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ABSTRACT 

A parametric study was conducted to determine the separation characteristics of 
an M-117 bomb from a Triple Ejection Rack (TER) located on the left-wing inboard 
pylon of an F-4C aircraft. Data were obtained using 0.05-scale models at Mach numbers 
from 0.50 to 1.30 and at simulated altitudes of 5000 and 20,000 ft. The effects of 
variations in mass, moment of inertia, center-of-gravity location, ejector force, initial store 
attitude on the TER, and presence of adjacent stores were investigated. 
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SECTION I 
INTRODUCTION 

A wind tunnel investigation was conducted to determine the effect of various 
parameters on the separation characteristics of an M-117 bomb shape released from the 
F-4C aircraft. Seven configurations were investigated with the store launched from a 
Triple Ejection Rack (TER) mounted on the left-wing inboard pylon. Parameters varied 
included store mass, center of gravity, moment of inertia, ejector force, and initial store 
angle on the TER. Trajectories were calculated for simulated altitudes of 5000 and 
20,000 ft at Mach numbers of 0.5, 0.7, 0.9, 1.1, and 1.3. 

SECTION I 
APPARATUS 

2.1 TEST FACILITY 

The AEDC Aerodynamic Wind Tunnel, Transonic (4T) is a closed-loop, 
continuous flow, variable density wind tunnel with a Mach number range from 0.10 to 
1.40. Stagnation pressure can be varied from 300 to 3700 psfa at all Mach numbers 
within this range. The 4-ft square test section is 12.5 ft long and has variable porosity (0.5 to 
10 percent) walls to provide minimum wall interference at all Mach numbers. 

For captive trajectory testing, two independent support systems are used for 
mounting the parent aircraft and store models. The parent model is mounted inverted on 
a sting attached to the main pitch sector. The store model is mounted on the Captive 
Trajectory System (CTS) which extends from the top wall of the tunnel and provides six 
degrees of freedom of movement independent of the parent model. 

Store movement during a trajectory is controlled by a digital-analog control loop 
(Fig. 1, Appendix I). The two systems work as an integrated unit and, with the required 
input information, provide automatic store movement during a trajectory. The store is 
positioned by six d-c electric motors. Maximum CTS translation is ±15 in. from the 
tunnel centerline in the lateral and vertical directions and 36 in. in the axial direction. 
Angular displacement is limited to ±45 deg in pitch and yaw and ±360 deg in roll. A 
more complete test facility description can be found in the Test Facilities Handbook.1 

Test section and model installation details are shown in Figs. 2 and 3. 

2.2 TEST ARTICLES 

Models used for this test were 0.05-scale models of the F-4C aircraft, M-117 
bomb, and 370-gal. fuel tank. All trajectories in this test were launched from a TER 
mounted on a pylon located on the left-wing inboard station. In addition, a dummy TER 

*Test Facilities Handbook (Seventh Edition), "Propulsion Wind Tunnel Facility", Vol. S, Arnold Engineering 
Development Center, July 1968. 
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and pylon were attached to the right-wing inboard station. For the first five 
configurations, 370-gal. fuel tanks were attached to the outboard pylon stations of both 
wings. A forward-shifted Multiple Ejection Rack (MER) was attached to the centerline of 
the F-4C model at a -1.0-deg incidence angle. Dummy M-117 bomb models were attached 
to all three forward stations and to the two aft-outboard stations of the MER. The MER 
remained in this configuration during all trajectories. 

Sketches of all models are shown in Figs. 4 through 9. Diagrams of all test 
configurations are shown in Fig. 10. The locations of the suspension points on the M-117 
bomb and the TER are shown in Figs. 7 and 8. These sketches also show the location of 
the ejector. The ejector force always acts normal to the store mounting surface on the 
TER. 

2.3  INSTRUMENTATION 

A six-component, internal strain-gage balance was used to obtain store 
aerodynamic force and moment data. Translational and angular positions of the store 
were obtained from the CTS analog outputs, while parent model angle of attack was 
determined by an angular position indicator on the main pitch sector. The left-wing 
inboard TER contained a touch wire system which enabled the store to be accurately 
positioned for launch. The system was also wired to automatically stop the CTS motion 
should the store or sting support make contact with any surface other than the touch 
wire. 

SECTION III 
PROCEDURE 

3.1 GENERAL 

The general operating conditions for this investigation were as follows: 

M. q,, psf Op. deg 
0.50 240 3.0 
0.70 300 1.4 
0.90 300 0.1 
1.10 400 0.0 
1.30 500 0.1 

Dynamic pressure was restricted to a maximum of 500 psf by structural 
limitations of the F-4C model. At the lower Mach numbers, q,,, was further reduced to 
keep the vibration-induced axial dynamic forces within balance limitations. 

3.2 TRAJECTORY DATA ACQUISITION 

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 attachment point on the TER. After the 
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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. 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. 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 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. 

Pertinent test information is presented in Tables I and II of Appendix II. Pitch 
and yaw aerodynamic damping coefficients were supplied by the Air Force Armament 
Laboratory (AFATL) (ATII). 

3.3   PRECISION OF DATA 

Accuracy of the data presented is affected by such quantities as the CTS rig 
position error, uncertainties in setting tunnel conditions, and the sensitivity of the 
balance which measures aerodynamic loads. Estimated uncertainty in Mach number 
setting is ±0.005. Position accuracy for the CTS was ±0.05 in. for X, Y, and Z axes and 
±0.15 deg about the pitch and yaw axes. 

Uncertainties attributed to the balance were calculated as follows: 

t AX AY AZ Av AT? 

0.5 ±0.04 ±0.04 ±0.04 ±0.16 ±0.12 

Roll data are not presented in this report because the forces experienced about 
the roll axis were less than the uncertainty of the balance roll element. 
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SECTION IV 
RESULTS AND DISCUSSION 

4.1   GENERAL 

The data acquired from this test consisted of launch trajectories of the M-I17 
bomb from the F-4C aircraft. Seven weapon loading configurations were tested (see Fig. 
10) at Mach numbers of 0.50, 0.70, 0.90, 1.1, and 1.3 at angles of attack varying with 
Mach number. Data were obtained for the various store parameters listed in Table II at a 
simulated altitude of 5000 ft for Configurations I, HI, and V and 20,000 ft for 
Configurations II, IV, VI, and VII. The store was set at an angle of 0 deg (9 = 0) with 
respect to each launch surface of the TER for most of the trajectories. However, 
trajectories were also run with 0 = ±2 deg to assess the influence of this parameter. The 
normal center of gravity for the store was located at Xcg = 2.74 ft; therefore, this 
location is used as the reference on all plots showing effects of Xcg variation. 

Generally, the major effect of varying the store characteristics was evidenced in 
the pitch and yaw angles. The X, Y, and Z displacements were similar for each parameter 
with any particular configuration. 

Under some test conditions, only a very short trajectory was obtained because of 
store model contact with some part of the TER. Any such contact caused a store ground 
which resulted in automatic trajectory termination. 

4.2 TRAJECTORIES FOR CONFIGURATION I 

All trajectories for Configuration I were characterized by a rapid negative pitching 
motion which resulted in the CTS sting contacting the trailing edge of the wing and 
stopping the trajectory after a very short run time. Therefore, all Configuration I data are 
presented with an expanded time scale. The effect of Mach number variation is shown in 
Fig. 11. Data for this configuration were obtained at M„ = 0.70, 0.90, 1.10, and 1.30. 
Trajectories resulting from center-of-gravity variation are presented in Fig. 12. At M„ = 
0.70, an Xcg = 2.99 resulted in a store ground on the TER and, therefore, early 
trajectory termination. Typical trajectories resulting from ejector-force variation are 
shown in Fig. 13. AH ejector forces used resulted in store separation without contact 
with the TER. Typical trajectories resulting from moment-of-inertia variation are 
presented in Fig. 14. At M. = 0.70 and in = 7.771, an Iyy = 50 resulted in the store 
contacting the TER. All other combinations resulted in separation without store contact 
at all test Mach numbers. Typical trajectories resulting from varying the initial store 
attitude on the pylon are shown in Fig. 15. Store separation without contacting the TER 
was achieved at all three values of 0. 

4.3 TRAJECTORIES FOR CONFIGURATION II 

Data for Configuration II are presented only for Mach numbers of 0.50 and 0.70. 
At M«,  =  0.90,  the  store contacted the TER  and  caused early termination of all 

4 
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trajectories. Trajectories resulting from variation of center of gravity are presented in Fig. 
16. Trajectories resulting from ejector-force variation are presented in Fig. 17. At M. = 
0.70, an FLZ = 600 lb was not sufficient to prevent the store contacting the TER and 
stopping the trajectory. Trajectories resulting from moment-of-inertia variation are 
presented in Fig. 18. Trajectories resulting from variation of the initial store attitude on 
the pylon are presented in Fig. 19. At M, - 0.70 and 8 = -2 deg, the store contacted the 
TER and stopped the trajectory. 

4.4 TRAJECTORIES FOR CONFIGURATION III 

Trajectories for Configuration HI showing the effect of Mach number variation for 
a typical set of input parameters are shown in Fig. 20. Data for this configuration were 
obtained at M» = 0.70, 0.90, 1.10, and 1.30. Trajectories resulting from center-of-gravity 
variation are presented in Fig. 21. At all Mach numbers, the store exhibited large pitch 
and yaw oscillations. Generally, the farther aft the Xcg location and the higher the Mach 
number, the greater the oscillations exhibited by the store. Trajectories resulting from 
ejector-force variation are presented in Fig. 22. At M«, = 1.3, an FLZ = 600 lb was not 
sufficient to allow the store to separate without contacting the TER. Trajectories 
resulting from moment-of-inertia variation are presented in Fig. 23. A typical trajectory 
comparison for variation of initial store attitude on the TER is shown in Fig. 24. A 6 of 
other than 0 deg resulted in store contact with the TER for all Mach numbers except M. 
= 0.90. At that Mach number, the store cleared the TER at all three values of 6. 

4.5 TRAJECTORIES FOR CONFIGURATION IV 

Data were obtained at Mach numbers of 0.S0, 0.70, and 0.90 for Configuration 
IV. Trajectories resulting from center-of-gravity variation are presented in Fig. 25. At M„. 
= 0.90, an Xcg location at, or aft of, the ejector force caused such a rapid negative 
pitching and yawing motion that the store contacted the TER and terminated the 
trajectory. Trajectories resulting from variation of ejector force are presented in Fig. 26. 
At M„. = 0.90, only the 1800-lb ejector force was sufficient to allow the store to separate 
without contacting the TER. Trajectories resulting from moment-of-inertia variation are 
presented in Fig. 27. At M„, = 0.90 and m =• 23.31, an Iyy = 50 allowed the store to 
contact the TER and stop the trajectory. Trajectories resulting from variation of the 
initial store attitude on the TER are presented in Fig. 28. At M. = 0.50, 0 = +2 deg 
resulted in rapid store rotation and thus contact with the TER. However, at M„ = 0.90, 8 
= +2 deg was the only condition which resulted in store separation without contact with 
the TER. 

4.6 TRAJECTORIES FOR CONFIGURATION V 

Although trajectories for Configuration V were attempted at Mach numbers of 
0.70, 0.90, 1.10, and 1.30, useful data were obtained only at M„ = 0.70. At all other 
Mach numbers, the store contacted the TER and caused early trajectory termination. 
Trajectories resulting from center-of-gravity variation are presented in Fig. 29. Trajectories 
resulting from ejector-force variation are presented in Fig. 30. An FLZ = 600 lb was not 
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sufficient to allow the store to separate from the TER without contact. Trajectories 
resulting from moment-of-inertia variation are presented in Fig. 31. An initial store 
attitude on the pylon of other than 0 deg (0 = 0) resulted in the store contacting the 
TER and causing an esriy trajectory termination. 

4.7 TRAJECTORIES FOR CONFIGURATION VI 

Trajectories for Configuration VI were attempted at Mach numbers of 0.50, 0.70, 
and 0.90. At M.. = 0.90, the store exhibited a rapid pitch and yaw motion which resulted 
in the store contacting some part of the TER and caused an early trajectory as shown in 
Fig. 32. Therefore, data are presented only for M„ ■ 0.50 and 0.70. Trajectories resulting 
from variation of center-of-gravity location are presented in Fig. 33. At M„ = 0.50, an 
Xcg = 2.24 ft resulted in a rapid pitch-up motion causing the store to contact the TER 
and producing early trajectory termination. Trajectories resulting from ejector-force 
variation are presented in Fig. 34, trajectories resulting from variation of moment of 
inertia are presented in Fig. 35, and trajectories resulting from variation of initial store 
attitude on the TER are presented in Fig. 36. 

4.8 TRAJECTORIES FOR CONFIGURATION VII 

Trajectories for Configuration VII were attempted at Mach numbers 0.50, 0.70, 
and 0.90. However, at M. = 0.90, the store contacted some part of the TER and caused 
early termination. Therefore, data are presented only for M„ = 0.50 and 0.70. 
Trajectories resulting from variation of center-of-gravity location are presented in Fig. 37. 
Rather severe yaw oscillations were experienced at M„ = 0.70. Trajectories resulting from 
variation of ejector force are presented in Fig. 38. At M.. = 0.70, an FLZ = 600 lb was 
not sufficient to permit separation without the store contacting the TER and causing 
early trajectory termination. Trajectories resulting from variation of moment of inertia 
are presented in Fig. 39. Trajectories resulting from variation of the initial store attitude 
on the TER are presented in Fig. 40. At M« = 0.70, 6 = -2 deg resulted in store contact 
with the TER and early termination of the trajectory. 

SECTION V 
CONCLUSIONS 

Conclusions drawn from this test were as follows: 

1. The major effect of the various store parameters was evidenced in the pitch 
and yaw motions. 

2. Generally, the 600-lb ejector force was insufficient to insure that the store 
would separate from the TER without contact. 

3. All Configuration I trajectories had a rapid initial pitch rate. However, only 
two of the trajectories resulted in the store contacting the TER upon 
separation. 
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4. Configuration III trajectories showed store pitch and yaw oscillations at certain 
center-of-gravity locations at each Mach number tested. Generally, the farther 
aft the center of gravity was located and the higher the Mach number, the 
greater the magnitude of the oscillations. 

5. For Configuration V at Mach numbers greater than 0.70, the store contacted 
the TER and caused early trajectory termination. 

6. Launch from the TER outboard shoulder position at M.» = 0.90 was difficult, 
even with the reduced aerodynamic loads of flight at 20,000-ft altitude. Rapid 
pitch and yaw motions caused the store to contact the TER for all trajectories 
attempted with Configurations II, VI, and VII, and for all but a few of the 
trajectories with Configuration IV. 
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TABLE I 
TEST CONSTANTS 

Quantity 

Store roll moment of inertia,  Ixx 

Store product of inertia, IXz 

Store .lateral reference length,  b 

Store longitudinal reference length,  c 

Store reference area,  S 

Model scale, A 

Ejector stroke length 

Yaw-damping coefficient,  Cn 

Pitch-damping coefficient,  Cm 

Dimensions, Full Scale 

40 slug-ft2 

0.0 

1.333 ft 
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- 70/radian 

-2. 319/radian 
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250-lb M-117 

750-lb M-117 
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0.7 
0.9 
1.1 
1.3 
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1.1 

1.3 

m 

7.771 

23.31 
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RANGE OF TEST VARIABLES 
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0       3.0 
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