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SUMMARY W-/

A six degree of freedom flight dynamic model incorporating an aerodynamic database
derived from DSTO wind tunnel data was developed for the Mk-82 store. The model can be 0
linked with aircraft flight dynamic models, and forms part of a general programme to model
aircraft carriage and delivery, weapon release and store ballistics. A rudimentary ejection
model was also incorporated to represent the forces and moments experienced by the store at
the point of release. The model is valid for free stream flight only, and ignores the effects of
aircraft-store interaction. 0
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NOTATION
* 4

it Variable of arhitrary value
a An gh' of attack or incidence in degrees
b Store reference diameter
0 Angle of sideslip
Cx Non dimOusiouai force coellhcient, x direction *
C)" Non dimensional force cocdlacient, y direction
C1 Noni dimensional force coefficient, z directiou
C, Rolling moment cooflicient
C,,l Pitching moment coeflicient
Cl Yawing mnonment Coeflicien'll
C1, Rolling mnonmet derivative (lime to rate of roll

1,,,9 P1itching nmomnent derivative d(ie to rate of pitch
C-,' Yawing inoment derivative (line to rate of yaw
GC.P Yawing moment derivative due to rate of roll
C'1,, Side force derivative (lite t rate of roll
CC Centre of craitvWIN
lI, z, Moment of imirtia abiout. the x axis
1109o Momeit of inertia about the y axis

12- Moment of inertia about the z axis

ShnImagin ary mi mum her
W ~ li'tjileiity 0 *
M Macl nilimiher

p Rate of roll
0I Roll allpgle
q Rate of p)itc'h
Q11AR I)ymmammmic jirt-stiir'
r Rate of yawv
.1 lRefetrece are-'a
0 Pitch attitude
It lody-axes X velocity
IY Ilhdy--axes Y velocity
V Airpath velocity vector, true air speed •
w Ilody-axes Z velocity
x Longitudinal axis (+) forward

y3 Lateral axis (+) starboard
z Vertical axis (4) down
SIkuamping ratio *

Subscripts
Is Sine basis for calculation of or and /1

IlTangential basis for calculation of aý and /j

iii



1 INTRODUCTION

Under Air irre itt-seairclh Itequirement A "It 7/90 'F-I IC/RFI I I-C Modelling', DSTO is
I)ruviding atipport to the IIAAF in the verification of store release and delivery accuracies of
the weapons systems in the F-Ill IC1 Avionics Update Programme.

The accuracy of .tire •,l(,livwry depends on a number of factors, including aircraft release
conditions, store ejector characteristics, aerodynamic release disturbances, store aerodynamic
characteristics and atimispheric disturbances. The calculation of release point should ideally
account for tlOwse 4•erri Is.

As part of the i)'rooss of store delivery prediction and verification DSTO is developing dynamic
models which (an simutilate the store carriage and release, and store ballistic behavior of
unguided weapons. Iniformation for use in these models is being derived from available data
reports, and front wind tunnel and flight test measurements.

Ilk this report the, developminent of a flight dynamic model for the Mk-82 store which cau be
linked with models of aircraft flight behavior is described. The model is valid for free-stream
flight only, hut is structured to enable the effects of aerodynamic release disturbances, detailed
ejector characteristics, aud atmoitisphleric disturbances to be incorporated.

2 FLIGHT DYNAMIC MODEL

The flight dynamic model of the Mk-82 store was developed using a standard Six Degrees of
Freedom niodel of rigid body motion developed in Air Path Axes (Reference 1). The model

was written using the Advanced Continuous Simulation Language (ACSL, Reference 2) at
ARL Melbourne. The program uses a fourth order Runge-Kutta integration method, with
quaternian parameters for the calculation of aircraft attitude, and direction cosines for the
gravity vectors. The use of ACSL enables a range of dynamic system analysis tools to be
used during model development and apl)lication. The information used in the simulation of
the Mk-82 store is listed below.

1. The physical dimenisions, miass and inertia properties of the Mk-82 store were necessary
for body axes force and moment calculations (see Appendix A).

2. Body axes forces and moments were calculated in subroutine AERO2, which retrieves
the appropriate aerodynamic coefficients from the wind tunnel database using database
access routines which convert the aerodynamic forces from missile to airpath axes (see
Appendix B).

3. A database of aerodynamic coefficients was incorporated in the form of data tables with
independent variables Mach No, angle of attack, and roll angle. The original database,
obtained from wind tunnel tests, covered only positive angles of attack and contained
non-zero aerodynamic values at zero angle of attack and roll angle (see Appendix C).

4. Unlike an aircraft, the Mk-82 store cannot be trimmed using movable control surface
deflections. The equilibrium condition of the modelled store is achieved by the addition
of incremental body axes forces and moments, and the use of a non linear equation min-
imisation technique. This procedure is initiated by keying the command 'elgen'. With
the store in equilibrium, standard linear dynamic analysis techniques available within



A(SL can lih utied to analyse the linear dynamic behavior, and provide information
about the nmodes of oscillation and other motions. See Appendix D Example Simulation
RuI, step 12, for an expilanation of the command 'eigen'.

5. Store ejection was simulated by the addition of the two subroutines, EJECT and
EJECT2, which provide a rudimentary representation of store ejection forces from the
outboard and inboard stations of a BRU-33/A Vertical Ejector Rack (see Reference 3,
also se-, Appendix 1). Ejection is achieved by applying fixed ejection forces based on
measured data to the store model for 0.12 seconds.

6. The subroutine MAKEFILE was included to generate an ASCII file of the store trajec-
tory position, velocity, and orientation for use in a graphic display of the behavior of the
store flight behavior, using a program developed for a Silicon Graphics Workstation.

A more detailed discussion of the irodifications and additions made to the aerodynamic
databasr is presented in Appendix B.

3 THE MK-82 AERODYNAMIC DATABASE

3.1 Database Source

The Aerodynamic Database was obtained from two sources of experimental data, viz tile
DSTO wind tunnels at Salisbury, South Australia and Melbourne, Victoria. The Melbourne
data were measured in the transonic wind tunnel, and covered the Mach number range of
(approximately) 0.9 to 1.2 , with angle of attack (a) 0 to 300, and roll angle (0) -450 to
+450. The tests were performed using a standard pitch/roll test rig with sting mounted strain
gauges to measure the forces and moments. Note, with sting mounted models, combinations
of angle of attack anid roll angle are used to provide the required ranges of angle of attack and
sideslip angle. Because the sting is attached to the movable test model, the resulting force
and moment values are measured in body axes. However, the experimental results of both
Melbourne and Salisbury tunnels were resolved into missile axes and incorporated into a new
database with a different format.

Body axes and missile axes are defined as follows:

" Body axes are a set of orthogonal axes that are fixed to the body, with the x, y, z axes
for axi-symmetric bodies aligned with the principal moments of inertia of the body.

" Missile axes are similar to body axes, but with only the x-axis aligned with the corre-
sponding body axes moment of inertia, 1,:. The y-axis remains in the inertial x-y plane
(horizontal) regardless of the motion of the body, such that body axes and missile axes
differ by a rotation of 46 about their common x-axis only. Figure 1 shows the difference
between body and missile axes.

3.2 Original Format of Database

The database file contains the following data in 17 ASCII columns.

1. Data point number

2



2. hiridt,-e se.t niulooer

3. Roll anglh set imiiher

.1. Mach st wimilr

5. Angle of incidenie,, 0' to +30' (2U increments)

6. Store roll angle, -. 15" to +45' (7.50 increments)

7. Mach liinber, (0.4 to 1.2

- C•x - inon (litiiiensionlal force coefficienit, x direction

9. Cy - non dimensional force coefficient, y direction

10. Cz - 1non diminsioial force coefficient, z direction

11. C1 - rolling miioimient coefficient

12. (,, - pitching inlolmelit coefficient

13. C6 - yawing Iimonlent coellicient

14. Cij, rolling inililt t derivative

15. C,,, - pitclihig and yawing mnolment derivatives (a single value is provided for both
variables: see section 3.3)

l6 (. - yawing niioliient derivative duie1 to rate of roll*

17. Cl, - force derivative (lie to rate of roll*

"Since the coitribution to resultant force and moment provided by the terms C,,,
and CGYP is not significant and the quality of the data for these terms is not known,
these variables are not used in this simulation.

3.3 Assumption

Close examination of the database shows that values of the variable C., for a = a,#i = b are
identical to those of C,,a for a = b, i = a. This is not strictly correct, but if the approximation
that a, = of is used, the values in the case above are valid. The following simple comparison
test demonstrates the insignificance of the error in the assumption over the range covered by

the database:

at fig at/cf. AM~/
2 1 0.99954 0.99999
5 1 0.99633 0.99999
10 1 0.98479 0.99999

20 1 0.93715 0.99998
30 1 0.85082 0.99999
2 2 0.99999 0.99999
5 5 0.99997 0.99997
10 10 0.99952 0.99954
20 20 0.99201 0.99294
30 30 0.95662 0.96723

3



where

tallr - l toi/0

sincto = wI,/V

s.infl = v/V and

U, V, w are the 'omponents of the air path velocity vector V, along the body axes x, y, z.
Figure 2 shows the difference between crt and a,, and #, and Ot.

Notice that the worst Ciase error is for the case where a = 30°,0  = 1', or - 30,a = 1V,
where the associated error is approximately 15% . For the remaining tabulated values, the

error is less thaii 6.5. , indicating that the approximation at = a, and fl, - f t is reasonable
over the range covered by the database.

3.4 Revised Database Format

A set of standard database handling routines developed by Air Operations Division at ARL
for use in flight dynamic simulations is used for accessing the aerodynamic data.

The original database was changed into the format required by the standard database extrac-
tion routines. The itew database has the following format:

title mk82cxdatabase

thrupu* cx (machno,phi,theta)
thruput cy (machno,phitheta)
thruput cz (machnophitheta)
thruput cl (machnophi,theta)
"thruput 6m (machnophitheta)
thruput cn (machnophi,theta)
thruput clp (machno,phitheta)
thruput cmq (machnophitheta)

machno varbpt 0.4,0.5,0.6,0.7,0.8,0.85,0.9,0.95,1.0,1.05.1.1,1.15,1.2/

phi conbpt -45.0,4S.O,7.S/
theta conbpt 0.0,30.0,2.0/

CX POINTS
-0.1556, -0.1552, -0.1524, -0.1476, -0.1472,
-0.1440, -0.1394. -0.1327, -0.1254. -0.1170, etc.

The database subroutines will calculate the longitudinal and lateral force and moment coef-
ficients corresponding to the flight conditions of Mach No, roll angle 4b, and pitch attitude
9.

4



Tihe thruput s.ltu,.llnts notify the subroutines that each force or moment coefficient is
(letermined froln tht(, ind(ependent variables Mach No (abbreviated to machno in the program),
phi, and theta information, where M, 0, 0 are calculated in the main ACSL program or
subroutines and are passed to the database access routines. The force and moment coefficients
are called functions.

'['he varbt statement notifies the subroutine of all the values of machno, the values not being
spaced equally apart. TheI' conbpt statement allows the lower and upper bounds of the
variables phi and theta to be stored with a constant interval, thus using memory economically.

Thie values of the tlatabwse functions at the discrete values of the variables machno, phi,
and theta are called breakpoints. The data are listed until all breakpoint combinations
have been useid. Tiw ordering of the breakpoints is such that the function depending on the
last variable varies first. For example, if a function C, has two variables which have two
breakpoints each, the correct order for the data to appear is

(1, 11,( 2 .), (2t 1),(2, 2)

thus cycling thruti~l all of time possible combinations.

The original (latalas( was provided in an ASCII format file. 'F'le (latabase modification was
performed on an IIIM P'S/2 model 70 personal computer. A listing of the program used for
tihe conversion is pre'sented in Appendix C.

3.5 Database Bias

The aerodynamic data for the Mk-82 store as noted in Section 3.2 covers only positive angles
of attack up to 30: and roll angles of -450 to +450. For the flight dynamic model, it is
necessary to assumie that the data are symmetrical about 00 angle of attack so that positive
and negative changes in both angle of attack and sideslip can be simulated.

For a symnmetrical aeromdynamic shape at zero angle of incidence and zero angle of roll, it
would be expected that pitching and yawing moments, together with vertical and side forces,
should be zero.

Inspection of the databasme showed that non-zero values of pitching and yawing moments,
as well as vertical and side forces, were measured at zero incidence and roll. The non-zero
terms became evident when the simulation was run, resulting in non-linear behaviour at low
angles of incidence. Figure 3 shows the limit cycle oscillations of a due to the non-zero bias
in the database with tile model performing pure pitching motion. Figure 4 shows the limit
cycle oscillations of a when all the degrees of freedom are included in the model. To ensure
continuity of the forces through zero angle of attack it is necessary to remove these biases.

The unmodified database caused incorrect eigenvalues to be calculated by the ACSL analysis
capability and therefore caused unpredictable stability characteristics at low angles of inci-
dence. Removal of the bias by linear subtraction caused the amplitude of the limit cycle to
approach zero, and resulted in acceptable behavior, as illustrated in Figures 5 and 6, thus
providing an acceptable solution. Figure 7 shows a plot of Cm versus 0, clearly showing the
database bias.

It is recommended that the current database be replaced by a more accurate database when
one becomes available. Further work is under way to improve the quality of the aerodynamic
database.
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4 PROGRAM STRUCTURE

T11 Nlk-N2 iaiiilatio, pjaagrat, consists of t main ACSL i)rograna which contains the equations
of motion and a -'et of FORI{TRAN subroutines which determine the aerodynamic forces and
mnoteuts. Various additional subroutines provide necessary initial conditions and calculate
information for graphical output. Figure 8 shows aflow chart of the program, while Figure 9
shows tihe block diagram of the air path axes system for the store motion.

5 VERIFICATION OF FLIGHT DYNAMIC MODEL

In order to determine the validity of the six degree of freedom model, a series of tests was
performed on constrai.mrd versions of the model. The tests involved separating the lateral and
longit~idinal modhes and analysing theli individually. All tests utilised the revised database.

5.1 The Longitidinal Model

The lirst test invodlved constraining the six degree of freedom model to a three degree of
freedomm hmigitudimaal moadehl by removing the linear side force components, gravity, and the
roll and yaw mmiment components of the full model. The reduced model could now move only
in the x-z plaaa.

After trimnming the stoire at fi = 0.0a, ata eigen analysis was performed to identify the dynamic
anodes of the reduced miodel. The eigen values were

1. -0.00872699l

2. -0.212X ± 1.9189j.

The first anodh is a stable transient mode which corresponds to the drag force acting along
the x-axis.

The second anode is a stable oscillatory mode which corresponds to an undamped natural
frequency of w = 4.95 rad/s, and a damping ratio of C = 0.04. This mode is characterised
by a porpoise type of motion, with pitching and vertical translation oscillations occurring
approximately 900 out of phase.

To illustrate the oscillatory nature of the store motion, a simulation run was calculated with
the initial condition of a = 5V Figure 10 shows a plot of a, while Figure 11 shows the elgen
vectors relating to the oscillatory eigen value.

The transient mode is illustrated as a drag force because the eigen vectors indicate
that velocity decreases as x increases.

The oscillatory mode shows a simultaneous pitch oscillation and translational ver-
tical oscillation, with 0, z, and a lagging pitch rate q by approximately 90*.

Note that /I is always equal to zero in this case because the store may not move
laterally.



Tire Mk-82 store is modelled assuming identical aerodynamic forces in pitch and yaw as noted

in Sections 3.2 and 3.5 and so will have identical lateral and longitsidinal dynamic properties.
The results of the dynamic analysis are consistent with these a~sumptions. Further testing of
the dynamic behaviour including the effect of rolling moments, inertia coupling, and non-linear
aerodynamic effects should be undertaken to verify all aspects of the six degree of freedom
flight dynamic model.

Figure 12 shows a plot of/i for a simulation run with initial condition P = 5*, and Figure 13
shows the eigen vectors corresponding to the oscillatory mode, along with a representation
of the associated motion. This mode is characterised by a 'fish tailing' type of motion, with
yawing and horizontal translations occurring approximately 900 out of phase.

Figure 14 shows a plot of a versus time for a simulation run of the full six degree of freedom
model released at an altitude of 1000 feet and initial angle of attack of a = 5.00. The change
in oscillatory behaviour at time t=3.5 seconds occurs when the roll rate coincides with the
pitch and yaw frequencies and demonstrates the effects of roll coupling.

'Roll coupling' is the term used to describe instability caused by the dependence of pitching
moment on both pitch and roll rate, and the dependence of yawing moment on both yaw and
pitch rate.

These preliminary tests indicate that the six degree of freedom model behaves as expected.
However, it is recommended that model verification and validation tests are performed as fur-
ther data from wind tunnel, computational fluid dynamics and flight tests becomes available.

6 CONCLUSIONS

A six degree of freedomn flight dynainic model has been developed for the Mk-82 store. The
model includes a littear analysis capability which is useful in the understanding of the store
motion. Preliminary tests indicate that the model is valid, but further testing is recommended.

The database used in the model was compiled from wind tunnel test data obtained from ARL
Salisbury and ARL Melbourne wind tunnel tests. Bias terms have been removed from the
data for use in the six degree of freedom simulation application. It is suggested that the
current database be replaced with a more accurate database when one becomes available.

7
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Appendix A - The Geometric Properties of the Mk-82 Store 109

The geometric and mass data used in the simulation of the Mk-82 are as follows:

mass = 239.5 kg

1,= 2.353kg mn2

Iw = 56.74 k, 70

1X = 56.74 kg m2

CC from nose = 1.00 m

reference dimeter = 0.273 m di

The physical dimensions of the store are represented in Figure 15 (Reference 5).

23
* . *

*!

*1

2;3

• 0 6,



Appendix B - Additional Subroutines Developed for Mk-82 ( -
Simulation -.

Subroutine AERO2

The AEitO2 subroutine is called from the ACSL simulation program, with inputs of the 0 0
angular rates p, q, r, and Mach number. The subroutine also has access via common blocks
to the angle of attack and sideslip variables, Alphalt and Betalt. These variables are passed to
a subordinate routine EULERANGLES which calculates the equivalent Euler attitude angles
of pitch (Theta) and roll (Phi) used by the database. The appropriate force and moment
coefficients are retrieved from the database using database routines, which have Machno, Phi,
and Theta as inputs. The cocllicients are then converted from missile axes to body axes via 9
a rotation of Phi about the X - axis. Total body axes forces and morninits are calculated as
follows:

XAR = Ca.QIIAIS

YAR ý- C,'.Q/IIlAtl S •

ZAR = C:.QlI.'IRS

LAR. = (CI + c ,.- Q I). BAS.b

MAR =(CM, + 24).QIllSBA * 0

NA R = (C,, - r- -" ).Q I).,1 11.b

where C,•, C,,,I. anm(d c-r are the damping derivatives in roll, pitch and yaw, QBARS is the
(lynamic pressure immultiplied by the reference area (-) V is the true air speed of the store
at a particular instant, and b is the reference diameter of the store, 0.273 in. • 0

This subroutine has only one subordinate subroutine, called EULERANGLES.

Subroutites EJECT and EJECT2 0 0

The ACSL subroutine EJECT provides a simple representation of store ejection from the
outboard station of the Vertical Ejector Rack. The Subroutine can be called on line from
the ACSL prompt during the course of a simulation. The ejection of the store is simulated
by setting the increme.:ntal forces and moments used in trimming the store to representative 0 0
values for a specified duration to provide the correct impulse. The values used in EJECT are:

DZAR 7828 N

DMAR = 0.0 N

DLAR 0.0 N.m 0 0

Total Impuls,. = 9)10 Ns for t = 0.12 seconds.

EJECT2 emulates store 'elease from the inboard station of the same Vertical Ejector Rack
after station one has been fired. Reference 3 indicates that for store release from the F/A- 0 0
18, ejection from the inboard station imparts initial roll and pitch rates to the store. The
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.A.

inc-feniental forces andl mnotents ate reset to zero in the simulatiou after 0.12 seconds have -

elapsed. T1he values of thle incremenutal forces andI mnotents rised[ are 4

DZR 8200 N

DMAR 19.8 Mnm

DLAR. 94.3 N~im

'roud Inipulse = 984 N s; fort 0. 12 secondIs.

These values correspond to tile correct imipulse for release givenm in Reference 3, and are
int!.rtded to provide simpille representations of store ejection characteristics. 0 0

Neither EJECT or WIECT2 have any subordinate subroutines.

Stibroutiiie MAKEIFILE 0

The MAKE1lL~E sitbroultill is used] to record the trajectory and orientation of tile store in
ASCE format for vachi simuilation run. The sulbroutine uses standardI FORTRAN code to open
(or ropeim) a fle at the beginnming of a runt, overwriting any existing contents of the file with
the cu:-rent trajectory data. Thei informnation recorded is tile current timei, x,Y,7 positions, * *
yaw, I-itch, roll anigles, angles of attack and sideslip, airspeed, rate of change of altitude, and
normnal accelerlatioii, wvitli tile following formiat:

''writeC1,1OOO(E.' '))time, x, y, -z. Paid, Thetad, Phid, Alphad, Detad,
Iý- vde, AN, 0, 0. 0 0 0

w''!ere the last. tlmice zeroes are unused channels.

This Lie can bec uised to obtaini tile position, speed~, and attitud~e of the store in any post-run
processing that is requtired. 0

'rhe irst timec that thle. MAKEFILE subroutine is called, the user is jpromipted with thle screen
uinessage:

"At what time would you like to begin the dataf ile?
* S

at i ch point thle prograin awaits a nunierical input froin the user. This is for the purpose
of a I ling rtme store trajectory dlata to part of the flight path of an aircraft, so that the store
and ;*. rcraft coincide until the titte specified by the user for the store simtulation to begin.
T6~ ie is overwritten eachi Lime a run is commienced, so that only the fina! simiulation run it;
recc lcd. Thle output file is called STOR.E.AT.00

Note: For viewing the recordbed trajectory, a graphics replay systein ha~s been
developed using anu [It IS graphics work station. The data file STOI(E.)ATL Canl be
transferred to the MIlS wvorkstation and~ the trajectory of the store' canl be viewed
using the grap~hics replay prograin. 0

'rlie M AK ETIL su;abroutimne hias no subordiniate subroutines.
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Subroutine SOUNDSPEED

This subroutine is called from the mjain ACSL program, with the current altitude as input,
and speed of sound(1 at that altitude as output. This value is then used to calculate the Mach
number which is required by the AER02 subroutine and the specialised database extraction
subroutines,

* 0

The SOUNDSPIEED subroutine bas no subordinate subroutines.

Subroutine EULERANGLES
0

This subroutine is called front AERO2 and has angle of attack and sideslip as its inputs.
The outputs are the Euler angles Theta and Phi, with Psi being set at zero. The Puler
angles describe the orientation in space of a hody relative to an inertial reference frame, the
Earth-Axes. The relevant formulae are reproduced here (see Itefe-ence 4)

0
-,. =Cis(tI )cu'.(/j) &ai~t

The correct sign o1 0 is determinied by testing for the sign of a, and equating the sign of 0. •

The angles of roll (Phi) amid pitch (Theta.) are returned to the AERO02 subroutine, whore they
are needed as input to tl at dabtaise access routines, along with the Mach number.

The sulbotitiie ElILEIANGLES has no subordinate subroutines,

Subroutine ACCESS

The subroutine ACCESS is called from the beginning of tihe main ACSL simnimlation program.
The purpose of A( .I•SS is to provide a platform for the calling of the database routine, TI'l), 4 •
which opens and Il'pare.i the database for retrieval of specific data.

The subioutiie ACCESS has the subroutine ILTD as a subordinate subloutine,
which is part of the databise extraction routines.

"" 0

0 0

0
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Appendix C - Database Conversion Program I
The database conversion program was developed to transform the format of the original 41
database into the format required by the standard database routines. The Conversion was
achieved by reading the values of the variables front the original database which is stored
as an ASCII file on a 3.5 inch floppy disk, and rewriting them to a new file in the required
format. Included in this Appendix is a copy of the Database Conversion program.

*

* S

* 0

* 0:

* ",
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program convertformat
real half1 (12) half2 (5), lino(15) , lt1ut(16, 13, 13, 8)
integer i, jk, i,p, q, r, count

c lump(a,a,a, 1,2,3,4,5,6,7,8) refer to c.4.cy,cz,clcMrcn,vlp,ctumq
print', 'Roading Data!'
open (10, file- 'mk82cx .dat ', status- ' old', A--tion-' read')

do 20 1-1,2704,1
read(10, 100) (halfl (i), i-1, 12)
read(t0, 110) (half2 (j), J-1, 5)

do 10 k-1,15,1 0
if (k.le. 12) line (k)Mhalfl (k)10 i f (k.gt. 12) line (k)-h~alf2(.-12

lump(lino (2), line (3), line(4), 1)-1Ine (8)
lump (line t2), line (3) , line (4) , 2) -line (9)
lump(line (2), line (3) rline (4), 3) -line (10)

lurmp(line (2) ,line (3) , line (4) , 6) -lino (13)

lump(line (2),Iiine(3),llnie(4),7)-linie(14)
lump(line (2), line(3), lino (4), 8) -line (15)

20 continue * * *

open (11, file-'lmk82db.dat',status-I'now',action-''write',
&carriagecontrol-' fortran')

print*, 'CX POINTS'

write*(11,150)
write (11, 160)

write (11, 170)
write (11, 180)
write (11, 190)
write (11,200)
write (11, 210) 0
write (I1, 220)
writo (11,230)
write (0 1:240)
writo (11,250)
write (11, 160)
write (11,270)
writb(11,280)
write (11,290)

write (11, 160)
write (11,330)
write (11, 115)
print?*, 'Writing to file'

print*, 'Doing CX.I
count-.0

do 30 r-o,13,1
do 31 q-1,13,1

do 32 p- 1, 16, 1
write(Il, I120)Iump(p,j, r, 1)
count'count 4 1
if (count . eq. 5) then

write(1l, 115)
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count=0
endi f

32 cont inue
31 continue
30 cont inue

write (11,320)
print*o 'Finished CX.

print*, 'Doing CY.'
write (11,340)
write (11,115)
count-0

do 33 r-i,13,1
do 34 q-1,13,1

do 35 p-1,16,1
write(Il,120) lump(p,q, r, 2)
COunt-count+l
if (count eoq. 5) then

write (11, 115) .1
COU!1t-'

enj,<i C
35 COnt inue
34 Cont lnuO
33 cont inua

write (11, 320)
print*, 'Finished CY. '• • •

print*, 'Doing CZ.
write (11, 350)
write (11, 115)
Count 0

do 36 r-1, 13, 1
do 37 q-1, 13,1 *

(to 38 p=l,16,1
write(11,120)luMp(, q,r,3)
count-countt+-
if (coInt . eq. 5) tLhen

write (1i, 115)
couint-0

ondi f C
30 cent inue
37 cont inue
36 cont inue

write (11,320)
print*, 'Filnished CZ.

print*, 'Doing Cl.' *
write (11, 360)
write (11, 115)
Count-0

do 39 r-1,13,1
do 40 q-i,,13,1

do 41 p-I,16,1
write (11, 120) Ilmp(p,q, r, 4)
Count-count + 1
if (count. eq. 5) then
write(11, 115)

coulit,0
endif

41. continue
40 cont inu e11
39 continue

wriLt (11,320)

29



*

print,, 'Finished C1. 'i

print', 'Doing CM.I
write (11,370)
write (11, 115) 0
count-0
do 42 r-1,13,1

do 43 q-1,13,1
do 44 p-1,16,1

write (11, 120) lump (p, q, r, 5)
count-counti I
if (count .oq. 5) then 0 .1

write (11, 115)
count-0

ondif
44 continue
43 continuo
42 Continuo

write (11, 320) 0
printt'. 'Finished CM.

pralnt*,fIDoing CN,
write (11,300)
write (11, 115)

dio 45 r-1,13,1 * * &
do 46 q-I,13,1

do 47 p-I,16, 1
write (11, 120) lump (p,q, r, 6)
count-count +-1
If (count, eq, 5) then

write(11, 115)
count-O 0

Ondi f
47 cont inue•
46 continue
45 continuo

write (1 1, 320)
prinL*, 'Finished CN.'

print*, 'Doing Cip.
write (11, 390)
write (II, 115)
cOkilnt--O

do 48 r-1,13,1
do 49 q-1,13,1

do 50 p-1,16,1
write(It, 120)lump(p,q, r, 7)
count-count +1
if (count. eq. 5) then
write (11, 115)

count-t0
ondif

so continue *
49 cont i nue
48 cotAnt ito

write (i1, 320)
print", 'Finished Cap.

print', 'Doing Cmq.
write (11,400) *
print', 'OKI'
write (11, 115)

30



printA, 10K2 I
count-O
prin~t 11, 1 a

do 51 r-1,13,i
do 52 q-i,13,2.

do 53 P-I, 16, 1
writO (11, 120) lump (p, q, r, 0)

Cotint- otOUlt •1
if (COUiInt .oq. 5) thoni

write (I1, 115)coutnt-o

5 3 co~i L 1%10 ondi
52 cont inuO
51 cullnti nu 

Iwrito (11,320)
print*, 'FilliShod Coiq.

100 format (4i5, 1 f1S.4,7f13. 4 )
110 format (31x, 5f13.4),A1 format: (0 0
120 fornut('C', 103.4,',)

150 formnlt (I titlo mkfl2cxdat:.i)so,')
160 for t( I * )
1.'0 torint (I real ox, cy, cz, c I cm, cn, cip, cfnq,) • V *180 torlia t: ( IthcUpUt cx (alp]l, roi, 01,101cilo) ')190 format (C thrinpul: cy (AlIpha, roll, maciilo)*2 0Q to ( thruput cz (alpha, r•o11,mtCho) ')210 formalt ( thruput cI (alpha, roll,Inmachino) ')220 format- (C throp•pt cm (alpha, roil, mi-achIno) ')230 forma•l (I thrlu1put C11 (alpha, roll, machno) ')240 format: V thruput cip (alpha, roll,machno) ')250 format ('I thruput cmq (alpha, roll, machno) ')
26o format V

210 format(' alpha coilbpt 0.0,30.0,21')
)80 format (I roll coaibpt" -45.0, 4.5.0,7.5/')290 /ormiint(' macihno vartpt 0.4,0.5,0.6,0.7,0.8,0.85,0.9,0.95,1.0, 1.AS4, 1. 1, 1.15, 1 .2/1) 

•300 for'mait ( 1 4 1 )

320 formit V'
330 f0i'mat ( CX POINTS')
340 format ( CIO POINTS')
350 format(V Cz POINTS')360 tormaat ( I cl POINTS')
370 format V Cm POINTS')
300 format (' Cn POINTS')
390 format:(' Cip POINTS$)
400 format( CMq POINTS')

St op
on•
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* Appenidix D -Examplxie Simula~tiona Run At
*

* 1~.uti Withb Cleace 11(olense

hi t his first, 'xCititii~lI, Lilt, store iN teieitscl cintr tile frep streamc without the bene~fit of any
poje~tiouc forros or inomenits. Trhe Olcerntor iitl)Cit is SICowi heier ill lower Cat' but it shcoucld he
Ilotted tha~tw the p'vogeail is no~t C~ksle st'nsitivo, Tho c niptetr odko of the implits ate Sicuwic hte0
uipper Case. Thle 500 r e' codo file is 14.ed aelmhrl WillIi the ,o'tilp Mie' naialeoi admil ,setup.
'l'IO OXONutahie HIPi is rCdl'cId ittlmnc.,xe. Ib ruin tile program, type,

pI'ivh al plillcccl plult s WvillIi

Roading data .... ploaso hold

T~he prga ticel cillcs Ill breakpitIioint data, and readIs tico poincts CX, Cs',.
. I C"NlQ. NNVhemc CNI Q ho.; lcet'ii read, the cuersorc awaits tile ncext cestr ineput.

S 11W icc l i~t) ccIcc'x IIce jccopl-11111 1) tacke' ilti icameect from ieclce Se'tupilbtil', kcccii
iics ncAlte ectlcerwke' by, a Nlat~ltellc'it c'eectiaice'll withiclc the' illplt file'.* * *
ThI ee pci Ic At S 1. stagfilc ci hi tc~the procgram ipc c pill epases eelch inst ricct ion oil tilie
scrvl C 011014. coming wilth 1 Ch IM l)= 1.

11' lile, %illolcil climn ccl i 1111 file' SI'() It DA k~. ). Io h~ued it init fligh t pahctl re.
c'oii'tlltIcerjoc in conciijcctiun Witlic anothler aircraft, thec store trajectory nmust
hc'giec ice. ult owic raecgc'V dizistmicce of fill, aierl-tft at tile timeik of release, so that
tile sulid ehccc'a icict loapl harck il X ýO,

Thie EDTSI~t' hrOlitillO is 110t it Staikdikcd ACSI. commndnat. lint allows tile setting
of t ill- acilcc aft ica racletenci anld re'vicse e ctidit ions, TheIii aircraft paracctee'vs are
;ill hcce'st't to V'aluees rehl'cticig il( ich'eIarae'te'ristirs of tile hik-82 store, aicd tile
m'eleicsp rultditiocis Aire' set to ule-faccitl valuees whiceh nweed to be nicodlifeci for viLchi
ditletccit rc'le'se.

5. altckIOOQ

A l1' is lilt, iccitial *cltituticc icc iice'tre's ccl the' ztccc. Note tha~t lith, Values withini
EI')T acl- injccit chiffhl'cetiyv toe those valuees icepct icc lit, mc' ain ACS1L progracm.*

6). qoao'O1

410 i Ow ile'icc o pit t-1' c lcieI' .1 s e'cviu' cc' lv t l e y di More. ijl emlach s per second.

7. veokOnJOO

*3?



...vek is ie initia velocity of the store at the point of relea.se, in knots. i 
0

8. thetdOt1O

thetcl0 is tile initial pitch attitude of the store, in degrees.

9. alphdO=2 •

alphdO is tile initial angle of attack of the store, in degrees.

1G. betadO=2

betadO is the initial angle of sideslip of the store, in degrees. 0 0

11. trim

Tile first timie this routinie is called, the user is prompted with the question, "At
what time would you like to begin the data file?" Theprograniawaits *
tile inplut of a numiber that represents the time in seconds that the parent air-
craft flies before the store is released. This is only relevant if the flight graphic
replay is going to he used ill ColljulCtiozi with another aircraft. If the store is
intended to be visualiked exclusively, the start tinic can be set to zero. Note
that this value afrects only the ST'1ORI1.DAT file which is used in later graphic
replay, and not thp shinlationi. • 0 *
The only reasonk that this store is trimmed is so that the EIGEN function
is applied to a body in equilibriuni. TRIM introduces artificial incremental
forces and moments which negate all accelera'ions experienced by the store
at tile I)oinli of release,.
EI)IT has now been exited, and the user is returned to the pure ACSL envi- 0 0
I'oililtOIet.

12. eigen

EIGEN perfortiis an eigen analysis, producing eigen values, eigen vectors, and
the .Iacobian nmatrix. These may he printed out by inputting the statement 's
prn=9 ' prior to the input of the EIGEN statement. This causes the output
of the EIGEN routine to be diverted to an output file, ADM.L , which may
then be printed out with the conmmand PRINT ADM.L after the program has
been exited.

0 0
13. dtz

To reniove the increniental forces and inoinemits qluickly, they can all be set to
zero with the statenient DTZ, which simlply stands for "Deltas to zero".

14. s tstop-lQ 0 0

The length of the simnilation run is set by the statement,

s tstop=lO

, where the time is entered in seconds. 0 0
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1.go
0

GO begins the simulation.

16. d alt

The statement 'd alt' displays the final value of the specified variable. In
this case, tile linal altitude is 98 feet, indicating that the run time is too
short. Repeat the last three statements iteratively until satisfied with the
final altitude of the store.
Wheni complete, type

stop *

or Cotrol-c, which will exit the ACSL program. The STORE.DAT file con-
tains only the final simlation run, and will be overwritten every time ADM
is run, so if the file is neeeded, it is necessary to copy STORE.DAT to a more
alpro•priate file nuame.

s prnlf9

has iier'n set, A 1)M .1. will contain, the results of the eigen analy-Is, which may
then be prillted.

Run With Ejection Release

To6 ran a simulation includin-g simulated ejection forces and moments, the user must invoke
one Of the ejection routines after the store has beeni trimmed and all the incremental forccs
set to zero (step 13). Th pIroceldqtre EJECT simuutates tile ejection forces and moments 0
acting oi a store i-leased from one station on a vertical ejector rack, and EJECT2 simulates
ejection forces anId 11u1ennts fro,, a -, :ond station on the same rack, after the first store is
released. The applied impulse is ditrcrent in both cases due to the different stiffnesses and
iCiertias en'ountered by the rauck in each case, resulting in difrerent forces .nd moments being
applied (see Apipendix B.2 for details of ejection impulses). The actual ,jection of the store is
conpleted in 0.12 seconds, so the ACSL program tests for time greater than 0.12 seconds, and
sets ,he incremental forces to zero when this condition is true. Because of this, it is necessary
to call LJECT or I'.)ECT2 each time tile simulation is run, ie before the command GO is
ii:put.

Note: if it is necessary to trim the store again during the course of a simulation study, the S
program will crash and exit unless at least one of the incremental forces or moments is reset
to a non zero value to prevent a division by zero.

:1
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and store ballistics. A rudimentary ejection model was also incorporated to represent the forces and
moments experienced by the store at the point of release. The model is valid for free stream flight only, and
ignores the effects of aircraft-store interaction. *
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Advanced continuous simulation language (ACSL)
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