, -35, -50, and -70 deg were simulated. The separation
trajectories were initiated from various wing pylon locations on the parent aircraft. The
ejector forces used were time or displacement variant functions provided by the Air Force
Armament Development and Test Center (ADTC).

In addition to the separation trajectories, aerodynamic loads were measured on the
unfinned and finned BLU-1C/B store models in their carriage position on the A-7D aircraft
at Mach numbers from 0.70 to 1.05. At each Mach number, the parent aircraft angle
of attack was varied from 0 to 16 deg

SECTION 1I
APPARATUS

2.1 TEST FACILITY

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous flow, variable-density
tunnel in which the Mach number can be varied from 0.2 to 1.3. At all Mach numbers,
the stagnation pressure can be varied from 200 to 3400 psfa. The test section is 4 ft
square and 12.5 ft long with perforated, variable porosity (0.5- to 10-percent open) walls.
It is completely enclosed in a plenum chamber from which the air can be evacuated,
allowing part of the tunnel airflow to be removed through the perforated walls of the
test section.

For store separation testing, two separate and independent support systems are used
to support the models. The parent aircraft model is inverted in the test section and
supported by an offset sting attached to the main pitch sector. The store model is supported
by the captive trajectory support (CTS) which extends down from the tunnel top wall
and provides store movement (six degreees of freedom) independent of the parent-aircraft
model. An isometric drawing of a typical store separation installation is shown in Fig.
1, Appendix I.

Also shown in Fig. 1 is a block diagram of the computer control loop used during
captive trajectory testing. The analog system and the digital computer work as an integrated
unit and, utilizing required input information, control the store movement during a
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trajectory. Store positioning is accomplished by use of six individual d-c electric motors.
Maximum translational travel of the CTS is *15 in. from the tunnel centerline in the
lateral and vertical directions and 36 in. in the axial direction. Maximum angular
displacements are 45 deg in pitch and yaw and %360 deg in roll. A more complete
description of the test facility can be found in the Test Facilities Handbook.! A schematic
showing the test section details and the location of the models in the tunnel is shown
in Fig. 2.

2.2 TEST ARTICLES

The test articles were 0.05-scale models of the A-7D parent aircraft and the various
stores. A sketch showing the basic dimensions of the A-7D parent model is shown in
Fig. 3. Details and dimensions of the pylons, Multiple Ejection Rack:(MER), and Triple
Ejection Rack (TER) are shown in Figs. 4, S, and 6, and the store models are shown
in Figs. 7 through 12. -

The A-7D parent model was geometrically similar to the full-scale airplane except
for some modifications incident to the wind tunnel installation and CTS operation.
Horizontal tail surfaces were removed because of interference with the CTS support. The
parent model was inverted in the tunnel and attached by a 23-deg offset sting to the
main sting support system (Fig. 2). Figure 13 shows a typical tunnel installation photograph
of the parent aircraft and store model.

The A-7D aircraft has three pylon stations on each wing. The mounting surfaces
of all three pylons are inclined at a 3.0-deg nose-down angle with respect to the aircraft
waterline.

The store models were mounted on an internal balance which was an integral part
of a 30-deg offset sting. The sting was in turn connected to the CTS support (Figs. 2
and 13).

23 INSTRUMENTATION

Five- and six-component, internal strain-gage balances were used to obtain the force
and moment data on the store models. Translational and angular positions of the store
models were obtained from the CTS analog outputs. The parent-aircraft angle of attack
was set using an absolute angle-of-attack indicator located in the nose of the parent model.
The CTS was electrically connected to automatically stop and give a visual indication
if the store model or sting contacted the parent-aircraft surface. Springloaded plungers
were located in the pylons, MER, and TER in order to provide a position indication
when the store model was in the launch position. The plunger circuit was independent
of the parent-aircraft grounding ¢ircuit.

1Test Facilities Handbook (Ninth Edition). “Propulsion Wind Tunnel Facility, Vol. 4.” Amold Engincering
Development Center, July 1971,
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SECTION 111
TEST DESCRIPTION

3.1 TEST CONDITIONS

For the carriage loads investigation, pitch polar data were obtained at Mach numbers
from 0.70 to 1.05. The tunnel stagnation pressure was varied to produce a free-stream
dynamic pressure from 500 to 1000 psf. Tunnel stagnation temperature varied between
90 and 120°F. The tunnel conditions were held constant while each configuration was
tested through a range of angle of attack.

Separation trajectory data were obtained at Mach numbers from 0.34 to 0.95. Tunnel
dynamic pressure ranged from 250 psf at M., = 0.34 to S00 psf at M_, = 0.95, and tunnel
stagnation temperature was maintained near 110°F,

Tunnel conditions were held constant at the desired Mach number and stagnation
pressure while data for each trajectory were obtained. The trajectories were terminated
when the store or sting contacted the parent-aircraft model or when a CTS limit was
reached.

3.2 DATA ACQUISITION

To obtain carriage loads data, test conditions were established in the tunnel, and
the parent model was positioned at the desired initial angle of attack. The store model
was then automatically moved by the CTS to its carriage position at the touch point. At
this point, the force and moment data were recorded. The store model was then
automatically moved clear of the parent model, and the next data point was initiated
by a manually controlled angle-of-attack movement of the parent model.

* The force and moment coefficients were calculated using the dimensions (Appendix
I1, Table I) of the actual weapons as supplied by ADTC. The maximum store model diameter
was used in calculating the reference area, and the longitudinal length of the store model was
used as the reference length in calculating the pitching-moment coefficients.

To obtain a trajectory, test conditions were established in the tunnel and the parent
model was positioned at the desired angle of attack. The store model was then oriented
to a position corresponding to the store carriage location (or position at the end of the
ejector stroke). After the store was set at the desired initial position, operational control
of the CTS was switched to the digital computer which controlled the store movement
during the trajectory through commands to the CTS analog system (see block diagram,
Fig. 1). Data from the wind tunnel, consisting of measured model forces and moments,
" wind tunnel operating conditions, and CTS rig positions, were input to the digital computer
for use in the full-scale trajectory calculations.

The digital computer was programmed to solve the six-degree-of-freedom equations
to calculate the angular and linear displacements of the store relative to the parent aircraft
pylon. In general, the program involves using the last two successive measured values of
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each static aerodynamic coefficient to predict the magnitude of the coefficients over the
next time interval of the trajectory. These predicted values are used to calculate the new
position and attitude of the store at the end of the time interval. The CTS is then
commanded to move the store model to this new position and the aerodynamic loads
are measured. If these new measurements agree with the predicted values, the process
is continued over another time interval of the same magnitude. If the measured and
predicted values do not agree within the desired precision, the calculation is redone over
a time interval one-half the previous value. This process is repeated until a complete
trajectory has been obtained.

In applying the wind tunnel data to the calculations of the full-scale store trajectories,
the measured forces and moments are reduced to coefficient form and then applied with
proper full-scale store dimensions and flight dynamic pressure. Dynamic pressure was
calculated using a flight velocity equal to the free-stream velocity component plus the
components of store velocity relative to the aircraft, and a density corresponding to the
simulated altitude.

The initial portion of each trajectory from the carriage position incorporated simulated
ejector forces in addition to the measured aerodynamic forces acting on the store. The
ejector force functions for the stores are presented in Figs. 15 and 16. The ejector force
was considered to act perpendicularly to the rack or pylon mounting surface. The locations
of the applied ejector forces and other full-scale store parameters used in the trajectory
calculations are listed in Table I, Appendix II.

For trajectories started at the end of the ejector stroke, store parameters and
orientations from flight-test data were used as initial conditions. The flight test data are
listed in Table II, Appendix II. The different sets of data in the table represent store
parameters, flight conditions, and aircraft wing-loading configurations determined for
specific flight tests.

3.3 CORRECTIONS

Balance, sting, and support deflections caused by the aerodynamic loads on the store
models were accounted for in the data reduction program to calculate the true store-model
angles. Corrections were also made for model weight tares to calculate the net aerodynamic
forces on_the store model.

3.4 PRECISION OF DATA

Uncertainties in the data on the store models were calculated taking into consideration
probable inaccuracies in the balance measurements and tunnel conditions. The uncertainties
in the coefficients are based on a 95-percent confidence level, and are presented in Table
III.

The trajectory data are subject to error from several sources including tunnel
conditions, balance measurements, extrapolation tolerances allowed in the predicted
coefficients, computer inputs, and CTS positioning control. Maximum error in the CTS
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position control was *0.05 in. for the translational settings and +0.15 deg for angular

displacement settings in pitch and yaw. Extrapolation tolerances were +0.10 for each of

the aerodynamic coefficients. The maximum uncertainties in the full-scale position data

caused by the balance precision limitations are given in Table IV. The estimated uncertainty

in setting Mach number was no greater than +0.003, and the uncertainty in parent-model .
angle of attack was estimated to be 0.1 deg.

SECTION 1V
RESULTS AND DISCUSSION

4.1 GENERAL

The data presented herein consist of aerodynamic coefficient variations with parent
angle of attack for the BLU-1C/B in its carriage position (Figs. 17 through 19), effects
of ejector-force variation on the separation trajectories of the BLU-1C/B (Fig. 20), effects
of BLU-1C/B store-parameter variation on the separation trajectories (Figs. 21 through
26), the effects of wing-loading configuration and Mach number on the separation
trajectories of the BLU-1C/B, M-117, MK-82GP, and MK-82SE bombs (Figs. 27 through
40).

In the trajectory data, the full-scale linear and angular displacements of the store
relative to the carriage positions on the rack or pylon are presented as functions of full-scale
trajectory time.

Table V describes the wing loading configurations used in the data presentation. The
L or R notation for each configuration number denotes left or fight wing, respectively. In
general, for the trajectory intervals of this test, most of the stores separated from the
parent aircraft without store-to-parent contact. For data with trajectory flight times less
than 0.10 sec, store-to-parent aircraft contact occurred.

4.2 AERODYNAMIC COEFFICIENTS OF THE BLU-1C/B

Figures 17 through 19 show the effect of parent aircraft angle of attack, aircraft
wing-loading configuration, and Mach number on the aerodynamic coefficients of the finned
and unfinned BLU-1C/B in their carriage positions on-the A-7D aircraft. The aerodynamic
coefficients are affected more by the flow field .for the side carriage positions
(configurations 2 and 4) on the MER than for the bottom (configurations 1 and 3) carriage
position on the MER. '

4.3 EJECTOR FORCE EFFECTS - BLU-1C/B TRAJECTORIES

Figure 20 shows several separation trajectories of the BLU-1C/B from one carriage
position resulting from initiation with various ejection force functions. The ejection force
function T3 was obtained from ADTC and was derived from static calibrations. The
resulting separation ftrajectory is significantly different from flight-test trajectory data.
Because of the disagreement, an attempt was made to evaluate the effects of the assumed
ejector force function on the separation trajectory. Ejector force functions T2 and D1
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were derived from ejector force function T3 (same total linear and angular impulse as
T3). The ejector force function T2 is an average force equivalent to T3. Ejector force
function DI is the force variation with displacement of the ejector foot. It was derived
from ejector force function T3 and displacement varitions obtained from the flight-test
data. Figure 20 shows the trajectory resulting from both ejector functions T2 and DI1.
The separatiori trajectories are approximately the same as the trajectory initiated with
ejector force function T3.

Figure: 20 also shows two trajectories without simulated ejector forces which were
initiated using unpublished flight-test trajectory data supplied by ADTC. The time, linear
and angular velocities, and store orientations (Table II, Set 1) were determined at a position
in the trajectory when the BLU-1C/B was no longer subjected to ejector force. These
store parameters and orientations were used to initiate the trajectories in the wind tunnel.
For the separation time interval shown, the resultant trajectories agreed well with the
flight-test trajectory data. These two trajectories were obtained during two different wind
tunnel entries and show good repeatability.

As a result of this agreement, the ejector force function T1 was calculated from
the flight-test data. The calculation is shown in Appendix III. The separation trajectory
resulting from use of ejector force T1 is also shown in Fig. 20. This separation trajectory
is in good agreement with the two trajectories initiated from positions obtained from
flight test data.

In summary, these data indicate the influence of ejector force on the subsequent
motion of the BLU-1C/B store. It appears that the shapé of the force/time or
force/displacement function used has little effect as long as the total linear and angular
impulses are the same. However, ejector force functions obtained from static ground
calibrations did not correspond to forces inferred from store motions determined from
flight-test data. When the initial motions are matched, the wind-tunnel-generated trajectories
agree well with the flight data, indicating that the aerodynamic flow field is properly
simulated.

44 STORE PARAMETER AND TEST CONDITION EFFECTS - BLU-1C/B
TRAJECTORIES

Figures 21 through 25 show the effects of varying the store cg location, damping
derivatives, aircraft climb angle, Mach number, and aircraft angle of attack, respectively,
on the separation trajectories of the unfinned BLU-1C/B. To initiate the simulated
trajectories, time, linear and angular velocities, and store orientation, parameters were
derived (Table V, sets 2 and 3) from flight test data at the time of the trajectory when
the BLU-1C/B was no longer subjected to ejector forces.

In general, there was no significant effect of varying the store parameters and test
conditions, The largest deviation from the flight test data occurred for a change in the
aircraft angle of attack.
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Figure 26 shows separation trajectories for the unfinned BLU-1C/B initiated from
two sets of store parameters, orientations, and velocities (Table V, sets 3 and 4) which
were derived from flight test trajectory data. These data represent repeat trajectories for
the same nominal flight conditions. The measured trajectories show good agreement with
the flight test trajectory data.

45 TRAJECTORIES FOR VARIOUS STORE AND
WING-LOADING CONFIGURATIONS

Figures 27 through 40 show the trajectories for stores released directly from carriage
position. The time variant ejector forces and store parameters shown in Figs. 15 and 16,
and Table I, respectively, were used in determining the trajectories.

Figures 27 and 28 show the effects of aircraft wing-loading configuration, and Figures
29 and 30 show the effects of Mach number and climb angle on the separation trajectories
of the unfinned BLU-1C/B. Only the angular displacements were affected appreciably.

The effects of varying the wing-loading configuration on the separation trajectories
of finned BLU-1C/B are shown in Figs. 31 and 32. The angular displacements, especially
pitch, were affected appreciably by varying the wing loading configuration.

Figures 33 and 34 show the effects of wing-loading configuration and Fig. 35 shows
the effect of Mach number on the separation of the M-117 from the center pylon. The
angular displacements during the trajectories were affected appreciably by the presence
of the unfinned BLU-1C/B or the SUU-42/A on the inboard or outboard pylon.

Figures 36 and 37 show the effects of wing-loading configuration and Fig. 38 shows
the effect of Mach number on the separation of the MK-82GP from the center pylon.
The angular displacements of the MK-82GP were appreciably affected by the presence
of the finned BLU-1C/B on the inboard and outboard pylon. For the trajectory time
interval shown, the effect of Mach number on the separation trajectories of the MK-82GP
is insignificant.

Figure 39 shows the effect of the presence of the finned BLU-1C/B on the inboard
and outboard pylon on the separation of the MK-82SE from various stations on the MER,
center pylon. The angular displacements were significantly affected, whereas the linear
displacements showed little or no effect.

SECTION V
CONCLUSIONS

Based on the results of this investigation to determine the separation characteristics
of various bombs from the A-7D aircraft, the following conclusions were reached:

1. The aerodynamic coefficients of the finned and unfinned BLU-1C/B
in the carriage position on the MER were affected more by the flow
field on the MER side station than on the bottom station.
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For the same total linear and angular impulse, the shape of the
force/time or force/displacement ejector force function had little effect
on the separation trajectories of the unfinned BLU-1C/B.

The ejector force functions of the unfinned BLU-1C/B obtained from
static ground calibrations did not correspond to forces inferred from
store motions determined from flight-test data.

When the initial store motions are matched, the wind-tunnel-generated
trajectories of the unfinned BLU-1C/B agreed well with the flight data,
indicating that the aerodynamic flow field is properly simulated.

There was no significant effect of store cg location, damping derivative
variation, climb angle variation, angle-of-attack variation, and Mach
number variation on the separation trajectories of the unfinned
BLU-1C/B initiated at the end of the ejector piston stroke using
flight-test trajectory data as initial conditions.

Good repeatability of separation trajectories was obtained for the

"unfinned BLU-I1C/B from two separate wind tunnel tests.

In general, only the angular displacements measured in the trajectories
of the finned BLU-1C/B, unfinned BLU-1C/B, M-117, MK-82GP, and
MK-82SE were significantly affected by variations in aircraft
wing-loading configurations and Mach number.

For the trajectory time intervals of this test, most of the stores
separated from the parent aircraft without store-to-aircraft contact.
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APPENDIXES
. ILLUSTRATIONS
Il. TABLES
lIl. EJECTOR FORCE CALCULATION
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Fig 28 Effect of Wing Loading Configuration on Separation Trajectories
of the Unfinned BLU-1C/B at Mach Number 0.75
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Fig. 33 Effect of Wing-Loading Configuration on the Separation
Trajectories of the M-117GP at Mach Number 0.86
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Fig. 34 Effect of Wing-Loading Configuration on Separation
Trajectories of the M-117GP at Mach Number 0.95
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Fig. 35 Effect of Mach Number on Separation Trajectories of
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Fig. 36 Effect of Wing-Loading Configuration on Separation
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Fig. 37 Effect on Wing-Loading Configuration on Separation
Trajectories of the MK-82GP at Mach Number 0.95
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Fig. 38 Effect of Mach Number on Separation Trajectories of MK-82GP
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TABLE |

FULL-SCALE PARAMETERS USED IN TRAJECTORY CALCULATIONS

Store
Parameter BLU-1/B
M-117GP MK-82GT MK-82SE
Finned Unfinned
cr’nq -0.810 -0.240 -1.34 -0. 760 -0. 76
Cﬁr 48.0 -11. 80 -42.0 -53.0 -53.0
Ca --- --- --- 0. 180 0. 400
m 23.2 22,30 24.6 15.50 16. 60
—;(cg 5.42 5,37 2,46 3.06 3.28

b 1.550 1.550 1. 333 0. 896 0. 896
c 11. 808 10. 815 7.325 7. 467 7.613
S 1. 887 1.887 1. 396 0. 630 0. 630
Ejector pist(.)-n dist;nce forward
of store cg, X . ft

1, TER --- --- -0. 280 -0. 300 -0.078

2, MER --- 0.183 -0.280 -0. 300 -0.078

3. Pylon: Forward piston 0. 875 0. 833 --- -- ---

4. Pylon: Aft piston -0.791 -0.833 --- --- ---
Iyy 147.0 131.0 48.0 36.1 48.0
L., 147.0 131.0 48.0 36.0 48.0

881-1L-H1-003V



TABLE Il

AEDC-TR-71-188

FLIGHT-TEST DATA USED IN TRAJECTORY CALCULATIONS

Store Parameters and Orientation
Parameters No. 1 No. 2 No. 3 No. 4
M, 0.68 0.80 0.68 0.68
a 3.2 2.5 3.2 3.2
H 6040 4940 5840 3840
9 -30 -30 -30 -30
Wing-Loading Configuration 5 5 6 6
Cmg -0. 2400 -0. 2400 -0.2400 -0. 2400
ny -11. 800 -11.800 -11. 800 -11. 800
m 23,000 22.100 22.900 22,900
Xcg 5.2300 5.5100 5.4700 5. 4700
b 1.5500 1. 5500 1.550 1.550
T 10, 820 10.8200 10. 820 10. 820
S 1. 8900 1. 8900 1.890 1.890
lyy 132.90 129. 00 134. 80 134, 80
L, 132.90 129,00 134. 80 134. 80
t, 0. 0690 0. 0555 0.0535 0.0730
X -0.0150 -0.0480 -0.0850 -0.0200
Y; -0.0250 0.0280 0. 0800 -0,0150
Z 0. 3440 0.3670 0. 3730 0. 3830
AB -1.9000 -2.0500 -2.8000 -3. 6000
Ay 0. 3000 -0. 1500 0. 3000 0. 8000
u; -0. 4800 0. 6000 -2, 4500 ~0.3000
v; 0.550 -0. 8000 0. 8000 -0. 4000
wy 9. 400 10. 500 11. 0000 9. 6000
v 9 -0. 8600 -1.0208 -1.6927 -1.605
ry 0.0698 0.08725 0. 3665 0. 2966

17



TABLE 1Nl
DATA UNCERTAINTIES

881-1£-41-0a3v

Store Model ACN ACy ACp ACm ACn ACI

BLU_IC/B +0. 0038 +0. 0042 +0. 0076 0. 0043 +0. 0048 +0. 0018
Finned

BLU. 1C/B +0. 0076 +0. 0084 +0. 0152 +0. 0086 +0. 0096 +0. 0036
Unfinned

8L

TABLE IV
MAXIMUM FULL-SCALE POSITION UNCERTAINTIES CAUSED BY BALANCE INACCURACIES

Store M, t 6X &Y 6Z 66 oY
BLU'IC/B 0. 42 0.2 £0. 04 +0. 04 +0. 05 +0. 5 £0.5
Finned
BLUflc/B 0. 42 0.2 +0. 01 +0. 01 £0. 05 +0. 1 +0. 1
Unfinned
M-117GP 0. 86 0.2 +0. 03 +0. 03 +0. 03 +0. 2 +0. 1
MK - 82GP 0. 86 0.2 -- +0.01 +0. 03 +0. 4 +0. 3

MK-825E 0. 86 0.2 --- +0. 01 +0. 03 0. 4 0.3
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TABLE V
AIRCRAFT WING-LOADING CONFIGURATIONS

Loading g Launch
Configuration Wing Store Model Inboard Pylon Center Pylon Outboard Pylon
1 R Untinned Empty MER: Unfinned BLU-1C/B (Sting), Empty
BLU-1C/B Sta. 1
Unfinned BLU-1C/B (Dummy),
Sta. 4, 6
LS008 TRFTTREY] -
2 L Unfinned Empty MER: Unfinned BLU-1C/B (Sting), Empty
| BLU-1C/B Sta. 6
Unfinned BI,U-1C/B (Dummy),
Sta. 4
3 R Finned Empty MER: Finned BLU-IC/B (Sting). Empty
BLU-1C/B Sta. 1
Finned BLU~1C/B (Dummy),
Sta. 4, 6
4 L Finned Empty MER: Finned BLU-1C/B (Sting), Empty
BLU-1C/B Sta. 4
Finned BLU-1C/B (Dummy).
Sta. 6
5 R Unfinned Unfinned BLU-1C/B (Dummy) | Unfinned BLU-1C/B (Dummy) Unfinned BLU-1C/B (Launch)
BLU-I1C/B
6 R Unfinned Empty Unfinned BLU-1C/B (Launch) Unfinned BL.U-1C/B (Dummy)
BLU-1C/B
7 1t Unfinned Unfinned BLU-1C/B (bummy) | MER: M-117 (Dummy), Unfinned BLU-1C/B (Launch)
BLU-1C/B Sta. 1-4
8 L Unfinned Unfinned BLU-1C/RB (Launch) | MER: MK-82GP (Dummy), Empty
BLU-1C/B Sta. 1-6
9 L Unfinned Unfinned BLU-1C/B (Dummy) | MER: MK-82GP (Dummy), Unfinned BLU-1C/B (Launch)
BLU-1C/B Sta. 1-6
10 R Unfinned Unfinned BLU-1C/B (Dummy) | MER: FEmpty Unfinned BI.U-1C/B (Launch)
BLU-IC/B

881-14-41-003av
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TABLE V {Continued)

BLU-1C/B

Loading Launch
Configuration Wing Store Model Inboard Pylon Center Pylon Qutboard Pylon
11 1. Unfinned Unfinned BLU-1C/B (Dummy) | Unfinned BJ.U-1C/B (Launch) SUU 42/A (Dummy)
BLU-1C/B
12 R Unfinned Unfinned BLU-1C/B (Launch) MER: Empty Empty
BLU-1C/B
13 L Unfinned Unfinned BLU-1C/R (Dummy) | Unfinned BLU-1C/B (Launch} Empty
BLU-1C/B
14 R Unfinned MER: Unfinned BLU-1C/B MER: Unfinned BLU-1C/B, Sta. 3 MER Empty
BLU-1C/B {(Dummy), -Sta. 2, 3 Unfinned BLU-1C/B (Launch), Sta. 2
15 L, Unfinned MEIt: Unfinned BLU-1C/B MER: Unfinned BLY-1C/B (l.aunch), MER Empty
BLU-1C/B | (Dummy), Sta, 2, 3 Sta. 3
16 r Unfinned MER: Unfinned KLU-1C/B Empty MER
BLU-1C/B (Dummy), Sta. 3
Unlinned BLU-1C/B (Launch), Empty
Sta, 2
17 I. Unfinned MER: Unfinned BLU-1C/B Empty KEmpty
BLU-1C/B | (Launch), Sta. 5
- |
18 IR Unfinned MER: Unfinned BLU-1C/B Unfinned Bi1,Y-1C/B (Durnmy) MER: Unfinned BLU-1C/B
BLU-1C/B {Dummy), Sta. 2, 3 (Dummy). Sta, 3
MER: Unfinned BLU-1C/B
(Launch), Sta. 2
19 L Unfinned MER: Unfinned BI.U-1C/B Unfinned BLU-1C/B (Dummy) MER: Unfinned BLU-1C/B
BLU-1C/B (Dummy), Sta. 2 (Launch), Sta. 5
20 L Finned Irinned BLU- 1C/B (Dummy) Finned BLU-1C/B (Launch) SUU-42 (Dummy)
BLU-1C/B
21 L Finned INnned BLU-1C/B (Dummy) MER: Empty Finned BLU-1C/B (Launch)
BLU-1C/B
22 R Finned Finned BLU-1C/B (Launch) MER: MK-82 GP (Dummy), Sta. 1-6 Cmpty

881-14-H1-0Q3V
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TABLE V (Continued)

MK- 82GP (Dummy), Sta. 6

Loading Launch
Configuration | Wing | Store Model Inboard Pylon Center Pylon Outboard Fylon
23 R Finned Finned BLU-1C/B (Dummy) MER: MK-8§2GP (Dummy), Finned BLU-1C/B (Launch)
BLU-1C/B Sta. 1-6

24 R M-117 Finned BLU-1C/B (Dummy) MER: M-117 (Launch), Sta. 5 Finned BLU-1C/B (Dummy)
M-117 (Dummy), Sta. 6

25 R M-117 Finned BI1.U-1C/B (ummy) MER: M-117 (Launch), Sta. 6 Finned BLU-1C/B (Dummy)

26 L M-117 M-117 (Dummy) MER: M 117 (Launch), Sta. 1 . Suu-42 '(Dummy)
M-117 (Dummy), Sta. 2-4

27 R M-117 M-117 (Dummy) MER: M-117 (Launch), Sta. 2 $UU-42 (Dummy)
M-117 (Dummy), Sta. 5, 6

28 L M-117 M-117 (Dummy) MER: M-117 (Launch), Sta. 3 SUU-42 (Dumimy)
M-117 (dummy), Sta. 4

29 R M-117 M-117 (Dummy) MER: M-117 (Launch), Sta. 6 SUU-42 (NDummy)

30 L M-117 Empty MER; M-117 (Launch), Sta. 1 Empty
M-117 (Dummy), Sta. 2-4

31 L M-117 Unfinned BLU-1C/B (Dummy) | MER: M-117 (Launch), Sta. 5 Unfinned BLU-1C/B (Dummy)
M-117 (Dummy), Sta. 6

32 L MK-82GP Finned BLU-1C/B (Dummy) MER: MK-82GP (Launch), Sta. 1 Finned BLU-1C/B (Dummy)
MK- 82GP (Dummy), Sta. 2-6

33 R MK-82GDP Empty MER: MK-82GP (Launch), Sta. 2 Empty
MK-82GP (Dummy), Sta. 3-6

34 L MK-82GP Finned BLU-1C/B (Dummy) MER: MK-82GP (Launch), Sta. 3 Finned BLU-1C/B (Dummy)
MK-82 (Dummy), Sta. 4-6

35 R MK-82GP Empty MER: MK-82 (Launch), Sta. 8 Empty
MK-82 (Dummy), Sta. 3, 4

36 L MK- 82GP Finned BLU-1C/B (Dummy) MER: MK-82GP (Launch), Sta. 5 Finned BLU-1C/B (Dummy)

881-1-H1-0Q3V



[4:]

TABLE V (Concluded)

Loading Launch . N
Configuration Wing Store Model Inboard Pylon Center Pylon Qutboard Pylon

37 R MK-82GI? Empty MER: MK-82GP (Launch), Sta. 4 Empty

38 L MK-82GP Finned BLU-1C/B (Dummy) | TER: MK-82GP (Launch), Sta. 3 Finned BLU-1C/RB (Dummy)

39 R MK-82GP Finned BLU-1C/B (Dummy) | TER: MK-82GP (Launch), Sta. $ Finncd B1.U-1C/B (Dummy)
MK-82GP (Dummy), Sta. 2

40 L MK-82GP Empty MER: MK-82GP (Launch), Sta. 1 Empty
MK-82 (Dummy), Sta. 2-6

41 R MK-82GP Finned BLU-1C/B (Dummy) | MER: MK-82GP (lL.aunch), Sta. 2 Finned BLU-1C/B (Dummy)
MK-82GP (Dummy), Sta. 3-6

" 42 L MK-82GD Empty MER: MK-82GP (Launch), Sta. 3 Empty

MK-82GP (Dummy), Sta. 4-6

43 R MK-82GP Finned BLU-1C/B (Dummy) | MER: MK 82GP {Launch), Sta. & Finned B1.U-1C/B (Dummy)
MK-82GP (Dummy), Sta. 3, 4

44 L MK-82GP Empty MER: MK-82GP (Launch), Sta. 5 Empty
MK- 82GP (Dummy), Sta. 6

45 R MK- 82GP Finned BLU-1C/B (Dummy) | MER: MK 82GP (Launch), Sta. 4 Finned BLU-1C/B (lummy)

46 L MK-82GP Empty TER: MK-82GP (Launch), Sta. 3 Empty

47 L MK-825E Finned BLU-1C/B (Dummy) | MER: MK-82SE (Launch), Sta. 8 Finned BLU-1C/B (Dummy)
MK-82SE (Dummy). Sta. 4

48 R MK-825H Finned BLU-1C/B (Dummy) | MER: MK-82SE (Launch), Sta. 4 Finned BLU-1C/B (Dummy)

49 L MK-82SE Finned BLU-1C/B (Dummy) | TER: MK-82SE (lL.aunch), Sta. 2 Finncd B1.U-1C/B (Dummy)

881-14-41-003V
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APPENDIX 111
EJECTOR FORCE CALCULATION

To calculate the ejector forces required to produce the two-dimensional motion of
the external store at the end of the ejector piston stroke, the two following equations
of motion can be used:

. — Fe; Fn
Z=gcos@ + — - — (n
m
and
« Mmoo Mg
A6 = — - 2
IY!F IY!F
where Fo; = Fzy + Fz, and Me; = Fz; Xy, + Fz, Xu,.

Integrating Egs. (1) and (2) over the ejector stroke time, t;, with the assumptions that:
1. Ejector forces and moments are constant
2. Aerodynamic forces and moments are constant

Equations (1) and (2) simplify to

2mZ — -
Fej= T-mgcos0+FN 3
1
F : My - 22 pox @
Z; ~ xLl 'xLz m tiz - Tej L2 )
and
FZz = Fej = FZI ()

The final step is to solve for the forward ejector force, Fz, and rear ejector force,
Fz,, from flight test data of the store.

With the values listed in Table V (Appendix II) Set 1 and the additional values

] = -30 deg
XL, = 0.687 ft
XL, =-0979 ft
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Fx 75 1b (scaled from wind tunnel data)

Mpn -806 ft-Ib (scaled from wind tunnel data)

substituted in Egs. (3) and (4), the following ejector forces resulted:

Fz, =21811b

480 1b

Fz,

84
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