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PREFACE 

The work reported herein was conducted by the Arnold Engineering Development 
Center (AEDC), Air Force Systems Command (AFSC), at the request of the Armament 
Development and Test Center (SDTE), under Program Element 63741F, Project 1901. The 
results were obtained by ARO, Inc. (a subsidiary of Sverdrup & Parcel and Associates, Inc.), 
contract operator of the AEDC, AFSC, Arnold Air Force Station, Tennessee. The work was 
done under ARO Project No. PA342. Data reduction was completed on June 18, 1974, and 
the manuscript (ARO Control No. ARO-PWT-TR-74-64), was submitted for publication on 
July 30, 1974. 

This report is also identified as AFATL-TR-74-137 and ADTC-TR-74-77. 
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1.0 INTRODUCTION 

Wind tunnel store separation data for the MGGB MK-II launched from the F-4C 
aircraft, along with store aerodynamic characteristics in both the free-stream and parent 
aircraft flow field, were obtained using a six-degree-of-freedom captive trajectory store 
separation system (CTS). The test was conducted in the Aerodynamic Wind Tunnel (4T) 
of the Propulsion Wind Tunnel Facility (PWT) using 0.05-scale models of the F-4C aircraft 
and MGGB MK-II store. The data were obtained at Mach numbers 0.7 to 1.3 with the 
MGGB wings in the closed position (88-deg sweep angle). The separation trajectories were 
initiated from the left and right wing inboard pylons of the parent aircraft using simulated 
full-scale store weights, eg locations, and altitude. Other flight variables included fin 
deflection angle and parent aircraft angle of attack. The free-stream aerodynamic 
characteristics of the store were measured at angles of attack and sideslip from -20 to 
20 deg. The aerodynamic coefficients in the parent flow field were measured in the plane 
of the left and right wing inboard pylons up to 20 ft away from the pylons for parent 
angles of attack from 0 to 7 deg at zero sideslip. In addition, carriage position aerodynamic 
data were obtained at the inboard pylons for parent aircraft angles of attack from -2 
to 16 deg at sideslip angles of 0, 4, and 9 deg. 

2:0 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 0.1 to 1.3. At all Mach numbers, 
the stagnation pressure can be varied from 300 to 3700 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. 

Two separate and independent support systems were used to support the models. 
The parent aircraft model was inverted in the test section and supported by an offset 
sting attached to the main pitch sector. The store model was supported by the 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 
installation is shown in Fig. 1. 

Also shown in Fig. 1 is a block diagram of the computer control loop used during 
testing. The analog system and the digital computer work as an integrated unit and, utilizing 
required input information, control the store movement. Store positioning is accomplished 
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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 Ref. 1. A schematic showing the test section details and the location of the models 
in the tunnel is shown in Fig. 2. 

22    TEST ARTICLE 

The basic dimensions of the 0.05-scale F-4C parent model are presented in Fig. 3. 
The parent model is geometrically similar to the full-scale airplane except that the tail 
section is removed to minimize interference with the CTS support movement. Details of 
the pylons, 370-gal fuel tank and MGGB MK-II store models are shown in Figs. 4, 5, 
and 6, respectively. For all test phases, the store wings remained in the closed position 
(88-deg sweep angle) while fin deflection angles were 0, 20, and -20 deg. The ±20-deg 
fin deflections were obtained with a second set of fins for which all four trailing edges 
were physically deflected. There was no gap between the stabilizer and deflected fins. 
A typical tunnel installation photograph showing parent aircraft, store model, and CTS 
is shown in Fig. 7. 

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 CTS analog inputs during separation trajectories and from digital computer commands 
during aerodynamic testing. The parent-model angle of attack was determined using an 
internal, gravimetric angular position indicator. The pylons 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 and give visual indication should the store or sting 
support make contact with any surface other than the touch wire. 

3.0 TEST DESCRIPTION 

3.1    TEST CONDITIONS 

A complete test summary and the wind tunnel test conditions are given in Tables 
1 through 4. Aerodynamic and separation trajectory data were obtained at Mach numbers 
from 0.7 to 1.3. Tunnel conditions were held constant at the desired Mach number, while 
the data were obtained. The trajectories were terminated when the store or sting contacted 
the parent-aircraft model or when a CTS limit was reached. 
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3.2    DATA ACQUISITION 

3.2.1 Aerodynamic Loads Data 

Store aerodynamic data in the free stream and in the parent aircraft flow field were 
obtained in the following manner. After tunnel conditions were established and the aircraft 
model angle of attack was set (when applicable), the store was manually set at aB = 
0 (free-stream data) or at the carriage position (Xp = YP = ZP = 0, flow field data). 
Operational control of the CTS was then switched to the digital computer, which controlled 
the store movement through commands to the CTS (see block diagram, Fig. 1). The 
preselected orientations and eg positions of the store programmed into the computer are 
given in Table 2. At each position set, the wind tunnel operating conditions and the store 
model forces and moments were measured and recorded. The model aerodynamic loads 
were reduced to coefficient form and tabulated point by point using the same digital 
computer which controlled the CTS movement. 

3.2.2 Trajectory Data 

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. 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 (Ref. 2). 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 repeated over 
a time interval one-half the previous value. This process is repeated until a complete 
trajectory has been obtained. 
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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 launch trajectory incorporated simulated ejector forces 
in addition to the measured aerodynamic forces acting on the store. The ejector force 
was considered to act perpendicular to the pylon mounting surface. The ejector forces 
and locations along with other full-scale store parameters used in the trajectory calculations 
are listed in Table 3. 

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. 

In applying the aerodynamic data from the 0.05-scale model to the calculation of 
full-scale missile trajectories, minor corrections in the pitching-moment coefficient data 
were made. Differences in the free-stream data between the present test and that reported 
in Ref. 3 were used to correct the 0.05-scale model data. Changes in the pitching-moment 
coefficient derivative (Cma) were accomplished by shifting the apparent eg of the 0.05-scale 
model, while the zero angle-of-attack intercept was adjusted by adding an incremental 
coefficient. These corrections (AXcg and Cmo) are listed in Table 4 for each Mach number 
at which trajectory data were obtained. 

3.4 PRECISION OF DATA 

Uncertainties in the basic tunnel parameters (pt, Tt, and M«,) were estimated from 
repeat calibrations of the instrumentation and from repeatability and uniformity of the 
test section flow during tunnel calibration. These uncertainties were then used to estimate 
the uncertainties in other free-stream properties, using the Taylor Series method of error 
propagation (Ref. 4). 

 Uncertainty, percent  

Free-Stream 
Mach Number M, pt Tt q, P. Re. 

0.70 ±0.3 ±0.1 ±0.4 ±0.4 ±0.2 ±0.6 
0.90 ±0.3 ±0.1 ±0.4 ±0.3 ±0.3 ±0.5 
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Uncertainty, percent 

Free-Stream 
Mach Number M 

DO Pt T, <L P- Re 
DO 

0.95 ±0.3 ±0.1 ±0.4 ±0.3 ±0.4 ±0.5 

1.10 ±0.6 ±0.1 ±0.4 ±0.4 ±0.8 ±0.5 

1.30 ±1.1 ±0.1 ±0.4 ±0.3 ±2.0 ±0.5 

The balance uncertainties, based on a 95-percent confidence level, were combined 
with the uncertainties in the tunnel parameters, assuming a Taylor series error propagation, 
to estimate the precision of the aerodynamic coefficients. The maximum estimated 
uncertainties are given as follow: 

Uncertainty 

Free-Stream 
Mach Number CN ^-m CY Cn Q CA 

■0.70 ±0.005 ±0.004 ±0.003 ±0.003 ±0.002 ±0.002 
0.90 ±0.004 ±0.003 ±0.003 ±0.003 ±0.001 ±0.002 

0.95 ±0.004 ±0.003 ±0.003 ±0.003 ±0.001 ±0.002 
■"    1.10 ±0.004 ±0.004 ±0.003 ±0.002 ±0.001 ±0.002 
'    1.30 ±0.003 ±0.003 ±0.002 ±0.002 ±0.001 ±0.001 

The estimated uncertainties in store model positioning from the ability of the CTS 
to set on a specified value were ±0.08 ft full-scale equivalent in X, Y, and Z, ±0.15 
deg in pitch and yaw, and ± 1.0 deg in roll. The estimated uncertainties in parent-aircraft 
angles of attack and sideslip are ±0.1 and ±0.2 deg, respectively. 

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. Extrapolation tolerances were 
±0.10 for the aerodynamic coefficients. The maximum uncertainties in the full-scale 
position'data caused by the balance inaccuracies are given below: 

Uncertainty 

Free-Stream 
Mach Number t, sec X, ft Y, ft Z, ft 0, deg $, deg 

0.70 0.4 ±0.1 ±0.1 ±0.1 ±0.4 ±0.4 
0.90 ±0.1 ±0.1 
0.95 ±0.5 ±0.5 
1.30 ■ ' < ' ' 1 

±0.2 ±0.2 
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4.0 RESULTS AND DISCUSSION 

Data obtained during the test consisted of MK-84 MGGB MK-II aerodynamic data 
in the free stream and in the F-4C flow field, along with separation trajectories of the 
store launched from the inboard wing pylons of the F-4C. Summaries of the test conditions 
and data obtained are given in Tables 1 and 2, while the aircraft load configurations are 
identified in Fig. 8. 

4.1 FREE-STREAM AERODYNAMIC DATA 

The store free-stream aerodynamic characteristics are presented in Figs. 9 through 
12. Deflection of the tail fins produced incremental changes in CN» Qn> and CA at angles 
of attack from -20 to 20 deg, but little effect was noted on Cy, Cn, and C£ (Fig. 9). 
The 0.05-scale model longitudinal stability and axial-force characteristics at <ZB =0 are 
compared with the Ref. 3 data (0.20-scale model) in Fig. 10. No notable differences in 
the normal-force derivatives or axial-force coefficients were evident for the two 
different-scale models. The small differences in the pitching-moment coefficients and 
derivatives for the two models can probably be attributed to the inability to accurately 
reproduce the true external shape at such a small scale (e.g., fin leading edges and profile). 
For the variation of the lateral coefficients with sideslip angle (Fig. 11), only Cj seemed 
to be appreciably affected by the ±5 deg changes in angle of attack. Similarly, comparison 
of the lateral stability derivatives for the 0.05- and 0.20-scale models (Fig. 12) showed 
measurable differences only in C£fl. 

4.2 AERODYNAMIC DATA IN THE AIRCRAFT FLOW FIELD 

The store aerodynamic characteristics in the F-4C flow field are shown in Figs. 13 
and 14. The carriage loads data (Fig. 13) show that variations in the parent aircraft angle 
of attack or sideslip influenced all the coefficients. These coefficient changes can be 
attributed primarily to changes in cross flow beneath the wings with changes in aircraft 
orientation. It should be noted that the data on the aircraft left wing at positive aircraft 
sideslip angles can be made equivalent to negative aircraft sideslip angles on the right 
wing by reversing the signs of Cy, C„, and Cg (Fig. 13e). The variations of the store 
aerodynamic coefficients with varying distances from the pylons are shown in Fig. 14. 
These data indicated that the flow-field influence on store aerodynamics extended several 
feet away from the parent aircraft and became more pronounced as angle of attack of 
the parent was increased. Also, flow-field effects were evident at greater distances from 
the parent aircraft as free-stream Mach number was increased. 

10 
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4.3    SEPARATION TRAJECTORIES 

All trajectories obtained were for use in the determination of safe separation envelopes. 
No attempt will be made in this report to establish these envelopes or to qualify the 
store as safe or unsafe for aircraft separation. The trajectory data are presented as obtained 
from the wind tunnel along with comments regarding the aerodynamics of the store in 
the aircraft flow field. 

The ejector-separated trajectories simulated release from the right and left wing 
inboard pylons. Data showing the linear displacements of the store relative to the carriage 
position and the angular displacements relative to the flight-axis system are presented as 
functions of full-scale trajectory time. Positive X, Y, and Z displacements (as seen by 
the pilot) are forward, to the right and down, respectively. Positive changes in 0 and 
^ (as 'seen by the pilot) are nose up and nose to the right, respectively. The model was 
not allowed to roll during all trajectories. Table 3 lists the full-scale store parameters used 
in the trajectory calculations, and the pitching-moment corrections (see Section 3.3) applied 
to the' störe model data are given in Table 4. 

Launch trajectories for the MGGB MK-II are presented in Fig. 15. At Sp =0, the 
store pitched down gradually, seeking its trim condition at a small negative angle of attack 
(as supported by the free-stream data). Deflection of the tail fins caused the store to 
sharply pitch down (5p = 20 deg) or pitch up (6F = -20 deg) as would be expected. 
Also, there was no tendency for the store with deflected fins to recover in pitch during 
the time period of these trajectories. By comparison, fin deflection effects on the other 
trajectory parameters were minor. 

REFERENCES 

1. Test Facilities Handbook (Tenth Edition). "Propulsion Wind Tunnel Facility, Vol. 
4." Arnold Engineering Development Center, May 1974. 
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Figure 14.  Aerodynamic characteristics of the MGGB MK-II store in the F-4C 
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Figure 14.  Continued. 
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Figure 14.  Continued. 
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Figure 15.  Continued. 
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5THB0L       M. «p 
O      0.90 5 
□      0.90 5 
A     0.90 5 

CONFIG PYLON   H   «y 

2 LH INBD 40000  0 
2 LM INBD 40000 20 
2 LM INBD >40000 -20 
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d.   M. = 0.90, configuration 2, H = 40,000 ft 
Figure 15.  Continued. 
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STHBOL  M. % 
O  0.95 0 
□  0.95 0 
A  0.95 0 

CONFIG PTLON M t, 
1 RW INBO 5000 0 
1 RW INBO 5000 20 
I RW INBO 5000 -20 
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Figure 15.  Continued. 
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SYMBOL  N. «P 
O  0.95 0 
□  0.95 0 
A  0.95 0 

CONFIG PTLON H   V 
2 LM INBO 5000  0 
2 LM INBO 5000 20 
2 LM INBO 5000 -20 
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Figure 15.  Continued. 
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SYMBOL   H. «f 
O  0.95 3.S 
Q  0.95 3.5 
A  0.95 3.5 

CONFIG PYLON  H h, 
1 RM INBD 40000 0 
1 RW INBO 40000 20 
I RH INBO tJOOOO -20 
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Figure 15.  Continued. 
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SYMBOL       M. % 
□     0.95 3.5 
O      0.95 3.5 
A     0.95 3.5 

CONFIG PYLON   H   *r 
2 LM INBO M0OO0 20 
2 LM INBD MOOOO  0 
2 LM INBO 40000 -20 
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Figure 15.  Continued. 
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5TM90L     ^ V 
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Figure 15.   Continued. 
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STHBOL K. «f 
O  1.30 2.5 
□  1.30 2.5 
A  1.30 2.5 

CONFIG PYLON   H   V 
2 LH INBD 40000  0 
2 LN INBD 40000 20 
2 LH INBO HOOOO -20 
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Table 1.  Wind Tunnel Test Conditions 

M 
00 

pt, psfa Tt, °R q«,» psf P«,. Psfa Re 
GO 

x 10"6, ft"1 

0.70 1200 560 300 870 2.1 

0.90 400 710 2.4 

0.95 420 670 2.4 

1.10 480 560 2.5 

1.30 1 . ■ 510 430 2.5 
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Table 3.   Full-Scale Store Parameters Used in Trajectory Calculations 

Symbol Parameter Value 

S Store Reference Area, ft2 16.59 

b Store Reference Width, ft 1.54 

*xx Moment of Inertia, slug-ft2 45 

Iyy Moment of Inertia, slug-ftz 612 

*zz Moment of Inertia, slug-ft2 602 

cmq Pitch-Damping Derivative, per rad -25 

Cnr 
Yaw-Damping Derivative, per rad -25 

xcg Center-of-Gravity Location from Nose, ft 7.16 

zcg Center-of-Gravity Location above Centerline, ft 0.142 

m Mass, slugs 82.34 

y Dive Angle, deg 0 

FZl Forward Ejector Force, lb 4075 

FZ2 Aft Ejector Force, lb 4075 

xLl Forward Ejector Piston Location, ft 0.908 

XL2 Aft Ejector Piston Location, ft -0.759 

ZE Ejector Stroke Length, ft 0.375 

Table 4.  Adjustments to Pitching-Moment Coefficients for Trajectory Calculations 

Symbol Parameter 
Value at M 

00 

0.70 0.90 0.95 1.10 1.30 

AXCg 

P i t ch ing-Momen t 
Coefficient Correction 

Pitching-Moment Slope 
Coefficient Correction, in. 

-0.026 

0.101 

-0.060 

0.128 

-0.070 

0.024 

-0.035 

0 

-0.040 

0 
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NOMENCLATURE 

BL Aircraft buttock line from plane of symmetry, in., model scale 

b Store reference dimension, ft, full scale 

CA Store measured axial-force coefficient, axial force/q^S 

Cg Store rolling-moment coefficient, rolling moment/qJSb 

Cg Store rolling-moment coefficient derivative, 9Cg/30w, per deg 

'm 

'o 

Store   pitching-moment   coefficient,   referenced   to   the   store   cg,   pitching 
moment/q^Sb 

Cm„ Store    pitching-moment    coefficient    correction,    difference    in    measured 
pitching-moment coefficients for 0.20-scale and O.OS-scale models at aB = 0 

Cm Store pitch-damping derivative, dCm /d(qb/2\/J 

Cm Store pitching-moment coefficient derivative, 3Cm /ddß, per deg 
i 

CN Store normal-force coefficient, normal force/qJS 

CN Store normal-force coefficient derivative, 3CN (da^, per deg 

Cn Store   yawing-moment   coefficient,   referenced   to   the   store   cg,   yawing 
moment/qJJb 

C„ Store yaw-damping derivative, dCn/d(rb/2Voo) 

Cn„ Store yawing-moment coefficient derivative, 3Cn/dßw > per deg 

CY Store side-force coefficient, side force/qJS 

Cy ß       ■ Store side-force coefficient derivative, 3Cy /dßw > per deg 

FS Aircraft fuselage station, in., model scale 

Fz j Forward ejector force, lb 

Fz 2 Aft ejector force, lb 

H Pressure altitude, ft 
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Ixx Full-scale moment of inertia about the store XB axis, slug-ft2 

Iy y Full-scale moment of inertia about the store YB axis, slug-ft2 

Izz Full-scale moment of inertia about the store ZB axis, slug-ft2 

M.. Free-stream Mach number 

m Full-scale store mass, slugs 

Pt Free-stream total pressure, psfa 

p.. Free-stream static pressure, psfa 

q Store angular velocity about the YB axis, radians/sec 

q.. Free-stream dynamic pressure, psf 

Re.. Free-stream unit Reynolds number, per ft 

r Store angular velocity about the ZB axis, radians/sec 

S Store reference area, ft2, full scale 

Tt Free-stream total temperature, °R 

t Real trajectory time from initiation of trajectory, sec 

VM Free-stream velocity, ft/sec 

WL Aircraft waterline from reference horizontal plane, in., model scale 

X Separation distance of the store eg parallel to the flight axis system Xp direction, 
ft, full scale measured from the prelaunch position 

Xcg Full-scale eg location, ft, from nose of store 

AXcg        Store moment reference correction factor, in., model scale, positive for forward 
movement 

XI 1 Forward ejector location relative to the store eg, positive forward of store eg, ft, 
full scale 

XL2 Aft ejector piston location relative to the store eg, positive forward of store eg, ft, 
full scale 
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Y Separation distance of the store eg parallel to the flight axis system YF direction, 
ft, full scale measured from the prelaunch position 

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

Zcg Full-scale eg location, ft, above centerline of store 

Zg Ejector stroke, ft 

OB Store model angle of attack relative to the free-stream velocity vector, deg 

up Parent-aircraft model angle of attack relative to the free-stream velocity vector, 
deg 

j3p Parent-aircraft model sideslip angle relative to the free-stream velocity vector, deg 

ßw Store model sideslip angle relative to the free-stream velocity vector, deg 

5p Store fin deflection angle, deg (see Fig. 6) 

0 Angle between the store longitudinal axis and its projection in the XF-Yp plane, 
positive when store nose is raised as seen by the pilot, deg 

7 Simulated parent-aircraft dive angle, angle between the flight direction and the 
earth horizontal, deg, positive for decreasing altitude 

\j/ Angle between the projection of the store longitudinal axis in the Xp-Yp plane 
and the Xp axis, positive when the store nose is to the right as seen by the pilot, 
deg 

FLIGHT-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the free-stream wind vector, positive direction is forward as seen by the 
pilot 

Yp Perpendicular to the Xp and Zp directions, positive direction is to the right as 
seen by the pilot 

Zp 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 eg and remains fixed 
with respect to the parent aircraft during store separation. The Xp, Yp, and Zp coordinate 
axes do not rotate with respect to the initial flight direction and attitude. 
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STORE BODY-AXIS SYSTEM COORDINATES 

Directions 

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

YB Perpendicular to the store longitudinal axis, and parallel to the flight-axis system 
Xp-Yp 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 

ZB Perpendicular to both the XB and YB axes, positive direction is downward as seen 
by the pilot when the store is at zero pitch and roll angles 

The store body-axis system origin is coincident with the store eg and moves with 
the store during separation from the parent airplane. The XB, YB, and ZB 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. 

PYLON-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the store longitudinal axis in the prelaunch carriage position, positive 
direction is forward as seen by the pilot 

Yp Perpendicular to the Xp axis and parallel to the flight-axis system Xp-Yp plane, 
positive direction is to the right as seen by the pilot 

Zp Perpendicular to both the Xp and Yp axes, positive direction is downward 

The pylon-axis system origin is coincident with the store eg in the prelaunch 
carriage position. The axes are rotated with respect to the flight-axis system by the 
prelaunch yaw and pitch angles of the store. Both the origin and the direction of the 
coordinate axes remain fixed with respect to the flight-axis system throughout the 
trajectory. 
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