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PREFACE 

The work reported herein was condu(:ted by the Arnold Engineering Development 
Center (AEDC), Air Force Systems Command (AFSC), at the request of the AEDC/DOT. 
The AEDC Project Manager was Mr. A. F. Money. The results of the research were 
obtained by ARO, Inc., AEDC Division (a Sverdrup Corporation Company), operating 
contractor for the AEDC, AFSC, Arnold Air Force Station, Tennessee, under ARO Project 
Number P32E-39D. The manuscript was submitted for publication on December 17, 1979. 

This report is the second in a series of four volumes entitled "Store Separation Testing 
Techniques at the Arnold EngineeringDevelopment Center." Subtitles of these volumes are 
as follows: 

Volume 1 

Volume 11 

Volume 111 

Volume IV 

An Overview 

Description of Captive Trajectory Store Separation Testing in the 
Aerodynamic Wind Tunnel (4T) 

Description and Validation of Captive Trajectory Store Separation 
Testing in the yon l~rm~n Facility 

Description of Dynamic Drop Store Separation Testing 
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1.0 INTRODUCTION 

In the Arnold Engineering Development Center (AEDC) Aerodynamic Wind Tunnel 
(4T), store separation testing with the Captive Trajectory Support (CTS) mechanism was 
initiated in 1968. A description of the initial CTS hardware and the separation trajectory 
applications program are contained in Ref. 1. In the ensuing years, numerous improvements 
to the operating system and applications program have been implemented as a result of 
experience accumulated with repeated use of the system. The purpose of this report is to 
document the current CTS hardware, the systems operation, and the present trajectory 
applications program. In so doing, this volume will automatically supersede Ref. 1. This 
document is the second in a series of four volumes which describe store separation 
capabilities at the AEDC. Volume I gives an overview of the various store separation 
techniques, Volume I11 describes store separation testing in the AEDC Supersonic Wind 
Tunnel (A), and Volume IV covers dynamic drop testing capabilities for all AEDC wind 
tunnels. 

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 and can be set at discrete 
Mach numbers of 1.6 and 2.0 by placing nozzle inserts over the permanent sonic nozzle. At 
all Mach numbers, the stagnation pressure can be varied from 300 to 3,700 psfa. The test 
se.ction 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. A mpre complete description of the test facility may be found in Ref. 2. 

During captive trajectory testing, two separate and independent support systems are 
used. The Captive Trajectory Support (CTS) and the wind tunnel main pitch sector are used 
to support the store and aircraft models, respectively. The aircraft model is supported on an 
adapter sting assembly mounted to the boom of the main pitch sector. 

The store model is supl)orted on a sting assembly mounted to the CTS rig. An isometric 
drawing of a typical store separation installation is shown in Fig. 1, along with a block 
diagram of the computer control loop used with the CTS. A schematic showing the test 

section details and the location of typical models in the tunnel is shown in Fig. 2. A 

photograph showing a CTS test installation with multiple positions of the released store is 
shown in Fig. 3. Further description of the CTS rig can be found in Ref. 2. 

7 
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2.2 CAPTIVE TRAJECTORY SUPPORT SYSTEM 

2.2.1 General 

The CTS is used primarily for the trajectory analysis of  air-launched stores as a 
separation simulator which uses the wind tunnel as a six-degree-of-freedom function 
generator for the aerodynamic coefficients of  the store. The CTS hardware consists of a six- 
degree-0f-freedom store model support with a closed-loop, analog-control positioning 

system for each degree of freedom and interlace equipment to provide communications with 
the AEDC Propulsion Wind Tunnel Facility (PWT) computer. The CTS model support and 
positioning systems were designed and built by General Dynamics, Convair Division. The 

interface hardware and the software required for trajectory generation and data reduction 
were developed by the AEDC/PWT Instrumentation Branch. 

The speed and precision of the CTS position control promote its use for nontraj.ectory 

tests also. A sequence of positions can be rapidly traversed with the desired data collected at 
each point. Typical uses to date are listed below: 

. Grid test: the store model is located at various positions and attitudes relative to 
the aircraft model; forces and moments are measured," and aerodynamic 
coefficients are calculated and displayed. 

2. Free-air test: the store model, with no aircraft model present, is rotated in pitch, 
yaw, and/or  roll, and data are reduced as in the grid test .  

3. Flow-field survey: a pressure probe mounted on the CTS rig is used to map any 

region of  interest. 

2.2.2 Store Model Support 

The CTS is an electromechanicai system with six degrees of  freedom. All axes of motion 
are contained within a single mechanism that is independent of the aircraft model support. 
Drive motors located in a housing attached to the tunnel structure above the tunnel diffuser 

are printed circuit armature, d-c electric motors with extremely fast response. The motors 
will come up to speed in approximately 0.1 sec. The motors for axial and vertical motion are 

rated at 780 in.-oz of  torque at a speed of 1,060 rpm. For pitch, yaw, roll, and transverse 
horizontal motion, the motors are rated at 120 in.-oz of torque at a maximum speed of 2,750 

rpm. The horizontal, pitch, and yaw maximum velocities have been reduced by a factor of 

ten to minimize overtravel in the event of  aircraft-store fouling (see Section 2.2.5). The 
resulting linear and angular velocities of the six degrees of  freedom are as follows: 



A E DC-T R-79-1 

Component Velocity 

XR, Axial 1.7 in./sec 
YR, Horizontal 0.5 in./sec 
ZR, Vertical 1.1 in./sec down, 

2.2 in./sec up 
vR, Pitch 2.0 deg/sec 
~R, Yaw 2.0 deg/sec 
~R, Roll 55.0 deg/sec 

The axial, vertical, and horizontal motions are accomplished by driving ball screws. The 
envelope of translation of the support head is _. 15 in. away from the tunnel centerline in the 
transverse horizontal and vertical directions. The axial range is ± 18 in. from a reference 
pitch axis location at tunnel station 133.26. Pitch and yaw motions are accomplished by 
driving the respective gear sector with a conical worm gear located in the head of the 
support. The maximum angular range of pitch and yaw motion is ± 45 deg. Ro!! motions are 
accomplished using a roll shaft driven by an eccentric gear reduction drive with a maximum 
angular motion of ± 360 deg. Zero, 3-in., and 6-in. offset roll mechanisms (Fig. 4) are 
available for test applications. The sting support and balance hardware for nonrolling stings 
is shown in Fig. 5. 

The axial and vertical motors are connected to their respective .ball screws by timing 
beltsl Power for transverse horizontal motion, pitch, yaw, and roll is transmitted to the 
support head by flexible shafts. Position readout for each degree of freedom is accomplished 
by the use of precision rotary potentiometers which, are driven with a minimum gear 
reduction between the.motion gear and the potentiometer. 

2.2.3 Position Control 

A schematic of the CTS control system is shown in Fig. 1. Signal-conditioning equipment 
and position control and monitoring equipment are located on the CTS control console 
shown in Fig. 6. The control console is located in an instrument room adjacent to the 
tunnel. The position indicators and some of the components of the control panel, except the 
manual positioning potentiometers and override switches visible in Fig. 6, are duplicated on 
a panel of the Tunnel 4T Data Production Console (DPC) for monitoring purposes. The 
DPC panel also contains command switches, Fig. 7, to the computer for initiating and 
stopping a trajectory and controlling output trajectory data from the computer. In 
computer-controlled operation, the CTS position command signals are applied to the 
summing junctions of operational amplifiers, Fig. 1, by digital-to-analog converters (DAC) 
which are controlled and updated by the computer. For manual operation, the DAC inputs 

9 
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are replaced by potentiometers for manually positioning the CTS. The controllers respond 
to the difference between commanded and actual rig positions as computed by the 
operational amplifiers and drive printed-circuit motors through silicon-controlled rectifier 
(SCR) bridge circuits. Back-emf of the motors, sampled when the SCR bridges are turned 
off, provides velocity feedback. Motor velocity is proportional to the position error with 
maximum speed obtained for a 4-percent error. The threshold for movement corresponds to 
an error signal of less than 0.05 percent. The controllers provide motor overload protection 
by electronically limiting the drive currents. For any axis, the overall positioning error 
including effects of rig misalignment, potentiometer nonlinearity, backlash, power supply 
drift ,  and other error sources is less than 0.2 percent of full-scale travel. 

2.2.4 Computer-CTS System Interface 

A general block diagram of the CTS system and computer interface is shown in Fig. 1. A 
strain-gage balance located inside the store model detects the aerodynamic forces and 
moments on the model. The resulting force and moment signals are processed by the Digital 
Data Acquisition System (DDAS). The Digital Multiplexer and Control System computer 
(DMACS) obtains the tunnel conditions and the six CTS positions. The CTS positior/s, 
aerodynamic data, and tunnel conditions are then input to the facility computer which 
performs the prescribed trajectory calculations and concludes the cycle by transmitting the 
six new calculated positions to the six respective digital-to-analog converters (DAC). At the 
conclusion of rig movement, another data cycle is automatically initiated. 

2.2.5 System Safety Provisions 

For overtravel protection, a dual limit switch is provided in each direction for each 
degree of freedom. If the first limit is exceeded, a controller safety circuit is activated which 
applies dynamic braking to stop the motor. This limit can be overridden to return to a safe 
position. If a backup limit is exceeded, the motor controller power is shut off, and the motor 
must be manually cranked back into the operating range. 

The CTS system is also electrically connected to automatically stop the CTS movement if 
the store model or CTS contacts the aircraft model, the aircraft support sting, or the test 
section walls. Television monitors located in the Tunnel 4T instrument room and on the 
Tunnel 4T control console are used for visual observation during movement of the store to 
the starting position and during the controlled positioning of the store in the trajectory. 

l0 
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Additional protection is provided by mechanical brakes which are actuated to prevent 
horizontal, vertical, or axial movement in case of a power failure. Brakes are not required 

for the other degrees of freedom since the loads are not large enough to overcome the 
friction of the drive train. 

2.2.6 Store Model Alignment System 

In Tunnel 4T, the pylons and racks of the aircraft models contain an optical sensor 
which enables the store model to be accurately positioned at the carriage position. The 
optical sensor emits infrared radiation and detects the reflected radiation from the store 
model. The signal of the reflected radiation is inversely proportional to the distance between 

the store and the sensor. The sensor is sensitive to store positions both vertically and laterally 
with respect to the pylon surface. In test peculiar cases, .the pylons and racks may be 
instrumented with spring-loaded plunger~ (touch wires) which are electrically connected to 

give a visual indication on the DPC and control console when the store model makes contact 
with the touch wire. 

2.2.7 Store Model-Carriage-Positioning Modes 

There are four basic operational modes for positioning t'he store model for initiating a 
trajectory. Initially, the store is manually positioned offline in its carriage position and the 

six coordinates (plus aircraft angle of attack) constituting a "touch point" are recorded by 

the facility computer. The CTS operator located at the DPC selects one of the four 
operational modes for positioning the store to its initial position. 

The first mode allows the store to be positioned from a safekeeping location (nominally 1 

in. away, vertically) by making a series of small movements (sting deflection corrections 
included) as the store model is automatically driven toward the calibrated position by the 
facility computer. Movement is terminated when the proper signal is sensed by the optical 
sensor or the touch wire. The second mode of operation is the same as the first except that 
the store model is moved to the calibrated spatial coordinates rather than to the preselected 
signal from the optical sensor or touch wire. The third operational mode allows the store 
model to be moved to its initial position in one motion (including the necessary sting 
deflections). The fourth and final operational mode allows the CTS operator to manually 

move the store model to the desired spatial coordinates or carriage position. 

11 
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3.0 TRAJECTORY GENERATION PROGRAM 

3.1 GENERAL 

The Tunnel 4T trajectory generation applications program can be divided into three 
basic blocks: the open-loop service routine job, the CTS rig control job, and the trajectory 
generation job. The open-loop service routine can be accessed by the data acquisition panel 
(DAP) operator at many points and contains all the setup and calibration programs 
necessary for the conduct of the test. These include recording pre- or postrun instrument 
readings, loading program constants, initiating the summary program, performing various 
calibrations, performing CTS and balance instrumentation checks, obtaining store model 
weight tare values, recording model check loading values, and recording touch points. 

The CTS rig control job is accessed by the DAP operator primarily in three ways. First, 
"Initialize Control" is performed; this transfers control of the CTS rig from manual to 
computer-controlled operation. Once the CTS is in computer control, the "Reset CTS" or 
"Set CTS to IP" function may be activated by the DAP operator. When the "Reset CTS" 
function is chosen, the CTS rig is automatically moved from its present location to the 
station-keeping position, and the desired aircraft model angle of attack is set. When the "Set 
CTS to IP"  function is used, the store model is automatically moved from the station- 
keeping position to the initial position (normally carriage), accounting for sting deflections 
under load on both store model position and attitude. The station-keeping position, aircraft 
model angle of attack, and store model initial position are all described by the selected touch 
point. After the store initial position is determined to be within allowable tolerances, the 
closed-loop trajectory generation process (see flow diagram, Fig. 8) is automatically 
activated. The new CTS coordinates and attitudes, which are generated from the trajectory 
equations, are set by the closed-loop module of the CTS rig control job. The closed-loop 
operation will be continued until an internally defined limit is reached or until external 
termination. The closed-loop process may be paused and then continued or terminated by 
the DAP operator at any time. When a store ground, balance static limit, balance dynamic 
limit, emergency stop, or other limit is encountered, an error flag is set which automatically 
initiates the return to open-loop operation. A detailed description of the CTS mechanism is 
given in Section 2, and details of the trajectory generation process are contained in Sections 
3.2 through 3.7 and Appendixes A through L. 

The .general composition of the trajectory generation package, as outlined in the flow 
diagram of Fig. 8, consists of staging/initialization, input processing, full-scale trajectory 
calculations, integration/extrapolation, output processing, and closed-loop CTS 
positioning. When wind tunnel aerodynamic data are utilized in the full-scale trajectory 

12 
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calculations, the store model measured forces and moments are reduced to coefficient form 
and applied with the proper full-scale store dimensions and flight dynamic pressure. The 
equations of motion allow for six-degrees-of-freedom movement of the released store and 
are given in Appendix I (see Fig. 9 for definition of the body-axis system). In addition to free 
motion releases, the equations include provisions for several modes of staged separation, 
aircraft accelerated flight (Fig. 10), and aircraft dive or bank maneuvers. Assumptions and 
techniques used in the development of the motion equations are described in Volume I of 
this series. The full-scale force and moment equations (Append!x H) include terms to 
account for'aerodynamic damping, weight, thrust, ejector'forces, static aerodynamic forces, 
and external input forces. Integration of the accelerations and velocities is accomplished 
using the Adams-Moulton (predictor-corrector) algorithm with a Runge-Kutta algorithm to 
start the process. 

The modular structure of the program allows for the implementation of new routines 
that might be required for a specific test (e.g., autopilot simulation) with a minimum of 
effort: Requirements for the addition of such routines and for standard program utilization 
are given in Section 5. 

3.2 STAGING/INITIALIZATION 

The staging process of the trajectory generation package is accomplished in two steps. 
The first step is executed by a constants point request during open-loop operation. The 

program assembles an array of 360 constants from previously stored permanent files; 
perform.s calculations such as model reference areas and lengths, transfer distances, CTS rig 
physical parameters, and fuU-scale initial position coordinates and attitudes; tabulates the 
constants and calculated parameters; and stores the constants and calculated parameters in a 
temporary initialization disk file. Details of the assembly process and the calculation 
equations are contained in Appendix A. The second step of.the staging 15rocess is executed in 
the first-pass loop of the trajectory generation job (see Fig. 8) and consists of reading the 
temporary initialization and CTS rig position files and storing the values in the common 
array of the closed-loop program. 

Initialization of the trajectory generation job is also carried out in the first-pass loop of 
the closed-loop program. It includes assigning and initializing the integrators, initializing 
program control flags and counters, and doing once-only calculations. The standard 
trajectory package uses only 21 of the 50 available integrators, so the remainder may be used 
in test peculiar applications. The once-only calculation equations are listed in Appendix A. 
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3.3 INPUT PROCESSING 

The primary functions of the input processing job are to acquire the experimental data, 
define wind tunnel test conditions, calculate the measured aerodynamic coefficient data, 
determine angular and linear deflections of the model balance/sting combination under 
load, and manage and update the extrapolation data base. Secondary functions include data 
acquisition and tunnel conditions validity checks, deflection change limit checks, and critical 
moment checks on the CTS sting and/or gears. Sequencing of the input processing events is 
described in the flow diagram of' Fig. 8. 

The wind tunnel test conditions are calculated using a standard Tunnel 4T data reduction 
routine. Balance readings are converted into gross forces and moments using a standard 
PWT six-component balance data reduction program. The equations which are used to 
calculate the aerodynamic coefficients and sting deflections from the gross forces and 
moments are given in Appendix B. If differences in sting deflections between succeeding 
points exceed allowable tolerances (0.05 in. for linear-deflections, 0.15 deg for pitch and 
yaw, and 1.0 deg for roll), subsequent calculations are bypassed and the model is 
repositioned using the updated deflections. This check was incorporated because model 
positioning is always based on the sting deflections calculated for the previous loading 
condition. 

For critical moment checks, the model gross forces and moments are resolved into 
moment loadings about the CTS pitch and yaw gears. If these moments exceed the 
maximum allowable of 900 in.-lb, the "critical moment" flag is set and the trajectory is 
terminated by the output processing.job before another rig movement is executed. If either 
the zero or the 6-in. offset roll mechanism is used in the balance/sting combination, a more 
stringent moment check is required which is described in the Test Facilities Handbook (Ref. 
2). CTS sting or gear moment overloads are not often encountered during testing since the 
static load capacities of most CTS balances are reached well before critical momenfs would 
be obtained. 

On each pass through input processing, the extrapolated coefficient values are identified 
and set equal to the current measured values (see Appendix B) so that the final evaluation of 
the trajectory equations (before data output) is based on measured aerodynamic data. Two 
files are maintained for extrapolation purposes, and each file contains three values for each 
of the identified extrapolation parameters. The tunnel data file retains the current and two 
previously measured values of each parameter and is updated only during input processing 
such that (typically): 
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(CN)|-2 = (CN) i-1 

(CN)i = CN 

Therefore, when fully established, the incremental full-scale time spacing of the tunnel data 
file corresponds to the program data acquisition time.increment (i.e., values are stored at 
t = 0, 0.5~t, At, 1.5~t, 2At, 3At, 4 ~ t , . . . ) .  These coefficient stacks are used to generate 
pseudo data in the multiple-pass integration routine (see Section 3.5). 

The extrapolator file is updated on each pass through input processing but is also 
updated by the psimdo data generated in the multiple-pass integration. When fully 
established, incremental full-scale time spacing of the extrapolator file corresponds ¢o the 
program integration time increment (i.e., values are stored at t "ffi 0, 0.5~t, 6t, 1.5~t, 2~t, 36t, 
46t . . .). One absolute and two incremental coefficient values are stored such that 
(typically): 

(ACN;)i_I = CN.x- (CN.x)i 

CN.x) i '= .CN. x 

The incremental coefficient stacks are used for extrapolation in the corrector loop of the 
integration algorithm. The basic program uses 6 of the 25 available extrapolators; the 
remainder may he used in test peculiar applications. 

3.4 TRAJECTORY CALCULATIONS 

3.4.1 General 

In the trajectory calculations routine, the sequence of operations is to update the 
integration parameter buffers, evaluate the trajectory generation equations, and then update 
the integrator buffers. The trajectory generation equations are divided into functional 
modules to facilitate handling. The equations and flow diagrams for each of the functional 
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modules are contained in Appendixes C through ]. A brief description of each module in the 
sequence of evaluation is given as follows. 

3.4.2 Conversion Module (Appendix C) 

Several diverse functions are performed in the conversion module, including 
assigning the appropriate positiops and velocities to the integrator results, defining the 
inertial-to-body-axis direction cosine matrix, describing the store position and linem" velocity 
with respect to the inertial-axis system origin, and describing the store attitude with respect 
to the inertial-axis system coordinate directions. The nonrolling sting restraint is 
implemented in this module when required (see Appendix L for information concerning this 
restriction). Additional store-related calculations include body-axis weight components, 
total velocity (with respect to a space-fixed axis system), dynamic pressure at altitude, angle 
of attack, sideslip angle, and lanyard length. 

3.4.3 Offset Coefficient Module (Appendix D) 

The purpose of this module is to define any aerodynamic data inputs which are required 
in addition to the measured aerodynamic coefficients. The standard offset coefficient 
module allows for constant coefficient inputs (as might typically be used to correct for 
reduced-scale model asymmetries) and for a ramp axial-force input (to simuiate drogue 
chute deployment). On a test peculiar basis, specialized modules can be routinely substituted 
for the standard module when more complex offset aerodynamic coefficient inputs are 
required (e.g., autopilot simulation). 

3.4,4 Total Coefficient Module (Appendix E) 

This module sums measured, offset, and aerodynamic damping coefficient 
contributions. 

3.4.5 Thrust Module (Appendix F) 

The thrust module defines the values of simulated full-scale thrust forces and moments. 
For the standard module, one or two fifth-degree polynomial curve fits are used to describe 
the longitudinal thrust force as a function of time. Only longitudinal thrust forces are 
considered, and moments arise only through jet-damping coefficient contributions. Module 
options include thrust force simulation with no delay, onset of thrust forces delayed by a 
time increment, and onset of thrust forces delayed by a lanyard pull followed by a time 
increment (see Figs. F-! and F-2). In test peculiar applications, thrust vector control could 
be included in this module. 

16 



AE DC-TR-79-1 

3.4.6 Ejector Module (Appendix G) 

The ejector module defines the values of  simulated full-scale ejector forces and 
moments. For the standard module, two independent ejector forces may be input using one 
or two fifth-degree polynomial curve fits for each to describe the forces as functions of time 
or displacement (see Fig. G-2). Moment contributions are determined from the relationships 
of the ejector piston locations with respect to the store center of gravity, and duration of 
ejector action may be defined in terms of either time or displacement. Module options 
include the following combinations: ejector forces and cutoff = f(t); ejector forces and 
cutoff -- f(displacement); or ejector forces = f(t) with cutoff -- f(displacement). 

3.4.7 Full-Scale Force and Moment Module (Appendix H) 

The full-scale forces and moments resulting from weight, aerodynamic, thrust, and 
ejector contributions are summed in this module. 

3.4.8 Dynamic Equations of Motion Module (Appendix I) 

In addition to unrestrained motion, this module allows for the following three basic 
types of  staged separation: pivot motion, rail launch motion, and ejector-plane motion (see 
Fig. I-3). For pivot and rail motion, the store is initially constrained to rotate about a point 
other than the center of  gravity. For the pivot case, the rotation center is f'Lxed with respect 
to the aircraft (a typical fuel tank release), while in the rail case, the rotation center (hook) is 
allowed to translate with respect to the aircraft (a typical missile rail launch). For ejector- 
plane motion, the store rotates abbut the center of  gravity but is constrained to translate and 
rotate only in the plane of the ejectors for the duration of ejector action. 

The equations of motion for each option are solved to determine the linear and angular 
body-axis accelerations, the inertial-axis linear velocities, the inertial-to-body-axis direction 
cosine derivative matrix, and the hook accelerations for staged release. Each of these terms 
is then assigned to the appropriate integrator input. Additional module output includes 
reaction forces and moments required to impose the staged separation. Other restrained 
motion applications could be incorporated for test peculiar requirements. 

3.5 INTEGRATION AND EXTRAPOLATION 

Integration of the store velocities and accelerations is accomplished using an Adams- 
Moulton algorithm with a Runge-Kutta start (Ref. 3 and Fig. 11). The Runge-Kutta process 
requires four evaluations of the trajectory equations over each integration step and is used 
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for the first three integration time increments. Since the first four passes through the 
integration module using the Runge-Kutta calculations advance time only in half steps, five 
passes are required to accomplish the first three integration time steps. At the beginning of 
the fourth integration step, the required derivative history files have been established and the 
Adams-Moulton procedure is initiated. The Adams-Moulton process is a predictor- 
corrector method which requires two evaluations of the trajectory equations for each 
integration time step. Details of both numerical integration procedures are contained in the 
flow diagram (Fig. 11). 

To permit the trajectory calculations in the corrector loop of the integration process to 
be made independently of data acquisition, extrapolated values of the aerodynamic 
coefficients are used in the calculations made after time advance (see Fig. 11). The 
coefficients are extrapolated using a quadratic fit of the form shown in Fig. 12. The different 
values of the extrapolation equation constants used during passes 4 and 5 result from the 
initial uneven time spacing of the coefficient values stored in the extrapolator file (see 
Section 3.3). 

A second extrapolation procedure is employed in the program to allow multiple passes 
through the integration module for each data acquisition cycle (see flow diagrams of Figs. 8 
and 13). This permits data acquisition time to remain large (typically, 10 to 20 msec, full- 
scale time) while integration time is small (typically, 0.5 to 1 msec, full-scale time). As a 
result, wind tunnel test time required for each trajectory and errors associated with step 
functions in the integrated parameters (see Section 3.8) can be minimized. The small penalty 
extracted by the multiple-pass integration (approximately 20 msec computational time per 
pass through the integrators) is more than adequately compensated by the acquired 
advantages. 

The extrapolator for multiple-pass integration operates on the tunnel data file using a 
quadratic fit of the form described in the module flow diagram (Fig. 13) and generates 
pseudo data which are used to update the extrapolator file. The pseudo-data generated by 
this routine are used in the trajectory calculations and the integration procedure exactly as if 
they had been measured. The extensive checking at the beginning of the routine is done to 
insure compatibility with the Runge-Kutta integration and to set the proper time structure of 
the tunnel data file. Manipulation of extrapolation equations in passes 4 and 5 results from 
the initial uneven time spacing of the tunnel data file coefficient values (see Section 3.3). 

3.6 OUTPUT PROCESSING 

The output processing job is executed in two phases. The first phase is initiated 
immediately after completion of the trajectory calculations which follow input processing; it 
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consists of calculating additional trajectory parameters, storing pertinent trajectory 
information in a 768-word engineering-unit-data disk file, tabulating hard copy data 
(optional), displaying selected trajectory parameters on an alphanumeric cathode ray tube 
screen, and increasing the data cycle/integration time increments as required (see flow 
diagram, Fig. 14). 

The additional calculations are performed just prior to data output to increase program 
efficiency since these parameters are useful in interpreting trajectory results but are not 
required in the trajectory generation process. Additional information calculated includes cg 
displacement and store attitudes relative to the flight, nonrotating flight, pylon, nonrotating 
pylon, aircraft, and earth axis system coordinate directions; store nose and tail 
displacement and store attitudes relative to the flight-, nonrotating flight-, pylon-, 
nonrotating pylon-, aircraft-, and earth-axis system coordinate directions; store nose and 
tail displacements parallel to the flight- and pylon-axis coordinate directions; hook 
displacement parallel to the pylon-axis coordinate directions; and aerodynamic coefficients 
in the stability, wind, and aeroballistic axes. The standard tabulated summary data printout 
is shown in Table l, but any of the information stored in the disk file can be tabulated as 
required. 

The flow diagram for the data cycle/integration !nterval increase module is shown in Fig. 
14. Options are to double the data cycle and integration time increments or double the data 
cycle time increment only when total store displacement (lanyard length) reaches a 
prescribed value. However, no increase is allowed regardless of the prescribed displacement 
value until the derivative, extrapolator, and tunnel data history files" have been fully 
established. This option is exercised to speed up the trajectory generation process after the 
store has reached a position in the flow field where aerodynamic coefficient gradients are not 
expected to be large. This completes the first phase of output processing, and integration 
follows (see flow diagram, Fig. 8). 

After integration is completed, the second phase of output processing is begun. It 
includes advancing the data cycle pass counter, checking the critical moment flag (see 
Section 3.3) and terminating the trajectory if so required, and calculating the store model 
position coordinates and attitudes which will be executed by the CTS rig. These coordinates 
are store model cg displacements with respect to the origin of the flight-axis system (see Fig. 
10) and angular displacements relative to the free-stream wind vector for a pitch, yaw, roll 
movement sequence (including corrections for induced angles resulting from vertical and 
lateral velocities of the store cg, see Fig. 15). The equations are given in Appendix J. 
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3.7 CTS CLOSED-LOOP POSITIONING 

The primary function of  the CTS closed-loop positioning module is to locate the store 
model at the new set of  trajectory coordinates and attitudes obtained from output 
processing. Secondary functions include travel limit, sidewall clearance, and DAP terminate 
request checks. The equations and flow diagrams for this module are contained in 
Appendix K. 

Positioning of the store model is accomplished using an absolute tunnel coordinate 
system, the origin of  which is descx:ibed by the midpoint of travel of the CTS linear 
positions. After the store model is located at the initial position (by the touch job), the 
carriage coordinates (XTp,o, YTP,o, ZTp,o) are calculated by the touch job and stored. The 
same equations as described in Appendix K are used except that the carriage coordinates 
rather than rig positions are the unknown quanities. 

On the first pass through the module, the carriage coordinates and constant box inputs 
(AYc, AZc) are read from the touch file. These values remain constant for the duration of the 
trajectory. The new set of rig angular positions is calculated by substracting sting deflection 
and sting bend angle contributions from the absolute store attitude. It should be noted that 
the sting deflection angles used are calculated from the. previous aerodynamic load 
condition, but experience has shown that deflection changes from pQint to point are 
normally small. If changes should become large, corrections are made in input processing 
(see Section 3.3). The new set of rig linear coordinates is determined according to the 
contributions resulting from CTS rig geometry, linear sting deflections, the new trajectory 
coordinates, and constant box inputs. The constant box inputs are included in the 
calculations as a means for co.rrect~ng air-off carriage coordinates for air-on conditions 
when a touch sensor is not located at that particular launch station. 

If the new CTS linear positions or'angular orientations are calculated to be outside the 
normal operating limits listed below, the trajectory is automatically terminated before a rig 
movement is executed. 

CTS Position Drives 

Normal Operational 
Design Travel Limits Position 

Travel Limits . Positive Negative Tolerances 

Axial, in. ± 18 16.9 -17.7 ±0.05 
Horizontal, in. ± 15 14.8 -14.7 ±0.05 
Vertical, in. ± 15 14.7 -14.8 ± 0.05 
Pitch, deg _+ 45 43.0 -44.3 ± 0.15 
Yaw, deg ±45 44.5 -44.1 ±0.15 

Roll, deg ± 360 359.0 -359.0 + 1.0 
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Similarly, if the new position of the store nose is calculated to be within 2 in. of the tunnel 
wall, the trajectory is aborted. 

After the rig movement has been executed, differences between the command and set 
positions and angles are calculated. If these differences are within allowable tolerances (see 
preceding table), the trajectory generation process is continued. If not, the rig is 
repositioned until the tolerance criteria are met. 

3.8 VALIDATION 

Verification of the trajectory generation applications program was accomplished in four 
basic steps. The first consisted of thoroughly checking the computer code to insure accuracy 
and completeness. During the second step, the outputs of the individual program modules 
were verified, when feasible. During the third phase, trajectory simulations were performed 
independently of the wind tunnel for verification of the combined equations~ The fourth 
step consisted of incorporation of the trajectory generation package with the wind tunnel 
and CTS hardware and software systems for total program verification. 

Because of the modular structure of the program, a considerable portion of the 
verificatioh was accomplished during the second step. Of particular importance was the 
validation of the integration scheme. Even for such relatively extreme motions as rapidly 
divergent (30-deg motion in 0.I sec) and short period sinusoidal (15-deg amplitude with 
0.3-sec period), errors in the trajectory results derived from theintegration algorithm were 
determined to be at least an order of magnitude less than errors expected from normal input 
data scatter. As would be expected, the integration algorithm cannot precisely respond to 
step functions in the accelerations (e.g., ejector cutoff, staged separation termination). For 
the worst case, step functions effectively increased (or decreased) the integrated parameter 
values by one-half integration time increment at the point where the ste.p occurred. 
Therefore, using a small integration time increment in the trajectory calculations (by 
multiple pass integration, see Section 3.5) can minimize step function effects. 

After the preliminary verification was completed, numerous analytical trajectories were 
calculated to check out the combined trajectory equations. Typical trajectory results are 
given in Figs. 16 through 20. For simple gravity releases, the motion of the store was 
identical to exact solutions of the equations of motion (Fig. 16). For the ejector-augmented 
gravity release (Fig. 16a), the calculated motion differed only slightly from the exact solution 
because the small integration time increment used (I msec) minimized the step function 
effect. 

Although exact solutions could not be calculated for comparison with the pivoting and 
rail-staged separation trajectories because of the complexity of the motion equations, 
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quantitative verification was established (Figs. 17 and 18). Trends in the trajectory data were 
consistent with the applied restraints, and termination of the staged separations occurred as 
expected. Identical trajectories could be obtained with equivalent inputs, and mirror image 
solutions could be accomplished with sign changes on appropriate inputs. The ejector plane 
restraint was demonstrated to be valid (Fig. 19), and comparisons of trajectory results for 
the present and Ref. 1 programs were quite good (Fig. 20). Similarly, experimental 
trajectories from Tunnel 4T and Tunnel A compared favorably (Ref. 4). 

4.0 AERODYNAMIC AND FLOW-FIELD GRID TEST APPLICATIONS 

Approximately 75 percent of the CTS grid applications program is common to the 
trajectory applications program. Only a few changes are necessary in the open-loop service 
routine, and none are required in the rig control job (see Section 3. !). In the closed-loop 
portion of the program, all trajectory-related calculations are deleted and simply replaced by 
the grid-positioning algorithm. In addition, when a flow-field probe (Fig. 21) is substituted 
for the model/balance combination, the aerodynamic coefficient calculations are replaced 
by the flow angle calculations. 

For grid tests, the store model or flow-field probe is positioned in the aircraft flow field. 
(or t=ree stream) at selected locations and orientations which are .preprogrammed into the 
digital computer. The grid matrix can b¢ defined relative to any coordinate system (e.g., 
flight axis, pylon axis, aircraft axis), and the choice of origin location and positive 
coordinate directions is arbitrary. Since the grid program was developed primarily for use in 
aircraft model-related test applications, translational position parameters are normally 
output in full-scale feet. However, both model-scale and full-scale positions can be made 
available in other dimensional units. 

Aerodynamic grid coefficient data are normally calculated in the body-axis s~,stem, but 
stability-axis, wind-axis, or aeroballistic-axis coefficients can be made available. Inter- 
ference coefficient values (flow-field aerodynamics minus free-stream aerodynamics) may 
also be determined by means of an offline data reduction program. Aerodynamic flow 
angles are calculated relative to the probe axis and the free-stream wind vector. Standard 
tabulated summary printouts for aerodynamic and flow-field grid data are given in Tables 2 
and 3, respectively. 

5.0 REQUIREMENTS FOR TESTS USING THE CTS 

5.1 MODEL DESIGN CONSIDERATIONS 

In addition to normal design requirements, two special considerations are necessary in 
model design for test programs which utilize the captive trajectory support mechanism. 
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First, it is imperative that all models be electrically conductive to insure proper operation of 
the store ground system (see Section 2.2). If this safety system were to be defeated, extensive 
damage to balance or test hardware could result in the event of a store/aircraft model 
collision. Second, sting-supported store models should be designed for minimum weight and 
with the model mass center located near the balance electrical center. This requirement is 
imposed to alleviate model/balance dynamic loadingproblems encountered during some test 
programs. 

5.2 TEST CRITERIA 

Unless specified otherwise, the values of the trajectory input parameters compiled in this 
section are required to be constant throughout a trajectory. However, for specific test 
applications, selected parameters could be reprogrammed as variables if the functional 
relationships were defined. Values of the following parameters (as required) must be 
defined in the test planning: 

Store Physical Parameters (Trajectory or Aerodynamic Grid) 

~, A, fi,'12, e3, & Xcs, Ycg, Zcs, hook locations 

Grid Matrix Information (Aerodynamic or Flow-Field Grid) 

Origin Location 

Orientations and positive directions of grid coordinates 
Orientation of store with respect to grid coordinates 
Definition of grid points 

Store Mass Properties (Trajectory) 

Wt, Ixx, Ixv, lxz, Iyy, Ivz, lzz 

Store Aerodynamic Inputs (Trajectory) 

Ctp, Cmq, C, r, AXm.cg, AXn,cg, additional aerodynamic coefficient inputs (CA.o), etc.) 

Trajectory Simulation Parameters 

h, Nz, 7, ~A/C 
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Ejector Simulation Parameters (Trajectory) 

XFE, AXAE, tom, ZEI, ZE2 
(FEI, F,:2) versus time (stroke) 

Thrust Simulation Parameters (Trajectory) 

tD, ZL, FT,X versus t, Cjdp Cjd m, Cjd n 

Staged Separation Parameters (Trajectory) 

Xo, Yo,'Zo, Xp.l, Xp.2, AOR, staged separation mode 

Initial Conditions (Trajectory) 

For trajectories which are initiated at points other than carriage, the initial trajectory 
time and store initial positions, orientations, linear velocities, and angular velocities must be 
defined. 

Miscellaneous Information (Trajectory) 

If lanyard length calculations are required, attachment coordinates of the lanyard to 
both store and aircraft should be defined. 

Autopilot Applications (Trajectory) 

The simulation of trajectories with active guidance and control systems requires a 
mathematical model of the inertial and/or mechanical response of the systems. Since the 
mechanisms are unique to each missile, no standard programming exists to describe them. 
However, the standard trajectory program is capable of dealing with the active control 
situation by calculating incremental aerodynamic coefficients resulting from the control 
surface deflections. Information required includes a mathematical algorithm describing the 
control surface movements as functions of missile acceleration, velocity, position, attitude, 
etc., and the body-axis aerodynamic coefficient variations resulting from the control surface 
deflections. Since this requires test-unique program additions, at least eight weeks' lead time 
should be allowed to permit program preparation and checkout. Sample check calculations 
should be provided, if available. 
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5.3 NOMENCLATURE UPDATE 

Comparison of nomenclature from Volume I11 of this series and the present report will 
disclose differences in the engineering symbols for several terms. Since the publication of 
Volume Ill, an extensive effort has been initiated at AEDC to standardize nomenclature 
among the test facilities and among different types of test programs, and differences are 
generally a result of this effort. Where terminology differences are noted between the two 
reports, those given in this rel~ort will supersede Volume Ill as the correct notation. 
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BALANCE INFORMATION 

NAME NOMENCLATURE 
0 .16"  6.51b OFFSET BALANCE 4 - . 1 6 - . O 0 6 5 - 3 " O F F S E T - . 4 0 M  
0 4 0 "  I0 Ib OFFSET BALANCE 5 - . 4 0 - . 0 1 0  - 3" OFFSET- .40  M 

FOR STING- SUPPORT iNFORMATiON (B) 

SEE FIGURE 4. 

a. Offset balance 

A 

i6 .57 
17.62 

YAW 
CENTER 

PITCH 
CENTER 

FACE 

~!T ~ ~  \ ~  
d.6.~5 / ~ / \  AOAPr~ 

BAI .ANC~ 

* -- T J ~ ' ~  3TO" DIMENSIONS IN INCHES 

It GP denotes goge po,nt 

FOR BALANCE 1rNFORMATION(A| 

SEE FIGURE 4. 

b. Offset stings 
Figure 5. CTS nonrolling sting/balance hardware. 
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~PI~__------------'~ I PITCH CENTE~R 

BALANCE \ \ j 

GP 

.16" -  . 5 0 "  Balance and CTS Hardware 
BALANCES 

NAME NOMENCLATURE A 

.16" 6.5 Ib BALANCE 5-  .16-.0065-Spec 6.64 
, .  

.30" 7.2 Ib BALANCE .30-.0072-Spec 2.65 

SPECIAL STING ADAPTER 

2" ADAPTER ISPA .30SSF-2.00-.30SSF[ 2.00 

.40" Balance and CTS Hardware 
BALANCES 

NAME NOMENCLATURE 

.40 °' I0 Ib BALANCE 6 - . 40 -  .010- Spec 

A 

3.76 
.40" 20 Ib BALANCE 6 - . 4 0 -  .020- S1~¢ 3.76 

SPECIAL STING ADAPTER 
r 

. N A M E  NOMENCLATURE a 

2" ADAPTER SPA .40SSF-2.00-.40 SSF ?..00 

3.5" ADAPTER SPA .40SSF-3.50- 40 SSF 3.50 

BENT SPECIAL STING 

NA ME NOMENCLATURE . C 

12 ° BENT STING BSP.S.-Spec-8.B35-12o-.S20M 8.58 

120 °BENT STING BSP.S.-Spec-8.751-20%.S20M 8.52 

27 e BENT STING BSP.S.-Spec-8.765-27e-.520M 8.43 

BENT SPECIAL ADAPTER 

N A M E  NOMENCLATURE C 

12 e BENT STING BSP.S.-Spec-9,30-12°-.520M 8.95 

20 ° BENT STING BSP.S.-Splc- 9.23 - 20 e- .520 M 8.87 

27 ° BENT STING BSP.S-Spec-9.14-?.7%.S20M 8.77 

BENT STING ADAPTER 

NAME NOMENCLATURE I o I 
12 e ADAPTER BSA- .520F -  5 .125-12eg ' -1 .120M J4.38J 

NAME 
CTS ADAPTER 

NOMENCLATURE 
3.5" ADAPTER 

I0.0" ADAPTER 

SA-I.12OF- 3 .50-1 .120M 

S - [ . I 20F- IO.O0-  1.120M 

3.50 

lO, OO 

c. Modular stings & balances 
Figure 5. Concluded. 
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a. Control console components 
Figure 6. Photographs of the CTS control console. 
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Position Balance 
Indica tor Li~!lts 

Redundant Store 
Ground Light 

Touch Wire 
Indicator 
Lights 

b. Control panel components 
Figure 6. Concluded . 
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Figure 7. Photograph o'F the data acquisition panel (DAP) located on 
the tunnel 4T data production console (DPe). 
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Figure 8. Flow diagram of the trajectory generation 
closed-loop program. 
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W 
\0 

FIRST PASS 
(NPASS:: 0) 

P; + I = Pi + O. 5 It I 

fi = P 
t = t + 0.5 (8 t ) 

EXIT 

THIRD PASS 
(NPASS:: 2) 

WHERE~ NPASS IS INTEGRATOR PASS COUNTER 

8t 1.5 THE INTEGRATION TIME INCREMENT 

P IS INTEGRATOR OUTPUT 

P IS INTEGRATOR INPUT 

PASS (I-51 REPRESENTS 
RUNGE- KUTTA INTEGRATION 

PASS(6-- I REPRESENTS 
ADAMS - MOULTON INTEGRATION 

NOTE: BETWEEN EXIT ONE PASS 

AND ENTER NEXT PASS, 
TRAJECTORY CALCULATIONS 
ARE PERFORMED. 

INTEG RATION 
FLOW DIAGRAM 

SECOND/FOURTH PASS 
(NPASS", I OR 3) 

NPASS = NPASS +1 

t 
kz = (8t HPI I 

Pi + z = Pi + 0.5k2 

~ 

I 
TRAJECTORY 

CALCULA T ION S 

+ 
k3 = (8t HP) 

Pi + 3 = Pi + k3 

t = t + 0.518t) 

• 
EXTRAPOLATE 

• TRAJECTORY 
CALCULATIONS 

k 4 =(otlIPl 

P = Pj + (kl +2k2 +2k3 +k4)/6 

EXIT 

FIFTH PASS 
(NPASS -4) 

NPASS = NPASS + I 

1 
f i - 3 =f i - 2 

fi_2=f i _ 1 

fi - I = f i 

fi = P 
~ 

kl :: (81 H P I 
PI" P 

L 
Pi+1 S Pi + 0.51<1 ) 

t :: t + 0.5 ( 8 tl 

+ 
EXTRAPOLATE 

~ 
TRAJECTORY 

CALCULATIONS 

I 

Figure 11. Flow diagram for the integration module. 

P = Pi 

SIXTH PASS
(NPASS~5) 

1 

f j
- 3 : fj -2 ] 

fj_z-f i _ 1 

f i-I:: fj 

fj :: P 
~-----

PREDICT ---l 
Pj = P . 

+8t<55fj -~9fj_I+37fj_Z_9fi_31/2j 
_t 

t = t + 81 .., --r-------1 
EXTRAPOLATE J 

1 
TRAJECTORY 

J CALCULATIONS 

1 
CORRECT 

P=Pj +8t(9P+19f i -5f i _ 1 +f\_Z)/24 

1 
EX IT 
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Ii.,. 1.0 
B= 0 

A=2.0 
8 = 1.0 

NXP= NXP + I 

A=5.0 
8=3.0 

EXIT 

A= 2.3333333 
B = 2.6666667 

A =.2.0. 
8·=1.0 

EXTRAPOLATE IDENTIFIED 
COEFFIC.IENTS (TYPICAL) 

NOTE: NXP IS THE EXTRAPOLATOR PASS COUNTER 

Figure 12. Flow diagram of the quadratic extrapolation routine. 
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90 '(CNlj 
9 I .• (CN~.-(CNI._I 

02 '~CNl( 2t:Nli _I+(CNt2]1 

(6 CNl i_ 2 • (6 CNli_1 

(6CN)i_I' CN"'(CN,,li 

(CNA· CN,' 

1--,-- EX IT 

INCREMENT 

GENERATE COEFFICIENTS 
FOR PSEUDO DATA 
CALCULATIONS (TYPICAL) 

GENERATE PSEUDO 
DATA (TYPICAL) 

UPDATE EXTRAPOLATOR 
STACKS (TYPICAL) 

Where Kinl' NO. OF INTEGRATIONS/DATA CYCLE (IF "I, MUST BE EVEN NO.) 

KPASS' MULTIPLE PASS INTEGRATION COUNTER 

PASS' DATA CYCLE PASS COUNTER 

Figure 13. Flow diagram for the pseudo data generation module. 
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STEP OPT IONS 

o NO INCREASE 

DOUBLE DATA CYCLE AND INTEGRATION 
TIME INCREMENT FOR ~L,C ~ !STEP 

2 DOUBLE DATA CYCLE TI ME INCREMENT 
FOR :!L.c~ i! STEP 

< 7 
~-----------.,.-- EX IT 

KNEW= Kin' 

6tNEW= 2(M) 

STEP = 0 

< i!STEP 

= 2 

KNEW: 2 (Kint) 

fltNEW· 2(~t) 

STEP =0 

RESET DERIVATIVE STACKS 

FOR NEW INTEGRATION INTERVAL 

RESET EXTRAPOLATOR STACKS 

FOR NEW INTEGRATION INTERVAL 

RESET TUNNEL DATA STACKS 
FOR NEW DATA CYCLE INTERVAL f----------I 

NOTE: NO INCREASE ALLOWED UNTIL THE DERIVATIVE, EXTRAPOLATOR, AND 
TUNNEL DATA STACKS HAVE BEEN FULLY ESTABLISHED AT EVEN 
TIME INCREMENTS 

Figure 14. Flow diagram for the data cycle/integration 
interval increase module. 
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Xl 
8 

TOP VIEW(PLANE OF YAW MOVEMENT) 

. 
~I 

I 
~I 

SIDE VIEW (PLANE OF PITCH MOVEMENT) 

Figure 15. Store angular displacements including induced 
angle effects. 
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-
.... 8 
x 

SYM -
0 
6 
0 

0 

0....-

12 

8 --
4 

0 

20 

16 

-
12 --..... 

N 

8 

4 

y,deg <PA/C,deg FE! ,FE2 ,Ib ~E! ,rE2,fI 

0 0 0 0 
60 0 ! l 0 30 

0 0 1000 0,322 

V 
YI = 8,0441 2 

~ / 
-("'" 

I _~ '" I /" 
7! 

I 

~ 

I,sec 

a, Linear displacements 
Figure 16. Comparison of trajectory results for a free-falling 

store with exact solutions, Wt = 2,000 lb. 
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SYM 
rod rod ~ rod 

PO. sec ~O'sec o'SiC 

0 0 0.2 0 
t::. 0 0 0.2 
0 2.0 0 0 

12 

~ 8 I--f--F-+---l-+ 
'0 

4 f---+--+---+7"9f---+--

o~-~~~-~~~~--~~~ 

12 

'" ~ 8 

4 

o 
120 

~80 
." . 

..... 
-9-

40 

o 
20 

16 

12 

8 

4 

o 

I V 
"'I =11.4591 D-- /-<'" 

V ~~ 
~ 

/ 
V 

VI 
4>1 = 114:591 ~ ./' V 

_or---

/ .,Y I 

/, 
r--- r---VV i I 

~ 
V I 

/ 
lr = 16.08712 ~ J 

.'" / 
~ --- f--

I / 
i / 

",V II 

I""""" H 
o 0.2 0.4 0.6 0.8 1.0 

I.sec 

b. Angular displacements 
Figure 16. Concluded. 
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Figure 17. Trajectory results for pivot staged separation, MOTION = 3, 
Wt:= 2,000 Ib, 'Y = 60 deg, Xo = 5 ft, Zo = 1 ft, Yo = O. 
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SYM Yp,ft 

0 I 
t;,. 0 
0 - I 
0 0 

~ 
/ 
/ 

i!:p,ft IR,deg 

o 0 
I -90 
o 0 
I 90 

L 
/ 

/ 

REMARKS 
RW SIDE RAIL OUTB'D 

~ 
LW SIDE RAIL OUTB'D 

l 
2 

o ! 

-2 

~ 
\ 

\ 
\ Xp,2=8.05 __ 

'/ \ 
I 

V 
-6 

Xp,1 =4.06 _I 
" -8 

/ 
J/ 

/ 
-10 

~ 
,/ 

2 

0> 
Q) 

'0. 
0 .... 

7-

-2 

I 

L 
~ ~ 

0.2 0.4 0.6 0.8 0.2 0.4 0.6 O.B 
t,sec t,sec 

Figure 18. Trajectory results for rail-released staged separation, 
MOTION = 7, Wt = 2,000 Ib, 'Y = 60 deg, Xo = 5 ft. 
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1.2 
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~ 
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49° Pr--
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J1 
~ ~ 

r~ 
'\ 

~ 
'\ 
~ 

b, 
~ 

41°_~ 
I 

-0.4 -0.8 -1.2 
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Figure 19. Trajectory results for ejector-plane staged 
separation, Wm = 49 deg. 
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Figure 20. Comparison of typical trajectory results for 
the present and Ref. 1 programs. 
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Figure 21. 40-deg conical probe. 
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VI ...... 

Table 1. Standard Trajectory Tabulated Summary Data Format 

RUN TRAJ M~ p. T, q~ P~ T~, Re~ T DP SH, A 8. DATE TIME CON SET ZERO SET TRANSONIC 4T 
151 1312 0. 8 49 1200~3 ~41.4 37li? 749.3 473.2 2.4 457,3 0,0012 0.050 S.DK 0.00;0 11/21/79 1915~:46 1511 2 146/ 2 TEST TC-635 

STORE 
MK,.(!3 

A 11 12,r3 Xc. \Xm,eg ,\Xn,eg ·Y e•. Ze. IXX Ix'/' IXZ Iyy. lyZ IZZ Cr. Cm• Cn, 
I'B!h: 1',069. 1,1~7 1.~67 4.0~2 U.OOO O,O~O U,P1lD O.~OD 4.~ U.O 0 •. 0 lb6.S 0.1 _1Q~ .• I\. ~.2..L~L_.~ ._~.?. 

w, 

{O 0A/C Ip Iy IR CONFIG WING MOTION NOROLL POST CDEF THRUST EJEC:r XFE ilXAE <Um ZEI ZE2 AlC 

F'~4E 1.98 U.GO 
NZ 

1.0 0.0 U.O -1.00 0.00 0.0 3 FUS~L 0 1 0 0 2 3.46 1.50 0,0 0.38 0.38 

PN 

5 O.OOJ 
.7 0,01:; 
9 0.02J 

10 O,03C 
11 0.04] 
12 0.050 
13 0.060 
14 O,07C 
15 0,080 
16 0,09: 
17 0.100 
1B 0.11: 
19 0.12: 
20 0.13: 
21 0.140 

FLIGHT AXIS POSITIONS AND ORIENTATIONS 

X 
o.ou 

70.oU 
7 0 .00 
7 0 ,OU 
-0.00 
,:,O.OU 
-0;0 0 
:-O.OU 
:-0.0 U' 
-U·Ol 
-0.01 
7 0 .01 
-0.02 
-0.02 
-0.03 

y 

U'OO 
-DiOO 
-0,00 
-OiDO 
-LJiOO 
-0,00 
-O~UO 
-0,00 
-0,00 
-OiO O 

0.00 
O,OU 
0,01 
Oi02 
U.02 

Z 

0.00 
0.0'1 
0.06 
0.14 
0.24 
0.38 
0.53 
0,69 
0.84 
1.00 
1 •. 16 
1.32 
1.48 
1.65 
1.81 

if; 

U.OO 
.U.uO 
.U.OO 
·V.OO 
"U.Ol 
·U.Ol 
-0.02 
-U.02 
-U.03 
.. iI. 04 . 
-U.04 
.. 0.05 
-0.06 
~U.07 
·.iI.07 

e 
0.98 
1.005 
1.18 
1.44 
1.7~ 
2.24 
2.66 
3.07 
3.41 
~.71 
3.9:> 
4,1~ 
4.30 
4,41 
4;46 

¢ 

0.0 
0,0 
0.1 
0,2 
0.0 
0.2 
0.0 
0.0 
0.0 
0,0 

,:,0.0 
-0.0 
-0.0 
-0.0 
-o.U 

as 
0.911 
102i 
1.56 
2,OU 
2.54 
3,1& 
3.6~ 
4,0:< 
4.37 
4,6ti 
4.9~ 
5.1; 
';3i 
5,4;i! 
5.,,? 

{Os 
V.UO 

-u. 00 . 
U.OO 
U,91 
U.OO 
0.U2 
0,02 
U.03 
0,04 
U t 05 .. 
0.06 
1i,08' 
0.09 
U,l1 
0.;'3 

BOOY AXIS fllRCf;; AND MOMENT CCEfflCIENIS __ _ 

CN C
m 

0,"65' -0.819 
0,.573' -0,810 
O,'s86 -0.802 
O • .59!? ,-0.7ee 
0 • .597 -0.761 
0,416 -0,764 
O.'i26 -0.762 
0. 439 -0.767 
o • 453 -0.775 
0.~59 ,:,0,778 
0,~70 -0.786 
O,~7.5 -0,783 
0.474 -0.778 
0. 478 -0.778 
O,~75 ':'0,766 

Cy 

-0.090 
':'0.090 
-0.065 
':'0.977 
-0.010 
':'0,065 
':'0,056 
':'0.054 
-,0.048 
-0,045 
-0.042 
-0,039 
-0.0034 
':0,031 
-o.o,h 

C
n 

-0.029 
-0.020 
-0,012 
-0.005 

0.012 
0.017 
0,018 
0.022 
0.021 
0.024 
0.025 
0.026 
0,027 
0.027 
0,030 

Ce 
0.039 
0.D36 
0.036 
o .I~!i. 
0.~32 
0.~31 
0.030 
0.Q29 
0.031 
0.03:1, 
0.030 
0.U29 
0.032 
O. UU 
O.~32 

CA,. qA FEI FE2 

0.212 890.6 3467. 5251. 
0.210 89jl.5:iU7. ~2.5.1. 
0.20 8 8 9 0.5 3467. 5251. 
U....219 _J!.90. 6 3467 • ...llll,._ 
0.212 890.7 3467. 5251. 
U.212 8 9 0.8 3467. O. 
0.211 8 90.7 O. o. 
0.212 890.5 O. A, 

. 0.210 8 t o.4 O. O. 
Q.aQJ!. .. 890.3 D. _._~L 
0,20 9 8 90.1 O. O. 
0.20 0 890.0 O. 0, 
0.207 889.9 o. O. 
u.2D~ 8~9.7 O. D. 
0~2D~ 8~9.6 O. D. 
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m 
o 
() 

~. 

JJ 
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Table 1. Continued 

RUN TRAJ M~ P, T, q~ P~ T = Re= Top SH A 8. DATE TIME CON SET ZERO SET TRANSONIC 4T 
151 131? 0.849 120U.J '41.4 JI7,! 749.3 413.2 2.4 4'1.3 O,OU12 0.050 5,CK O.OOlU 11/27/79 19:5>:46 1511 2 146 1 2 TEST TC-635 

STORE Wt A rl r
2
,r

3 Xc. r.X m,cg 
,\X y 

cg Zcg IXX IXY IXZ IVY In I zz 
Cr, C Cn, n,eg mq 

MK.,.B3 985 •• 1.069 1.16/ 1.167 4,042 0,000 o.oiio u.OOO O.UOO 4.8 0.0 0.0 106.~ 0.0 1U6.. 6 "2.9 -35.9 "85.9 
NC f3 Nz )' _9A/C I,p Iy IR CONFIG .WING MOTION NOROLl POST COEF THRUST EJECT XFE I~XAE w ZEI ZE2 m 

,-~E 1.98 u.~o loU u.O U.O -1,00 0.00 U,O 3 ii -
U:O 0,38 0,38 I"USCL 1 U 0 2 3.46 1.50 

VI 
FULL SCALE VELO~ITI~S ANU AC~ELERATIONS 

tv PN Vx Vy VZ UR P v v. P 
5 0.000 9J2.4 U.U 15.9 9.l2.5 D.D U.U U.O o.OU 0.00 0.00 -1.1 -2.8 305.6 9.08 17.64 -0.30 
7 0.010 9.32.3 yO.o 19.6 932.5 -o.i -o,U ;j.t .0. Oil U.18 -0.00 -t.f; -2.5 ~05.;S B.74 17.~4 -0.22 
9 0,02; 932.? O.U 25.4 932.5 -U.~ -O,U 6.1 D.li 0.35 -0.00 -li.J -1,5 ~04.9 ~.37 17.62 -0.19 

:LO 0.03J 932.: 0.1 32,' 932.5 -O.J -0,1 Y,2 U,2~ U,53 -0.01 -12.2 0;1 ",04.5 ij,Ol 17.67 ';'0+17 
11 0.04J 931.6 0.1 41. J 9;12.6 -o.~ -0,0 12.2 0,3<1 U.71 -0.01 -10.2 1,9 ~O4.3 7.34 17.85 ':"0.10 
12 0.05: 931.2 0 • .5 :>1.4 932.6 -0,0 -o.u 1'.0 u :4i U.81 -0.01 ';'2U.O 4.2 132.0 ~,99 ~27.40 -0.14 
13 0.06' 9 . ..10.7 o • .i !>8.6 932.6 -U.~ 0.0 1:;.2 0.4& u.72 -0.01 -19.1 5.5 lB.a b.65 -B.35 ';'0.13 
14 0.07, 9.30.2 o.~ 65,.1 932,5 -1.0 0.1 1:;.'1 0.54 u.64 -0,01 -la.2 6,7 17.a . 6.59 -B.36 ~0.09 
15 n.08J 929.7 0.6 71.1 9J2.4 -l,i 0.2 1:;.0 0.'61 u.56 -0.01 -1/.1 8,0 17.3 6.B8 -B.40 0.10 
H c·,0ge 929,2 0.8 76,0 9~2., 4 -1 • .) d." 1:;.8 0., 6~ u,47 -0.01 ';'l~.U 9.3 17.a 0.86 -8.37 0.04 
17 n.l0e 928.A 1.1 ~O.2 9,12.3 -1.:; 0.4 1:;.9 0.7:> u.39 -0.01 ';'14.9 10.6 16.6 6.51 -8.~1 0,01 
18 0.11: 928.4 1.3 83.& 932.2 -1,0 o.~ l/i.i a,ai u.30 -0,01 -1~.~ 11,9 16.~ 6,47 -8,33 o.o~ 
19 0.12. 928.·1 l.~ 86.2 9.52.1 -1. ;; 0,'0 10 • .\ u.68 U.22 -0.01· -12.4 13,2 16.4 7.09 -8.24 0.10 
20 0.13" 927,9 1.6 88.1 932,1 -1.~ 0.1 1~.~ 0.9:'. U,14 -0,01 -11.2 14,6 16.3 6,74 -8,19 0.17 
21 n,14, 927.7 2.1 69.1 9.52.0 -2.~ 0.9 1~.~ 1. o~ U.06 -0.,01 -9.9 15,9 16.3 ~.O4 ~8.01 0.27 
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Table 1. Concluded 

RUN TRAJ M~ p. Tt q~ P~ T ~ Re~ TOp SH A ot DATE TIME CON SET ZERO SET TRANSONIC 4T 

151 1312 0.849 1200,J ~41.4 377.~ 749.3 47J.2 2.4 4~7.3 O,OU12 O:ojo S,OK 0.0010 11/27179 1915~:46 151/ 2 146/ 2 rEST TC-635 

STORE Wt A 11 £2·f3 X :'X _~X _ Y Z 'xx IXY 'xz 'Vy lyZ Izz Cr. Cm • Cn , c. m,cg ".(:g c. c. 
MKT63 965. : 1.069 1.167 1.167 4.042 U.UOO O.O~O U,UOO O,UOO '1,e u.O o.u 106,9 0 • .11 19~ .. 6 ".z~'i' __ ~._._~_.B!h'l 

AlC f3 Nz )' <PAle Ip Iy 'R CONFIG WING MOTION NO ROll POST" COEF THRUST EJECT XFE L\XAE "'m -ZEI ZE2 
F'~4E 1.98 ~.co 1.0 0.0 0.0 -1.00 O.OU 0,0 3 rUSt;L 0 1- 0 0 0 2 3,46 1,50 0,0 0,38 0.38 

PYLON AXIS POSITIONS AND ORIENTATIONS 

PN t Xp Yp Zp ~v .\8 :'." 
5 0.000 0.0 a • 0 - 0.0 0.0 -0.0 0.0 
7 0.01: -u.o -0.0 0.0 -:,0,0 0.1 U.O 
9 0.020 -0.0 -0.0 U.l -0.0 0.2 0,1 

10 0 .03~ -:,0,0 -0.0 0.1 :0,0 D.!> 0.2 
11 0.04C -0.0 ';'0.0 0.2 -0.0 0.8 0.0 
12 0.05~ ';'0.0 -0.0 0.4 ';'0.0 1.J U.2 
13 n.060 -0.0 -0.0 0.5 ';'0.0 1.; 0.0 
14 O.07~ ';'0.0 -0.0 0.7 ';'0,0 2.1 0,0 
15 0.08" -0. U_ -0.0 0,8 :'0.0 2.4 0.0 
16 0 i-09J -:,O,~ :-0.0 1.U :0.0 _ 2.7 0.0 
17 o.lOa -0.0 o. a 1.2 -0.0 3.0 -0,0 
18 0.11" -0.0 0.0 1.3 -:0.1 3.2 -0.0 
19 0.120 -O.U 0.0 1,5 -0.1 3 • .5 -0.0 
20 0·130 -0.1 0.0 1.6 :'0.1 3.4 -0,0 
21 0.14: -0.1 0.0 1.8 ';0.1 3.!) ';'0.0 
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Table 2. Standard Aerodynamic Grid Tabulated Summary Data Format to . 
~ 

RUN SURVEY MN P, T, q~ P~ T~ v~ R.~ TDP SH A DATE TIME CON SET ZERO SET TRANSONIC 4T 

166 101 0.601 1203.S 5S5,8 238,2 942.9 ~99.7 6~6.2 2,0 473,9 ~,U028 0.050 11/27/79 22131154 16~1 6 16~1 1 rEST TC-635 

A;e (3 Ip Iy IR CONFIG WING STORE A 11 12, £3 Xcg Ycg Z ';'5 

rlS :1. oP f).YO 0.00 0,,00 0.0 4 FUSCL MK-~~ 1.V69 1 .. 107 I.U7 4.042 i.DOli JL • .DC8Jl_ .. ~ 

REFERENCE AXIS BODY AXIS COEFFICIENTS 

PN XREF YREF ZREF 6.0/1 M 6.';' . Us f3 s CN Cm 
C . y .Cn C£ CA., ~ NDX RUN 

12 -0.02 -0.,0, 0 , 00 3,92 :0,01 . 0,5 0.03 .. 3.~2 Q.g'1! -O.O};! O.2~0 -;Q .. 2H 0.03Q Od3~ ... 2ll.t2 .3..-tH_ 
13 -0.02 -0,00 0.01 3.91 0.98 0.6 1.02 -3.YO 0.114 -U.130 O.2JO -0.226 0.032 0,132 237.2 4 1 66 
14 -0,02 ';'0.,01 0,00 3,90 1,98 0,7 2,03 "3.~8 O.le~ -0,216 D,2J2 ~0.2.,ti O,D3~ 0>,129 237,3 5 16~ 
15 -0,02 -0.,01 :0.00 3.88 4.00 0.8 4~0~ "3,1l2 0.311l -0.385 0.246 -0.291 O,02~ 0,'128 237.1 6 . 166 
16 -0,02 -0,01 0.01 3,85 5,99 0.9 6,0~ .. ~.76 0,'1"41 -0.506 0.257 ':'D,3~~ O.03i 0,133 236.8 7 166 
17 -0.02 -0,,02 0.01 3.63 7.98 1.0 8.0!> ~3.~6 0,57; ~O.620 0.2~q ~0.471 O,O:5~ 0.132 237.5 6 1 66 
18 -O.ill O,U1 -O,Ul 7,95 -2,O~ 0.6 -1.9~ ··7. ~B -.OJ 10 i ii.20l. O,5yQ ~Q .. 499 O.O3¥ Od2L ..2ilJ.Q... .. ~._~ 
19 -0.02 -0 <, 0: -O.UO 7.68 ';'1,01 0.9 -0.B8 ~7.tl9 ';'0,016 ii.056 0.490 '-0.469 0.03? 0,129 236.5 10 1 66 

VI 20 -0.02 -0,,01 0.01 7.8!:> ~0,O2 1.1 0,12 ~7.~5 0, 06.~ -U,079 0.497 ~0,509 0.O3~ 0'i125 237.4 U 16~ .j::>. 
21 -0.C2 :-O"O~ O.Ul 7.8.5 0.96 1.2 1,1~ .. 7.tll 0.142 . -U.208 0.492 -0.510 0.031 0,,122 237.1 12 1 66 
22 -0,02 0110: 0.00 7,82 1,99 1.3 2,17 "7.~7 0,228 -iJ,346 O,4~6 70 ,518 0,Q3l Oi130 2~6.9 13 . .16~ 
23 -0,"2 -0,,02 0.01 7.76 3,99 1.6 4,20 •. 7, ~4 o,3?iI -U,571 0.5Uo5 -0,578 0,039 Ofl23 237.5 14 166 
24 '-0.02 ,:,0,01 0.00 7,72 6.QO 1.8 6.24 ··7 .~3 O.5Z~ -U,7,O Q.5~B ~0.7~~ a,oa D.IH4 .. ~;F.!L_..i2...~~ 
25 -0,01 -0,,01 0.01 7.69 7.99 2.1 6;27 -7.40 O,66~ -0.862 0.5~7 ,:,0.929 0,04~ 0,,140. 237,5 16 166 

2 -0.02 ,:,(},,02 -0.01 -u.o~ 8.05 -0.0 6.05 o ;U4 0,56' -U.5e5 -0,010 0,012 O,02~ 0,'124 237,2 17 H7 
:5 -0,02 0.00 ':'Q.02 0.01 3.96 0.0 3.98 -0.01 0.286 -U,280 -o.oio5 0.064 0,03q Qy120 237.3 18 167 
4 -0.03 0,. Ul :0.02 0.01 1,99 0.0 1.99 -0,01 ° .1.6~ -U.155 -o.ois 0.057 0.03'1 0','133 238,2 19 ~6? 
5 -0.02 0,. 0 ~ -0.01 0.01 10 00 0.0 1.00 -O.Ul 0.101l -U.l04 -o.oio 0,047 0.03U 0'1132 236,2 20 167 
6 -O.JO 0,01 ':'0.02 0.01 -0.00 0.0 -0,00 -Q,Ql 0.03ii -g, QZ7' -U,Oi2 OJo"~ o,o,zt DLl~1 . Hh2 ._--'.l_J.61._ 
7 -0.00 0 .. 0: ':'0.02 U.Ol ':'1,00 0.0 -1.00 -O,Ul ii;023 0.039 -O,OU7 0,031 0.02D 0;138 236.4 22 167 
a -0.00 0,.0 C -0.02 0.01 ':'2,00 0.0 -2,OU -O.Ql 0.09i U,109 -0.004 0,0;1.1 0,03Y 0,135 237,6 2~ 167 
9 -OoCO O.O~ -0.02 0.01 '::4.00 0.0 -4,00 -0.01 0.214 U.23~ O.OOb -0,024 0, D3~ . 0,'137 236,9 24 167 

10 -0.01 O,U: -0.005 0.00 ~7.99 0.0 -7.99 -o,Qo 0. 461 U.466 0,002 ~0.OO7 O.03~ Oi128 236,3 25 167 
11 0.00 (J,Ul -0.05 U.02 .il,99 -0.0 -11.99 -0.02 0.742 U.714 -0.OU9 0.053 0.044 0,'119 235.4 26 167 
12 o .00 O,g1 ':'0.0.5 0.01 .. 16,01 -0.0 -l~,O+ -O.Ql ~,10? ;.079 :-Q,02~ 0.{25. Q.03i 0.10 I! .. UZ,.2. _ -2L_..tiL_ 
13 -0.00 0.01 ';'o;oi O.Ql .20,02 -0.0 -20,02 -O.Ul 1.51~ 1. 41~' -0.042 0,188 0.034 0,'099 237.2 28 1 67 
14 -0,03 O,OC :0.01 0.01 .,24,03 -0.0 -24.03 -0,21 1·97~ 1.788i -O.l;'U 0.381 0,02! 0,091 236.8 29 167 
15 -O,e2 o .0 G 0.00 0.00 .,28,06 -0.0 -28,06 -0,00 2.499 2.066, -0,1;1 0.448 0.02" 0,076 237.'2 3D 167 
16 -0,03 -0,01 -0.01 -0. 03. -32,05 0.0 -32,05 0,~2 3,1J~ 2,532 -O,3~6 0,727 o,o,,~ Oi068 237.7 :u 167 
17 -0,03 ,:,0.0: ~0.00 -0.07 ."6,11 0.0 -36,11 O,U5 4,091 J.115 -0.5~2 0.559 O.09! 0,036 238.1 32 167 
18 -0,0 4 -O.Ul 0.01 -0,:1,3 ,:,~0,09 0.1 -~O,O? Q,~7 h220 ~.430 -Q.6!!9 0.14i 0,12. OIQ1I1 217 .1. ..... H __ til_ 

:..!. ... II 



Table 3. Standard Flow-Field Grid Tabulated Summary Data Format 

RUN SURVEY M~ P, T, 'to P~ T~ V~ R.~ Top S!"i A DATE TIME CON SET ZERO ~I;T IR~t'lSOJ'lIC;: 4T 

879 131 0.952 1740.5 96.15 616.4 971.6 470,9 1012.7 3.5 10,5 0.0017 0,050 -11/21/79 16131/27 8771 3 9191 2 TEST TC-623 

A/C f3 'p Iy IR CONFIG WING 
F-4C 17.00 0,00 -1.00 0,00 0,0 35 LEP'T 

_SUMMARY 1 

REFERENCE AXIS PROBE PRESSURES FLOW ANGLES 

RUN/PN XREF YREF ZREF /1,0;, :.e \9 ps.) p.12 Ps,3 P.,4 Pp,S Ps PS,p ML C 
p" 

C p,rr NDX 

879003 -14.75' -0.02 1.17 -10. 02 -0.02 -0.1 1290.1 1309.S 1178.7 1169.0 1724.0 Oa716 0.7231 0.92 0.194 5.4 -0.268 -6.5 51 
879004 -14.24 -0.03 1. I 9 -'0.02 -0.02 -0.1 1293.2 1311.1 1182.2 1172.0 1723.8 0.71~ 0.7247 0.92 0.194 5.4 -0.267 -6.5 52 
87900~ -13.75 -0.03 1.17 -0.03 -0.02 0.0 1298.8 1319.6 1198.1 1177.4 17~4.1 0.721 0.7293 0.91 0.196 5.5 -0.275 -6.7 53 
879006 -13.25 -0.03 I. 17 -0.02 -0.02 -0.1 1290.9 1322.1 1190.4 1178.9 1724.0 0.722 0.7299 0.91 0.196 5.5 -0.290 -6.8 54 

VI 
879007 -12.74 _-0.03 1.18 -".03 .0.02 -0.1 1292.7 1327.0 1192.4,1180.5 1724.3 0.724 0.7314 0,90 0.197 5.5 -0.298 -7.0 55 

VI 879008 -12.24 -0.03 1. I A -10.03 -0,02 0.0 1297.0 1336.9 1196.8 l1B4.4 1724.0 0.727 0.7352 0.79 0.200 5.5 -0.304 -7.4 56 
879009 -11.75 -0.03 1.17 -0.02 -0.02 -0.1 1302.7 1342.6 1202.1 1189.0 1724.0 0.730 0.7394 0.79 0.203 5.& -0.310 -7.6 57 
879011 -11.24 -0.03 1.19 -10.03 -0.02 -0.0 1305.7 1349.3 1204.5 1191.1 1724.4 0.732 0.7407 0.78 0.206 5.7 -0.322 -7.9 58 
879012 -10.74 -0.03 1.19 -10.03 -0.03 0.0 1308.6 1355.0 1205.7 1192.0 1724.3 0.734 0.7427 0.77 0.211 5.9 -0.335 -e.2 59 
979013 -10.25 -0-.02 1.17 -0.01 -0.02 -0.0 1311.4 1359.0 _1205.9 1192.3 1724.3 0.735 0.7440 0.77 0.219 6.0 -0.342 -8.4 60 
979014 -9.74 -0.03 1.18 -0.02 -0.03 0.0 -1315.9 1362.5 1206.4 1193.5 1724.4 0.736 0.7460 0.77 0.229 6.3 -0.351 -8.7 61 
979015 -9.25 -0.03 1.17 -0.02 -0.02 -0.1 1320.5 1366.4 1206.4 1194.0 1724.4 0,738 0.7478 0.76 0.239 6.5 -0.361 -9.9 62 
979016 -e.14 -0.03 1.19 -0.02 .0.03 0.0 1324.6 1368.1 1203.0 1191.7 1724.6 0.737 0.7486 0,76 0.256 7.0 -0.371 -9.2 63 
979017 -9.25 -0.03 1.17 -0.02 -0.02 -0.1 1329.4 1369.9 1201.0 1190.5 1724.3 0.739 0.7499 0.76 0.271 7.4 -0.379 -9.4 64 
e79019 -7,15 -0.02 1.17 -0.02 -0.02 -0.1 1334.1 ~370.1 1197.7 1187.9 1724.4 0.738 0.7506 0.76 0.289 7.9 -0.397 -9.6 65 
879019 -7.25 -0.02 1.17 -0.01 -0.02 -0.0 1339.3 ~370.8 1193.1 1184.4 1724.5 0.737 0.7510 0.75 0.309 -S.3 -0.396 -9.9 66 
879020 -6.75 -0.03 1.17 -0.02 .0.02 -0.1 ,338.9 1367.5 1184.6 1176.7 1724.7 0.735 0.7492 0.76 0.325 8.1 -0.402 -10.0 67 
979022 -6.24 -0.03 1.18 -0.02 -0.02 -0.1 1341.1 1363.0 1179.9 1171.8 1724.7 0.733 0.1480 0.76 0.340 9.1 -0.401 -10.0 68 
979023 -5.75 -0.03 1.17 -0.03 -0.02 -0.1 1340.8 1359.3 1172.2 1165.4 1724.4 0.730 0.7464 0.77 0.351 9.4 -0.404 -10.1 69 
879024 -5.25 -0.02 1.17 -0.02 -0.02 -0.1 1343.2 1354.8 1169.2 1162.3 1724.6 0.729 0.7455 0.77 0.361 9.7 -0.399 -10.0 70 
879025 -4.74 -0.02 1.19 -0.02 -0.03 0.0 1347.5 1353.1 1169.9 1162.6 1724.8 0.730 0.7461 0.77 0.370 9.9 -0.396 -9.9 71 
979026 -4.24 -0.02 1.19 -0.01 -0.03 _ 0.0 1353.3 1349.7 1170;9 1163.4 1724.9 0.730 0.7468 0.76 0.-390 10.2 -0.389 -9.7 72 
879027 -3.74 -0.03 1.19 -0.02 -0.02 -0.1 1356.0 1344.0 1167.2 1159.7 1724.7 0.729 0.7459 0.77 0.392 10.5 -0.383 -9.6 13 
879029 -3.25 -0.03 1.18 -0.02 -0.03 0.0 1363.9 1339.9 1170.1 1162.3 1724.7 0.730 0.7411 0.76 0.404 10.8 -0.371 -9.3 74 
879029 -2.75 -0.02 1.18 -0.01 -0.03 0.0 1372.4 1335.5 1173.3 1164.6 1724.7 0.731 0.7495 0.76 0.419 11.2 -0.359 -9.0 75 
879030 -2.25 -0.02 1.17 -O~02 -0.02 -0.1 1392.2 1328.6 1172.5 1163.1 1724.5 0.732 0.7494 0.76 0.442 11.9 -0.349 -e.8 76 
879031 -1.75 -0.03 1.19 -0.02 -0.02 -0.1 1397.2 1316.6 1164.5 1155.5 1724.6 0,729 0.7472 0,76 0.465 12.4 -0.337 -e.5 77 
979032 -1.25 -0.03 1.19 -0.03 -0.02 -0.1 1390.3 1300.4 1152.2 1143.9 1724.4 0,723 0.7434 0,77 0.490 13.0 -0.322 -R.I 79 l> 
979033 -0.74 -0.03 1.19 -0.02 -0.03 -0.0 1394.4 1287.5 1142.7 1135.1 1724.5 0,719 0.7408 0,78 0.513 13.6 -0.310 .7.8 79 m 
979034 -0.25 -0.02 1.18 -CI.02 -0.02 -0.0 1394.9 1273.3 1130,4 1124.7 1724.6 0,714 0.7369 0.79 0.531 14.1 -0.299 ·7.5 80 0 
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Table 3. Concluded 

RUN SURVEY Mo. P, T, '\,., p~ T - V_ R. 
~ 

Top· SH 

925 136 0.6()3 221Q.1 96.5 441.5 1736.1 518.5 672.7 3.5 30.4 0.0034 0.050 

AlC f3 Ip Iv IR CONFIG ~ING 

F-4C 5.00 0.00 -1.00 0.00 0.0 55 LEFT 

SUMMARY 2 

PYLON AXIS BODY AXIS FLOW ANGLES A~D VELOCITIES 

PN Xp Yp Zp "xv "xz "yz Vx Vxv Vxz Vy VyZ 
VI 1 -5.84 0.33 0.36 -3.4 1.0 286.5 650.1 651.2 650.2 -38.7 40.4-
0\ 2 -5.55 O.H 0.36 -3.5 1.3 290.4 647.9 649.1 648.0 -40.1 42.8 

3 -5.25 0.33 0.35 -3.7 1~7 295.1 651.7 653.1 652.0 -41.7 46.0 
4 -4.95 0.33 0.36 -3.8 2.1 298.6 65·5.8 657.3 656.3 -43.5 49.5 
5 -4.65 0.33 0.36 -3.9 2.3 301.1 660.8 662.3 661.3 -44.7 52.2 
6 -4.35 0.33 0.15 -3.Q 2.5 302.9 663.3 664.9 664.0 -45.3 54.0 
7 -4.05 O.B 0.35 -3.9 2.5 303.1 671.2 672.9 671.9 -.45.6 54.4 
8 -3.75 0.33 0.36 -3.8 2.3 301. 4 675.8 671.3 676.4 -44.6 52.2 
9 -~.4S 0.33 0.35 -3.6 1.9 297.2 677.3 678.7 677.7 -42.7 48.0 

10 -3.15 O.H 0.35 -3.4 1.2 289.9 679.6 690.9 67'l.7 -40.8 43.4 
11 -2.85 0.33 0.36 -3.2 0.6 280.3 680.4 681 .• 5 680.5 -38.3 38.9 
12 -2.55 O.H 0.36 -3.0 0.0 270.6 677 .9 678.8 677 .9 -35.5 35.5 
13 -2.25 0.34 0.35 -2.R -0.4 261.1 676.4 677.2 676.4 -33.0 33.4 
14 -1.95 0.33 0.35 -2.6 -1.1 246.9 674.R 675.5 674.9 -30.2 32.9 
15 -1,65 O.H 0.35 -2.3 -1.7 233.2 659.6 659.1 658.9 -26.3 32.9 
1& -1.35 O.B 0.35 -2.2 -1.9 229.0 654.2 654.6 654.5 -24.6 32.1 
17 -1.05 O. J4 0.35 -2.2 -1.7 232.7 647.4 647.9 647.7 -24.7 31.0 
18 -0.75 0.]:3 0.36 -2.2 -1.2 241.4 642.9 643.3 642.9 -24.7 28.1 
19 -0.45 O.H 0.35 -2.2 -0.6 254.9 633.5 634.0 633.5 -24.5 25.4 
2() -O.IS 0.33 0.35 -2.3 0.2 274.3 6H.7 635.2 634.7 -25.2 25.2 

\ ... .; 1 I :"'j 

DATE TIME 

11/21/79 19/21/49 

VZ· P"p qL 

11.5 2216.6 4\8.0 
14.9 2216.7 415.8 
19.5 2220.0 420.8 
23.7 2215.9 424.7 
27.0 2215.7 430.2 
29.4 2214.9 432.9 
29.7 2214.9 441.3 
27.2 2213.9 445.8 
21.9 2215.0 447.4 
14.8 2216.0 449.5 
6.9 2217.1 450.4 
0.4 2214.6 447.0 

-5.2 2215.3 445.5 
-12.9 2217.0 444.1 
-19.7 2218.7 427.0 
-21.4 2212.4 421.2 
-18.8 2213.2 414.1 
-13.5 2215.4 409,4 
-6.6 2213.3 399.0 

1.9 2210.5 399.7 

CON SET ZERO SET TRANSONIC 4T 

9211 12 912/ 1 TEST TC-fj23 

VL Or ML NDX RUN 

651.3 3.5 0.58 101 925 
649.3 3.8 0.58 102 925 
653.3 4.0 0.58 103 925 
657.7 4.3 0.59 104 925 
662.8 4.5 0.59 105 925 
665.5 4.6 0.60· 106 925 
673.4 4.6 0.60 107 925 
677.8 4.4 0.61 108 925 
679.0 4.0 0.61 109 925 
680.9 3.6 0.61 110 925 
681.5 3.3 0.61 111 925 
678.8 3.0 0.61 112 9:15 
677.2 2.8 0.61 113 925 
615.6 2.8 0.61 114 925 
659.4 2.9 0.59 115 925 
655.0 2.8 0.59 116 925 
64~.2 2.7 0.5& 117 925 
643.4 2.5 0.57 118 925 
634.0 2.3 0.57 119 925 
635.2 2.3 0.51 120 925 
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APPENDIX A 
CONSTANTS ASSEMBLY PROCEDURE, WITH STAGING AND 

INITIALIZATION EQUATIONS 

A-t. CONSTANTS ASSEMBLY PROCEDURE 

To store a unique set of the 360 constants required for every proposed trajectory in a 
typical wind tunnel test program is not practical for many reasons. Therefore, a "constants 
merge" program was developed to assemble the necessary 360 constant inputs into a 
temporary array, using a categorized permanent storage file. The merge routine is activated 
each time a constant point is requested and updates the temporary file which is to be used in 
traj ectory calculations. 

The structure and operation of the merge program are outlined as follows·. A disk file is 
partitioned into eight different groups -·A, B, C, 0, E, F, G, and H. The "A" file is 
designated the main deck group which allows from 1 to 5 arrays of 360 constants each. The 
constants which are essentially invariant for the test are stored in the "A" file. Normally, 
.only one main deck is necessary unless more than one balance is to be used. The "B," "C," 
and "0" files each allow from 1 to 9.arrays of 60 c·onstants while the "E,." "F," "G," and 
"H" files each allow from 1 to 99 arrays of 60 constants. These· files are used to store 
constant values which change during testing (e.g., altitude, ejector forces). These "variable" 
constants are divided into compatible groups as determined by test requirements, and each 
group is assigned a numerical location in one of the "B" through "H" files. Using the 
merge program, one can now .recall and assemble the constants groups through their 
alphabetical and numerical designations to provide the unique set of inputs for specific 
trajectory applications. 

Prior to starting a trajectory, the numerical values of each group required are dialed into 
the respective "A" through "H" constants boxes on the data acquisition panel (OAP). 
When a constant point is requested, the program scans these constant boxes to define which 
arrays are to be assembled and then loads the appropriate groups into the temporary file in 
alphabetical sequence. After the staging calculations are performed, the calculated 
parameters are appended to the file, which is then ready for access by the trajectory 
generation job. 
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A-2, STAGING EQUATIONS 

Calculations done during the staging process are listed below: 

Model Reference Area and Lengths 

r fl (12) (A) (k A) l,m 

f - r 3,m - 2,m 

Model Moment Transfer Distances (See Fig. A-1) 

x X (12) (A) (L) 
m cg 1\ 

Y m Y cg (12) (A) (kA) 

Z 
. m 

Z (12) (A) (L) 
cg 1\ 

( -

X XBF + X -X + ~X (12) (A) (b) m,t m,ec m m,cg 1\ 

X X BF + X - X + ~X. (12) (A) (L) n,t n,ec m n,cg 1\ 

CTS Rig Physical Parameters (See Fig. A-2) 

d R (f l,R cos!/;s + 3) sin eS + ZpITC 

Aircraft Angle of Attack 

, . 
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Wing Flag 

If (Y TP > RW), Wing '" Right (1) 

If (UV .:s. Y TP .:s. RW), Wing '" Fuscl (2) 

If (Y TP < LW), Wing'" Left (3) 

Store Initial Attitude - Launch Trajectory 

vR,I a+Ip-es 

[AAJ TME (vR,I' 1]R,I' wRY 1)* 

[BBJ TME (r./Is. es, 0, 2) 

[cc] [BBJ [AA l 
'TIl sin-1 [CC (1,2)J 

v l sin-1 [-CC (1,3)/cOS'TIl] 

wt 
tan- 1 [-CC (3,2)/CC (2,2) ] 

Store Initial Attitude - With Induced Angle Corrections 

When u o' v 0' W 0 if' 0: 

h' '" 6.356766(10 3) Y [2.0855532 (10 7
) + hJ 

T;\ '" 389.97 

If (h ' < 11), TA 518.67 -1l.7(h ') 

"'See Appendix M for matrix definitions. 

59 

AEDC-TR-79-1 



AEDC-TR-79-1 

." I 7J l 

If (POST # 0), VI = vI,o' 7]1 

W' 
l 

x 

. 
Y 

Z 

1,0 

1,0 

1,0 

Uo 

[BBJ v 0 

w a 

Store Initial Position - Unaccelerated Flight (Nz = 1) 

X 
t 

X 1,0 

y 
1,0 

Z 1,0 

Store Initial Position - Accelerated Flight (Nz '* 1) 
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X 

x c 

t 

XI + R sine + UAt o ,0 p p 

Y 1,0 

Zr -R (l-cosep) 
,0 p 

TME (o,-ep' 0, 2) 

X c 

A-3. INITIALIZATION PROCEDURE 

AEDC-TR-79-1 

Integrators are assigned and initialized as part of the initialization routine. Integrator 
outputs (designated PI through P50) are assigned initial values as indicated below. 

Initiill Inertial-to-Body-Axis Matrix 

[TOBODYoJ = [BBJ [AAJ 

If (POST # 0), [ TOBODY oJ TME (vI,o' 1/1,0' wl,o' 1) 
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[1'10 
Pll 

P12 

Initial Values Parameters 

PI UO 

P2 v 0 

P3 w 0 

P4 X 1,0 

P5 Y 1,0 

P6 Z 1,0 

P7 Po 

Ps qo 

P9 r 0 

PI3 

::~l P14 

P15 PIB 

P19 0 

P20 0 

P21 0 

I 
\ 

Body-axis linear velocities 

I 
\ 

Inertial-axis positions 

I 
\ 

Body -axis angular velocities 

[rOBODYoJ Inel'tial-to-body-axis-matrix direction cosines 

I 
\ 

Rotation center (hook) velocities (special staged', 

re lease applications) 

Program parameters, flags, and counters which are set on the first-pass loop include data 
cycle. time (.~t), number of integrations per data cycle (Kint), integration time (01 = .LltiKint), 

initial trajectory time (to), integrator pass counter (NPASS = 0), data cycle pass counter 
(PASS = 0), extrapolator pass counter (NXP = 0), number of extrapolators (NX), ejector 
control flag (EJECT), staged separation control flag (MOTION) and data cycle time 
increase control flag (STEP). 

Once-only calculations are listed below. 

Conditions at Simulated Altitude* 

h' = 6.356766(10')) hi[2.0S55532 (I07) + h] 

If (h' < 11), TA 518.67 -11.7(h') 

2116.216 [I - 0.0225577 (h ') ] 5 .2559 

• The pressure and temperature at altitude equations are valid from sea level to 65,800 ft. Reference: J 975 
U.S. Standard Atmosphere from NASA-TR-R-459 (May 1976). 

62 

r -

1-



If (h ' 2. 11), T A 389.97 

472.677 [e-O.157688 (h' -11) ] 

Weight Components, Mass 

Wt sin Y 

In = 

Wt cos Y sin ¢ A/C 

Wt cos Y cos ¢ A/C 

Wt/32.174 

Initial Store Attitude (Pitch, Yaw, Roll Sequence) 

I/o sin- 1 [-TQBODY o (1,3)/cos7]oJ 

wo=' tan-': 1 '[ -TOB~DY ° (3,2)/TC>BODY 0 (2,2)J 

Initial Store Angular Rates for Accelerated 
Flight: Launch Trajectory Only 

Po,p 

qo,P [TOBODYoJ 

r o,p 

P7 P7 + Po,p 

P8 P8 + qo,P 

P9 P9 + r o,p 
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Inertia Matrix 

-IXY -IXZ 

[I] Iyy -IyZ 

-I yZ I ZZ 

Inverse Inertia Matrix 

inverse of [I] 

~. , 

64 



0\ 
l/) 

BAL It. 

+\..N 

MOMENT 
REFERENCE 

CENTER 

BALANCE 
STORE BALANCE ELECTRICAL 
NOSE FACE 

I- XBF 

( 
I n 
\ L.IlI 

~ 

CENTER 

Xm,ec 

, Xn,ec -
-1 I- ~Xm,cg 

~Xn,cg 

I SS 
S 

I 

---1 
STORE 

CG 

SIDE VIEW 

Xm,t 
x,n,t 

Ycg 
(Ym ) 

STORE 
CG 

REAR VIEW 

(lm) 
leg 

BALANCE 
ELECTRICAL 
CENTER 

NOTE ; ~Xm,cg.~Xn,cg ARE USED TO TRANSFER 

THE Cm AND Cn MOMENT REFERENCES 
FROM THE CG POSITION. HOWEVER, 

MOTION IS STI LL CALCULATED ABOUT 

THE TRUE CG POSITION AND THE OFFSET 
COEFFICIENT DATA ARE USED AS THOUGH 
OBTAINED ABOUT THE TRUE CG POSITION. 

Figure A-1. Store/balance physical definition. 
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!.-______ X PITC 

CG 

ZpITC 

SAL Ii. L ................ ---...", 
. I 

4 

BAL 
FACE SIDE VIEW 

CTS 
CTS PITCH 
YAW CENTER 

CG CENTER r 

I r- 3 -l. 

YpITC jYr[ -~ & 

P2'R~vfl'R 
f I 

BAL 

SAL It -J+~_ 

. FACE 
TOP VIEW 

DIMENSIONS IN INCHES 

NOTE: BALANCE t AT i!!ERO 
PITCH AND YAW 

Figure A-2. Captive trajectory support (CTS) mechanism 
physical definition. 
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APPENDIX B 
INPUT PROCESSING EQUATIONS 

Angular Sting Deflections 

[Ka,NFN,g+ Ka,mMm,g]COsWR -[Ktj;,yFy,g+ Ktj;,nMn,g] sinwR 

[ K.1"yFy,g+K.1, M ]COSWR+[K NFN +K M ]sinwR 'P 'f',n n,g a, . ,g a,m rn,g 

Linear Sting Deflections 

o 

Kv y [F.y cos wR + FN sin WR] + Ky [M cos wR + M sin WRJ 1, ,g ,g ,n n,g m,g 

KZN[FN' coswR-Fy sinwRJ+K z [M 'coswR- M sinwR] , . ,g ,g . ,m m,g n,g 

[AAJ TME (lit' 1]t' 0,1) 

~XL ~XB 

~ Y L [ AA J' ~ Y 8 

~ZB 

Note: Typical examples showing how angular and linear sting deflection constants are 
obtained from static loadings are presented in Fig. B-1. 

Static Tare Corrections 

[AAJ 

AAA o 

BBB [AAJ 0 

ccc 1 
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If (OR 1 0 and DRS 0) CCC CCC -1 

F N,st - ccc (W N) 

F Y,st BBB (\'iy) 

F A,st -AAA(W A) 

- -

~I{'.st CCC (Y) WN - BBB (Z) Wy 

- -
1\1 m ,st AAA (Z) \'i'A -CCC (X m) WN 

- -
1\1 

n,st 
BBB (X n) Wy - AAA (Y) WA 

Net Loads 

F ~F . N ,g N,st 

Fy -Fv - ,g l,St 

F '= F ,,-F A,t . A,g A,st 

MM' - ~1 - X (F) Z ) m m,g m,st' m,t N + m(F A,t 

Aerodynamic Coefficients 

C N F N/q"" A m 

C y F y/q"" A m 

C A '= FA,/q"" A 
,l m 

Cr ~If/ q"" A f 3 ,m m 

C ~1 m/ q"" A el,m m m 
C M/q"" A f 2,m n m 

" ' 
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Identify Extrapolation Parameters 

CN ,x Cv 
1,X 

Co 
l, X 

C 
TIl ,X 
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01 
cu 
'0 

~ 
<l 
'" 

:e 
...... 
~ 

<I 

C ALiB BODY SLOTS 

o SLOT I 

o SLOT 5 

1.2 

0.8 

0.4 

2 

*tJ.7/ POSITIVE IN SAME 

0.3 

0.2 

0.1 

o 
o 

SLOT 
I 

I 

Ka•m = SLOPE 
~ 

Ka,N = INTERCEPT 

2 

~ /j. 7/ ,. 0.24 
Ib 

~·,.0.04 
Ib 

3 4 5 
. FN.# 

DIRECTION AS +11 

BALANCE 
ELECTRICAL 

CENTER 

I 
SLOT 

5 

I 
Ka.N = 0.1400 de9/1b 

3 

Ka.m = 0.066667 degl in.-Ib 

4 5 6 
DISTANCE FROM FACE 
OF CALIB BODV, in. 

a. Angular (pitch plane) 
Figure S·1. Typical sting deflections constants definition. 
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CALIB BODY LOAD SLOTS 

o SLOT I 

o SLOT 5 

0.3 

6YB: 005 
Ib . 

0.2 

c: 6YB" 0.03 
" Ib 
III 

>-
<l 0.1 

J:l -
"-
III 

>-
<1 

0.06 

0.04 

0.02 

Fy ,# 

*6YB MEASURED AT BALANCE ELECTRICAL CENTER 

6 YB POSITIVE IN SAME DIRECTION AS +Fy 

KY;i = 

SLOT 
I 

I 

. BALANCE 
ELECTR ICAL 

CENTER 

I 

INTERCEPT/ 

SLOT 
5. 

I 

Ky.y: 0.0400 in. lib 

K,n =0.0066667 in.lin.-Ib 

o ~----~------~----~~----~------~----~ 
o 2 3 4 5 6 

DISTANCE FROM FACE 
OF CALIBRATION BODY, in. 

b. Linear (side plane) 
Figure B-1. Concluded. 
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APPENDIX C 
CONVERSION MODULE EQUATIONS 

Pickup Integration Results 
, 

u PI I P2 v , 

\" = P3 \ 
Body -axis linear velocities 

X P4 I J 

Y j Ps 

ZJ P6 \ 
Inertial-axis positions 

P P7 ' I Ps q 

\' r P9 

Body -axis angular velocities 

[10 P13 PI 6] 
[TOBODY] ~ Pll P14 P17 

P12 PIS PIS 

Inertial-to -body -axis 

direction cosine matrix 

uB PI9 ( 
P20 vB 

\ wB P21 

Rotation center (hook) veloc ities 

(staged re lease applications) 

Euler Orientation (see Fig. C-l) 

8J = sin -1 [ - TOBODY (1,3)] 

tfij = sin- 1 [ TOBODY (1,2)/cos 8J] 

rPJ = tan- 1 [ TOBODY (2,3)ITOBODY (3,3) ] 

Pitch, Yaw, Roll Orientation (see Fig. C-2) 

sin -1 [ TOBODY (1,2) ] 

sin- 1 [ -TOBODY (1,3)/cOS17J] 

tan - 1 [ - TOBODY (3,2)/TOBODY (2,2) ] 
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If (NOROLL *" 0), call non rolling capacity routine (see Appendix L.) 

Inertial~ Axis Velocities 

x 1 

Y1 [TOBODY]' 

ZI 

Weight Components, Total Store Velocity, and 
Dynamic Pressure at Altitude 

w x 

\'iy == [TOBODyJ 

\'i' z 

u 

v 

w 

w' x 

w' y 

w' z 

U R [(UA + XI)2+ 6'1)2~ (.2: 1)2J % 

qA 0.5 PA U~ 

Total Velocity Components (Body Axis) 

U A,X 

- UA Y [ TOBODY] 0 

UA,z o 

v x = U A,X + U 

Vy=UA,y+ V 

V z = UA,Z+w 

Store Angle of Attack and Sideslip Angle 

as = tan- 1 (V ZiV x) 

f3 s = sin- 1 (Vy/U R) 
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Lanyard Length 

X L,a 

Y L,a 

ZL ,0 

-Xl 

[TO BODY ] ' - Y 1 

-Zl 

Op qp (t) 57.2958 

XL,S 

YL,S 

ZL,S 

= [TOBODY]' 

~XL,S 

~YL,S 

~ZL,S 

-X 
0 

-Y 
0 

-Z a 

~XL,S 

~YL,S 

~ZL S , 

Define reference point on ~ircraft (initial pass only). . , 

Define reference point on store. 

XL,S + XI - XL,o 

~ ~, 0" 

YL,S+ Yr-YL,a For Op O. 

j ZL,S + Zr - ZL,a 

For Op ". O. 

Lanyard length. 
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Vl 

., XI-YJ: 

PLANE 

I 
I 

~ 

-'--
--

........... 

i!J: ' 

--
'--
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oj, FIRST ROTATION,YAW ANGLE <"'I) 

< ROTATE ABOUT i!r AXIS) 

,yx'a-ZIPLANE,. 

Ya, ., 
, 'I 

I 

Xs -
L-~ __ -::::==::::..I.,~ 

1-. '''~ 
"'-.. 

i!I 

b) SECOND ROTATION, PITCH A,NGLE(8x ) 

(ROTATE ABOUT Y~ A)tIS) 

YB 

Xa 

ita la 

------- - Y 8 

'- , 
-Ya 

(NOTE' YB AXIS IN 
XI-VI PLANE I 

Ye-i!S PLANE 

c J THIRD ROTATION, ROLL ANGLE (CPI ) 

(ROTATE ABOUT Xe AXIS) 

Figure C-1. Graphic iIIustr~tion of a yaw, pitch, roll (Euler) 
orientation sequence. 
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~ ...................... ~----...... 
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Z!I 

01 FIRST ROTATION, PITCH ANGLElvI ) 

(ROTATE ABOUT YI AXIS) 
bl SECOND ROTATION,YAW ANGLE ( "II) 

(ROTATE ABOUT i!!e AXIS) 

IN Xl -i!r PLANEl Z!a 
i!!e 

clTHIRD ROTATION. ROLL ANGLE (wI) 
(ROTATE ABOUT )(B AXIS) 

Figure C-2. Graphic ilh.!stration of a pitch, yaw, 
roll orientation sequence. 
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APPENDIX D 
OFFSET COEFFICIENT MODULE EQUATIONS 

The flow diagram for the standard offset coefficient module is shown in Fig. D-t. The 
equations are listed below. 

Initial Values, Control Flag (Section A) 

tDEL 0 C A,o 

COEF COEFI C y,o 

C N ,0 

Ramp Axial-Force Equation (Section B) 

CA = 
,0 

de A,a 

dt 

(CA,o)a Ce = 
,0 (ce, Q) a 

( cy,oL C m,O (Cm,o) 
0 

(CN,oL C (Cn,o)a Il,O 
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COEF 

o 

2 

.. , 

OPTIONS 

CONSTANT COE FFI C I ENTS 

RAMP AXIAL FORCE 

DELAYED RAMP AX IAL FORCE 

YES 

SECT A 
NO 

SET INITIAL COEFFICIENT 
VALUES, CONTROL FLAG 

CA.o '" (CA,o lmox 

COE"F;: 0 

"0 
.:>--~----...... -~- EXIT 

YES 

YES 

Figure D-1. Flow diagram of the standard offset coefficient module. 
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APPENDIX E 

TOTAL COEFFICIENT MODULE EQUATIONS 

Total Coefficient Calculations 

C CAl,+C A A,l,T , ,x ,0 

Cy,T CY,x + Cy,o 

CN,T C C N,x -1 N,o 

Cp,T Ce,x + Cr,o + Ce [pf 3/2UR ] 
p 

C m,T . Cm,x + Cm,o + C mq [ qE/2U R ] 

C n,T C + C + C [ rr /2U R ] n,x n,o n 
r 

If (NOROLL = 3) Cr, T = 0 
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APPENDIX F 
THRUST MODULE EQUATIONS 

The flow diagram for the standard thrust module is shown in Fig. F-l, and a graphic 
description is presented in Fig. F-2. The equations for calculating thrust force and moment 
contributions are as follows: 

Initialization, Control Flags (Section A) 

THRUST = TIIRSTI o 

tDEL = 0 

t l •C1 = 0 

t l • C2 = 0 

ZT,C = 0 

First Polynomial for FT,x (Section B) 

5 
- ~ a (tt)n 

o n 

Second Polynomial for FT,x (Section C) 

Thrust Moment Contributions (from Jet Damping) (Section D) 

C"d (p) FT x 
J r ' 
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• I 

OPTIONS 
NO THRUST 

NO DELAY 
TIME DELAY 
LANYARD DELAY, THEN TIME DELAY 

NO t----------i 

THRUST :>~~------or--------------.EXIT 

YES 

YES' 

Figure F-l. Flow diagram of the thrust module. 
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THRUST 

o 

2 
3 

CONTROL PARAMETER 

NO THRUST FORCES 

NO DELAY (TIME OR LANYARD LENGTH) 

TIME DELAY ONLY 
LANYARD DELAY, THEN TIME DELAY 

F
TX 

= ran (t)n 
, 0 

5 n 
FT X = L bn (t) 

, 0 

FT,X ,Ib 

OPTION I 
(LAUNCH OR POSTLAUNCH TRAJECTORY) 

o L-____ ~ ______ -+~ ________ ~--------------~~ 
o tot 2 t ,sec 

'---y--J I..-v-' 

INITIAL TIME CURVE FIT BREAK POINT 

i!\ = LANYARD LENGTH,ft 

TIME REQ'O TO 
REACH END OF 
LANYARD 

to1 

5 n 
F. =~bn(tl) 
T,X 0 . 

OPTION Z AND 3 
(LAUNCH TRAJECTORY ONLY) 

o ~------------~------------~---------------
O~ 1oIt---- t 2 ~ t,sec 

11----... tt 
tt =0 

Figure F-2. Graphic description of thrust force. 
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APPENDIX G 
EJECTOR MODULE EQUATIONS 

A E DC·TR·79·' 

The flow diagram for the standard ejector module is shown in Fig. 0-1, and a graphic 
description is presented in Fig. 0-2. The equations for calculating forward and aft ejector 
force and moment contributions are as follows: 

Initialization Equations, Control Flags (Section A) 

El FLAG 0 XEI 

E2 FLAG 0 XE2 

ZIC 0 

Z2C 0 

Set Ejector Forces, Moments to Zero (Section B) 

FEI 0 F E,X 0 

FE2 0 FE,y 0 

FE,z 0 

Stroke Length Equations (Section C) 

Op 

[AA] 

[BB] 

L10 

L1t(I 

= qp (t) 57.2958 . 

TMF: (va + Op. 7]0' 0, 1) 

[TOBODyJ [AA]' 

sin- I [ -BB (1, 3) ] 

sin- I [BB (1, 2)/cos L10 ] 

X -XFE rg ~ 

XE I - L1X AE 

ME,x 0 

ME,y 0 

ME,z 0 

ZIE [Zr - Rp (l - cos Op) - XEI sin L1eJ cos (I R + wm) 

- [Y, + XEI sin L1t(IJ sin (I R + wm) 

Z2E = [ z, - Rp (1 - cos Op) - XE2 sinL10 ]cos (lR + wm) 

-[Y, + XE2 sinL1t(I ] sin OR + wm) 
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Forward Ejector, First Polynomial 

(Eject .s. 2) 

(Eject = 3) 

Forward Ejector, Second Polynomial 

5 
~ d n (Z lE)n (Eject .s. 2) 

5 
~ d (t)n 
o 11 

(Eject = 3) 

Aft Ejector, First Polynomial 

5 . 
~ en (Z 2E),n (Eject .s. 2) 

5 
~ e (t)n 
o n 

(Eject = 3) 

Aft Ejector, Second Polynomial 

5 
F E 2 =' ~ fn (Z 2 E ) n (Eject .s. 2) 

5 
F E2' = ~ fn (t)n (Eject.= 3) 

Component Resolution Equations (Section D) 

F E,X 0 

FE,Y -(FEl + F E2) sinw m 

FE, z (F E 1 + FE 2) cos W m 

ME,X 0 

ME,Y -[FEl XE1 +FE2 XE 2 JCOSW m 

.' 
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15T POLYNOMIAL 
FWD EJECTOR 

FEI" 1(1) 

EJECT 

o 
I 
2 
3 

SECT C 

NO EJECTOR ACTION 
EJECTOR FORCES • f (II • CUTOFF. f(t) 

EJECTOR FORCES' f(STROKE). CUTOFF. f (STROKE) 
EJECTOR FORCES· f (t) • CUTOFF· f (STROKE) 

SECT A 
INITIALIZATION EQN S, 

s~>-"""L-.-"; SET CONTROL FLAGS 

SECT a 

AEDC·TR·79·' 

SET EJECTOR FORCES \---...... --... EXIT 
:>--=--"'---"'1 AND MOMENTS 55 0 

NO SECT 0 

EJECTOR FORCE AND 
MOMENT COMPONENT~ ______________________ ~ 

EQUATIONS 

Figure G·'. Flow diagram of the ejector module. 
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EJECT 

o 
CONTROL PARAMETER 

NO EJECTOR FORCES 

EJECTOR FORCES fa CUTOFF = f(T1ME) 

2 EJECTOR FORCES fa CUTOFF = f (STROKE) 

3 EJECTOR FORCES = f(TI,MEI,CUTOFF = f(STROKE) 

FWD AFT 
STORE EJECTOR EJECTOR 

NOSE PISTON PISTON tXFE 

t_AE1--+-

EJECTOR LINE 
OF ACTION 

EJECTOR 
FORCE, 

Ib 

INITIAL PORTION 
CURVE FITS 

I) n 
FE2 = ~ en(r2E) 

FEI " t Cn (rIE)n 
o 

~B 

FI NAL PORTION 
CURVE FITS 

FWD EJECTOR (\) 

liE} TIME 
~------~--~------------------------~---. or ~2E ft CIS C2S lEI 

~ CURVE FIT BREAK POINTS ~ 
END OF TIME OR STROKE .J 

Figure G-2. Graphic description of ejector forces. 
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APPENDIX H 
FULL-SCALE FORCE AND MOMENT MODULE EQUATIONS 

For a free-falling store, components of the full-scale forces and moments acting through 
or about the store cg are described as follows: 

Forces 

Moments 

F Y 

F z 

-
Wx - qA A CA,l,T + FT,X + FE,X 

W Y + qA A C Y, T + F T, Y + FE, l' " 

-
W z - qA A C N, T + F T, Z + FE, Z 

MX qA A ~3 C~, T + MT,X + ME,X 

~y ="qAAfICm,T+MT,y+ME,Y 

Mz = qA A f2 Cn,T + MT,z + ME,z 

W~en staged release occurs, additional terms required to define the full-scale moments and 
"forces are given in Appendix I. 
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APPENDIX I 
DYNAMIC EQUATIONS OF MOTION MODULE 

The flow diagram for the dynamic equations of motion module is shown in Fig. 1-1. 
. Positive directions for the full-scale forces anc;l moments are given in Fig. 1-2, and graphic 
descriptions of piv.oting, rail-restricted, and ejector-restricted motion are presented in Fig. 
1-3. The equations for calculating restraining forces and moments, accelerations, and 
velocities are listed as follows in blocks as noted on the flow diagram. (' 

Unrestricted Motion (Section A) 

'\ '\ 

1.1 \ n', ('\ 

(u = F x/m - qw + rv I 
\ 

v= Fy'm-ru+pw 

w = F z/m - pv + qu 

p 

q 

I' 

,/ , 
[TOBQDY} v 

w 

p 

[ I J q 

,/ l.-l~O\"'0~,\'I\h"";t') 
MX + rHy - qII z 

/ ,f\ l?'~"\'''Q· r'\:i~."(u'~\ 
My + pllz - rHx 

~ (Y(t(AJ~,"JG ~r/\,) ... ,e.),~ 

M~ + qHx - pHy 

HX 

[IJ-1 Hy 
. 
HZ 
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J ;),' 
CijQ~ linear 

acce lerations 

Inertial-axis 

linear ve loc ities 

:rx -:1><,/ 

-.Ix ',I 1:: Y,. - /, :2 ~/,-

-r 

Hy. ;::: 

1-+ Y :::. - p 1 

H 2, - T' 

ly,,/ f' 

\'1 'X'/ - \'J:'jZ 

n - r :r,/ '1, + r X 

Angular mor,nentum 

derivatives 
-:>'1 "I A ,-,~ ,,, i1\.s S;, Me:;, J.)c"-" 

X p p/"",e 0(' Sy tYl rYlf!?f'/ 
r y 2:. " E)( 'J ;: 0 

Body -axis angular 

acrelerations , 
" 

,. 
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Inertia Conversion (Section Bl) 

I xx Ixx+m(Y;+Z~) 
-
IXY IXy+m XoY o 
-
lxz Ixz+mXoZo 

-
Iyy+in(X~+Z~) Iyy 

-
I yZ IyZ + m Y Z o 0 

-
Izz + m(X~ + Y~) I zz· 

- -
lxx -IXY -I xz . 

[I] = 
- Inertia matrix about 

-IXY Iyy -I yZ 
rotation center 

- - -
-Ixz -I YZ I zz 

invers.e of [ I] Inverse inertia matrix 

about rotfltion center 

Hook Motion from ___ 1~~~~erati~jJ¢j~~~!ft,~ect~~~,~c:~}, 
ep qp (t) 57.2958 

'-- ¥ AFt)" 

[BB] 

[BPYLON] 

[AA] 

a o,X 

a o,Y 

a o,z 

-v '7 u 
TME tv o + ep' 1(0' 0, 1),-, 

['rOBODyJ [BB r 
'f0 sz> 

TME (0, -ep' 0, 2L-:> ( 

[TOBODyJ [AA] 

° 
[EEJ ° 

aZ,p 
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":'1 

Inertial- to -py Ion matrix 
) "{uu,) ) iL-)\( 5f1v/"'''' ) 

Py Ion -to - bod y matrix 

Flight -to -body matrix 

Resolve Ale (hook) 

acceleration to body axis 
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Pivot Motion Equations (Section B3) 

For all pivot motion, Yo must be zero; hence, Ixy = Iyz == 0 

Rm 0 Pitch reaction moment always "0" 

VZ,p - az,pt Ale (hook) velocity 

v o,X 0 

v o,y [EEJ 0 Resolve hook velocity into body axis 

v o,z V z,p 

~etK = sin- l [-BPYLON (1,3)J Store pitch motion trave.l 

Reaction Moments, Pivot Motion, Pitch Only (Section B4A) 

Set reaction moments to force Hx = Hz = 0; hence, p = r = p = r = O. 

Rp -[Mx -Zo(Fy-mao,y)-mXoqvo,y] 

Rn _[Mz+ Xo (Fy -mao,y) -mZ o qVo,yJ 

Reaction Moments, Pivot Mot~on, Pitch and Yaw (Section B4B) 

Set reaction moment to force p = 0; hence p = O. 

R 
n o 

-(Ixz.iIz7 ) [M z + X (Fy -rna v) -mZ qv ''{ -qrI~ZJ 
~ u 0 0, I 0 0, A 

- M X + Z 0 [ F y - m ( a 0 , y + rv 0, x) J + m X 0 (qv 0, y + rv 0, z) 

Reaction Moments, Pivot Motion, Pitch, Yaw, and Roll (Section B4C) 

Rp 0 .: 

R 0 n 

, ' 
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Rail Motion (Section B5) 

X C,H 

[TOBODY], 

Y L,S + Y j 

AEDC-TR-79-1 

-x o 

-Y o Define hook reference in inertial axis 

-z o 

Y C,H 

ZC,H ZL,S + Zj - Rp (1 - cos ep) 

x . P,H XC,H 

[BB] Y C,H 

FX 

[BPYLONr Fy 

F:'z 

[ BPYLON r ao,y 

F p,x/m 

91 

Define hook travel along pylon 

Resolve full-scale forces into pylon axis 

Resolvehook accelerations into pylon axis 

Define hook acce lerations 

along pylon X-axis 
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UB ap,X 

vB [BPYLON] ap,y Resolve hook accelerations into body axis 

wB ap,Z 

a o,X uB 

a o,y vB Hook accelerations 

a o,Z wB 

v o,X uB 

v o,y vB Hook velocities 

v o,Z wB 

Reaction Moments, Rail Motion, Translate and Pitch, Side Rail Only (Section B6A) 

Zo must be zero; hence Ixz = IyZ == O. Reaction moments force, p, r = 0; hence p 
= r = O. 

o 

-MX - FzY + mY (a Z - qv x) + mX qv y 
0, 0 0, 0, 0 0, 

-(IXy/lyy ) [My - F ZX o + rnXo ao,z]· 

Rn -M Z -FyX + FXY + mX a y -mY (a X· + qv Z) + q2IXY o 0 0 0, 0 0, 0, 

Reaction Moments, Rail Motion, Translate and Yaw, Bottom Rail Only (Section B6B) 

Yo must be zero; hence IXY = Iyz = O. Reaction moments force p,q = 0; hence p = 0 
and q = 0 or constant. 

R 
n o 

-
-Mx + FyZ -rnZ (a y + rv x) + rnX (rv Z + qv y) + qr (I zz -Iyy) o 0 0, 0, 0 0, 0, 

-(Ixz/lzz ) [M z + FyXo -mX o ao,Y -rnZ o qvo,y -qr1xz] 

Rm -My + FZXo-FXZo + rnZo(ao,X -rvo,y) -rnX o ao,z -r2'IXZ 
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Reaction Moments, Rail Motion, Translate, Pitch and Yaw (Section B6C) 

Either Yo or Zo must be zero; hence IyZ == O. Reaction moments force p = 0; hence 
p = O. 

H 
1I1 

H = 0 
n 

-lVk + FyZ -FzY + mY (a z -qv x) -mZ (a y+ rvo x) 
A 0 J 0 0 0, J 0, 0 0, , 

- -
+ m X 0 (qv 0, y + rv 0, z) + qr. (I Z Z - I y y) 

- (1 X yi I y y) [M y - F z X ° + F X Z ° - m Z ° (a 0, X - rv 0, y) 

+ mXo ao,Z -mY o rvo,Z + qrIXY + r2IxzJ 

- (~Xz/lzz) [l\1 z . + F yX? - F XY ° -mX o ao,y + mYo (ao,X + qvo,Z) 

-mZ o qvo,y - q2IXY -qrlxz ] 

Pylon Axis Reaction M~merits (Section B7) 

R P,n 

Rail Translation Only Motion. (Section Cl) 

For this case, a rotation center is undefined; consequently, cg velocities and accelerations 
are equal to hook velocities and accelerations. 

-l\1 x + FyZ - FzY + mY (a Z - qv X) - mZ (a v + rv X) o 0 0 0, 0, 0 O,.L 0, 

[BPYLON ]' 

R P,n 

93 

Re 

R 
m Py Ion -axis reaction moments 
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X I 
. 
Y1 

ZI 

R P,Z 

p 0 ( q 0 

0 \ 

u uB I v vB 

\ 
W = wB 

u 

[TOBOOY] , v 

w 

rna y.-Fpy 
0, , 

rna Z-F p Z 0, , 

Rp,X 

[I3PYLONJ Rp,y 

Body - axis angular accelerations 

Body -axis Ii near accelerations 

Inertial'-axis l·inear velocities 

Py Ion -axis reaction forces 

Body -axis reaction forces 

Restrained Motion Rotational Dynamics (Section C2) 

p 

[I] q Angular momentum 
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~I, + FZY - FyZ + HI' + I'll), - qII z -mX (q\' 'I' + rv Z) 
,\ ,0 0 J 0 0, 0, 

-mY (a z-qv X)-t mZ (a y+rv X) o 0, 0, 0 0, 0, 

. 
lIy 1\1)1 -FZX + FXZ + H . + pIL, -rIl X + mX (a Z + pv y) 

,0 1 0 nl l, 0 0,.1 0, 

- mY (rv Z + pv X) - mZ (a X - rv y) o O. 0, 0 0, 0, 

MZ + FyX -FXY + H + qIlx -pIly -mX (a y -pv Z) 
, 0 0 n 0 0, 0, 

+ mY (a X + qv Z) - rnZ (pv X + qv y) o D. 0, , 0 0, 0, 

. 
p fIX 

q ==[IJ- 1 
fly Body-axis angular accelerations 

. 
HZ 

. Restrained Motion Translational Dynamics (Section C3) 

If (MOTION =I 3), P == 0 

u a X + qZ -rY 
0, 0 0 I 

v a y + iX - pZ 

~ 
0, 0 0 

W a Z -qX o · 
0, 

Body -axis linear ac~elerations 

X 1 u 

. 
[TOBODyJ' YI v Inertial-axis linear ve locities 

ZI w 

Reaction Forces (Section C4) 

aX a X - X (q2 + 1'2) + Y (pq - r) + Z (q + PI') + qv Z - rv y 
0, 0 0 0 0, 0, 

ay a y + X (r + pq) - Y (1'2 + p2) + Z (qr - p) + rv X - pv Z 
0, 0 0 0 0, 0, 
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Rz maZ - F z 

Rp,X RX 

R p y = [ BPYLON] , R y 

RZ 

Rail Reaction Force's (Section CSB) 

[BPYLON] 

Ejector Plane .Restraint Equations (Section CSC) 

[El] 
[EBODyJ 

[AAJ 
[EE] 

[BB] = 

TME (IJ + e , rJ ,ill + I R, 1) o p '/0 III 

[ TOBODY ] [ EJ r 
TME (0, -ep' 0, 2) 

[ TOBODY ] [ AA ] 

[ BPYLON] = [TO BODY] [BB]' 

96 

Body -axis reactions forces 

Pylon -axis reaction forces 

Body-axis reaction forces 
r • 

Inertial-to -ejector matrix 

Ejector-to-body matrix 

Flight -to-body matrix, 

Inertiul-to -pylon matrix 

Py lon - to - bod y matrix 



MX,E 

MY,E 

MZ,E 

Re,E 

R m,E 

R n,E 

Re 

R m 

R n 

R P,n 

MX + qr (lyy - I ZZ) 

My + pr (I Z Z - I X X) 

Mz + pq (Ixx - Iyy) 

MX,n 

[EBODYJ' MY,B 

MZ,B 

-MX,E i 0 

-MZ,E \ 
Re,E 

[EBODyJ R m,E 

Rn,E 

AEDC-TR-79-1 

Unrestrained body -axis moments 

Unrestrained ejector -axis moments 

Reactia'n moments, ejector axis 

Reactio~ moments, body axis 

Reaction moments, pylon axis 

Angular momentum derivatives 
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p 

Body -axis angular accelerations 

. 
r 

o 

o Resolve A/C ac ce leration to body axis 

aX,E a o,X 

aY,E [F:BODYJ' a o,Y Resolve A/C a.cceleration to ejector axis 

aZ,E a o.Z 

FX,E FX 

Fy,E [EBODyJ ' Fy Resolve unrestrained body -axis forces into 

FZ.E I F Z 
ejector axis 

R m aX,E -F X,E ( X,E 

RY,E maY,E-FY,E Reaction forces, ejector axis 

\ R 0 Z,E 

RX RX,E 

Ry [EI30DyJ Ry,E Reaction forces, body axis 

R Z RZ,E 

." 
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Rp y , 

R P,z 

u. 

RX 

[BLYLON J Ry 

(F X + Rx}/rn ..:. qw + rv 

(F y + Ry}/rn -ru + pw 

(Fz + RZ}/rn -pv + qu 

u 

w 

Termination Equations (Section C6) 

Rx 0 

Ry 0 

R z · = 0 

Re 0 

Rrn 0 

R 0 n 

Assign Integrator Inputs (Section D) 

. 
Pl u 

P2 . 
v 

pg 

P4 

{ 
\ 
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Reaction forces, pylon axis 

Body -axis linear accelerations 

Inertial-axis linear velocities 

Rp,x = 0 

Rp,y 0 

Rp,z 0 

Rp,e 0 

Rp,m 0 

RP,n 0 

MOTION 0 
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· PS Y1 
, · P6 ZI 

P7 P 
· P8 q 

P9 r 

PIO [TOBODY (2,l)} - [TOBODY (3,I)]q . 

Pll [TOBODY (3,I)]p - [TOBODY (I,l)} 

· [TOBODY (I,I)J q - [TOBODY (2,l)]p PI2 

· [ TOBODY .(2,2)J r - [TOBODY (3,2) Jg PI3 

PI4 [TOBODY (3,2)Jp - [TOBODY (I,2)} 

PIS [TOBODY (I,2)Jq - [TOBODY (2,2)]p 

PI6 [ TOBODY (2;3)]r - [TO BODY (3,3)]q 

· [TOBODY (3,3)]p· - [TOBODY (1,3)} PI7 
I· 

PI8 [ TOBODY {I,3)J q - [TOB~D~ (2,3)J p 

· PI9 uB 

· P20 vB 
, 
P21 v'B 

. -
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MOTION 

o 
I 
2 
;, 
4 
5 
6 
7 
8 

~ 
UNRESTRAINED 
PIVOT; PITCH ONLY 
PIVOT; PITCH AND YAW 
PIVOT; PITCH. YAW AND ROLL 
RAIL i TRANSLATE ONLY 
RAI L; TRANSLATE AND PITCH 
RAIL; TRANSLATE AND YAW 
RAIL; TRANSLATE. PITCH AND YAW 
TRANSLATE. ROTATE IN EJECTOR PLANE 

EXIT 

Figure 1-1. Flow diagram of the dynamics module. 
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Figure 1-2. Positive directions of full-scale forces and moments. 
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CONTROL PARAMETER IS MOTION 

INITIAL RELEASE FINAL RELEASE 
MOTION TYPE MOTION CRITERION CRITER ION 
o UNRESTRICTED 

PIVOT: PITCH ONLY MJR 
2 PIVOT; PITCH AND YAW !l8R 
3 PIVOT; PITCH, YAW,ROLL !lBR 
4 RAIL; TRANSLATE ONLY Xp,l 
5 RAIL; TRANSLATE AND PITCH Xp,l 
6 RAIL; TRANSLATE AND YAW Xp,l 

7 RAIL; TRANSLATE, PITCH AND YAW Xp,l 
B TRANSLATE, ROTATE IN EJE'CTOR PLANE EJECT 

PI VOT MOTION (OPTIONS 1,2,3) 

RESTRICTION: Yo == 0 

CARRIAGE POSITION 
+ RP.'l 

-.,....--,--
/' X8\1 <~ ____ . 

_!l8 -

RELEASE CRITERIA 

IF (!l8 -!lBR ) < O. CHECK Rp'! 

Rp,i! 
Rp'~ 
Rp,~ 

Xp,l 

Xp,2 

Xp,2 
XP.2 
EJECT 

CENTER OF 
ROTATION 

STORE POSITION 
AT ANY TIME 

INITIAL 

FINAL IF Rp,i! :S 0, GO TO UNRESTRICTED MOTION 

a. Pivot motion (options 1 through 3) 
Figure 1·3. Graphic descriptions of staged release options. 

103 



AEDC-TR-79-1 

RESTRICTIONS: 4 
5 
6 
7 

NONE 
SIDE RAIL ONLY(lo 50) 

BOTTOM RAIL ONLY (Yo == 0) 
SIDE OR BOTTOM RAIL (lo OR Yo MUST 5 0) 

NOTES: 0) OPTIONS 4-7, TRANSLATE ONLY FOR AFT HOOK TRAVEL LESS THAN Xp,l 
b) OPTIONS 5 --7, ANGULAR MOTION (AS DESCRIBED) IN ADDITION TO 

TRANSLATION FOR AFT HOOK TRAVEL GREATER THAN 
Xp,l BUT LESS THAN Xp,2 

C) UNRESTRICTED MOTION FOR AFT HOOK TRAVEL GREATER THAN 
XP.I (OPTION 4), GREATER THAN Xp,2 (OPTIONS 5-7) 

HOOK FWD 

POINT j CLEARANCE HOOK ~ 

XB - ...... <::::E::::::dg=\~\~\~\~J~\~~~=~~~~\3-i t = 0 

f 
I I AT', > 0, STORE MOVES XB --£&=====~?============~==3-I-- ALONG RAIL UNTIL FWD . I----- HOOK CLEARS RAI L 

, - ~XP" ATt2>O~AFT HOOK XB---6h======l:t==3--- MOVES ALONG RAIL UNTIL - IT CLEARS RAI L 

1·--------------X~2 AFT 
HOOl< 

+CN /CENTER OF ROTATION 

I/CG -./ • 
XB _. _<:::::E====~i =·~it~==!~·gi=1 ~: =

~XO -1' ~o 
i!B 

SIDE VIEW 

+CN 

YOI'~ fl -+YB 
CENTER OF 
ROTATION 1 

+lB 

REAR VIEW 
IR = 0 

+YB 

*
lO 

+CN 
+ +~B 

CENTER OF I 
ROTATION 

REAR VIEW 
LR "-90 DEG 

b. Rail motion (options 4 through 7) 
Figure 1-3. Continued. 
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TRANSLATE, ROTATE ONLY IN PLANE OF EJECTORS (OPTION 8 ) 

ASSUMPTION: MOTION ABOUT cg, NO INERTIA TRANSFER REO'D 
RESTRICTION: IXY.= IXi! = IYi!:: 0 

PLANE OF 
EJECTORS 

Xp -i!p PLANE 

X B - i!.B PLANE 

STORE IS RESTRAINED TO TRANSLATION AND ROTATION 
IN THE PLANE OF THE EJECTORS DURING EJECTOR ACTION 

AEDC-TR-79-1 

RELEASE CRITERIA: IF EJECT = 0, GO TO UNRESTRAINED MOTION 

c. Ejector plane motion 
Figure 1-3. Concluded. 
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APPENDIX J 

OUTPUT PROCESSING EQUATIONS 

Calculate Store Coordinates With Respect to the Flight-Axis System Origin (See Fig. 10). 

e = q (t) 57.2958 
p p 

For un accelerated flight (Op = 0) 

For accelerated flight (Op '* 0) 

[ AA ] =. TIViE (0, -e p' 0, 2) 

. ~c =' X, + Rp sin ep + U At 

Y c :=. Y, 

X X 
t C 

Calculate Store Attitude With Respect to the Free-stream Wind Vector (See Fig. 15). 

V t v, + tan- 1 [Z,'(X, + U A) ] 

Tit TI,-tan-1{y,/[(X,+ UA) cosv,-ZrsinvrJ} 
w t wr 
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APPENDIX K 
CTS CLOSED-LOOP POSITIONING MODULE EQUATIONS 

The flow diagram for the CTS closed-loop positioning module is shown in Fig. K-l, and 
the equations used for calculating CTS rig coordinates and attitudes follow. 

CTS Rig Angles* (Section A) 

[AA] 

[BB] 
[DO] 
[BB] 
[CC] 

TME (~Il, ~TJ' 0, 1) 

TME (t/JS' 8S' 0, 2) 

[BB J[OO] 

TJR sin -1 [CC 0,2) ] 

I'R sin- 1 [ -:-CC(l,3)lcOSTJR] 

wR = w l - ~w 

CTS Rig Linear Coordinatest (Section B) 

"'See Fig. 15. 

tSee Figs. A-I and A-2. 
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Store attitude with respect to 
free -stream wind ve ctor 

Ac count for deflections 

Account for sting bend angles 

CTS rig angles in pitch, yaw, roll sequence 
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[AA] = TME (vR' 7JR' 0, 1) 
"\ 

[ BB] TME (o/S' OS, 0, 2) 

[ ee] [BB ] [ AA] 

~XR,2 ° 
~YR,2 = [eel ° 
~ZR,2 -d R I 

~XR,3 el,R 

·~v 
L R,3 [ AA J' ° 

~ZR,3 ° 
[BB] TME (0/5' 0, 0, 2) ( , 

[ ee] [BBJ [AA ] 

~XR,4 ° 
~YR,4 [ee ]' -C2,R 

~ZR 4 ° , 

[AA] TME (vR' 0, 0, 1) 

~XR,5 3 

~YR,5 = [AA J ° 
~ZR,5 ° 

) 

- -
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~XR 

~YR 

~ZR 

Z t,R 

AEDC·TR-79-1 

5 
L ~X 

n= 1 R,n 

5 
L ~YR,n 

n= 1 
Distance from CTS pitch center to store cg 

5 
L ~ZR,n 

n= 1 

X t (12'\) 

Y t (12'\) Convert from ft; full scale, to in., model scale 

Z t (12,\) 

XTP,o - ~XR -.~XL + Xt,R J 
YTP,o -~YR -~YL + Yt,R + ~YC ~. 

\ 
CTS rig coordinates 
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IN- COMMAND AND SET 

POSITIONS AND ANGLES 

SET 
ERROR FLAG 

NOTE: ERROR FLAG == TRAVEL LIMIT IN FLOW DIAGRAM 
OF TRAJECTORY GENERATION CLOSED- LOOP PROGRAM 

f---y--.. EXIT 

Figure K-1. Flow diagram of the CTS closed-loop 
positioning module. 
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APPENDIX L 
NONROLLING STING APPLICATIONS 

AEDC-TR-79-1 

For trajectory tests which use a nonrolling sting support, roll commands which are 
generated in the simulation obviously cannot be executed by the CTS rig. Therefore, if not 
restrained in some manner, the simulated roll position (as determined from trajectory 
calculations) and actual model roll position could possibly digress to a point where 
trajectory results are not representative. For the Tunnel4T trajectory program, the restraint 
chosen was 'to set the simulated roll position equal to the actual model roll position for the 
pass through the conversion module of the trajectory equations made just after input 
processing. For stores with similar planforms in the XB-ZB and XB-Y B planes, application of 
this restriction would probably have only minor effects on the trajectory outcome since the 
roll attitude would not be expected to significantly affect aerodynamic loading. For stores 
with dissimilar ,planforms in the XB-ZB and XB-YB planes, effects of this restriction on 
trajectory results are potentially more significant since aerodynamic loading would be 
expected to change with roll attitude. Equations used to apply this restraint are listed as 
follows: 

NONROLL' " 

o 
1 

2 

3 

Options 

Roll capability 

No roil capability" set simulated roll' position equal to 
actual model roll position each pass through the 
conversion module after input processing 

Same as option 1, but use instead for 0 - or 6 - in. offset 
roll. mechanisms with no roll capacity to impose additional 
sting moment limitations 

Same as option 1 except set Ce,T = 0 in trajectory 
calculations 

Calculate Roll Position As Set 

[AA] TME (vR' ryR' 0, 1) 

[BB] TME (!frs' es' 0, 2) 

[nn] [BB] [AA] 

[BB] TME (.!lv, .!lry, 0, 1) 

[AA] [BBJ [nn] 
wTR tan - 1 [ -AA(3,2)/ AA(2,2) ] 
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Calculate Difference Between Actual and Simulated Roll (Euler Sequence) 

[no] [TOBODY] [AAr 

tan -1 [ RO(2,3)/RO(3,3) ] 

Calculate Roll Difference (Pitch, Yaw, Roll Sequence) 

If any of following checks is true, bypass the remainder of the calculations. 

'If (NPASS ~ 5) 

If (ROLFLG . =' 1) 1 

If not, continue: 

Set Simulated Roll Equal to Actual Model Roll 

Update Inertial-to-Body Matrix 

. [TOBODY J TME (VI' 7]1' wI' 1) 

tan -1 [ T'OBODY (2,3)'TOBODY (3,3) ] 

Update Integrator Outputs 
PH TOBODY (2,1) 

PI2 TOBODY (3,l) 

PI4 TOBODY (2,2) 

PIS TOBODY (3,2) 

PI7 TOBODY (2,3) 

Pl8 TOBODY (3,3) 

IThe flag (ROLFLG) is set equal to one after the pass through the trajectory calculations in input processing 
and is set equal to zero just after the pass counter is updated in output processing. This procedure prevents the 
integrator outputs from being manipulated when the trajectory modules are called during the integration process. 
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APPENDIX M 
MA TRIX DEFINITIONS 

Notation of Terms 

a(l,l) a(l,2) a(l,3 ) 

a(2,1) a(2,2) a(2,3) 

a(3,1) a(3,2) a(3,3) 

For Pit~h, Yaw, Roll Sequence 

For .Euler Sequence 

cosa cosal 

sina2 sina 

-cosa2 .cosa sinal 

sina 2 coSa sinal 

+ cos /l;2 sin a 

cos a cos a l 

sina 2 sinal cosa 
-cos a 2 sin a 

cos a 2 sin al cos a 
+ sina 2 sina 
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-sinu2 cosal 

cosal sina 

sina2 sinal sina 
+ cos a

2
· cos a 

cosa2 sinal sina 
-sin a 2 cos a 

AEDC-TR-79-1 

-sina cos a l 

cosa 2 sina sinal 

+ cos a sin a2 

cosa 2 coSa 

-sina2 sinal sina 
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A,Am 

A/C 

aX,ay,aZ 

az,p 

BPYLON 

(CA,o)o,(CN,o)o, 

(CY,o)o 

(CA,o)rilax 

CA,t,T,CN,T, 

CY,T 

CA,t,x, CN,x, 

CY,x 

Cjde,Cjdm, 

Cjdn 

NOMENCLATURE 

Store full-scale and model-scale reference areas, respectively, ft2 

Aircraft model designation 

Fifth-order polynomial curve fit coefficient values which define 

the thrust force as- a function of time (see Appendix F) 

Accelerations of the store rotation center (if not coincident with 

the mass center), positive in the positive XB, YB, and ZB directions, 
respectively, ftl sec2 

Accelerations of the store mass center, positive in the positive XB, 
YB, and ZB directions, respectively, ft/sec2 

Acceleration of the aircraft in the ZF direction, ft/sec2 (see Fig. 10) 

Notation for the matrix (3x3) which converts pylon-axis quantities 

to body-axis quantities 

Current values of the external input axial~force, normal-force, and 

side-force coefficients, respectively 

Initial values of the external input axial-force, normal-force, and 
side-force coefficients, respectively 

Maximum value of the external input axial-force coefficient for 
ramp ax:ial-force coefficient calculations (see Appendix D) 

Store measured axial-force, normal-force, and side-force 
coefficients, positive in the negative XB, negative ZB, and positive 

Y B directions, respectively 

Sum of the aerodynamic force coefficient contributions acting on 
the full-scale store, positive in the negative XB, negative ZB, and 
positive Y B directions, respectively (see Appendix E) 

Extrapolated (or measured) values of the axial-force, normal
force, and side-force coefficients, respectively 

Jet roll-damping, pitch-damping, and yaW-damping coefficients, 
respectively, ft -sec 
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(Cc,o)o, (Cm,o)o, 

(Cn,o)o 

COEF,COEFI 

CONFIG 

CON SET 

DATE 

AEDC-TR-79-1 

Store measured rolling-moment, pitching-moment, and yawing
moment coefficients, respectively; the positive vectors are 
coincident with the positive XB, Y B, and ZB directions 

Current values of the external input rolling-moment, pitching
moment, and yawing-moment coefficients, respectively 

Initia~ values of the external input rolling-moment, pitching
moment, and yawing-moment coefficients, respectively 

Store roll-damping, pitch-damping, and yaw-damping derivatives, 
respectively, per radian 

Sum of the aerodynamic moment coefficient contributions acting. 
on the full-scale store; the positive vectors are coincident with the 
positive XB, Y B, and ZB axes, respectively (see Appendix E) 

Extrapolated (or measured) values of the rolling-moment, 
pitching-moment, and yawing-moment coefficients, respectively 

Difference in successively measur(;!d values of· normal-force 
coefficient 

Current and i"nitial values of the offset coefficient module control 
flag 

Aircraft model configuration designation 

Run/point number of constants set used in data reduction 

Difference in pressure coefficient between probe orifices 1 and 3, 
positive for positive E, (Ps,l - Ps,3)1qL 

Difference in pressure coefficient between probe orifices 2 and 4, 
positive for positive a, (Ps,4 - Ps,2)/QL 

Break points for forward and aft ejector force polynomial curve 
fits, respectively, sec or ft (see Appendix G) 

Fifth-order polynomial curve fit coefficient values which define 
the forward ejector force as a function of time or stroke, sec or ft 
(see Appendix G) 

Calendar time at which data were recorded 
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EE 

EJECT ,EJECT! 

EIFLAG,E2FLAG 

Fx,Fy,Fz 

f 

g 

Hx,Hy,Hz 

h 

I 

Slope of the external input axial-force coefficient for ramp axial
force coefficient calculations (see Appendix D) 

Vertical offset of the CTS support sting, in. (see Fig. A-2) 

Notation for the matrix (3x3) which converts flight-axis quantities 
to body-axis quantities 

Current and initial values of the ejector module control flag 

Forward and aft ejector cutoff control flags, respectively 

Fifth-order polynomial curve fit coefficient values which define 
the aft ejector force as a function of time or stroke, sec or ft (see 
Appendix G) 

Total forces measured by the store balance, positive in the negative 
XB, negative ZB, and positive Y B directions, respectively, Ib 

Measured aerodynamic forces acting on the store model, positive 
in the negative XB," negative ZB, and positive Y B directions, 
respectively,lb 

. Components of the ejector force acti.ng on the store, positive in the 
positive XB, Y B, and ZB directions, respectively, lb 

Forward and aft ejector forces, respectively, Ib 

Components of the thrust force acting on the store, positive in the 
positive XB, Y B, and Z~ directions, respectively, lb 

Components of total force acting on a free-falling store, positive in 
the positive XB, Y B, and ZB directions, respectively, lb 

Notation for derivatives stored in the derivative history file (see 
Fig. 11) 

Acceleration of gravity, ft/sec2 

Components of the angular momentum; the positive vectors are 
coincident with the positive XB, YB, and ZB axes, respectively, ft
lb-sec 

Simulated pressure altitude, ft 

Notation for the inertia matrix of a store which is calculated about 
the mass center (see Appendix I) 
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1 

I-I 

Ip,Iy 

ITR 

Ixx,I YY ,Izz 

Ixx,Iyy,Izz 

Ixy,Ixz,Iyz 

- - -
Ixy,Ixz,Iy.z 

KPASS 

Ky,y,KY,n 

AEDC-TR-79-1 

Notation for the inverse of the inertia matrix (I) 

Notation for the inertia matrix of a store which is calculated about 
a point (rotation center) other than the mass center (see 
Appendix I) 

Notation for the inverse of the inertia matrix(1) 

Pitch and yaw incidence angles of the store longitudinal axis at 
carriage with respect to the aircraft longitudinal axis, positive nose 
up and nose to the right, respectively, as seen by the pilot, deg 

Roll incidence of the store ZB axis at carriage with respect to the 
aircraft plane of symmetry, positive for clockwise roll looking 
upstream. deg 

Number of iterations in the flow-field calculations required for the 
difference in successive calculations of (h to be less than 0_1 deg 

Full-scale moments of inertia about the store XB, Y B, and ZB axes, 
respectively, slug-ft2, and referenced to the store mass center 

Full-scale moments of inertia about the store XB, Y B, and ZB 

directions, respectively, slug-ft2, but referenced to a point 
(rotation center) other than the mass center 

Full-scale products of inertia in the store X B-Y B, XB-ZB, and Y B

ZB planes. respectively, slug-ft2, and referenced to the store mass 
center 

Full-scale products of inertia in the store X B-Y B, XB-ZB, and Y B

ZB planes, respectively, slug-ft2, but referenced to a point (rotation 
center) other than the mass center 

Current and initial values of the parameter which determines the 
number of integrator passes per data cycle 

Multiple-pass integration counter 

Linear deflection constants of the store model support sting in the 

Y B direction and measured at the balance center, in.llb and 
in.lin.-Ib, respectively 
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KZ,N,KZ,m 

LW,RW 

MODE 

MOTION, HOLDI 

Linear deflection constants of the store model support sting in the 
ZB direction and measured at the balance center, in.llb and 
in.lin.-lb, respectively 

Angular deflection constants of the store model support sting in 
the XB-ZB plane, deg/lb and deg/in.-Ib, respectively 

Angular deflection constant of the store model support sting in the. 
Y B-ZB plane, deg/in.-Ib 

Angular deflection constants of the store model support sting in 
the X B-Y B plane, deg/lb and deg/in.-Ib, respectively 

Store model scaling change factor (normally equals 1) 

Wing" identification print control constants 

Store ftill-scale ref~rence dimensions for pitching-moment, 
yawing-moment, and rolling-moment coefficients, respectively, ft 

Store model-scale reference dimensions for pitching-moment, 
ya\ying-moment; and rolling-moment c<?efficients, respectively, in. 

Physical· dimensions of the· CTS support sting used in model 
positioning .and clearance calculations, in. (see Fig. A-2) 

Nominal test Mach number 

Components of ejector moment; the positive vectors are 
coincident with the positive X B• Y B, and ZB axes, respectively, 
ft-Ib 

Local Mach number calculated from probe Ps measurements 

Measured aerodynamic moments acting on the store model; the 
positive vectors are coincident with the positive X B, Y B. and ZB 

directions, respectively, in. -lb 

Total moments measured by the store .balance; the positive vectors 
are coincident with the positive X B , YB , and ZB axes, respectively, 
in.-Ib 

Parameter which defines type of CTS operation 

Current and initial values of staged separation control parameter 
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m 

NDX 

NOROLL 

NPASS 

NX 

NXP 

Nz 

P,PI .... P50 

P,PI .... P50 

PASS 

PN 

POST 

p,q,r 

PA 

Ps,l .... Ps,4, 

Pp,5 

AEDC·TR·79·1 

Components of the thrust moment acting on the store; the positive 
vectors are coincident with the positive XB, YB, and ZB axes, 
respectively, ft-Ib 

Components of the total moment acting on a free-falling body; the 
positive vectors are coincident with the positive X B, Y B, and ZB 
axes, respectively, ft-Ib 

Wind tunnel free-stream Mach number 

Store mass, slugs 

Sequential indexing number for referencing data obtained during a 
grid set; indexes for each position in the set 

CTS rig roll control parameter 

Integrator pass counter 

Number of e,\trapolators 

Extrapolator pass counter 

Aircraft "g" -loading factor 

Integrator output designation 

Integrator input designation 

Data cycle pass counter 

Data point number 

Launch/postlaunch control parameter 

Store angular velocity about the XB, Y B, and ZB axes, respectively; 
the positive vectors are coincident with the positive XB, Y B, and ZB 

axes, rad/sec 

Static pressure at the simulated altitude, psfa 

Initial values of the store angular velocity about the XB, Y B, and 
ZB axes, respectively, rad/sec 

Measured pressures for probe orifices I through 5, respectively, 
psfa 
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PI 

Pt,p 

Ps 

P5,p 

ROLFLG 

RUN 

Rx,Ry,Rz 

Wind tunnel total pressure, psfa 

Probe measured free-stream total pressure corrected for local 
Mach number, psfa 

Wind tunnel free-stream static pressure, psfa 

Ratio of the average of the four static pressures and the probe total 

pressure, (Ps,J + Ps,2 + Ps,3 + Ps,4)14(pp,s) 

Ps ratio corrected for probe attitude, equivalent value for (h = 0 

Dynamic pressure at the simulated altitude, psf 

Local dynamic pressure, psf (from probe measurements) 

Pitch rate of the aircraft during a pullup/pushover maneuver, 
rad/sec (see Fig. 10) 

Wind tunnel free-stream dynamic p~essure, psf 

Wind tunnel free-stream unit Reynolds number, millions per ft 

Full-scale body-~xis restraining moments about the pivot (rotation 
center); the positive vectors are coincident with the positive XB, 

Y B, and ZB directions, respectively, ft-Ib 

Roll simulation control parameter (see Appendix L) 

Full-scale pylon-axis pivot (rotation center) restraining moments; 
the positive vectors are coincident with the positive Xp, Yp, and 

Zp directions, respectively, ft-lb 

Full-scale pylon-axis pivot (rotation center) restraining forces, 
positive in the positive Xp, Yp, and Zp directions, lb 

Effective rotation arm of the aircraft during a pullup/pushover 
maneuver, ft (see Fig. 10) 

Data set identification number 

Full-scale body-axis pivot (rotation center) restraining forces, 
positive in the positive XB, Y B, and ZB directions, Ib 

Differential balance readings because of model weight at wind-off 
conditions for balance gages 1 and 5, counts 

120 

I -

t -



SH 

STEP,STEPI 

STORE 

SURVEY 

Top 

TEST 

AEDC·TR·79·1 

Wind tunnel specific humidity, Ibm H20 per Ibm air 

Current and initial values of the data cycle/integration interval 
increase control parameter 

Store model designation 

Configuration indexing number used to correlate data with the test 
log; survey may be used to identify all or portion of a grid set 

Static temperature at the simulated altitude, OR 

Wind tunnel dewpoint temperature, oR 

Alphanumeric notation for referencing a specific test program in a 
specific test unit 

THRUST,THRSTI Current and initial values of the thrust module control flag 

TIME Time at which qata were recorded(hr/min/sec) 

TO BODY ,TOBODYo Notation for current and initial values of the matrix (3x3) which 
converts inertial-axis quantities to body-axis quantities 

TRAJ 

At 

ot 

teoF 

to 

tOEL 

Number which identifies a particular set of trajectory 
constants/test conditions 

Wind tunnel total temperature, oR 

Wfnd tunnel free-stream static terriperature, OR 

Trajectory time from the instant of 'store release from the aircraft, 
sec 

Data acquisition time increment, sec 

Trajectory integration time increment, sec 

Time delay before initiation of the external input ramp axial force, 
sec (see Appendix D) 

Time delay before initiation of the thrust force, sec (see 
Appendix F) 

Internally calculated time delay parameter, sec 

Initial value of trajectory time, sec 
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u,v,w 

Vx,Vy,VZ 

VXy,VXZ, VyZ 

VZ,p 

V 0:> 

vo,Z 

WING 

Wt 

Time from thrust initiation, sec 

Thrust module event designation parameters, sec (see Appendix F) 

Break point for thrust force polynomial curve fits, sec (see 

Appendix F) 

Velocity of the aircraft at the simulated altitude, ftlsec 

Total velocity of the full-scaJe store with respect to a space-fixed 

point, ft/sec 

Velocities of the full-scale store relative to the origin of the flight

axis system, positive in the positive XB, Y B, and ZB directions, 

respectively, ft( sec 

Velocities of the hook (rotation center) relative to the origin of the 

flight-axis system, positive in the positive XB, YB, and ZB 

directions, respectively, ftl sec 

Initial values of the velocity of the' full-scale store relative to the 

origin of the flight -axis system, posi~ive in the positive X B, Y B, and' 

ZB directions, respectively, ftl sec 

Local velocity, ft/sec (from probe measutements)· 

Velocity components relative to a space-fixed axis and parallel to 

the X B, YB, and ZB axes, positive in the -XB, YB, and -ZB 

directions, respectively, ft/sec 

Velocity components relative to a spaced-rixed axis in the body

axis XB-YB, XB-ZB, and YB-ZB planes, respectively, ft/sec 

Velocity of the aircraft in the ZF direction, ft/sec 

Wind tunnel free-stream velocity, ftl sec 

Components of rotation center velocity, positive in the positive 

XB, Y B, and ZB directions, respectively, ft/sec 

Model weight tares along the X B, ZB, and Y B axes, respectively, Ib 

Location of store launch position 

Store full-scale weight, lb 
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WX,Wy,WZ 

X,Y,Z 

Xc,Yc,Zc 
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Components of the full-scale store weight, positive in the positive 
XI. Y I. and ZI directions, respectively, lb 

Components of the full-scale store weight, positive in the positive 
XB, Y B, and ZB directions, respectively, lb (including effects of 
simulated dive or bank angles) 

Separation distance of the store cg from the flight-axis system 
origin in the positive XF, Y F, and ZF directions, respectively, ft. 
full scale 

Distance between forward and aft ejector pistons. ft, full scale 

Distance from the store model nose to the balance face, in. 

Separation distance of the store cg from the flight-axis system 
origin in the positive XI. YJ, and ZI directions, respectively, ft, full 
scale 

Axial distance from the store nose to the cg.location, ft, full scale 

Full-scale distances from store center of gravity to line of action of 
. forward. and aft ejector forces measured along X B axis, positive if 
force is forward of center of gravity, ft, full scale 

Axial distance from the store nose to the forward ejector piston, 
ft, full scale 

Separation distance of the store cg from the inertiai-axis system 
origin in the positive XI, YI, and ZI, directions, respectively, ft, 
full scale 

Positions of the store cg with respect to the ·carriage position at 
trajectory initiation, positive in the positive XI. YJ, and ZI 
directions, respectively. ft, full scale 

Linear deflections of the CTS model support sting, positive in the 
positive XI. Y J, and ZI directions, respectively, in. 

Axial distance from the store nose to the cg location, in., model 
scale 

Axial distances from the store center of gravity to the pitching
moment and yawing-moment reference centers, respectively. 
positive in the positive XB direction, ft, full scale 
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Xp,CK 

XPITC, YPITC, 

ZPITC 

Xp,) 

Xp,2 

Axial distances from the balance face to the balance electrical 
center in the pitch and yaw planes, respectively, in. 

Axial distances from the balance electrical center to the store 
pitching-moment and yawing-moment reference centers, 
respectively. positive in the positive XB direction, in., model scale 

Distances from the pivot (rotation center) to the store center of 
gravity along the XB, Y B. and ZBaxes, respectively, positive in the 
positive XB. Y B, and ZBdirections, ft, full scale 

Separation distances of the store cg from the pylon-axis system 
origin in the positive Xp, Yp, and Zp directions, respectively, ft, 
full scale 

Translation of the. store hook from the carriage position in the Xp 

direCtion, ft, full scale 

Physic~l:dimensions of the CTS support sting, in. (see Fig. A-2) 

For restricted motio~, ~istance store must travel. along rail in a 
translate-only mode, ft, full scale 

For restricted motion, distance aft hook must travel along rail 
before becoming free of rail, ft, full scale 

PositiQI1:s of the CTS pitch center with respect to its midpoint of. 
travel, posit!ve in the positive Xt • Yto and Zt directions, 
respectively, in. 

Distances (excluding deflections) from the CTS pitch center to the 
store cg, positive in the positive Xt, Yt> and Zt directions, 
respectively, in. 

Positions of the store cg with respect to the reference-axis system 
origin in the XREF , YREF, and ZREF directions, respectively, ft, full 
scale 

Separation distances of the store cg from the flight-axis system 
origin, positive in the positive Xl> Yt> and Zt directions, 
respectively, ft, full scale 
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XTP,o,YTP,o 

ZTP,o 

Ym,Zm 

y,z 

ZERO SET 

ZSTEP 
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Distances from the midpoint of CTS pitch center travel to the store 

cg at carriage, positive in the positive Xl> Yt, and Zt directions, 
resp,ectively 

Distances from the lanyard attachment point on the aircraft to the 
store cg at carriage, positive in the positive XB, Y B, and ZB 
directions, respectively, ft, full scale 

Axial distances from the balance electrical center to the model 
mass center in the pitch and yaw planes, respectively, in., positive 
in the positive XB direction 

Full-scale lateral and vertical distances from the balance axis to the 
store cg, respectively, ft, positive in the positive Y Band' ZB 
directions 

Input constants used to modify touch point coordinates in the 
lateral and vertical directions, respectively, in. 

Lateral and vertical distances from the balance axis to the store cg, 
respectively, ,in., model scale, positive in the positive Y Band ZB 

directions 

Touch point value in the lateral direction, counts 

Lateral and vertical distances from the balance electrical center to 

the model mass center, respectively, in., positive in the positive Y B 

and ZB directions 

Run/point number of the air-off set of instrument readings used in 

data reduction 

Input values of stroke length (or time of action) of the forward 
and aft ejectors, respectively, sec or ft 

Input value of lanyard length, ft 

Current value of straight-line distance between lanyard attachment 

points on store and aircraft, ft 

Input value of lanyard length at which the data cycle(integration 

time interval increase option is exercised, ft 

Thrust module event designation parameter, ft (see Appendix F) 
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a,{3 

aXy,aXZ, 

ayZ 

1/1,0 

710 

Ejector module event designation parameters, sec or ft (see 
Appendix G) 

Current values of stroke length (or time of action) of forward and 
aft ejectors, respectively, sec or ft 

Aircraft model angle of attack and sideslip angle relative to the 
free-stream velocity vector, respectively, deg 

Store model angle of attack and sideslip angle relative to the free
stream velocity vector, respectively, deg 

Aircraft angle-of-attack value recorded in the touch point file, deg 

Sidewash, upwash, and crossflow an&les with respect to the store 
longitudinal axis, respectively positive inboard (left wing), up, and 
clockwise (from -ZB axis) as seen by the pilot, deg 

Simulated aircraft dive angle, positive for decreasing altitude, deg 

Indicated angle (in pitch; calculated using Cp,E) between the 
projection of the local flow velocity vector onto the probe XB-ZB 
plane and the probe XB -axis, positive for a velocity vector -
component in -the negative ZB direction, deg 

Angle between the store longitudinal axis and its projection in the 
XF-ZF plane, positive when the store nose is to the right as seen by 
the pilot, deg 

Angle between the store longitudinal axis and its projection in the 
Xp-Zp plane, positive when the store nose is to the right as seen by 
the pilot, deg 

Angle between the store longitudinal axis and its projection in the 
X1-Z1 plane, positive when the store nose is to the right as seen by 
the pilot, deg 

Initial input angle between the store longitudinal axis and its 
projection in the X1-Z1 plane, positive when the store nose is to the 
right as seen by the pilot, deg (postlaunch only) 

Initial calculated angle between the store longitudinal axis and its 
projection in the X1-Z1 plane, positive when the store nose is to the 
right as seen by the pilot, deg 
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() 

v 

VI 
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CTS rig yaw angle, deg 

Angle between the store longitudinal axis and its projection in the 
Xt-Zt plane, positive when the store nose is to the right as seen by 
the pilot, deg 

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

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

Value of t:J.() during pivot restrained motion, deg (see Appendix I) 

Angle between the store longitudinal axis and its projection in the 
XI-Y j plane, positive when store nose is raised as seen by the pilot, 
deg 

Rotation angle of the aircraft (flight-axis system) during a 
pullup/pushover maneuver, deg (see Fig. 10) 

For restricted motion, pitch angle through which store must rotate· 
before release, deg 

Prebend angle of the CTS support sting in the pitch plane, deg 

Angle between the local flow velocity vector and the negative XB 

axis, deg 

Aircraft model scale factor 

Angle between the projection of the store longitudinal axis in the 
XF-ZF plane and the XFaxis, positive when the store nose is raised 
as seen by the pilot, deg 

Angle between the projection of the store longitudinal axis in the 
Xp-Zp plane and the Xp axis, positive when the store nose is raised 
as seen by the pilot, deg 

Angle between the projection of the store longitudinal axis in the 
XI-ZI plane and the XI axis, positive when the store nose is raised 
as seen by the pilot, deg 
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"I,D 

QA 

(f 

CPs 

Initial input angle between the projection of the store longitudinal 
axis in the XI-Zl plane and the Xl axis, positive when the store nose 
is raised as seen by the pilot, deg (postlaunch only) 

Initial calculated angle between the projection of the store 
longitudinal axis in the Xl-Z j plane and the XI axis, positive when 
the store nose is raised as seen by the pilot, deg 

CTS rig pitch angle, deg 

Angle, between the projection of the store longitudinal axis in the 
Xt-Zt plane and the Xt axis, positive when the store nose is raised 
as seen by the pilot, deg 

Density at the simulated altitude, slug/ft3 

~ndicated angle (in yaw; calculated using Cp,a-) between the 
projection of the local flow velocity vector onto the probe XB-Y B 
plane and the probe XB axis, positive for a velocity-vector 
component in the positive Y B direction, deg 

Angle ,between the store lateral (Y B) axis and the intersection of the 
Y B-ZB and XF-Y F planes, positive clockwise looking upstream, deg 

Angle between the store lateral (Y B) axis and the intersection of the 
YB-ZB and Xp-Yp planes, positive clockwise looking upstream, 
deg 

Simulated aircraft bank (roll) angle, positive clockwise looking 
upstream, deg 

Angle between the store lateral (Y B) axis and the intersection of the 
Y B-ZB and Xr-YI planes, positive clockwise looking upstream, deg 

Separation model roll orientation with respect to the XB-ZB plane, 
positive clockwise looking upstream, deg 

For nonrolling sting applications, the calculated angle between-the 
true and simulated roll orientation in the Euler sequence, deg (see 
Appendix L) 

Angle between the projection of the store longitudinal axis in the 
XF-YF plane and the XFaxis, positive when the store nose is to the 
right as seen by the pilot, deg 
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Angle between the projection of the store longitudinal axis in the 
X p-Yp plane and the Xp axis, positive for store nose to the right as 
seen by the pilot, deg 

Angle between the projection of the store longitudinal axis in the 
X,-Y, plane and the X, axis, positive for store nose to the right as 
seen by the pilot, deg 

Prebend angle of the CTS support sting in the ya~ plane, deg 

Angle between the store vertical (ZB) axis and the intersection of 
the Y B-ZB and XF-ZF planes, positive for clockwise rotation when 
looking upstream, deg 

Angle between the store vertical (ZB) axis and the intersection of 
the Y B-ZB and Xp-Zp planes, positive for clockwise rotation when 
looking upstream, deg 

Angle between the store vertical (ZB) axis and the intersection of 
the Y B-ZB and X,-Z, planes,' positive clockwise looking upstream, 
deg 

Initial input angle between the store vertical (ZB) axis and the 
intersection of the Y B-ZB and X,-Z, planes, positive for clockwise 
rotation when looking upstream, deg (postlaunch only) 

Angle of the simulated ejector force with respect to the store XB-

ZB plane, deg 

Initial calculated angle between the store vertical (ZB) axis and the 
intersection of the YB-ZB and X,-Z, planes, positive for clockwise 
rotation when looking upstream, deg 

CTS rig roll angle, deg 

For nonrolling sting applications, the calculated angle between the 
true and simulated roll orientation for a pitch, yaw, roll sequence, 
deg (see Appendix L) , 

Angle between the store vertical (ZB) axis and the intersection of 
the Y B-ZB and Xt-Zt planes, positive for clockwise rotation when 
looking upstream, deg 

Represents the ith point 
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( ) A single dot denotes the first derivative of a parameter with respect 
to time 

INERTIAL-AXIS SYSTEM DEFINITIONS 

Coordinate Directions 

ZI 

Origin 

Parallel to the aircraft flight path direction at store release, 
positive forward as seen by the pilot 

Perpendicular to the XI and ZI directions, positive to the right as 
seen by the pilot 

Parallel to the.aircraft phine of symmetry and perpendicular tothe 
aircraft flight path direction at store release, positive downward as . . 
seen by the pilot. 

The inertial-axis syStem origin is coincident with the store cg at release and translates 
along the initial aircraft flight path direction at the free-stream velocity. The coordinate axes 
do not rotate with respect to the initial aircraft flight path direction. 

FLIGHT -AXIS SYSTEM DEFINITIONS 

Coordinate Directions 

Origin 

Parallel to the current aircraft flight path direction, positive 
forward as seen by the pilot 

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

Parallel to the aircraft plane of symmetry and perpendicular to the 
current aircraft flight path direction, positive downward as seen by 
the pilot 

The flight-axis system origin is coincident with the store cg at release. The origin is fixed 
with respect to the aircraft and thus translates along the current aircraft flight path at the 
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free-stream velocity. The coordinate axes rotate to maintain alignment of the XFaxis with 
the current aircraft flight path direction. 

PYLON-AXIS SYSTEM DEFINITIONS 

Coordinate Directions 

Xp 

Yp 

Zp 

Origin 

Parallel to the store longitudinal axis at release and at constant 
angular orientation with respect to the current aircraft flight path 
direction, positive forward as seen by the pilot 

Perpendicular to the Xpdirection and parailel to the XF-Y F plane, 
positive to the right as seen by the pilot 

Perpendicular to the Xp and Yp directions, positive downward as 
seen by the pilot 

The pylon-axis system origin is coincident with the flight-axis system origin and the store 
cg at release. It is fixed with respect to the aircraft and thus translates along the current 
aircraft flight path at the free-stream velocity. The coordinate axes rotate to maintain 
constant angular orientation with respect to the current aircraft flight path direction. 

STORE BODY -AXIS SYSTEM DEFINITIONS 

Coordinate Directions 

YB 

ZB 

Parallel to the store longitudinal axis, positive direction is 
upstream at store release 

Perpendicular to XB and ZB directions, positive to the right 
looking upstream when the store is at zero yaw and roll angles 

Perpendicular to the XB direction and parallel to the aircraft plane 
of symmetry when the store and aircraft are at zero yaw and roll 
angles, positive downward as seen by the pilot when the store is at 
zero pitch and roll angles 

131 



AEDC-TR-79-1 

Origin 

The store body-axis system origin is coincident with the store cg at all times. The XB, Y B. 

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. 

TUNNEL-AXIS SYSTEM DEFINITIONS 

Coordinate Directions 

Origin 

Parallel to the tunnel centerline, positive direction is upstream 

Perpendicular to the Xt direction and parallel to the tunnel top and 
bottom walls, positive to the left when looking upstream. 

Perpendicular to the Xt and Yt directions, positive up 

The tunnel-axis system origin is located on the tunnel centerline at the midpoint of axial 
travel of the CTS pitch center (Tunnel Station 133.26) 

AIRCRAFT-AXIS SYSTEM DEFINITIONS 

Coordinate Directions 

Origin 

Parallel to the aircraft longitudinal axis at store release and at 
constant angular orientation with respect to the current aircraft 
flight path direction, positive forward as seen by the pjlot 

Perpendicular to the XA direction and parallel to the XF-Y F 
plane, positive to the right as seen by the pilot 

Perpendicular to the XA and Y A directions, positive downward as 
seen by the pilot 

The aircraft-axis system origin is coincident with the flight-axis system origin and the 
store cg at release. It is fixed with respect to the aircraft and thus translates along the current 
aircraft flight path at the free-stream velocity. The coordinate axes rotate to maintain 
constant angular orientation with respect to the current aircraft flight path direction. 
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REFERENCE-AXIS SYSTEM DEFINITIONS 

The reference-axis system is a right-hand, orthogonal coordinate system whose 
coordinate directions (XREF, YREF , and ZREF) and origin may be arbitrarily selected on a 
test-by-test basis. The most common alignment of the coordinate directions is parallel to the 
pylon- or aircraft-axis system coordinate directions, and the most common origin locations 
are coincident with the store cg at carriage or at the aircraft fuselage station, wat~rline, and 
buttock line zero location. 
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