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The following presentation is an example of using the 6 degree of freedom
trajectory module within PRODAS with the trade study options. For this
example we will run the following:

e 40mm M781 Grenade fired from a M203 Launcher

— Study the horizontal impact patterns of projectiles fired at 3 different quadrant
elevations

— Introduce an error budget for the following initial conditions — Muzzle Velocity,
Temperature, Pressure, Winds and Ammunition Dispersion

— Verify Dispersion Performance buy firing against a 100m vertical target

— Simulate 3000 separate 6 DOF of freedom trajectories at each Quadrant
Elevation
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. Projectile Data

. Projectile Dia. 4.054 cm

. Weight 171.100 gm

. Axial Inertia 393.590027 gm-cm™2

. Trans Inertia 445.42001 gm-cm™2

. CG (from nose) 5.02 cm

. Initial Conditions

. Muzzle Velocity 75.0 m/sec Initial Pitch Angle +up 0.000 deg

. Initial Spin 385.8 rad/sec Initial Yaw Angle +rt 0.0 deg

. Quadrant Elevation 28.125 deg Initial Pitch Rate +up 30.0 rad/sec
. Gun Azimuth (from N) 0.000 deg Initial Yaw Rate trt 30.0 rad/sec
. Initial Range 0.0 m

. Initial Deflection 0.0 m

. Initial Altitude (re sl) 0.0 m

. Met Data at the Launch Location

. Gun Altitude above SL 0.0 m Density 1.2250 kg/m™3
. Temperature 15.0 C Range Wind 0.0 m/sec
. Pressure 1013.2 millibars Cross Wind 0.0 m/sec
. Gravity Acceleration 9.80665 m/sec**2
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= 40mm 781 6 Dof With Trades Example..pr3 - Model

Output Setup | Initial Conditions | Projectile Parameters I Aero Form Factors I Formatted Results ] Tabular Results ] Plotted Results | Trade Studies I Trade Study Eror Budget I Trade Study Results ]
Simulation Control
= Use Thrust/Fumer ™ No Coriolis Option [ No
Launched from Aircraft [~ g

Simulation Termination Options Analysis Control

Stop at Time: I 1000  sec Integration Interval I 20.
Stop at Slant Range I 600, Im 2
Stop at &ltitude | 0 m & Fun EDOF Trajectory |
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* Error Budget for the analysis example
— Muzzle Velocity Error — 0.8 m/s (1 std deviation)
— Ammunition Dispersion - 0.5 mils Radial (1 std deviation)

* An Example or test of dispersion against a vertical target will be run first to
determine angular motion needed at the muzzle to generate corresponding
aerodynamic jump for the example projectile.

— Met Errors (all one standard Deviation)
e 2 deg Celsius
e 10 millibars
e 2.75m/s Cross and Head/Tail Winds

* Will be fired at 3 different quadrant elevations and 3000 trajectories at
each range with the error budget super imposed.

* These errors represent error levels for the analysis example

— User encouraged to use error levels seen in live fire testing along with specific
MET errors for specific mission requirements. This is just an example and the
error budget ,while trying to remain realistic is just an example and does not
represent an official error budget for this system
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The final assessment of the example analysis will be the pattern of the
projectile on a horizontal surface. However prior to that we must
determine the angular rates needed to produce the desired radial
dispersion of 0.5 mils which can only be determined against a Vertical
Target down range. To do this we will show examples of the following
— Simulate firing against a vertical target

e Stop projectile at desired range

* Input Error Levels for angular rate at muzzle

* Run Simulation

e Assess results

* Modify input error levels

Radial Dispersion is defined as o = (O-h _ Gv)
2
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Example Details

* For this part of the example we will be assessing projectile performance
against a vertical target at 100m distance from the Weapon.

— Go to the Ballistic Match Module (Analysis Pull down menu, “Firing Tables —
Ballistic Tables”

— The following Interface should appear

[==][=]

Setup | Results Table | Fomatted Output | Plots |

Analysis Options Projectile P 4/6 DOF Aerodynamic Coefficient Form Factors
Trajectory Simulation 5DOF : Flight Weight 171.10000 {gm A Agial Force FF 0.920
Option N g N
Use Thrust/Fumer ™ No Normal Force FF 1.000

Trajectory / Atmosphere Initialization

Muzzle Velocity 750  misec

Gun Altitude:

m

Met Table Source Std

Gun Azimuth 0.000  fmilad

Range / Output Control

Range Output Increment 250 m
Table Max Range 3000. m

Roll Damping FF 1.000
Drag FF During Bum 1.000

Fin Cant 1.00

Thrust Delta Drag Form Factor

Delta Drag FF 1.00

Pitching Moment FF 1.00 Induced Pitch Force FF [W
Damping Moment FF 1.00 Induced Side Force FF 0.00
Bun Analysis
Magnus Moment FF 1.00 Induced Pitch Mo, FF 0.00
Side Moment FF 0.00 Induced Side Mom. FF 0.00
Induced Roll Mom. FF 0.00
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* Make sure the 6 DOF trajectory option is chosen (vs 4DOF option) and run
the simulation. Once complete please open up the Tabular Results
interface and view the information at 100m

14 40mm 781 6 Dof With Trades Example. - Ballistic Tables =l

Setup  Results Table I Formatted Output | Plots |

B8 8 &l

Range | Remainingy | TimeOfFlight] OE | Angle0fDes | KineticEnerc| Drop | Drift | VertexHeigh| VertexRang:
Units m misec sec Gunner Mil  deg kilojoule deg deg m m
Red=Lock

0.0 75.00 0.0000 0.00 0.00 05 0.00 0.00 0.0
25.0 73.77 0.3362 22.03 1.29 05 1.24 0.05 01
50.0 72.56 0.6787 45.02 2.61 05 253 0.11 0.6
75.0 71.38 1.0278 £8.61 4.00 0.4 3.86 0.16 1.3

100.0 5 45 04 522 0.22

125.0 £9.09 1.7493 117.90 7.02 0.4 B.63 0.29 37
150.0 £7.99 21244 143.84 8.67 0.4 8.09 0.35 55
175.0 £6.92 25102 170.77 10.40 04 961 0.42 Bk
200.0 £5.88 2.9082 198.86 12.21 0.4 11.19 0.50 10.4
2250 £4.89 3.3202 228.27 14.15 0.4 12.84 0.57 135
250.0 £3.94 3.7497 259.33 16.23 03 14.59 0.66 17.2
275.0 £3.03 41996 292.34 18.48 0.3 16.44 0.75 21.6
300.0 £2.19 46736 327.67 20.89 0.3 18.43 0.85 26.8
325.0 £1.40 5.1800 366.13 2351 0.3 20.59 0.97 329
350.0 £0.68 5.7269 408.56 26.42 03 22.98 1.10 40.2
375.0 £0.05 £.3323 456.75 29.72 0.3 25.69 1.26 491
400.0 59.54 7.0305 514.11 3359 0.3 28.92 1.46 60.6
4250 59.20 7.9080 589.42 38.54 03 3315 1.76 76.6
425.0 £0.58 11.3254 937.27 58.96 0.3 52.72 387 156.8
400.0 £1.13 11.9160 101261 £2.94 0.3 56.96 463 173.3
375.0 £1.52 12.3296 1070.23 £5.98 03 £0.20 5.33 185.3
350.0 £1.79 12.6443 1117.58 68.54 0.3 62.86 6.01 1946
325.0 £1.93 12.9000 1157.70 70.88 0.3 B5.12 6.63 202.0
300.0 £1.79 13.1345 1193.24 733 03 B7.12 712 2081
275.0 £1.30 13.3613 1222.42 75.75 03 E8.76 7.28 2129
250.0 59.88 13.6705 1250.33 78.41 0.3 70.33 £.91 2171
2250 56.56 14.1375 1278.76 80.68 0.3 71.93 1 221.2
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e A QE of 92.87 mils is needed to impact at 100mm range. We will added 3 mils to
this to bias the impact in altitude by 0.3 m along with raising the weapon to 2
meters altitude to ensure that all of the rounds will impact on target. Since in this
part of the example we will modifying only the Angular Rates to verify the impact
dispersion we now need to set up the trade analysis to stop at 100 m range

* Please open the Analysis pull down menu and go to the Trajectory submenu and
choose “Fixed Plane- 6D w/ Trade Studies”

* You should see the Setup Interface appear. Notice slant range is set 100m

Setup/Run DutputSetup| Initial Conditions | Projectile Parameters | Aero Form Factors| Formatted Results | Tabular Res

Simulation Control

Use Thrust/Fumer [ Mo Coriolis Option Mo

Launched from Aircraft ™ No

Simulation Termination Options Analysis Control

Stop at Time | 00  sec Integration Interval I 20.

Stop at Slant Range

Stop at Altitude Run BDOF Trajectory |

10
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* Next go to the Initial Conditions Interface and set the QE to 95.67 Gunner’s
Mils.

e Set the initial Z position to 2 m altitude (This ensures that all of the impact
will be captured at 100m and not fall short)

Setup/ﬂunl Output Setup  Initial Conditions ] Projectile Parametels] Aera Form Factors] Formatted Results | Tabular Re:

Met
[ Input ICs with Table (Use Either u,v.w or Vx ¥y Vz) A ahle S oenie ]Std N
User Met Type |Altitude-Based N
Gun Setup Projectile Initial Position
Quadrant Elevation 95.570 Ia)me, N Initial X position N
Gun &zimuth I 0.000 Tmillrad N Initial ' position A

Initial Z position

Start at Time
Projectile Spin Rate
Muzzle Velocit I
¥ 750 m/sec Projectile Angles and Rates

Spin at Muzzle | 386 |radfsecy Initial Pitch Angle [00 [dea o
Twist I 3043 calfrev Initial Y aw Angle I 00 l deg o
Exit Spin Ratio [ 100 Initial Pitch Rate [ 00 [radisecy,

Calculate Spin i s il I 0.0 Irad/ seeN

11
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of the PRODAS interface.

It 40mm 781 6 Dof With Trades Example. - Fixed Plane - 6D w/Trade Studies

Selup/Flun] OutputSetup] Initial Condilionsl Projectile Parametelsl Aero Form Factors] Formatted Hesults] Tabulatﬂesullsl Plotted Results [ g

Trade Space Yariable Editor

[#--Weapon Position
[#-Projectile ICs
Mass Properties
Aerodynamic Form Factors
Rocket Motor
Atmosphere

Global Options

Load PRODAS Reset to Use &ll
Defaults Nominal Values

N
Spin OptioMg———————————————

& Calculate Spin from Muzzle Velocity and Twist
" Use Spin Values Entered Here

Trade Study Scenario Table

Scenario Generator

Append to Existing Table ™ No

Generate Scenerios

Please save the file at this time via the File pull down menu at the top left

Now please go to the trade Interface with the 6D w/Trade Studies Interface

[o]la =)

Trade Studies/| Trade Study Eor Budget | Trade Study Results |

Trade Studies

Execute Trade Study

[ Check for Summary of Inputs
B@l 8 5=

Scenaio | X [

Units
Red=Lock

m m

|z

3 |Gundz  [MuzVel

0 0.000 0.000

Gunner Mil  millrad
User User
0.000 0.0000 0.0000

m/sec

0.00 0.000 0.0000 0.0000

|Pitch&ng [Yawang  [Pitch Rate [Yaw
deg deg rad/sec rad/:

0.0000

Please use the “Load PRODAS Default” command which will load the saved data
from the prior input screens.

12
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* Using the “Trade Space Variables Editor” section please expand the input
tree and verify the following values for Z position, Quadrant Elevation and

Muzzle Velocity

Setup/RunI DutputSetupI Initial Eonditions] Projectile | Setup/ Run] DutpulSetup] Initial Conditions] Projectile

Trade Space Yariable Editor

Inilial Conditions
(- Weapon Position

[#]- Projectile ICs
Mass Properties
Aerodynamic Form Factors
Rocket Motor
Atmosphere

Jse Nominal Yalue

Mominal

Trade Space Variable Editor

Initial Conditions
(=1 Weapon Position

------- Projectile ICs
Mass Properties
Aerodynamic Form Factors
Rocket Motor
Atmosphere

IUse MNominal Yalue N

s,

MNominal

(uadrant Elevation I 95.5700 )| Gunner

N

Setup/Run] DutputSetup] Initial Conditionsl Projectile

Trade Space Yariable Editor

Initial Conditions

... Pitch &ngle
L Yaw Angle
... Pitch Rate
fYaw Rate
Mass Properties
Aerodynamic Form Factors
Rocket Matar
Atmosphere

Use Nominal Value NG
MNominal

omina . e

Muzzle Velocity 75.00 Im/sec N

13
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* This data was populated by the interface itself when the “Load PRODAS
Default” Command was used. The user can overide these if they choose.

* Please use the “Generate Scenarios command to populate the “Trade
Study Scenario Table”

* You will now see the Trade Study Scenario Table has been populated with
the Initial Conditions Saved in the file.

* This table will be used as our baseline trajectory setup to which we will add
errors to.

14
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Example Details

[T L 5 2

=bL W/ Irade Studies
srameters | Aero Form Factors | Formatted Results | Tabular Results | Plotted Results  Trade Studies | Trade Study Error Budget | Trade Study Results |

Global Options Scenario Generator Trade Studies
Load PRODAS | ResettoUse Al bpoo Rt Tebe T Ho
Defaults Nominal Values Emette Tisdie Studk
- - Generate Scenerios
Spin Dptions
& Calculate Spin from Muzzle Velocity and Twist
" Use Spin Values Entered Here
“rade Study Scenario Table
[ Check for Summary of Inputs
B|@| et -
/7 |Scenaiio  [X | |z | gE | Gun &z | Muzvel  |Spin |Pitch&ng  |Yawang  |Pitch Rate [Yaw
Unity’ m m m Gunner Mil | millrad | msec rad/sec  deg ‘deg radfsec  rad/:
RedSLock . . | User | User — | — — N | —
N 1 0.0000 0.000¢ 2000 955700 0.0000¢ 7500 385.850 0.0000¢ 0.0p00¢ 0.00000

GENERATED 1 SCENARIOS

15
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Now the user should go to the “Trade Study-Error Budget Interface”

— Interface allows input of errors to the input sources available in the Trade Space
Variables Error Editor

* Inthis case we are only interested in the angular rates at launch.

* Please expand the Initial Conditions- Projectile IC Error Tree and choose
“Pitch Rate”

* Please Check the “Include this Error in the Trade Study” box and input a 4
rad/sec rate (1 std deviation) in the Pitch Rate Error level box

Do the same for Yaw Rate
* (See next page for details)

16
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Example Details

17 40mm 781 6 Dof With Trades Example. - Fixed Plane Setup/Run | Output Setup | Initial Conditions | Projectile P
Setup/Run ] Dutput Setup | Initial Conditions l Projectile P: Trade Space Variable Error Editor
Trade Space Variable Ermor Editor Initial Corditions
= — [+ Weapon Position
Initial Conditions 5 Pro@ectile ICs

««««««« Weapon Position : ’
&} Projectile ICs i Muzzle Velocity
e Spin
; i Pitch Angle
b Y aw Angle
..nﬂ'.‘ﬂ - =

Mass Propert

Aerodynamic Form Factors

Mass Properties

Aerodynamic Form Factors Rocket Mator
Rocket Motor Atmosphere
Atmosphere

Include this Error in the Trade-stydy?

Incl i i ?
nclude this Error in the Trade Study \aw Pate
Pitch Rate as

Round to Round Error in
Yaw Rate | 40000 Yrad/secy,

Round to Round Error in
Pitch Rate 4.0000 fradfsec

17
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* Please go to the Error Generator section and modify the Number of Errors
input to 4000 (This just gives us a lot of errors to minimize random number
generator noise)

e Hit the Generate Errors command and you will see the Error Table Populate
itself.

* Notice the only errors input to the table are the initial Pitch and Yaw rates
at launch.

e |f you check the “Check for Input summary and statistics” you will notice
the output in the windows summarizes the errors generated for this run

18
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Error Gengrat F— Execute Trade Study with Errors

Mumber of Errors to Generate

No. Rounds/Weapon I 4000 Execute
Trade Study
With Errors

Generate Errors

Error Table \\ J/
| Check for Summary of Inputs and Statistics
8| 8 5%
Error # | | |z | gE [Gundz  [MuzVel  |Spin |Pitchng  [Yawang  |Pitch Rate [YawRate |Mass [ 1
Units m m m Gunner Mil  deg misec rad/sec deg deg rad/sec rad/sec an anm-
Red=Lock

1 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 -2.8803 -3.2853  0.00000

2 0.000 0.000 0.000 0.0000 0.0000 0.00, 0.000, 0.0000 0.0000 -0.2404 -0.4656  0.00000

3 0.000 0.000 0.000 0.0000 PRODAS SCENARIO GENERATOR | 1 0.0000 -7.1804 7.8779  0.00000

4 0.000 0.000 0.000 0.00007 — 0.0000 4 8160 3.3063 0.00000

5 0.000 0.000 0.000 0.0000} 0.0000 8.7873 1.4188 0.00000

6 0.000 0.000 0.000 0.0000 0.0000 -9.7330 0.4243 0.00000

7 0.000 0.000 0.000 D.UUUQ Sl ey e 2o 0.0000  -12.0740 -31618  0.00000

8 0.000 0.000 0.000 0.0000 0.0000 0.9960 86343  0.00000

9 0.000 0.000 0.000 0.0000} 0.0000 2.2961 42092 0.00000

10 0.000 0.000 0.000 0.00007% 0.0000 1.6783 7.5333  0.00000

1 0.000 0.000 0.000 0.00009" 0.0000 21921 1.7531 0.00000

12 0.000 0.000 0.000 0.0000 %= 0.0000 -2.5336 6.6724 0.00000

13 0.000 0.000 0.000 0.0000 0.0000 -2.3567 0.3062 0.00000

14 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 -1.8869 -5.4763 0.00000

15 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 0.8737 1.3936  0.00000

16 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 -7.5540 2.4535 0.00000

17 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 0.4559 71167 0.00000

18 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 0.4348 30843  0.00000

S 1q nnnn nnnn nnnn n nnnn n nnnn nnn n nnn n nNNN n NN 1 2202 .n741a N NNNNN
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Eror Table Fa : .
( [V iOheck for Summary of Inputs and Statistics
y 4

=IENE] o=

40mm 781 € Dof With Trades Examp - 0
02/23/2015 11:17
ScenericGenerator Versicn 1.0

Errors were generated to simulate firing cof 4000 rounds.

The feollowing variables were used to generate the initial conditions Error Teable:
Pitch Rate
Input Standard Deviation
Std Dev of Generated Errors
Mean of Generated Errors

rad/sec
4.0328 rad/sec
rad/sec

Yaw Rate
Input Standard Deviation
Std Dev of Generated Errors
Mean of Generated Errors

rad/sec
4.0285 rad/sec
rad/sec

20
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Example Details

* Now that we have generated our baseline Trade Study and the Trade Study
Errors please use the “Execute Trade Study With Errors” command within
the “Trade Study Error Budget Interface” window

* Wait for the analysis to finish — you may get some VB script warnings about
how long the analysis is taking —ignore these.

',ff_: 40mm 781 6 Dof With Trades Example. - Fixed Plane - 6D w/Trade Studies

Setup/Run | Output Setup | Initial Conditions | Projectile Paramelev:] Aero Form Factors | Formatted Results | Tabular Results | Plotted Results | Trade Studies

Trade Space Variable Eror Editor ————————  Error Generator Execute Trade Study with Errors

Number of Errors to Generate

Initial Conditions
[ Weapon Position No. Rounds/weapon 4000

= Projectile ICs

e Muzzle Velocity

s Spin Generate Errors
- Pitch Angle

eYaw Angle

Fitch Rate Error Table
Yaw Rate [V Check for Summary of Inputs and Statistics

Execute
Trade Study
‘with Errors

Mass Properties

Aerodynamic Form Factors =] I | é'
Rocket Motor 40mm 781 € Dof With Trades Examp - 0
Atmosphere 02/23/2015 11:17

ScenerioGenerator Version 1.0
Errors were generated to simulate firing of 4000 rounds.

The following variables were used to generate the initial conditions Error Table:

Pitch Rate

A o Input Standard Deviation 4.0000 rad/sec

Include this Error in the Trade Study? Sbi Dev of Generated Errors 4.0329 rad/sec

Pitch Rate v Yes Mean of Generated Errors -0.0015 rad/sec
Yaw Rate

Input Standard Deviation 4.0000 rad/sec

Found to Round Error in Std Dev of Generated Errors 4.0285 rad/sec

0.0246 rad/sec

Pitch Rate 4.0000 wd!sec&\ Mean of Generated Errors

21
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* Once the anlysis is complete we can take a look at the output in the “Trade
Study Results interface. The first set of results are in tabular form and
show the impact points relative to the nominal trajectory

— Note the 1t Scenario Number O represent the nominal flight of the prjectile
without any error

Select Results Dutput Type (T abulated, Plotted, Formatted): ITabuIal Output N
& 8 &g
Scenaio  |Emor#t  |XFinal  |YFinal  [ZFinal  |Velocity  |TOF | 50F | Spin [XMiss  [vMiss  [ZMiss  |R Miss

Units m m m misec sec deg rad/sec m m m m

Red=Lock
1 a 100.00 -0.39 2.26 7019 1.3846 51712 370.2340 0.000 0.000 0.000 0.000
1 1 100.00 -0.43 2.30 7013 1.3853 56161  370.2340 0.000 -0.036 0.036 0.051
1 2 100.00 -0.40 2.27 7018 1.3847 52391  370.2340 0.000 -0.005 0.003 0.006
1 3 100.00 -0.28 2.32 63.97 1.3873 46898 370.2340 0.000 0110 0.055 0123
1 4 100.00 -0.36 2.20 7017 1.3843 47685  370.2340 0.000 0.034 -0.066 0.074
1 A nnnn -N39 218 niz 1 3RRK RN4951 37N 234N nnnn nnns M11R n11R

22
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* The next set of outputs are the plotted outputs. N this case we are
interested in the Vertical Target Impacts so please select that plot.

Setuplﬁunl DutputSelupI Initial Conditionsl ProjectilgParame! Aero Form Factolsl Formatted Resulls] TahularHesuItsI Platted Hesultsl Trade Studies‘ Trade Study Eror Budget  Trade Study Results I
Select Results Dutput Type (T abulated, Plotted, Formatied): \

IVelticaI Target Impacts _VJ
[MooN "B E (M-~ |28 % % RN a < e E
|larps @tHBEE

Impacts on Vertical Target
2.40 : : : :

220

Elevation (m)

2000 L | 1 11 1 1 | | 1 | S S S —
-0.60 -0.58 -0.56 -0.54 -0.52 -0.50 -0.48 -0.46 -0.44 -0.42 -0.40 -0.38 -0.36 -0.34 -0.32 -0.30 -0.28 -0.26 -0.24 -0.22 -0.20 -0.18 -0.16 -0.14 -0.12
40mm 731 6 Dof Wi Trades Eample.

 PRODAS-Q22315 Deflection (m)

23
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* The final option for output is the “Formatted Output” which gives our input
summary and impact statistics so the we verify the dispersion performance
at the angular rate errors input.

Setupe"Fiunl DutputSetup] Initial Conditionsl Projectile F'arameters] Aero Form Factors | Formatted Results] Tabular Results

Select Results Output Type (T abulated, Plotted, Formatted]: |Formatted Dutput N
=] I I @I
Range Wind m}sec 0.000

{NEWPAGE}

4000 Monte Carle error runs with the feollowing ferrcor chaXgcteristics were completed £«

Mezan Shift Std Dev
Pitch Rate rad/sec -0.001s3 4.03343
Yaw Rate rad/sec 0.02455 4.02838

{NEWPAGE}

TRADE STUDY RESULTS FOR THE FIRST 1 OF THE 1 SCENARIOS

.

Error Runs had a Mean and Std Dev of:

Scenario 1
Nominal Trajectory Terminated at:

X 89.589 m X 100.000 0.001 m
¥ -0.3%92 m ¥ -0.381 0.050 m
Z 2.263 m Z 2.258 0.048 m
Time 1.385 sec Time 1.385 0.001

24



Trade Study Scenarios Tab

 Text Window shows results
of generating an error table
or generating scenarios.

* List box to select one of three
tables to display
e Scenarios Table

Table of IC’s to be used in
the simulation

Each row is a run

* Error Level Table

— Summary table of all errors
and trade space variables
that generated the scenarios

* Errors Table

Table of error deltas based
on the error definitions

= ARROW TECH

If you can’t get a bigger target...

BB TrajMATLAB_course_4D_update - MATLAB Trajectory (6DOF-7DOF)

Setup ] Imitial Conditions 1 Aero Farm Factors 1 ¥DOF ] Squibs ] Tabular Results ] Flatted Results 1 Trade Studies | Trade Study & _‘ Trade Study Results ]
=IEE]
TraiMATLAE_course_4D_update - 0O L
11/10/2014 19:20
JoenerioGenerator Version 1.0
The wariable(s) used to generate the trade space were:
PARANMS Using the following range:
Starting with 0.0o0a
Finishing with 316.0045 =
With this increment 45.0000 w
|Scenalius
B 2 &=
Run# | NominalR un‘ b |Y |Z ‘ phi | theta | psi ‘ u | ¥ | w ‘ p
Units m m m deq Gunner Mil | deg mésec m/sec misec rad/sec
Red=Lock Gen Gen Gen Gen Gen Gen Gen Gen Gen Gen Gen Gen
1 5] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.6384
2 5] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.6384
3 5] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.6384
4 ] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.6384
5 ] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.6384
E ] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.6384
7 =] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.5384
] =] 0.0000¢ (0.0000 0.0000 0.0000) 7939338 0.0000  200.0000 (0.0000 0.0000 0.5384
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Trade Study Results

> ARROW TEeH

If you can’t get a bigger target...

Summary data brought back to PRODAS

when a trade studies run is complete

One row for each run

B Trajectory (6DOF-7DOF)

AB Trajectory (6D0OF-7DOF)

Setup | Initial Condiions | Aere Form Factors | 7D0F | Sauibs | Tabular Resuls | Platted Results | Trade Studies | Trade Study Seenarios | Tiade
Setup | Initial Conditions | Aero Fom Factors | 7DOF | Squibs | Tabular Resuts | Plotted Resuits | Trade Studies | Trade Study Scenaiios  Trade Study Rssults
I~ Show Plots
¥ Show Plots
E
[Det ve. Range - _Sj EIEI
= . un [x velocity | TOF ADF ADA Spin DRmiss __|CAmiss | RadMiss | Pare
OSSN BED (& - 28 5% A= Urits m misec  sec deg den adier m ™ ™
Fled-Lock
R EEHER S 1 a0a34n 240 000 16354 310411 586003 40730 9153 1000 onm omm- o
2 3177 29727 000 17082 298678 528925 41264 694532 0.000 0.000 oo o
Def Vs. Range 3 AT 2977 000 17301 279614 401733 41321 69814l 0.000 0.000 0000 0
500 4 3360 16070 000 17426 267646 232802 41843 695739 0.000 0.000 0000 0
5 328787 186 000 17457 263980 254078 41766 699342 0.000 0.000 0000 0
B 336 1647 000 17410 267H19 23333 42002 699148 0.000 0.000 0000 0
7 3340 30244 000 17277 2793 402718 41214 697160 0.000 0.000 0000 0
B 36194 30229 000 17071 239004 530683 42408 693681 0.000 0.000 0000 0
.
.
_
£
=
=
2 0 . .
=
o
£
B
a *
.
500
2500 3000 3500 4000 4500
i Range (m)

26




Example Detalls If you can’t get a bigger target...

* From the Results we can see that our standard deviation in Y is .050 m or
0.5 mils and our standard deviation in Z is 0.048m or .48 mils which is ~
0.49 mils Radial Dispersion. Please increase the initial std deviation in Pitch
Rate to 4.3 rad/sec in the “Trade Study-Error Budget Interface”. This will
result in a std deviation | impact in Z of .050m which equates to 0.5 mils
dispersion and the desired radial ammunition dispersion of 0.5 mils

o = (O-h _Gv)
' 2
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4000 Monte Carlce error runs with the fellowing error characteristics were completed for each scenario.
Mean Shift Std Dev

Pitch Rate rad/sec 0.0577% 4.21041

Yaw Rate rad/sec -0.0€350 4.03027

{NEWPAGE}

TRADE STUDY RESULTS FOR THE FIRST 1 OF THE 1 SCENARIOS

Scenario 1

Nominal Trajecteory Terminated at: Error Runs had a Mean and Std Dev of:

X 899.8998 m X 100.000 0.001 m
Y -0.3%2 m b4 -0.3%2 0.050 m
z 2.263 m Z 2.257 0.050 m
Time 1.385 sec Time 1.385 0.001 sec

Soct sl Oupud Tope (Tabuduied Potied Fomatedt [Poe
[vcica T ace i T Veica 1 e
RooN "RES Sk (me %% ke s <as 3

A R *HBED

Impacts on Vertical Target

Elevation (m)

200
054 049 044 039 034 029 024 -0.19 014
st Deflection (m)
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Initializing full error budget I you can't get a bigger target..

 Now that we have verified the ammunition dispersion against a vertical
target performance we can now add the other error contributions and now
evaluate against a horizontal or ground impact scenario.

* Error Budget for the analysis example
— Muzzle Velocity Error — 0.8 m/s (1 std deviation)
— Ammunition Dispersion - 0.5 mils Radial (1 std deviation)

* An Example or test of dispersion against a vertical target will be run first to
determine angular motion needed at the muzzle to generate corresponding
aerodynamic jump for the example projectile.

— Met Errors (all one standard Deviation)
* 2 deg Celsius
e 10 millibars
e 2.75m/s Cross and Head/Tail Winds

* Will be fired at 3 different quadrant elevations and 1000 trajectories at each range
with the error budget super imposed.
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* Since we are now interested in evaluating the ground impact patterns at 3
different Quadrant Elevations we need to modify the simulation
termination options within the Setup interface window. Please modify the
slant range input from 100 to 0. This ensures that the rounds will fly to
ground impact regardless of the input QE.

Setup/Run DutputSetupl Initial Conditions | Projectile Parameters | &ero Form Factorsl Formatted Results | Tabular Result

Simulation Control

Use Thrust/Fumer [T No Coriolis Option [T NG

Launched from Aircraft ™ No

Simulation Termination Options Analysis Control
Stop at Time |00 sec Integration Interval | 20.
Stop at Slant Range @
Stop at Altitude | 0 Im 5 Run 6DOF Trajectory |
N
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Trade Space Variable Editor

* The next step is to add the 3 QE’s desired to the e
Trade Study Scenario Tables found under the Trade - Weapon Posiion
Study Interface tab. To do this please open the
“Trade Study” interface tab and go to the “Trade
Space Variable Editor” and open the Weapon

[+ Projectile ICs

Position input tree and highlight Quadrant Mass Properties
. Aerodynamic Form Factors
Elevation. Rocket Motor
) . . . Atmosphere
 Thereis a pull down menu midway in the interface
which allow you to choose the input method.
These include “Nominal” (value saved with the file) Ty
“ ” J@e of WYalues >
Range and Increment” (Allows user to set the
"\

initial QE and then add incremantal adjustments) or Quadrant Elevation
“Table of Values”. Please choose this last option
and input the values shown to the right.

| 100.0000 }iunner

| 350.0000 IG\anner \

RQuadrant Elevation

(Quadrant Elevation

* Please use the Generate Scenarios Command to
repopulate the Trade Study Scenario Tables

(uadrant Elevation 0.0000

]Gunner N

Quadrant Elevation I 0.0000 IGunner &

(uadrant Elevation | 0.0000 |Gunner
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Setup/Run ‘ Output Setup I Initial Conditions l Projectile Parameters ] Aero Form Factors l Formatted Hesultsl Tabular Results I Plotted Results  Trade Studies | Trade Study Error Budget I Trade Study Results I

Trade Space Yariable Edtor ——————  Global Options Scenario Generator Trade Studies

Append lo?@ y

Initial Conditions Load PRODAS Reset ta Use All

EJ ....... ‘Weapon Position Defaults Nominal Values Execute Trade Study
i s _ ﬂ Generate Scenerios I
Spin Options
& Calculate Spin from Muzzle Yelocity and Twist \
Quadrant Elevation " Use Spin Values Entered Here
e QN Azimuth
------- Projectile ICs Trade Study Scenario Table

Mass Properties
Aerodynamic Form Factors

Rocket Motor B e
Atmosphere ;@J E &2

Scenaiio |X [ [z
Units 'm ‘m (m
Red=Lock User

[ Check for Summary of Inputs

|Gundz  |MuzVel  [Spin |PitchAng  |Yaw#ng  |Pitch Rate |YawRate |Mass
illrad | m/sec rad/sec deg | deg rad/sec rad/sec gm

1] 0.000 0.000
2 0.000 0.000
IUse Table of Values NG 3 0.000 0.000

Quadrant Elevation I 100.0000 lGunner A
Quadrant Elevation I 350.0000 IGunner A
Quadrant Elevation I £25.0000 IGunner N

Quadrant Elevation I 0.0000 Trade Study Scenario Table

¥ Check for Summary of inputs

=]ENE]

7500 385850 000000 00000 00000 00000 171.100C
7500 385850 00000 00000 00000 00000 171.1000
7500 385850 00000 00000 00000 00000 171.100C

Quadrant Elevation I 0.0000

Quadrant Elevation I 0.0000 40mm 781 6 Dof With Trades Examp - 0

03/11/2015 09:29
ScenericGenerator Version 1.0

The varizble(s) used to generate the trade space were:

Quadrant Elevation Using the fecllowing wvalues:
99.9998 Gunner Mil
349.9994 Gunner Mil
€24.9988 Gunner Mil
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Setup/Run | Dutput Setup | Initial Conditions | Projectile F'arametersl Aero Form Factorsl Formatted Resultsl Tabulz

*  From the newly generated “Trade

. ) Trade Space Yariable Error Editor Error Generator
Study Scenario Tables” we can e
Initial Conditions uraber. of Eors o
now see the added Quandrant E1--Weapon Position e Roneticask [z
Elevations along with the initial Z ¢ 3
of the weapon and Muzzle S |
Velocity we would like to use.
e At this point we should now go to ErnorTeble e
tche Trade Study Error Budget »@ @ &l
interface and go to the Trade TR v B
Space Variable Error Editor and Units m m m
oy oy Red=Lock
expand the Initial Condltlons, Mass Properties 1 0.000 0.000
Projectile IC’s tree and select the ge'fy”am": Form Factors 2l oo oo
ocket Mator 3 0.000 0.000
Muzzle Velocity Input and add the Atmosphere 4 0.000 0.000
0.8 m/s error. Also modify the : gggg gggg
. Include this Error in the TradesStudy? : :
number of errors to 3000 instead 5 . 7 0.000 0.000
uzzle Velocﬁy \ a 0.000 0.000
of 4000 (TOtal number of g 0.000 0.000
trajectories is 10000 per study. , 10 11| 11,
. . Round to Round Error in 11 0.000 0.000
When these are combined with Muzzle Velocity om0 Jorees 12 0.000 0.000
. N . 2 =N 1 i i
the 3 Scenarios this will generate 228
9000 trajectories. 15 0.000 0.000
16 0.000 0.000
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To utilize and input MET errors the user has to do 3 things. The first is to
input the actual MET errors using the Trade Study Error Budget interface
and Trade Space Variable Error Editor and expand the Atmosphere Error
Tree. When the user selects Temp a pop up window will appear explaining
the next two steps the user will need to do to get these errors in to the
Trade Study. (see next Page)
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Example Details

Trade Space Variable Error Editor

Initial Conditions
Mass Properties
Aerodynamic Form Factors
Rocket Motor
Atmosphere

e Temperature

- Range Wind

Include this Error in the Trade Study?
Temp (C) ™ No

Round to Round Error in
Temp (C)

I 2.0000

= ARROW TECH

If you can’t get a bigger target...

Error Generator

Number of Errors to Generate

No. Rounds”eapon

I 3000

Generate Ermors

Execute Trade Study with Errors

Execute
Trade Study
With Errors

Error Table

[ Check for Summary of Inputs and Statistics

B@ 8 sl

Erordt X | [z |gE [Gundz  [MuzVel  [Spin |Pitch&ng  [Yawang [Pitch Rate |YawRate [Mass [ 1%
Units m m m Gunner Mil | deg m/sec rad/sec deg rad/sec rad/sec am am
Red=Lock

1 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 1.2920 -2.1925 0.00000
2 0.000 0.000 0.000 0.0000 0.0000 0.00 0.000 0.0000 0.0000 9.2878 0.6261 0.00000
3 0.000 0.000 0.000 0.000 0.0000 0.00 0.000 0.0000 0.0000 -4.9783 -2.6792 0.00000
4 0.000 0.000 : a C.a000 S -2.1026 0.00000
5 0.000 0.000 -2.2307 0.00000
6 0.000 0.000 -4.4771 0.00000
7 0.000 0.000 4.7453 0.00000
8 0.000 0.000 IN ORDER TO INCLUDE ATMOSPHERE VARIABLES IN THE TRADE STUDY; USER 7.8057 0.00000
9 0.000 0.000 MET MUST BE SELECTED ON THE INITAL CONDITIONS TAB, THE MET TABLE 5.6630 0.00000
10 0.000 0.000 MUST BE GENERATED AND MET DATA MUST BE TRANSFERED TO THE TRADE 22500 0.00000
1 0.000 0.000 STUDY SCENARIO TABLE BY LOADING PRODAS DEFAULTS AND GENERATING -0.9802 0.00000
12 0.000 0.000 SCENARIOS. | 09081 000000
13 0.000 0.000 -4.7793 0.00000
14 0.000 0.000, 4.9237 0.00000
15 0.000 0.000 -5.4219 0.00000
16 0.000 0.000 6.5696 0.00000
17 0.000 0.000, ) -1.5945 0.00000
18 0.000 0.000 -5.4986 0.00000
19 0.000 0.000 5.9203 0.00000
20 0.000 0.000 -6.1302 0.00000
21 0.000 0.000 36198 0.00000
22 0.000 0.000 -7.7686 0.00000
23 0.000 0.000 0.8369 0.00000
24 0.000 0.000 -6.4231 0.00000
25 0.000 0.000 31613 0.00000
26 0.000 0.000 -0.2982  0.00000
27 0.000 0.000 -1.7244 0.00000
28 0.000 0.000 -3.4332 0.00000
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* Please Insert the Temp, Pressure and Wind Errors maing sure the Include Error box
is checked for each

Sl ] T ks 8 | Inikal Eondicte | FiGiecti B S a0 Hun] Output Setup | Initial Conditions | Projectile Setup/Run | Output Setup | Initial Conditions | Projectile Pe  Trade Space Variable Eror Editor

Trade Space Variable Error Editor ———— | Trade Space Variable Error Editor —————————  Trade Space Variable Error Editor il Comitions
i
Initial Conditions Initial Conditions Tritial Conditions Mass Propgrties
Mass Propgrties Mass Properties Mass Properties Agrodynamic Form Factors
Aerodynamic Form Factors Aerodynamic Form Factors Aerodgnamic Form Factors Rocket Motor
Rocket Mator Rocket Mator Rocket Motor
Atm:os ere Atmosphere Atmosphere
e
- Cross Wind En i 3
) -Range Wind
E
I
f
S : i Include this Error in the Trade Study?
Include this Error in the T Study? ~ | Include this Error in the T tudy? Include this Error in the Tr. :
T 0 L : Range Wind VY
emp | s | Baro Pressure o Cross Wind
- = Round to Round Error i
Round to Round Ere _ | Round to Round Error in Round to Round Error in Roun 3.;_ odun 1orn
Temp (C) 2.0000 - | BaroPressure | 10,0000 dnilibars Cross Wind 2.750 fsec \ et I 2.750 ]m ee N

36



= ARROW-TEECH—
Exa m p I e Deta | IS If you can’t get a bigger target...

* Prior to generating Errors please do the following
— Go the Initial Conditions interface tab and set the MET source to User

— Please open the MET Table Genarator (Found under “Support” pull down menu “Met”
and generate a std day atmosphere with Sea Leval Temp set to 15C and Pressure set to
1013.25 and hit the generate MET command. This will populate the table.

— Please Save the PRODAS Model at this point

124 40mm 781 6 Dof With Trades Example. - Fixed Plane - 6D w/Trade Studies 1i12 40mm 781 6 Dof With Trades Example. - Met =N R

Setup/Run ] Output Setup ~ Initial Conditions I Projectile Parameters I Aero Form Factors l Formatted Results l Tabular Result; Range-Based User Met Table l

e —— A = =
Met 1 Inputs To Generate an ser Met Table Alttude-Based User Met Table
2 . Met Table Sourcs m Atmos Temp

[ Input ICs with Table (Use Either uv.w or Vx My Vz) St N Q £\ =

\ e =

User Met Type ihiluﬁmﬂ—i/ Atmos Pressure Altitude | Temperature| Pressure [ windvelacit| windézimutl[| «
(Units  |m L millibars misec deg

Gun Setup Projectile Initial Position ——————————— Above sea level Red=Lack

Quadrant Elevation 95570 |Gunner Initial X position 0. m A
Gun Azimuth 0.000 |milkad Initial Y position 0. m A\
Initial Z position 2. m A\

g Comment
Start at Time 0.000 I
Projectile Spin Rate 2ec

i Generate Altitude-Based User Met Table
Muzzle Velocit
¥ 750 misec Projectile Angles and Rates —————————— (—‘\_—‘_\D

Spin at Muzzle 386, rad/sec Initial Pitch &ngle 0.0 deg

Twist 3043 callfrev Initial Yaw Angle 0.0 deg N

Exit Spin Ratio 1.00 Initial Pitch Rate 0.0 rad/sec i
Caleulate Spin | Initial Yaw Rate 0.0 rad/sec N

‘wind Direction

‘wind Velocity
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* Please return to the Trade Study Interface and use the “Load PRODAS
Defaults Command.

— This loads up the saved User MET Table that the errors produced and in the
Trade Study Error Budget/Error Table will be applied.

W acenar
Load PRODAS eset to Use Al Fene
\ Defaults ominal Yalues

7

S pin Jptiome.———

¢ Calculate Spin from Muzzle Yelocity and Twist
" Use Spin Values Entered Here

PP—

Trade Study Scenario Table
[ Check for Summary of Inputs

hlﬁ,l 8| B[z
| Pitch Rate |Yaw Rate |Mass [ 1

— Regenerate Scenario Table Also (Ensures all of the PRODAS Defaults are loaded)

* Please return to the Trade Study Error Budget interface and use the
Generate Errors Command to repopulate the table with the new Muzzle
Velocity and Atmospheric Errors Input Previously.
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* These error will now appear in the Table and Summary Input for the Table

[IREE B ‘ir| Temp (C) | Pressure | Cross Wind | Range Winc
MNumber of Errors to Generate millibars mésec m/sec

No: Aowdsiwiespon. | 3000 00 21844 131624  10.040 0.546

0o -4.0400 -11.7291 2132 -0.475

00 40815 05093  -2269 3.755
00 26737 63032 4612 1330
00 -214% 79107 -1.879 0.659

00 14807 186557 1671 1817
Eitor Table \u{ﬁ. o % 00 2638 196137 2717 -25%
00 07340 154604 1916 1794
00 31636 36488 2036 0.921

Generate Errors |

] Muzel | Spin |Pitch&ng |Yawang  |Pitch Rate |YawRate |Mas

misec rad/sec deg deg rad/sec rad/sec am
] -0.06 0.000 0.0000 0.0000 1.3317 47474
] -0.95 0.000 0.0000 0.0000 1.4583 -8.5974
] -1.00 0.000 0.0000 0.0000 -9.4828 10.2070
] 022 0.000 0.0000 0.0000 6.9210 -3.1288
] -0.74 0.000 0.0000 0.0000 -0.7988 1.3505
]

0.47 0.000 0.0000 0.0000 1.3030 1.8534
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 Summary of Inputs

40mm 781 6 Dof With Trades Examp - 0
03/11/2015 10:16

ScenerioGenerator Version 1.0

Errors were generated to simulate firing of 3000 rounds.

The following variables were used to generate the initial conditions Error
Table:

Muzzle Velocity

I D i i .
nput Standard Deviation 0.8000 m/sec Temp (deg C)
Std Dev of Generated Errors 0.8166 m/sec Input Standard Deviation 2.0000
M fG ted E 0.0117 / Std Dev of Generated Errors 1.9690
ean © enerate rrors : m/sec Mean of Generated Errors -0.0378
. Baro Pressure
pitch Rate Input Standard Deviation 10.0000 millibars
Input Standard Deviation 4.3000 rad/sec Std Dev of Generated Errors 9.9646 millibars
Mean of Generated Errors 0.0149 millibars
Std Dev of Generated Errors 4.3045 rad/sec
Mean of Generated Errors -0.0520 rad/sec Cross Wind
Input Standard Deviation 2.7500 m/sec
Std Dev of Generated Errors 2.8143 m/sec
Yaw Rate Mean of Generated Errors -0.0347 m/sec
Input Standard Deviation 4.0000 rad/sec Range Wind
Std Dev of Generated Errors 3.9172 rad/sec Input Standard Deviation 2.7500 m/sec
Std Dev of Generated Errors 2.7088 m/sec
Mean of Generated Errors 0.0654 rad/sec Mean of Generated Errors -0.0706 m/sec
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e At this point we have done the following:

— Set up 3 Quadrant Elevations to simulate the input Errors and loaded in the
baseline Muzzle Velocity and Atmosphere
— Verified the Ammunition Dispersion input
— Generated 3000 initial 1 standard devaition launch errors which will be used for
the execution of the analysis which include
» 1 std deviation in Muzzle Velocity of 0.8 M/s
Radial dispersion of 0.5 mils (1 std deviation)

Temperature std deviation of 2 deg C
* Pressure std deviation of 10 millibars

2.75 m/s of Cross and Range winds

 We are now ready to execute the study so please go the Trade Study Error
Budget interface and use the Execute Trade Study with Errors command

— Execute Trade Study with Errors

Execute
Trade Study
“With Errors
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Once the analysis has been completed please go to the “Trade Study
Results” interface where we can see the tabular output, the plotted output
and the summary formatted output

— Tabular Output summarizes the impacts and miss distance per error and
scenario

— The Plotted Output show the ground impact patterns for each scenario with
input error budget (Please choose Ground Impact vs Vertical Impact )

— Summary of Formatted output summarizes all fo the inputs used ans then
shows the average impact and std devaition of the impacts due to the input
error budgets
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Setup/Hun] Output Setup] Initial Condi!ionsl Projectile Parameters I Aero Form Faclorsl Formatted Results I Tabular F{esultsl Plotted Results] Trade S!udiesl Trade Study Eror Budget  Trade Study Results

Select Results Output Type (T abulated, Plotted, Formatted): S8 sl= BRI
@ & &

Scenario  |Emor#t  |XFinal  |YFinal  |ZFinal  |Velocity |TOF | 80F | Spin [XMiss  [¥YMiss  [ZMiss  |R Miss
Units m m m misec sec deg rad/sec m m m m
Red=Lock

1 0 12378 061 0.00 £9.40 1.7285 7.4946  366.5920 0.000 0.000 0.000 0.000
1 1 125.52 076 0.00 7013 1.7366 7.4862 3695910 1.737 0,152 0.000 1.743
1 2 116.97 098 0.00 £7.88 16635 101345  362.7350 £816 -0.363 0.000 £.926
1 3 121.62 038 0.00 £8.52 1.7201 7.7203 3625650 2163 0.231 0.000 2175
1 4 125.85 043 0.00 £8.58 1.7623 67771  368.0020 2.068 0178 0.000 2.076
1 5 120.41 073 0.00 68.78 1.6977 8.8579  363.1660 -3.372 0114 0.000 3.374
1 6 123.04 056 0.00 £8.83 1.7303 7.0995  364.4160 0747 0.056 0.000 0.743
1 7 126.37 038 0.00 £9.47 1.7582 £.7384  368.8940 2590 0.229 0.000 2.600
1 8 124.93 031 0.00 £9.07 1.7515 7.0362  366.3150 1.143 0.300 0.000 1.187
1 9 121.79 -0.60 0.00 £8.78 1.7193 7.6954  362.7430 -1.990 0.010 0.000 1.990
1 10 125,61 035 0.00 £9.02 1.7623 8.0035 366.4370 1.824 0.265 0.000 1.843
1 11 124.99 053 0.00 £69.47 1.7443 £.9437  367.2050 1.209 0.079 0.000 1.211
1 12 122.82 027 0.00 £8.22 1.7390 7.0560  362.8460 -0.962 0.343 0.000 1.021
1 13 125.05 049 0.00 £8.80 1.7517 91232 366.9690 1.263 0121 0.000 1.268
1 14 124.76 0.00 0.00 68.11 1.7665 55255  364.5820 0977 0610 0.000 1.152
1 15 122.88 1.26 0.00 £9.68 1.6995 95688 372.8620 -0.907 0648 0.000 1.115
1 16 12463 035 0.00 £9.05 1.7481 7.0560  365.7530 0.847 0.260 0.000 0.886
1 17 117.88 099 0.00 £8.29 1.6707 92273 3626640 5.902 0375 0.000 5.914
1 18 126.28 073 0.00 7012 1.7457 7.5515  370.0690 2.495 0113 0.000 2.498
1 19 12363 043 0.00 £8.95 1.7392 8.8562  364.3750 0158 0119 0.000 0198
1 20 121.83 061 0.00 £8.72 1.7167 7.0225  363.6500 -1.950 0.001 0.000 1.950
1 21 126.46 017 0.00 £8.74 1.7703 95785  367.9550 2678 0.443 0.000 2714
1 22 119,61 050 0.00 68.03 1.7035 7.3050  359.6860 -4179 0111 0.000 4180
1 23 121.72 057 0.00 £0.88 1.7169 85256 363.0590 -2.065 0.045 0.000 2.066
1 24 118.57 055 0.00 £8.48 1.6831 76834  361.0650 5219 0.061 0.000 5.219
1 25 126.98 036 0.00 £9.80 1.7612 67169  369.6280 3.201 0.256 0.000 a2n
1 2 124.14 092 0.00 70.05 1.7215 7.6689  369.0800 0.352 -0.303 0.000 0.465
1 27 124.08 078 0.00 69.65 1.7205 7.0717  369.7320 0.291 0172 0.000 0338
1 28 12653 054 0.00 70.01 1.7520 7.9231  369.7560 2745 0.069 0.000 2746
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12 40mm 781 6 Dof With Trades Example. - Fixed Plane - 6D w/Trade Studies B

Setup/Run | Output Selupl Initial Conditions I Projectile Parameters | Aero Form Faclovsl Formatted Results l Tabular Results | Plotted Hesultsl Trade Studiesl Trade Study Enor Budget  Trade Study Results

Select Results Output Type (T abulated, Plotted, Formatted):
IGmund Impacts |Ground Impac LI
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= ARROW-TEEH—
FO rm atte d S umma ry If you can’t get a bigger target...

Select Results Output Type (T abulated, Plotted, Formatted): lFormaned Output N
%S
{LANDSCAPE}
40mm 781 € Dof With Trades Examp - 0
03/11/2015 10:48
Traj20006D_wTrades Versicn 3.1.0
A trade study has been completed with 3 scenarios. The feollowing inputs were used for the first 3 of the 3 scenarios.
Parameter Units Scen 1 Scen 2 Scen 3

|Weapen Pesiticn

X m 0.000 0.000 0.000

¥ m 0.000 0.000 0.000

z m 2.000 2.000 2.000

Quadrant Elevation Gunner Mil 100.000 350.000 €24.9%%

Azimuth deg 0.000 0.000 0.000
Projectile ICs

Muzzle Velocity m/sec 75.000 75.000 75.000

Spin rad/sec 385.850 385.850 385.850

Pitch Angle deg 0.000 0.000 0.000

Yaw Angle deg 0.000 0.000 0.000

Pitch Rate rad/sec 0.000 0.000 0.000

Yaw Rate rad/sec 0.000 0.000 0.000
Mass Properties

Mass gm 171.100 171.100 171.100

Azial Inertia gm-cm~2 393.530 3383.5%90 393.5%0

Transverse Inertia gm-cm~2 445.420 445.420 445.420

CG Location cm 5.023 5.023 5.023
Rercdynamic Form Factors

Axial Force FF 0.920 0.%20 0.920

Normal Force FF 1.000 1.000 1.000

Spin Decay FF 1.000 1.000 1.000

Pitching Moment FF 1.000 1.000 1.000

Damping Mcment FF 1.000 1.000 1.000

Magnus Moment FF 1.000 1.000 1.000

Side Moment FF 0.000 0.000 0.000

Trim Angle (Deg) 0.000 0.000 0.000

Trim Orientation deg 0.000 0.000 0.000

Fin Cant (Deg) 1.000 1.000 1.000
Rocket Motor

Thrust FF 1.000 1.000 1.000

Burn-On Time sec 0.000 0.000 0.000
Atmosphere

Temp (Deg C) 15.000 15.000 15.000

Barc Pressure millibars 1013.250 1013.250 1013.250

Cross Wind m/sec 0.000 0.000 0.000

Range Wind m/sec 0.000 0.000 0.000
{NEWPAGE}
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Formatted Summary pt2

> ARROW TEeH

If you can’t get a bigger target...

Setupe"ﬂunl Du!pu!Se!up] Initial Condilionsl Projectile F‘alametelsl Aero Form Faclmsl Formatted Resul!sl TabulalResulls] Plotted Resul!s] Trade Stuc

Select Results Output Type [T abulated, Plotted, Formatted): lFolmatted Output N

[ iffusc £f
Burn-On Time

Atmosphere
Temp (Deg C)
Barc Pressure
Cross Wind
Range Wind

{NEWPAGE}

Muzzle Velcocity
Pitch Rate

Yaw Rate

Temp (Deg C)
|Barc Pressure
Cross Wind
Range Wind
{NEWPAGE}

Scenario 1
Neominal Trajectory

X 123.784
¥ -0.812
Z 0.000
Time 1.7z28

Scenario 2
Neominal Trajectory

X 319.511
¥ -5.213
Z 0.000
Time 5.053

Scenario 3
Neominal Trajectory

X 435.782
¥ -14.832
Z 0.000
Time 8.358

millibars
m/sec
m/sec

3000 Monte Carlo error runs with

m/sec
rad/sec
rad/sec

millibars
m/sec
m/sec

TRADE STUDY RESULTS FOR THE FIRST

Terminated at:
m
m
m
sec

Terminated at:
m
m
m
sec

Terminated at:
m
m
m
sec

T-009 T-ouu T-0uvw
0.000 0.000 0.000
15.000 15.000 15.000
1013.250 1013.250 1013.250
0.000 0.000 0.000
0.000 0.000 0.000

the following error characteristics were completed for each scenario.

Mean Shift Std Dev

-0.0052¢& 0.82s582
-0.063905 4.35881
-0.11604 4.03204
-0.04731 1.58734
0.01172 9.83553
-0.06218 2.73776
-0.00204 2.66993
3 OF THE 3 SCENARIOS

Error Runs had a Mean and Std Dev of:

X 123.579 2.719 m
Y -0.53¢ 0.221 m
Z 0.000 0.000 m
Time 1.729 0.02&8 sec

Error Runs had a Mean and Std Dev of:

X 318.12¢ €.865 m
Y -5.127 1.513 m
Z 0.000 0.000 m
Time 5.045 0.055 sec

Error Runs had a Mean and Std Dev of:

X 433.245 10.247 m
Y -14.435 3.544 m
Z 0.000 0.000 m
Time 8.338 0.088 sec
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