AVAL

AVAL 6.6

User’s Manual Indirect Firing






AVAL 6.6
User’'s Manual
Indirect Firing

tiFol

AVAL

January 2008

All rights reserved
Swedish Defence Research Agency (FOI, Sweden)
www.foi.se/aval

aval@foi.se



AVAL 6.6 User’s Manual Indirect Firing

www.foi.se/aval




AVAL

Table of Contents

1
11
1.2

2
2.1

211
21.2
2.1.3
2.14
2.15
2.1.6
2.1.7
2.1.8
2.1.9
2.1.10

2.2

3

3.1
3.2
3.3
3.3.1
3.4
3.5
3.6
3.7

3.7.1
3.7.2

3.8
3.9

4.1
4.2

Definitions
Coordinate SYStEMS ......cccvveeeeeeeeiiiciieeee e

File StrUCTUIE ....eeiieieeeeee e

Defining a Weapon platform

BallistiC data............ccuveeviiiiiiiiiiiiee e

Projectile data ............ceeeeeeiiiiiiiiieee
Aerodynamic data........cccceevvveeeiiiiiie e
End phase data........cccccceeeeviiiiiiiiieee e,
Thrust data.........ccoceeeiiiiee e
Basebleed data.........ccccooveeeiiiiiiie e
Separation data..........ooccvvviiiiiieiiiii e
Canister data......c..coooeiuiviiiiiieeeeeeee e
Sub shell data ........ccoovviiiiiiiiiiieiee e
Data for settings calculations................ccvveeee.
Data for ricoChet..........coooeeeiiiiiiiiiiiee e

FiriNg SEQUENCE.......coiiiiiiiiii e

Building an indirect fire scene

DefiNe Map ....cvveeieieeiieiiieie e
Define scene title.........cuveeeeiiiiiiiiii e
INSErt targel......ccovveeiiiiiiiii e

Transformation data for alternative target position
Create target path .........ccccooviiiiiniiiee i,
Define fault tree........oocveeeiiiieiii e
Insert weapon platform ...........ccccccvveeeeeeen e,
INSert 0DSErver ...

Relative observer position .........ccccceevvivivvnnen,
From map......coooeiiiiiiin e

Environment protection ............occuvveeeeieeiiiiiininn.

File format for indirect fire scene

Ballistic simulation

Trajectory calculations ..........cccccccvveeeeviiiiiiieenennn,

Settings calculation for a weapon platform

Indirect fire simulation

Simulation Settings..........evvviiieieiiieee e,



AVAL 6.6 User’s Manual Indirect Firing

www.foi.se/aval

5.2 Specify method for calculating fragment hits on target.................. 40
5.3 Calculation scheme during the simulation.............cccoccccvvvevrieennnnns 41
5.4 ReSUIt PreSENntation ...........ccoiviiiiiiiiiee e e e 42
54.1 GraPRICS .t 42
54.2 OULPUL FIIES e 44



AVAL

1 Definitions

An indirect fire scene is defined in an environment described by a map, height data and
environment protection. These input data are common for indirect fire simulation and
minefield simulation and therefore they are described in a separate document User’s Manual
MAPS.

In addition to the environment an indirect fire scene will consist of following objects
described in this document.

e Targets

e Target paths

e Weapon platforms
e Observer

e Scene fault tree

1.1 Coordinate systems

AVAL assumes all coordinates to be given in the 2,5gon V 1990 coordinate system, also
named RT90, in plane and RH 70 in height. In these systems the x-axis is from south to north,
y-axis is from west to east and heights are positive above a defined zero plane (sea level).

The ballistic calculations are performed in a right-handed coordinate system with the x-axis
headed north and z-axis headed downwards. Consequently all heights from the database are
converted to negative z-values. Note the difference between heights, positive upwards, and z-
values positive downwards.

Directions are defined with their bearing, measured clockwise from the x-axis (north).

Xp X-coordinate for the target position in the scene.

Yp Y-coordinate for the target position in the scene.

Vi Target velocity.

Bearing Target traveling direction. Given clockwise relative north axis.

All targets in the scene are assumed to be ground targets and they are vertically translated to
locate the smallest z-value (in the local coordinate system) on the ground. If the ground is
broken the elevation and roll angle of the target is automatically adjusted to the ground slope,
with respect to the target bearing, for every new position of the target.

Figure 1 Coordinate system.
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1.2  File structure
Input files
File File type Included file references
*.mls | Indirect fire simulation file *.mpc
*.atm (for simulation)
*.mpc | Indirect fire scene *.* (height data base)
*.evp
*.trg
*wpi
*.syc
** Height data base. Extension depending on provider. | See User’s Manual MAPS
*.evp | Environment protection. See User’s Manual MAPS
*.atm | Atmosphere
*trg | Complete AVAL target description See AVAL Target description
manual
*.wpi | Indirect fire weapon description *.bal
*fsq
*.atm (for settings calc.)
*syc | Scene fault tree * ftr
*ftr | Translation file for target top events into scene
events
*bal |Ballistic data *.wcf
*fsq | Firing sequence for weapon
*wcf | Complete AVAL warhead carrier description See AVAL User’s Manual
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2 Defining a Weapon platform

Start the AVAL program and choose Modes -> Indirect fire map from the top menu.

A weapon platform is defined by selecting Weapon->Weapon from the menu, which will
open a dialog to define data for the weapon platform description:

Weapon platform for indirect fire x|

Filename far weapaon platfarm
|F:\.&ED\Weapon\Dnm\Bnnus\Bnnus DOSMI 2Rounds_scldwpi [(Hpenfie..

Title for weapon platfarm
|Haub 77 B Bonus 4 rounds

File containing data for the fiing sequence

|F:\.&ED'\Weapon'\Dnm\Bnnus\Firing2F|ounds.fsq Dpen file... |
File containing data for ballistic settings caleulations
|F:\&ED\Weapon\Dnm\Bnnus\‘l B5B onus7 7B -bf-FEC. bal Open fils... |
File containing data for ballistic MC-zsimulations and warhead carrier
|F:\.&ED\Weapon\Dnm\Bnnus\‘l BSBonus?7E-bf_DOSMI_sclé b Openfie.. |

Start distance for sensor activation: |5D

Deviationz for settings Dierviationz for pogition

Bearing ID Sigma w.y ID Accuracy =y I-I
Elna\r'ationlt| Height ID Aocuracy I*'uaiglﬁlli|

Simulation options for zettings calculations. | ¥ Defined

Simulation optiohz MonteCarlo simulations... | ¥ Defined

Save az... Save... | Exit |

Figure 2 Weapon platform for indirect fire dialog box.

Filename for weapon platform
Open an existing or create a new file via the Open button.
Title for weapon platform
Title for the weapon platform.
File containing data for firing sequence.
Path and name of a predefined file containing the firing sequence.
File containing data for ballistic settings calculation.

Path and name of a predefined file containing ballistic data. If a cargo shell is
used only one canister and one sub shell shall be defined. Data shall
correspond to mean values for all canisters and sub shells.

File containing data for ballistic Monte-Carlo simulations and warhead carrier.

Path and name of a predefined file containing ballistic data and warhead
carrier. This file shall contain all canisters and sub shells and actual standard
deviations.

Start distance for sensor activation

The distance from the ground or a target where the ballistic calculation shall
be interrupted and the fuze system of the warhead carrier shall be activated.
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From this point the warhead carrier is assumed to have a straight travel with
the direction and velocity calculated in the last time step of the ballistic
calculation.

If the fuze system contains an artillery fuze the given distance is the distance
above the highest altitude where the fuze is able trig the warhead.

Deviation for settings

The standard deviation for elevation and bearing when fires the weapon.
Calculated settings will be randomized based on these deviations to get the
actual elevation and bearing of the weapon when fired.

Deviation for position
Standard deviation and accuracy for the weapon platform position.

The nominal position is defined when inserting the weapon into the scene and
that position will be randomized based on these deviations to define its
assumed position. From this assumed position the weapon settings are
calculated.

Simulation options settings calculations
Simulation options for calculating weapon settings.

Simulation options for settings calc. x|

F:'\ 450 A tmozpherehFML. atm Define atmosphere. .. |

[Newiation fon meassured gun powden temm (2] IEI
Deviation for meazsured muzzle velociby IEI

Trajectory method 5| = Traiecton methed canEterstielli= Traestian method separation

i~ Painttdass f* | Fointhiass " Fointhiass
= MaTO £ HeTm £ M
i~ ED.OF  EDOF ) EDIOE

Cancel | k. I

Figure 3 Simulations options for settings calculations dialog box.

Atmosphere

A path and name of the atmosphere data file to be used for the
settings calculation is defined.

Deviation

Depending on the given ballistic data either the standard
deviation for powder temperature or muzzle velocity is given.

Trajectory method

Depending on given ballistic data there are up to three
alternative calculation methods to select from: mass point
method, NATO’s modified mass point method and six degrees
of freedom.

Trajectory method canister phase
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This option is enabled if the ballistic data contains a canister
phase.

Trajectory method separation

This option is enabled if the ballistic data contains separation
data.

Simulation options Monte Carlo simulation.

Contains the same options as Simulation options settings calculations except
for the atmosphere, which is omitted here. The atmosphere for Monte Carlo
simulations is defined when defining the simulation.

2.1 Ballistic data

The ballistic description of a shell used in a weapon platform can be either a conventional
shell or a cargo shell. The ballistic data for the cargo shell must be complemented with
ballistic data for the sub shells and optional ballistic data for the canister phase of cargo shell.

The dialog box for ballistic data is opened from the menu via Weapon->Ballistics.

The ballistic calculation is described in Reference Manual Ballistics

x
Filename IF:"-.-'-‘-.E'I WefeaponiDomt F4 20Cargot ] 20CargoS hell. bal
Title I'I 20 Cargo shell
— Set projectile type — Data for trajectony calculations
1 Shell for direct firing Projectile data... [¥ Remove
" Conventional shell for indirect firing fierodpnanic data... [ Remave
i~ Subshell uzed in cargo shell End phase data... mREEE
¥ Cargo zhell for indirect firing Tty e I Remove
™ Shell for canister phase [ used for cargo | Bassbleed data... ™ Remove
— Dptionz for indirect fiing shells Eemr el SRl [ Remove
o et L | rew [P e
e i m o ramed “En phase dare” Subshel dte. |7 Remove
Diata for settings cale... [ Remove
™ Define data for trajectory end phaze Bangetable data... [T Remove
— Define fuze system and/warheads, warhead carrier
Filename
[DEefire,.. | Femove |
Save as.. Save... | E it |

Figure 4 Ballistic and warhead carrier data dialog box.

The ballistic description can be one of the following types:

e Conventional shell for indirect fire
e Cargo shell for indirect fire
e  Sub shell used in cargo shell



AVAL 6.6 User’s Manual Indirect Firing

www.foi.se/aval

e Shell for canister phase
The check box named: Define data for end phase shall be checked if the trajectory end
phase data shall be defined for indirect firing shells.

2.1.1 Projectile data

This dialogue contains the following data.

x|
Gun bwist [caldtum) I1 o
Projectile mass, mean value I1 3.3 Frojectile mass, standard deviation value 0.01
Reference length ID-1 2 Standard deviation for elevation IU
Center of gravity IE'--I 75 Standard dewviation for bearing ID
il miEniEnh: & et IU-US Standard deviation for pitch rate (6 DOF) IU—
Tranzversal moment of inertia ID-?5 Standard deviation for yaw rate [6 DOF) IU
Min elevation for gun | Max elevation for gun I-I 5708
Charge data... ' Remave
Charge data [Temperature dep.]... |V Remave Gt | as I

Figure 5: Projectile data dialog box.

Charge data...

Charge data contains mean value and standard deviation for muzzle velocity for all charges.
No temperature dependence are used.

Charge data (Temperature dep.)...

Charge data contains mean value and standard deviation for muzzle velocity for all charges,
when temperature dependence is used. The dialogue has the following layout.

Charge data (temperature dependent) ﬂ
tean charge temperature |5

Standard deviation for powder temperature I1

— Enter charge data
Charge number I'I
Enter temperature table for charge
[s0.05.060.0 ffd
Enter table with mean walues for Yo M
I‘IEE.B 160.0162.8 Update
Enter table with standard dewviations for Wa Remove
jn70609 Remove all
1.7{-60.05.060.0} VW{1BEB1E001628}, D07 0809} ;I
2.T{-60.05.0B60.0} V{2071 21102143}, D011 1.2}
3, T{-B0050R00} V{2564 25102649} D1.21.31.4}
4 T{-60.05.0600} V{3058311.03154} , D1B1E1TF}
5. T{-60.05.08E00} v{34565352036756},D{1.71.81.9}
6. T{-60.050R0.0} W{382939103971} . 0192021}
7. T{B0050600} W{H92427 04336}, D{202122}
8. T{-60.0506E00} V463645204691 Di232425} "I
4 »

Cancel | (]S I

Figure 6 Charge data (temperature dependent) dialog box.
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2.1.2 Aerodynamic data

Aerodynamic coefficients are defined in this dialogue. The method where each coefficient is
used is defined in the list below (within parenthesis).

1. Air drag Cp. (Point mass,
Can only vary with Mach number NATO, 6DOF)

2. Induced air drag Cpgp. (NATO, 6DOF)
Varies with Mach number and angle of attack.
Derivative can be defined which varies with Mach number.

3. Normal force coefficient Cy. (NATO, 6DOF)
Varies with Mach number and angle of attack
Derivative can be defined which varies with Mach number.

4, Moment coefficient Cy. (NATO, 6DOF)
Varies with Mach number and angle of attack
Derivative can be defined which varies with Mach number.
Position for Cy can be defined as a function of Mach number
and angle of attack.

5. Damp moment coefficient Cyq (6DOF)
Varies with Mach number and angle of attack.

6. Magnus force coefficient Cyp (NATO)
Varies with Mach number and angle of attack.
Derivative can be defined which varies with Mach number.

7. Magnus moment coefficient Cyp (6DOF)
Varies with Mach number and angle of attack.
Derivative can be defined which varies with Mach number.
Position for Cy, can be defined as a function of Mach
number and angle of attack.

8. Spin damp moment coefficient Cy,. (NATO, 6DOF)
Can only vary with Mach number

9. Spin moment coefficient C,. (6DOF)
Can only vary with Mach number

10. Normal force coefficient for rudder C, y-component. (6DOF)
Can only vary with Mach number

11. Normal force coefficient for rudder C, z-component. (6DOF)
Can only vary with Mach number

12. Moment coefficient for rudder Cy,y y-component. (6DOF)

Can only vary with Mach number

11
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13. Derivative for normal force coefficient used for twisted fins.  (NATO, 6DOF)

Can only vary with Mach number

Notify that the normal force coefficient is defined instead of the lift coefficient which
NATO:s modified mass point model are using. The program calculates the lift coefficient ClI
from the normal force coefficient Cn.

x
| Drag coeff. CO... 1~ Remave
Induced drag coeff. CDaZ... - Remove
Marmal force cosff. CM.. r Remaove
Mament cosff. Ch... I~ Fiemave
Moment damping coeff. CMG... | [T Remaove
I agnus force coeff, CHP. .. r Remove
b agrue moment coefl. CMP... - Remove
Spinn damping coeff. CLP... r Remove
Spinn moment coeff. CL... - Remove
Rudder coefficients. .. r Remaove
M ormal force coeff, for fine CMAn. | T Remove

Cancel 1]4

Figure 7 Aerodynamic data dialog.

2.1.3 End phase data

The dialogue has the following layout:

12
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End phase data x|

—Define data For one charge {data For both UD and OD trajectaoties is not nessesarry).

Charge number I 1 Save data For this charge | Remove data For this charge |

—Enter data For UD-trajectory {diskance shall increase) —Enker data For OD-trajectory (distance shall increase)

Distance W Diskance IW
Welocity W Rotation welocity IW Yelacity IT Ratation velacity W
Flight tirme: llU— Standard dev. length IIU— Flight time: IE'U— Standard dev. length IID—
Elewvation W Standard devw. side IID— Elevation IT standard dev. side IID—

5000 600 10,0 0,300 10000 10,0100 | add 7000 330 60,0 -1,300 7000 10.010.0 = | add
15000 330 40.0 -1.000 8000 10,0 10.0 JESE— 15000 330 40.0 -1,000 8000 10,0 10.0
Insert before Insert before
Update Update
Remove Remove
v | — v | —
q ¥ Remave all q » Remove all

Data for all saved charges.

Charge number I Mumber of values For D I Mumber of values for GD
1 z 2
2 2 2
Cancel | [0]'4 I
< | 2]

Figure 8 End phase data dialog box.

If the shell does not separate in trajectory the following data must be defined for each charge
as a function of distance (considering a flat ground:

e D Distance to impact position.

oV Velocity at impact position.

o Flight time to impact position.

o 0 Elevation at impact position.

* D Rotation velocity at impact position.

® Gy Standard deviation in length for defined distances.
® O Standard deviation in side for defined distances.

Data are possible to define for both under and over degree trajectories. An under degree
trajectory is a trajectory with a distance smaller than max range (Dvax) and an elevation
smaller than the elevation causing max distance (Epmax)-

Elevation for under degree trajectories 0<E<Epmax

Elevation for over degree trajectories Epmax <E<0.5*n

If separation takes place the given data shall correspond to the separation point in trajectory.
The program automatically calculates the separation height over ground by iterations. The
separation height is determined from nominal flight time for canister and sub shell and their
ballistic data, which are necessary for both canister and sub shells.

13
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2.1.4 Thrust data

The following variables are defined as time dependent input data for rockets:

e Pull force T(Y)

e Projectile mass m(t)
o Position of the projectile centre of gravity Xeg(t)

¢ Axial moment of inertia for the projectile I« (t)

e Transverse moment of inertia for the projectile yz(t)

2.15 Basebleed data

The following variables are defined a base bleed:

Basebleed data

X
| Ease Drag... ] [¥  FRemove Gas density exit IW
Mazz flow... [¥  Remove Loszs Factar [w=hwref] IEIF"—
Fotation factar ... = Remave Const. beta for cale. Kp IF
Coefficients for Chred... [¥  Remove Const. b for cale. IW

En. IW St. dev. powder temp. ||:|

Centre of gravity at end burn IUEWE Loss factor (W=l ID'?
Anial mament of inertia at end burk IW Lanst. alfa for calc. kp ID'?5
Transy moment of inertia at end burn I'| 413 Const. a for calc. Kt I-I

Reference rokation IWBU Mean powder temp. |5
Mozzle diameter IU-U39
I C | |
B azeplane diameter 0.143 g

=
-~

Figure 9 Basebleed data dialog box.

Base drag, mass flow and rotation factor dependence are defined in additional dialogues.

2.1.6  Separation data

Standard deviations for cargo separation time together with limitations for separation are
defined in this dialogue. Limitations are min and max rotation velocity for different separation
velocities.

14



AVAL

Separation data

Standard dev. For separation kime, sTsep I ]

x|

—Enter limitations For separation

Min limit Fior rakation velocity | 220

180.0 512.0512.0
27505970 735.0
300.0672.0974.0
330.07580.0 125858.0
4250 1400.0 1400.0

Velociky I 225
Maz limnik For rokation welocity I 545

fdd

Insert before

Update

Remove all

Zancel

k.

Figure 10 Separation data dialog box.

2.1.7 Canister data

Each canister might have separate data. Following data are defined for each canister:

A file defined containing the ballistic input data.
Change in axial velocity at separation point.
Mean and standard deviation for flight time.

Data for all canister shells

Standard deviations for bearing and elevation disturbances at separation point.

r— Define data for each canister shell

File zantainining ballistic data

IF: s B0 eapont D ombBonushB onuzCanizter-FEC. bal

Anial velocity change, Wac -34.5

Standard dev bearing, Dbl':' Standard dev elewation, De ID

|
Select... |
tean flight time, tcl? Standard dev. flight time, stc ID
F B0 eaponiDom\BonushBonusCanister-FEC bal' -34.5 7.0000 0.0000 0.00( Add

Insert before
Jpdate
Remove

Femave all

Cancel

o]

Figure 11 Data for all canister shells dialog box.

15
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2.1.8 Sub shell data
Three times are defined:

Ts The nominal flight time for sub shell. This is used for determining the
separation point.

Tsa Time until sub shell is armed. If the sub shell hits ground before this time it
wont function adequate.

Tsd Time until auto destruction.

If the sub shell contain a scanning infrared sensor the height Hs is the distance over ground
where scanning on target area normally starts. This data together with the nominal flight time
is used by the fire element calculator to determine the separation point.

Sub shells are located in layers. The projectile in Figure 12 below has three layers and four
sub shells in layer number 1.

Sub 1 Layer 1 i Sub 2 Layer 1
(11, Fe11, Ze11) (%12, Verz. Z12)
N (11, o1 ) Vom13,Vedlz)

Sub 3 Layer 1
(13, Fs13.Z13)
Sub 4 Layer 1 Niam1z, vea1z)

Dl {itmm14, Vears)

Figure 12 Subshell description.

The following data are common for each layer:

tqi  Time delay until separation for layer number i. This time delay is measured
from the time when separation first started.

Vi Axial separation velocity for sub shells in layer number i.

ogi Standard deviation in radial direction for sub shells in layer number i. The
nominal direction is calculated from (y,z)-coordinate for sub shell position.

A layer can contain an arbitrary number of sub shells. For each sub shell in a layer the (x,y,2)-
coordinates for position must always be defined. This position is used for determining
nominal radial direction and in some cases even radial velocity. The following data is defined
for each sub shell in a layer:

Xsij x-coordinate for sub shell number j i layer number i.
Ysij y-coordinate for sub shell number j i layer number i.
Zsjj z-coordinate for sub shell number j i layer number i.

16



Vimij The mean value for radial velocity is optional.

Vrdij The standard deviation for radial velocity is optional.

The dialogue has the following layout:

Data for subshells |

If zeveral canistershells are defined the same subzhell cofiguration iz uzed faor all camsterzhells

" Define ballistic: data for subshells

Filenarme IF:\.&ED\Weapun\Dum\Ennux‘\B onusSub FEC.bal Liefine. .. I Bemaove |

M aminal fight time for subshell, Tx |1 4 Height over ground when target scanning starts, Hs |25':'
Tirne until subshell iz armned, Tza I'| 1] Tirne until subshell iz autodestructed, Tsd I'I ]

— Method for calculating radial spread for subshells

" Use position and rokation velocity for cargo shell

{* se position plus defined mean and standard dev. values

— Separation data for layers and zubshellz

—Layper data
Layer number, nLayer |1 Anial zeparation velocity relative to shell, Vsl aper |4
Time delay for separation, TdLayer IU Disturbances i roll. Standard deviation, RsLaper IU

— Drata for subshells

L{ 1 0.000000 4.0 0.000000} , 5{0.000 0.000 0.000 0.0 0.0} ;I Add

Pestion ID Inzert before
Paosition, 'z |0 —_—
Poszition, Z3 ID Update

Remave

tean radial wel, \-’ereanIU - —
St dev radial vel, 'V'erevIU i | | _,I_I Remove all

Cancel | 0K I

Figure 13 Data for subshells dialog box.

2.1.9 Data for settings calculations

In this dialogue are limitations for elevations defined for each charge. The data for all charges
are displayed in the first section of the dialogue.

17
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Define data for settings calc. x|

Defined charges for projectile data.

D ata for limitations and zeparation height below for settings
calculation must be defined for all charges and in the zame order
a3 in thiz table.

1. T{3R050350) . W336233903411 . 04000000} ;l
2.T{30.050360} .W{388.83920394.0 }, 04000000}
3. T{3R050350) V464246904726 ), 04000000}
4 T{3R050350) WiE45 455206570, 04000000}
5, T{30.050350} WiE4E 060906240}, 04000000}
E.Ti-35.05.030.0} viF720795.0825.0). 04000000} =
| Ll_l
Charge n0_|1|
i elevation|0.44 tax elevation I'I 227
10.44001.2270 -
204000 1.2270 _I i
303400 1.2270
40,3200 1.2270 Insert before|
50,3000 1.2270 Updat
£ 0.2600 1.1870 | Carcel |
Remove
ql I pI Remove all

Figure 14 Data for settings calculation dialog box.

2.1.10 Data for ricochet

In this dialogue are data for ricochet defined. Data are defined for ground conditions, which
can be water or ice, stony or frozen ground and miscellaneous ground. A projectile can
deviate to the right due to high spin rate. Data for this deviation are randomized rectangular
between two values which are defined in the dialogue.

Ricochet will only occur when the impact fuze failure which is determined by the function
probability defined for the impact fuze. Ricochet depends on the trajectory type. For an over
degree trajectory ricochet never occur. For an under degree trajectory is the ricochet
randomized. The probability is depending on the impact angle on ground, these data are
defined in dialogue. For further information, see the reference documentation for ballistics.

18
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Define data for ricochet x|

—Data far ground conditions —————
£ water and ice

" Stony and frozen ground

i Hiscellenous around:

—Data far skandard dev, due ko rokakion ——

Min walue For dew, ta the right I a
Maz value For dewv ba the right I 0.3

—Data Far ricochet probability

Impact angle I 0
Probability For ricochet I 1

0.0000 1,000 add
0.2000 0,100 —_—
10,4300 0,000 Insert before
1.5708 0,000 —
|pdate
Remove
Remove all

Zancel | K I

Figure 15 Data for ricochet dialog box.

2.2  Firing sequence

The weapon platform contains a path and name of a file with the weapon firing sequence. A

firing sequence is defined in a dialog box opened via Weapon->Firing sequence in the
menu.

Define firing sequence x|

Filenarme

|F:'~.-’-‘«BEI'\Weapon'\D omB onuztFiingdR ounds. fsq Dpen file... |

— Options for calc. settings
Murnber of barrels [1/2 |1
umber of banels (1/2) MRS The firing time for each round is calculated with the

Wumitsrer off feurk |4 purpose that all burstpaints is as closed as possible in time.
Time delay is min ime between successive rounds.

— Min time delay between each round — Time delay: All rounds iz fired with defined time delay. when
OO0 trajectory iz selected a charge which can produce an

overdegree [DD] trajectony iz prefered.
Raund ma. I1
_ IF twio barrelz is specified the same charge and settings are
Time delay IEl uzed for firgt and zecond round, 3rd and dth round and =0 on.

Add " MRSI [For ranges when several charges are possible]
Ingert before ¢ Lse defined time delay. [ Might be uzed for all ranges)]
Update ¢ Prefer OD krajectory and select a middle size charge.
m ~ Prefer UD krajectory and select a middle size charge.
m = Always UD trajectory and lowest possible charge.

Savegs...l Save I Exit

Figure 16 Define firing sequence dialog box.
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Filename
Click Open file... to open an existing file or create a new firing sequence file.
Number of barrels

A weapon can be described with one or two barrels. The selection of one or
two barrels will have effect on the optimized firing times for MRSI.

Number of rounds
Total number of rounds that the weapon can fire.
Min time delay between rounds

The minimum time needed between each round in the firing sequence. Next
round in the sequence cannot be fired until the delay time for the round has
elapsed.

MRSI

The firing time will be calculated with the intention of simultaneous impact
for all fired rounds. No round will have less delay time than the minimum
delay time set for the round.

Use defined time delay

The rounds will be fired with exactly the given delay time between each
round. A preference for selected charges is also possible with this alternative.

Prefer OD trajectory and select a middle charge (preference).

Calculated settings and gun loads causing an over degree trajectory will be
preferred before loads and settings causing under degree trajectories for
current firing distance. Elevation will be greater than the elevation calculated
for max firing distance. A charge in the middle of possible charges will be
selected.

Prefer UD trajectory and select a middle charge (preference)

Calculated settings and gun loads causing an overdegree trajectory will be
preferred before loads and settings causing underdegree trajectories for current
firing distance. Elevation will be greater than the elevation calculated for max
firing distance. A charge in the middle of possible charges will be selected.

Prefer UD trajectory and lowest possible charge (preference)

Calculated settings and gun loads causing an overdegree trajectory will be
preferred before loads and settings causing underdegree trajectories for current
firing distance. Elevation will be greater than the elevation calculated for max
firing distance. The lowest of possible charges will be selected.
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3 Building an indirect fire scene

A complete scene can be read from file or built in AVAL and saved to file.

All commands to build a scene are found in the Indirect fire map menu under Scene.

=10l x|

AVAL
window | Scene  Weapon  Ballistics  MC simulation  Map bools

Qpen scene. .,
m Save as...

Save

Define Map. ..

Define scene title. ..

Inserk target. ..
Define Faulttree. ..

Insert weapon platform. .
Insert Observer...
Enviranment protection...
Create a targek path

View karget. ..

[ w4

Create indirect fire map protection, ..

Figure 17 AVAL / Indirect fire mode / Scene.

The Indirect fire scene is built with following commands and preferable in given order:

Define Map

Define scene title
Insert target

Create target path
Define fault tree

Insert weapon platform
Insert observer
Environment protection

3.1 Define Map

This command loads a bitmap image as map, a map data file with position (coordinates) and
resolution (meters/pixel) for the map and a file with map symbols. A simplified terrain map
will be loaded, or created if it does not exist, automatically.

The map is common for Indirect fire mode and Minefield mode and therefore described in
User’s Manual MAPS.

Height data is optional and if omitted all heights are assumed to be 0.0.

3.2 Define scene title

Give the scene a descriptive name for administration purposes.
3.3 Insert target

When this command is selected a target symbol will be added to mouse pointer and the
position of the target is defined by left clicking in the map. When the mouse button is released
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a dialog box will be opened to define data for the target. After inserting a target its data can be
edited by choosing Map tools — Edit object in the menu and selecting the target by left
clicking on the symbol which will open the same dialog box. Its position can be also changed
by selecting Move object, left click on the symbol and drag it with the left mouse button

down.

Edit target

Azzociated AVAL target

x|

IF:\.-’-\E1 WTargetsForsMATO SoldiershT-MAT Open... |

|Jzer dezcription
ISu:-Idier 1

v Ground target

Urit symbal... |

T arget path INU path

L

Fosition /%7 / H - |5593923.5 |14E4352.8 ID

Bearing/ Elev/ Rall: [0 |c| |c|
[Degrees]

|c|

elocity and reaction time to start IE'

[ altemative target position

I Hpen... |

Femave from scene

Cancel | (1] I

Edit target x|

Azzociated AWAL target

IF:\.t'—‘«ET\Target'\Fu:ur'\NATD Soldiers\T-MNAT Open... |
U zer description
Irit sprbal... |
v Ground target

ISoldier'I
T arget path IND path j
Fosition A% AH - |5593923_5 |14E4352.8 ID

Bearing/ Elev/ Rull: |0 |D |c|
[Degrees)

Welocity and reaction time o ztart ID

ID
¥ &ltemative target position

IF:'\.t'-“«E‘I WTarget\For\MAT O Soldiers\S oldier

Femove from scene Cancel (1]

Figure 18 Edit target dialog boxes.

Associated AVAL target.

The search path to a complete AVAL target description selected via the
Open... button. The format of a target description is the same as used in
single target simulations, with no exceptions.

User description

An informative description to identify this particular target. This description is
drawn in the map and written to the scene file and result files.

Unit symbol

Opens a dialog box for selecting symbol to use in the map for the target.
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Unit symbol settings x|

Select symbaol: Size:
Rocket Artillery - RED

Cancel | k. I

Figure 19 Unit symbol dialog box.

The available symbols are those defined in the *.sym file which is read when
loading the map. The symbol size is in pixels and will be constant for any
zoom scale.

Ground target

Target path

Velocity

If checked the target height position will be that of the ground at current x-
and y-position. The elevation and roll angle of the target will also be
automatically calculated with respect to the ground slope and target bearing.

If not checked the given height, elevation and bearing will be used.

Selecting a predefined path will force the target to follow this path with given
velocity. If the start position of the path and the position of the target do not
coincide the start point of the path will be moved to the target position.

If the target position is altered later, by mouse or via the dialog box, the start
point of the connected path will follow the target position.

A path can only be coupled to one target.

If a target path is not coupled when the targets are inserted, this can be done
afterwards by editing the targets.

The velocity is the velocity of the target in a path or in the bearing of the
target. In case an alternative position of the target is selected the velocity is set
to 0.

Reaction time to start

The target will start moving with defined velocity (in target direction or along
a path if defined) or is transformed to an alternative position if defined when
the first warhead detonates, delayed with the defined reaction time of the
target.

Alternative position

The target components are transformed according to defined transformation
file at defined reaction time from the first warhead detonation in the scene. For
example can a standing soldier be transformed into a laying position.

(See 5.3.1 for file format etc.)
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3.3.1 Transformation data for alternative target position

Transformation data can be calculated, saved, read and used in single target mode, on
currently loaded target, via Component->Alternative position in the single target menu.

AYAL

=18l

Window  Single simulakion  MC simulation Tatget | Component Test geometry  Plak signature Plot options

Mew component., ..

Copy component. ..
Delete component. ..

Enable mouse selection
Select From list,..

ModiFy attributes. ..
Modify co-ordinates

Alkernative position

Evaluate penetration criterion. ..

Calculate
Save...
Read...
Set

| oy

Figure 20 Calculate alternative position menu option.

Calculate

Select a new alternative target with the same component content as the

original loaded target.

Transformation data will be calculated for each component used in the target.
If components in the original target are not found in the alternative target,
searched by number and type, no transformation data will be set.

Occasionally calculations can result in wrong transformation data for some
components in a target due to mismatched component geometry or singularity
in the Euler transformation matrix. The calculated transformation data can be
checked via Alternative position -> Set in the menu.

Save

Saves the calculated, or read, transformation data to selected file. File

extension .trf is assumed.

Read

Reads a predefined transformation data file. File extension .trf is assumed.

Set

Alternative Sets/Resets the target components by calculated or read
transformation data. Hit points and created holes are included in the

transformation.
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Figure 21 Example of a target transformed via a transformation data file.

Transformation file format:
First row in the file is the title of the original target which must match the original target title.
Then follows one row for each component to transform containing:

Component type, 0= vital, 1=structure (ERA and LRA is not yet implemented)
Component number.

Rotation about the z-axis, psi.

Rotation about the y-axis, theta.

Rotation about the x-axis, phi.

Displacement in x direction.

Displacement in y direction.

e Displacement in z direction.

Example of a transformation data file:

T-SOLDIER-CROUCHING-ABS" 1 Target title

| Type, Comp.number, psi, theta, phi, dx, dy, dz

| Type 0 =Vital, 1= Structure, 2 = ERA, 3 = LRA

0 1 00359 02144 -0.16532 -0.0871 0.0587 -0.2284
0 2 0143 -0.5457 -04546 0.0333 -0.025 -0.0008
0 3 0143 -0.5452 -04535 0.0333 -0.0244 -0.0015
1] 4 -0.1508 -2.4562 -1.5022 0.1165 -0.1296 0.0816

] 5 1.3398 -0.8517 -2112 0.0848 -0.0945 -0.0702
0 5 09819 -0.1201 -1.5113 03185 -0.0403 0.0735

] 7 05395 -0.3501 -1.0264 0.0751 -0.1056 01181

] g 09627 02188 -1.494 034386 -0.0117 -0.0274
0 9 05387 -035 -1.0269 00752 -0.1044 0118

] 10 02487 07537 06063 -0604 03771 0215
] i 0.2481 07536 0606z -0.B039 037685 0215
0 12 02585 0.7454 06052 -0 6084 03309 -0.2873
0 13 02975 07865 07841 -0B379 04532 -0.2737
0 14 0301 0.7867 07828 08376 04567 -0.27386
0 15 02996 0.7865 07847 06379 04574 -0.2737
0 16 015 05434 -04513 0.0354 -0.0205 -0.0029
0 17 0.1431 -0.5452 -0.4534 0.0334 -0.0244 -0.0015
0 101 0.0032 0.1632 -0.0042 -0.2813 0.1886 -0.0205
0 100 0.0031 0.1632 -0.0033 -0.2614 0.1885 -0.0206
1 1 01468 -0.5446 -045632 0.0443 -0.0324 -0.0067
1 2 00358 -0.2144 -0.16532 -0.0871 0.0587 -0.2284

Figure 22: Example of a transformation file.

25



AVAL 6.6 User’s Manual Indirect Firing

www.foi.se/aval

3.4 Create target path

Use the menu command Create a target path. The path is then defined by clicking each
start, break and end point of the path in the map. After clicking the end point, a click on Esc
or Enter stops the input session. The paths are automatically named Path nr X with
increasing numbers.

It is now possible to rename, edit or remove the created path by selecting Edit object under
Map tools in the menu and left click on the created path in the map. This will open a dialog
box with the path data and options to rename, edit or remove points or the whole path.

Edit target path x|

Ilzer dezcnption:
IF'ath Ni:T

e ¥
IEEBEIEIEIE.EMEI |1 463315.15

|lpdate paoint | Remowve paint

BRE9n28.270  1463688.973
1463815 150

B583336.593  1463568.053

Femove path from scene |

Cancel | ] I

Figure 23 Edit target path dialog box.

If the target path is not coupled to a target, the target can now be edited by selecting Edit
object under Map tools in the menu and left click on the target in the map. The path is
chosen in the list.

3.5 Define fault tree

Clicking “Define faulttree...” in the menu opens a dialog box where you shall select a
predefined scene fault tree file (.syc).

Each target inserted in the scene has a fault tree with one or more top events. These top events
are used as events in the scene fault tree. The scene fault tree has the same format as the target
fault tree but shall include a file path to a translation file.

A translation file must be manually created to connect target top events to scene events. In the
translation file selected top events in each target are given unique scene event numbers and
these scene events are used in the scene fault tree in the same way as component numbers are
used in a target fault tree.
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Example of a translation file used in a scene fault tree:

I1Scene event Target number Target event
5001 1 3017
5002 2 3017
5003 3 3017
5004 4 3017
5005 5 3017

In the example above four targets of the same kind are inserted in the scene. Only the top
event 3017 for each target, are used in the scene fault tree. If top event number 3017 of target
number 2 occurs in the simulation this will be represented as if scene event 5002 has occurred
in the scene fault tree. Scene event 5002 represents in turn the sub event 4002 in the fault tree,
which is used in the top event definitions.

Example of a scene fault tree with scene events from the translation file above:

2 ! Fault tree type: 2=Scene

5001 5005 'C:\A66\Calc\IF\Scene\Demo\Transl.ftr' ! Min and Max scene event humber, file path
4001 4005 ! Sub events, min and max numbers
7001 7005 ! Top events, min and max numbers
]

! Sub events

*4001 'AFV 1 disabled'

L 15001

* 4002 'AFV 2 disabled'

L 15002

* 4003 'AFV 3 disabled'

L 15003

* 4004 'AFV 4 disabled'

L 15004

* 4005 'AFV 5 disabled'

L 1 5005

! Top events

* 7001 'Least 1 AFV disabled

L 1 4001 4002 4003 4004 4005

* 7002 'Least 2 AFVs disabled'

L 2 4001 4002 4003 4004 4005

* 7003 'Least 3 AFVs disabled'

L 34001 4002 4003 4004 4005

* 7004 'Least 4 AFVs disabled'

L 4 4001 4002 4003 4004 4005

* 7005 'Least 5 AFVs disabled'

L 54001 4002 4003 4004 4005

3.6 Insert weapon platform

A symbol for the weapon will follow the mouse cursor and its position is defined by clicking
in the map. When the mouse button is released a dialog box will be opened for adding data to
the weapon platform. These values can be edited afterwards by selecting Map tools — Edit

object in the menu and click on the weapon symbol which will open the same dialog.
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Edit weapon x|

Azzociated indirect fire weapon

IF:'\.-’-'-.EEI'\WeapDn"aS weh556E1 200561 20-25katt wpi Open... |

1]

zer dezcription

I'w'pn 1 I it spmbal... |

Airn paint KJY#HIEEE?EEHJ |145241E.5 |?n.9? Fick in map...l

F'.;.siti.;.nx;\NHIEEEEBEE.E |145F58EI.1 |1a1.1s

Adjusted aim point for each round relative nominal hitpoint;
Rournd nurnber ; . _ Megative walue for hit
Length adjustrent: IEEI befare nominal bitpoiak

IHDund 1 "I
: _ Megative walue far hit
Side adjustment : II:I left of nominal kitpaint

Remove from socene | Cancel | Ok, I

Figure 24 Edit weapon dialog box.

Associated in

direct fire weapon

Search path to a file with a complete description of an indirect fire weapon
(*.wpi).

User description

Unit symbol

Position

Position

An informative description to identify this particular target. This description is
drawn in the map and written to the scene file and result files.

Opens a dialog box for selecting symbol to use in the map for the target. This
dialog and optional symbols are the as for targets. See chapter 3.3 Insert target

The nominal position of the weapon platform. Can be altered in the dialog box
or changed by dragging the weapon symbol in the map.

The nominal aim point for the weapon platform. Can be altered in the dialog
box or changed by dragging the aim point symbol in the map.

Adjusted hit point for each round relative nominal aim point.

If the weapon platform is defined with a firing sequence including more than
one round then each round can be adjusted in length or side relative the given
nominal aim point. The adjustment for each round is defined by selecting the
round in the combo box and set its adjustment in the text boxes to the right.
The adjustment is given positive if the aim point of the round is beyond the
nominal aim point and positive if the round aim point is to the right of nominal
aim point.
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If no adjustment is given for a round the nominal aim point is used for that
round.

The ballistic calculation for weapon settings, bearing and elevation, is
performed for the nominal aim point and a point 10 m beyond it. The adjusted
elevation for each round will be interpolated / extrapolated from these two
settings. The bearing will be adjusted geometrically with respect to side
leeway due to gun twist.

P T
_’1_

Figure 25 Example showing separate round aim points.

If the option Map tools -> Show separate round aim points is activated
each aim point can be moved by dragging the aim point symbol with left
mouse button down. If the nominal aim point is moved in the map the round
aim points will follow the nominal aim point with their relative adjustment
intact.

3.7 Insert observer

If an observer is added to the scene the fault from the observers surveillance of the target
position is added to the nominal aim point for each weapon platform inserted to scene.

The observer is inserted into the scene by putting the symbol in the map with the left mouse
button. When the button is released a dialog box is opened to set data for the observer. After
inserting an observer its data can be edited by choosing Map tools — Edit object under in
the menu and selecting the observer by left clicking on the symbol and this will open the same
dialog box. Its position can also be changed by selecting Move object, left click on the
symbol and drag it with the left mouse button down. Only one observer can be added to a
scene.

The observer can be set to survey the target in one of two ways, relative his own position by
measuring the distance and bearing to the target or by reading the target position from a map.

3.7.1 Relative observer position

In this mode the observer nominal position is used and the standard deviation and accuracy of
his position is given. The deviation for target surveying is also given with standard deviation
and accuracy for distance and bearing to the target separately. In order to calculate the faults
given from bearing deviation the surveying point must be given, which consequently should
be near the center of the observed targets.
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Observer settings

Obzerver

I
L

Figure 26 Observer settings dialog box. Measurements relative observer position.

3.7.2 From map

In this mode the observer position and nominal aim point (surveying point) is not used and
therefore greyed out in the dialog box. The deviation for the observer is given with standard
deviation and accuracy for the observer reported x- and y-position of the target.

Observer settings

Ohbzerver

Figure 27 Observer settings dialog box. Measurements from map.
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3.8 Environment protection

Opens dialog to define environment protection or load a predefined environment protection
file. The environment protection file is optional and if omitted no protection will be
considered from the environment.

Environment protection, from ground objects, can be roughly described for different ground
categories and is used to reduce penetration capacity for fragmenting warheads.

Each terrain type in the map can be connected with a protection type defined in an
environment protection file (*.evp). Several terrain types can have the same protection type.

The environment protection file is common for Indirect fire mode and Minefield mode and
therefore described in User’s Manual MAPS.

3.9 File format for indirect fire scene

When the scene is created it can be saved to file via Scene -> Save or Save as.. and a
saved scene can be saved via Scene -> Read minefield scene.

Example of an indirect fire scene file:

'‘Scene_3' IScene title

'FAaBNIndirectFire\tapsi10e\T10ENO_S5. TIF' | Wap bitmap
'FAAB M ndirectFireiWapsi10eV 0END_pos dat' | Map positionfscale data
‘FragIndirectFire\napsiMapSymbols\DefaultSymbols msy' | Wap symbols

1 IMumber of height database files
'C\GeoPres2\GeoDatal10E 10Rhojddata\geodatatascitR 10EMNO
|

| ENVIRONMENT PROTECTION
|

‘.F:\ASO\Demo\Protect\on.evp' | Map enwironment protection file

1 | Mumber of target paths
1 | Path number
' Path onroad 112" IDescription
3 I Mumber of breakpaints on path
B596073 1467930
B506105 1467953
55496114 1467921

Figure 28 Example of indirect fire scene file.
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4 Ballistic simulation

Ballistic simulation can be performed for either a single shell to find settings, range and
trajectory or for a weapon platform to find possible gun charges and settings for all rounds in
its firing sequence.

For the ballistic calculation please refer to Reference Manual for Ballistics.

4.1 Trajectory calculations

Ballistic calculations for a single shell is started via Ballistics->Trajectory in the menu.

Trajectory calculations x|

Filename
IF:'\.-'-‘-.EEIWerifiering 2003-03-01 4 ndirekt eld = Open file... |
Calculation ophions... i Set initial welocity....
Stop conditionz. .. Select atmozphere...
Write platfile
' “Yes  Timestep for |:|I|:|I:fiI|E!|1
" Mo

Calculate brajecton. ..

Calculate zettings. ..

E it
Calculate Dmax... LI

Figure 29 Trajectory calculation dialog box.

Open file... To open a file with predefined ballistic data.

Calculation options... Selection of ballistic calculation method and earth
approximation.

Settings for trajectory El

— Trajectony method —— — Position on earth — Trajectony method caniztershell
fe I— " Fainthiass
Latitude 110472
" NATO T
" EDOF. HDSLID . GOmEE
— Earth approx. — Conoliz effects — Trajectory method subshells —
I
= Flat ~ on Eaifthlass
) W
" Spherical " Off " BDOF

Cancel | ak. I

Figure 30 Settings for trajectory dialog box.

Stop conditions... A stop condition must be selected for the ballistic calculation.
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Stop conditions |

— ain projectile = St projechle

! Time £ Tlitne

" Range £ Hange

™ Heigt Up £ Heigh U

™ Heigt Diowr £ Heigh Do

& i i € Ground level
Stop value IU— Stom walie IU—

Cancel | ] I

Figure 31 Stop conditions dialog box.

If the ballistic data contains a cargo shell with sub shells the stop condition must be set for the
sub shells as well.

Set initial velocity... Opens a dialog with charges defined in the ballistic data.

x
SetVio I

Defined charges

1 ol 387.0} a
2 Vol 4630} _I
3 Vol BB20}
4 WolB1E0}
5 Vol 8150}

m o

Cancel | k.

Figure 32 Initial velocity dialog box.

Select atmosphere... An atmosphere must be defined to be used in the calculation.
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Atmosphere

Figure 33 Atmosphere dialog box.

Write plotfile

Calculate trajectory...

Frid

wspherebFRHL. atr

In the dialog a new atmosphere can be defined or a predefined
atmosphere can be read from file.

Optional the calculations can be saved to a plotfile with a
defined time step.

To calculate a single shell trajectory for defined V0, elevation,
bearing, start points and projectile mass.

The calculation results are given in the dialog and saved to file
if the Write plot file option is checked.
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Single trajectory calculation

|

2.25

ER—

AAHS

Figure 34 Single trajectory dialog box.

Calculate settings... To calculate settings for defined range, bearing to hit point,
VO, start point and projectile mass.

Find settings |

F-\ 50 erifiering 2003-03-01 \ndirekt eldVWwpniperfectH aubb 081 Bdnd

Yawrate[BEEE Rl =R

1|
C—
o o
o [
00000 [o1es7
EFECH [ogss7
[a22s oo
[0 [1308
[Ba52 [3
oo [ao
oo a1
] r
|

—

Figure 35 Find settings dialog box.
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Calculate Dmax...
start point and projectile mass.

Calculate Dmax

Calculate settings for and max firing range with defined VO,

Flatfile |F:'\.-'-‘A.5EIWerifiering 2003-03-01 4 ndirekt eldswprtperfectd aubhy 081 Band

— Start conditions
Vo |915

1

#eStart |0 YeStart

Bearing ID
|n
“avirate (EDEE] |D

Projectile tazsz |42-25
Height [0
Fiteh rate (B DIE] |D

— Results

Distance [27313.9
Bearing |0.0000

e |273139

Sep. distance

JNREELE

Sep. time

Sep. Welociy

Dmaw IW

Elewation IW

Height IDD—
Time |37.2043 Ma:-:HeightIHDSD'E

e ID'D
Ve [125.1 WEID.EI
Sep. heightl
I—

C'max Elewation ID'BES?

Side deviation 0.

Fiollrate 11427

Welocity 3307

Ze 0.0
Yze |30B.1

Sep. sidedev.

Exit

SRRl

Figure 36 Calculate Dmax dialog box.

4.2 Settings calculation for a weapon platform

This is an option to calculate and view all possible charges, and the settings for each charge,
for a given firing range. The simulation also calculates a preferred set of charges for all

rounds described in the firing sequence of the weapon platform.

This is the calculation performed in a direct fire simulation to define settings for a weapon
platform. The atmosphere defined in the weapon platform is used in the settings calculations
and the atmosphere defined in the direct fire simulation is used to calculate the ballistic

trajectory in the indirect fire simulation.

The dialog box is opened via Ballistics->Calculate settings... in the menu.

36




AVAL

Calculate settings for indirect firing
Filename far weapon platform

IF:"«.-“-‘-.EEIHWeapDnHS wieh1 205 vinghd B3B8V S G 1 20-1 205 vingh 86-45 kot wpi Open file... |

Gun powder termperature II:I
MHurber of charges IE MHurnber of rounds I4

Fazition for weapon platform

o e
S Y
Il:I Height over zea level II:I

Fozition for target

Height owver sea level

Calculate settings

Pozzible zettings for all charges

Char... | Elev UD | Bearing UD | Time UD | Elev 0D | Bearng... | Time 1=

1 |

1 Undefined Indefined Undefined  Undefined  Undefined  Undefi
2 0422857 0000958 17.055818  1.1714E51 0001354 36508
3 0.254520 -0.000756 12977993  1.279600 0001023 4704
4 0.180297 -0.000642 10.863598  1.354957 0000415 5538
EI 0.160883 0000608 10.319273  1.376338 0000034 EE.fij
4 »
S ettingz for all rounds
Fh:uunu:ll Chargeto | FiringT irme | E levation | Bearing | SepTime
1 e 0.000 1.405442 0.000533 nuzed
2 7 1.628 1.397804 0.000346 Jnuzed
3 4 5832 1.254997 0.000415 nuzed
4 3 17.170 1.279800 0.001 023 nused

*
E it |

Figure 37 Calculate settings for indirect firing dialog box.

Open file...

To open a file with a predefined weapon platform.

Possible settings for all charges

Table with calculated settings for each gun charge described in
the weapon platform. For each charge elevation, bearing and
flight time for both underdegree and overdegree trajectory are

calculated.

If a charge is not possible to use for either under or over degree
trajectory at given range the result is given as Undefined in the

table.

Settings for all rounds

Table with selected charges and firing times for each round
described in the firing sequence of the weapon platform. If
simultaneous impact, MRSI, is chosen for the weapon the firing
time is calculated, otherwise the defined min time between

rounds is used.
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5 Indirect fire simulation

5.1 Simulation settings

Start the AVAL program and choose Modes -> Indirect fire map from the top menu.

An indirect fire simulation is started via MC simulation->Lethality simulation in the menu.

Lethality simulation indirect fire x|

— |npuk data for simulation

Simulation fils
IF:"-.fi‘-.E#'xInu:lireu:tFire"-.-'i‘-.rtiller_lrl SafetyhScene_B00m4Scens_ b

Sirnulation title:
IHaub??B-E FL &500m S afety 4 rounds

Indirect fire scene
IF:'\.-'-‘-.Ed'xlnu:lireu:tFire"-.-'f-.rtiller_I,I SafetysScene_B00mMScens 5 Oper file...

Atmozphere for simulation:

IF:"-.-’-‘-.Ed"-.ﬂ.tmcusphere'xFN L.atm Open file... |

Mumnber of MC Cycles I'I oao [ Single weapon simulation

Start zeed I-I 2345

Calciulate warkead effects [~

Options for fragrment hit cals...

ze defined burstpaintz[T
Enter time for evaluations [sec] [kMax. 10]
60.0 Simulation sethings. .
Initialize | Start | Stop

— Result prezentations

Select presentation garial:ule...l

T extfile IF:"«.&E#'xlndirectFire"-.i'-.rtiIIer_l.l SafetyhScens_B00mAScene
Burst points IF:"-.-'-‘-.54"-.IndirectFire"«.ﬁ.rtiller_l,l SafetysS cene_B00mM\Scene

Effects in scene IF:"-.-'-".Eél"..lndirectFire'\.-'-‘-.rtiIIer_l,l S afetyhS cene_B00mAScene

tean walue I':I Current MC cycle I':'

Elapzed time = Confidence interval [EIEZ]I':I
ol | a

Save az... | Save... | E =it |

Figure 38 Lethality simulation indirect fire dialog box.

Simulation file: Create a new file to save simulation settings or open an
existing file with predefined simulation settings.

Simulation title: Descriptive name of the simulation for administrative
purpose.

Indirect fire scene: Path and name of the indirect fire scene to simulate. If a new

simulation is created the current scene in the indirect fire
window will be used. If a predefined simulation file is
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Atmosphere for simulation:

Single weapon simulation:

Calculate warhead effect:

Use defined burst points:

Initialize:

Simulation settings:

Select presentation variable:

opened the scene given in that simulation file will be loaded
into the current window.

Path and name of the atmosphere to be used in the
simulation. The atmosphere given in the weapon platform
will be used for the settings calculation.

Possibility to perform a simulation with one weapon
platform in the scene at a time. Simulations with a single
weapon is bounded to one Monte Carlo cycle.

If not checked only burst points will be calculated.

If checked simulations with all warhead effects against the
targets in the scene will be performed after each burst point.

Since warhead effects in a shell are calculated directly after
the burst point a different random series will be created
when calculating effects compared to when not. This will
consequently result in different burst point patterns when
calculation of warhead effects are included or not.

The reason to calculate warhead effects direct after the burst
point is that the shells will detonate separately in time. If a
moving target is hit by one round its mobility may be
disabled and it will therefore not be in the same position as
if not hit when the next round is approaching.

To work around this a previous calculated burst point file
can be used in the simulation.

For each simulation performed a burst point file is created
and its full path is saved in the simulation file. If a
simulation is previously performed and this alternative is
checked the current simulation will skip the burst point
calculation and use the file in the simulation file. It is
possible to change this file path in the simulation file using
a text editor before loading the simulation file if another
burst point file but the last is wanted.

Before the simulation can start all targets, weapons etc. used
in the scene must be read.

Opens dialog to select all possible phenomena to be
calculated in the simulation. Simulation settings are made
for each target in the scene. This button is disabled until the
scene is initialized.

Used to select a scene top event and time to view in the
dialog while running the simulation. The result for the
selected event is updated in the dialog in the Mean value
and Confidence interval text boxes for each Monte Carlo
cycle.
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5.2 Specify method for calculating fragment hits on
targ et
If a warhead effect containing fragment data is selected options are available for calculating

fragment hits on target. Click on the button Options for fragment hit calc..., and then the
following dialog box is opened.

Options for fragment calculations x|

" standard {calculate all wich approaches the karget and ground)
% Optimized fusing target geometry For selecting possible Fragments)
" all fcalculate all Fragments)

¥ Generate result files for Fragment hits For each barget

Cancel |

Figure 39 Options for fragment calculations dialog box.

In this mode are three options possible:

Standard means that all fragments which approach the target are calculated. If the burst point
is situated inside a sphere containing all target geometry all fragments are calculated until the
leave the sphere or hits the target. If a ground is defined all fragments which approach the
ground polygons also are calculated.

If the radio button named optimized is selected a more sophisticated selection method is used.
A fragment which direction has a bearing which is between the bearings for target limitations
(Bmin, Pmax) is selected, see Figure 40 below. The elevation angle for the fragment direction
must be greater than the min elevation angle (6min) in Figure 40 below. The ground is not
considered at all with this method.
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ﬁmax

Detonation point

Figure 40 Definition of fragment ejection angles used for optimized fragment calculations.

5.3 Calculation scheme during the simulation

When a simulation is started the calculations will be performed according to the following
scheme:

For each Monte Carlo cycle:

e Randomize observer surveying faults.

e For each weapon in the scene:
0 Adjust aim point with observer faults
0 Adjust weapon position with randomized weapon surveying faults
o0 Calculate weapon settings and firing time for each round.

e Sortall rounds from all weapons firing time

e For each round, sorted by firing time:
0 Adjust calculated setting with weapon deviation.

o Perform ballistic calculation using the adjusted settings and the weapon
nominal position. The ballistic calculation breaks at given distance for sensor
activation from the ground, height over ground for artillery fuzes, or a target.

o For conventional shells:

= Calculate burst point using the warhead carrier of the weapon with
direction and velocity from the last ballistic iteration step. Burst
points are calculated on all targets, if hit, and the ground and the
burst point with shortest burst time is used.

= If Calculate warhead effects is checked and the warhead
detonates warhead effects are calculated in the scene using the
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calculated burst point. All targets in the scene are included with
their position and velocity at calculated burst time.

o For cargo shells:

= Calculate separation data.

= Perform ballistic calculation using the calculated separation data for

each sub shell. The ballistic calculation breaks at given distance for
sensor activation from the ground, height over ground for artillery
fuzes, or a target.

= Calculate burst point using the warhead carrier of the sub shell with
direction and velocity from the last ballistic iteration step. Burst
points are calculated on all targets and the ground and the burst
point with shortest burst time is used.

= [f Calculate warhead effects is checked and the warhead
detonates calculate effects in the scene with the calculated burst
point. All targets in the scene are included with their position and
velocity at calculated burst time.

Observer deviation

\d

- . Nominal aim point
Deviation of weapon elevation and

bearing, ballistic data, atmosphere

and sensors ; Adjusted aim point due to _
¢+ Lobserver faults, corrected with
— ebserver accuracy
£
/ :
Q‘ v Calculated burst point
. s
/
! ;4
/ / /./
4 / /. Calculated weapon settings
: .
/ y
- S/ Calculated bhallistics
/ / e
! // i
i
LA A |
A
I_f/ p
Ly b
/
AN

}’lf & Randomized position corrected with positioning accuracy

|
Nominal position

Deviation of weapon positioning

Figure 41 Possible faults included in the simulations.

5.4 Result presentation

5.4.1 Graphics
The following simulation results are presented in the map window or a target window:

Burst points
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All burst points are always drawn in the map. In order to reduce the calculation time all burst
points are drawn after the last Monte Carlo cycle. The number of burst points shown is
maximized to 32768 due to limitations in the map. Additional burst points are used but not
drawn in the map.

Figure 42 Example of ploted burst points.

Hits by Warhead effects on the ground.

Only drawn if the simulation is performed for one single Monte Carlo cycle and Calculate
warhead effect is checked. Warhead effects that hit a target or that loose all their velocity
due to environment protection will not be drawn in the map.

Figure 43 Example of hits by warhead effects on the ground.

Warhead hits on targets

Warhead hits on targets are only updated if the simulation is performed for one single Monte
Carlo cycle and Calculate warhead effect is checked.

Each target in the scene can be viewed in a single target window. The dialog to select targets
is opened in the indirect fire menu via Scene->View target.
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¥iew target in map ll

Select target:

Cancel | oK I

Figure 44 View target in map dialog box.

Figure 45 Example of warhead effect hits on target.

5.4.2  Output files

An indirect fire simulation will produce a result text file, a burst point file and an effect file.

5.4.2.1 Result text file

The result text file will get the name SimFileN.txt where SimFile is the name of the
simulation file, without file extension, and N is an increasing numbering of consecutively
produced result files using the same simulation file.

The text file includes the following information:

Simulation date and time
Simulation settings for each target in the scene
Number of MC-cycles and detailed result of each cycle run
Evaluation time and outcome of the scene fault tree
For each target a section is given with:
o Target name and its start position in scene

0 Number of hits on each target. Hits by warhead carrier are increased when
the target have trigged the fuze. Hits by warhead effect are increased for
each hit by a fragment, shaped charge etc. In the example file below a
shaped charge with impact fuze causes these to be equal.

0 The outcome of the target fault tree

e A section with other result files and calculation times.

44



AVAL

5.4.2.2 Effect file

The effect file will get the name SimFileEffectN.skv where SimFile is the name of the
simulation file without file extension and N is an increasing numbering of consecutively
produced result files using the same simulation file.

The effect file includes the outcome of the top events in the scene fault tree for each
evaluation time and each Monte Carlo cycle.

5.4.2.3 Burst point file

The burst point file will get the name SimFileBurtsPointN.skv where SimFile is the name of
the simulation file without file extension and N is an increasing numbering of consecutively
produced result files using the same simulation file.

The burst point file contains the following data for each round fired in the simulation:

Cycle Monte Carlo cycle

Gun Weapon platform firing the round

Shot Round number for firing weapon

Sub Subshell number if cargo shell, 0 if conventional shell

Warhead Warhead identification
HitType 0=Muiss, 1=Impact, 2=Fuze
TandemFlag 0=No tandem, 1=Tandem
BurstTime

RollAngle Warhead carrier roll angle at burst time
RollRate Rotation velocity

X Shell position at burst time
Y

Z

DirX Shell direction at burst time
DirY

Dirz

VelX Shell velocity at burst time
VelY

Velz

VelTarget Absolute velocity of target trigging the fuze, 0.0 if trigging on ground, height
or time.
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