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Data Repositories for
Parametric Workflow Models

Using model libraries in Teamwork Cloud to store and retrieve SIS and
Launch Vehicle data

7N

-
X UMV i ViVi
RESEARCH INTERNATIONAL




Mission Integration: TheAgaustics Problem

Potential areas of interest

(U) Measured/Predicted Acoustic Envelopes

Sound Pressure Level (dB rel. 2.0e-5 Pa)

10 100 1000 10000

One-Third Octave Band Center Freguency (Hz)

* Acoustic loads create tremendous mechanical stresses on the entire launch vehicle. )
* This acoustic environment occurs in two stages -
* 1) hold down, when all the first stage engines are firing and building thrust, followed by

N\
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A -2) lift-off when the rocket actually starts to Ijll\)l/c I _/
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Converting Acoustic Signal into Sound Pressure Levels

P — 3.3.4.4 (U) Measured/Predicted Acoustic Envelopes 3.3.4.4 (U) Measured/Predicted Acoustic Envelopes
coustic Test Data

ure (kPa)

Press

S

Sound Pressure Level (dB rel. 2.0e-5 Pa)
Sound Pressure Level (dB rel. 2.0e-5 Pa)

OASPL = 10*log10(E) [units: dB]

i

1000.0

00.0
One-Third Octave Band Center Frequency (Hz) One-Thirg/Octave Band Center Frequency (Hz)

Measurement of acoustic Converting time signal to frequency Integrate under freq curve to find
signal in time domain (test domain. Compare curves from different Overall Acoustic Sound Pressure
references and vehicles. Level (OASPL)

SIS provides general guideline as an

envelope which constrains this freq curve.

lab, simulation, or other
technique)

* Calculate the total energy contained in the spectrum, E = | s(f)d
* Calculate Overall Sound Pressure Level, OASPL = 10*log10(E) [units: dB]

WDV WV TN _N_N

€ UMIN O 3 UNCILASSIFIEL)

RESEARCH INTERNATIONAL



ACO U Sti CS AI go rith m UNCLASS OASPL results shown on

dashboard as a bar chart

Payload SPLvs freq submitted as Launch 'NSSLCat NSSL Cat NSSL Cat
raw data file, then imported into 2 [':I} ‘ 2 A 8 < OASPL 3.3.4.4 (U) Measured/Predicted Acoustic Envelopes
3. 4. g Llig s 155 LioU
SysML table a0 hsaz i wes fis 1ses B0 20 Freq curves juxtaposed to reveal
. . N 13549 1214 127.0 1343 1311 . .
Al W\ PL Under 1341 | 1232 1257  13)3 1302 Payioad, crossing points, underlaps and
A . . _ _ - P P 1461
' Consideration 7282 [ 27 13SIS Categories s M e overlaps
12s. 1345/ 1201 13z (GovCloud) =8 NSSLCatB, B - :
1t LV Under 12t 5 NSSLCat{ 1424 é: s Y
20 Consideration 131 .+ 1ou.r 103 14186 f"! 1200
2t 1317 1301 1344 o
- (LSP Cloud) 1207 1280 1308 1400 f-.
400 1282 1147 1300 1260 1310 E
~ 500 1258 1113 129.8 1248 1272 E o0
- 830 132.0 108.5 130.0 1238 1244 ﬂ
800 1399 104.2 4 1211 1240 E
10000 1252 1014 /1231 117.8 1187 ° Leunch a 0 =D Payload
* Measure or 1250 1218 971/ 1201 1167 1187 e o _
Predict 1600 1178 / 1204 1150 1183 % =<=Launch Vehicle
. . 2000 1128 89.1 1197 1145 11695 = ——
20 in from PL 2500 1102 84.5 118.1 112.9 1161 1300 3 = resLeaEA
Skln 3150 107 817 1181 1097 112.8 @ e NS5L Cat B
a7
Freq points from other vehicles  »7 o e
6.3
and/or references w150 0 200 2000
Payload bz;l:;'; NSSL Cat ANSSL Cat BNSSL Cat C One-Third Octave Band Center Frequency (Hz)
/ Summary of main steps
¢ Assumptions * Workflow Steps absorption
—  P95/50 (95% Probability with 50% Confidence) —  Obtain V(t) [voltage time trace from microphone] —  Compute Sound Pressure Level (SPL) Spectrum
—  PL shall be designed to tolerate the acoustic levels —  Calc p’(t) = mic.constant * V(t) © SPL(f) = 10*10g10(S(f)) [units: dB/HZ]
generated by LV o where p’(t) = pressure fluctuation —  Compute Overall Sound Pressure Level (OASPL)
—  From liftoff through SV separation —  Normalize p’(t) using reference pressure 20 pPa o E= ItS(f) ?f [total energy contained in the
. spectrum
— Reference pressure 20 yPa —  Calc S(f) using FFT . ’ o OASPL = 10*log10(E) [units: dB]
o where S(f) = spectrum of normalized p’(t) dentifv SPL and OASPL q
5‘ ‘5_ o m et ema —  Correct S(f) for mic response and atmospheric a entify an exceedances
NS UAIN i Uivi 4 UNCIASSIFIFD
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Workflow Analysis Model Structure

bdd [Package] Model Structure [ ET-_H Model Structure ])

mission Integration Enterprise Mis

«block»
sion Integration Enterprise

parts

: Payload Contractor

&l

payload Contractor
«blocks»

teamw ork Cloud Environment

Payload Contractor

properties

teamw ork Cloud Environment
=
Te

teamw ork Cloud Environment

«block»
amwork Cloud Environment

p1 : Payload Data

- Teamw ork Clbud Environment

SIS Library - Acoustics
Launch Vehicle Library - Falcon9

Acoustic Workflow Model

pars

teamw ork Cloud Environment

acoustic Workflow Model
«block»

launch Vehicle Library - Falcon9

«block»
Launch Vehicle Library - Falcon9

Acoustic Workflow Model

properties

SIS Library - Acoustics
«block»

SIS Library - Acoustics
properties

p1 : SIS Acoustic Data

p1: LV Data
S UANTURM UNCIASSIFIED
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Mission Integration Enterprise Internal
Connectivity

ibd [Block] Mission Integration Enterprise[ |££] Mission Integration Enterprise ]J

teamwork Cloud Environment : Teamwork Cloud Environment

Payload data is read in via
Excel interface with Cameo

Workflow model

and interface specs

draws launch vehicle

]
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TSIS Library - Acoustics :Acoustic Workflow Model
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[+
v
:Launch Vehicle Library - Falcon9 T
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SIS Library Model
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pkg [Model] Model[ B Model ])

Y Manage Projects . *
SIS data model is an i IED
Manage Teamwork Cloud projects . .
Manage online and offline server projects. F 0 n I I n e Se rve r p rOJ eCt roject. For
offline projects, you can open or remove & seleCted server g Erver, while
offiine server projects are removed only from your machine] || Tea mwo rk C | ou d
Online Projects | Offline Projects
Elu B0 B B & @@
MName Last modified "1 Branch
Archive -
Demonstration Sandbox
NSSL - Collaborator Templates
NSSL - Deprecated Models
E NSSL - Element Libraries
[ LV Data Model Test - Falcon 9 Tuesday, September 8, 2020 1:17:23 PM trunk
[ Operational Activity Library 19,0 UAF.lib Friday, August 21, 2020 3:48:27 PM trunk
[ SMC Data & IER Library 12,0 UAF.lib Thursday, August 20, 2020 10:46:17 AM trunk
[ System Functions Library 19.0 UAF.lib Monday, August 31, 2020 7:55:32 AM Rebaselined Library
[ SMC Actor and Component Library 19.0 UAF.lib Friday, August 21, 2020 10:01:31 AM Rebaselined Library
[ SMC Resource and Capability Library 19,0 UAF lib Friday, August 7, 2020 10:50:17 AM trunk
[ Capability Library 1.0 UAF.lib Tuesday, August 4, 2020 1:53:47 PM trunk
[ Operational Mission Threads 19.0 UAF Wednesday, May 27, 2020 10:24:51 AM trunk
[ LE Structures Library 12.0 UAF.lib Tuesday, March 31, 2020 2:40:05 PM trunk
[ SPRD - EELY 19.0 UAF lib Friday, March 27, 2020 3:57:54 FM trunk
[ 515 -EELY 19.0 UAF .lib Tuesday, March 24, 2020 9:14: 14 AM trunk
Monday, February 24, 2020 9:27:44 FM UAF_SE Version
SIS data model could Tuesday, February 25, 2020 2:19:43 PM trunk
Monday, February 24, 2020 8:59:12 FM trunk
i ) hd
be part of the actual
re q u i reme nt Set’ or a Open Rename New Clone Remove
separate model for Cose | | rep
each workflow.

UNCLASSIFIED

SIS SPL Envelopes

«bloc k»
SIS SPL Envelopes

spiCatA : Real
spiCatB : Real
splCatC : Real
frequency : Real

Structure similar to
UAF Logical Data
Model (LDM)

El-E&] Model
-- [ Acoustic Value Properties
-] SIS SPL Envelopes

----- | 515 SPL Envelopes
Elg SIS SPL Envelopes

splCata : Real
splCath : Real
splCatC : Real
. [W] frequency : Real
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes
» SIS SPL Envelopes

] 00 00ONONDND

Acoustic envelope
data stored as
instances
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5 Model | SIS SPL Envelopes X |
S0 it iRy iee 0o i« 0 0 ® cCoumns B Export @ v

Criteria

Classifier: | SIS SPL Envelopes

#al
=

g8 - i LB

:Q

P Do

| ... | scope (optional): | Drag elements from the Model Browser  {}: | | .. | Filter: |7~

E:3 [ frequency : Real [ splCata : Real [V splCath ; Real [ splCatC : Real
1 |3L5 124.4 129.47 126

2 40 129,15 131.33 130.95
3 |50 127 134.27 131.12
4 |83 125,73 132,31 130,23
5 |80 126,16 133 134.14
6 100 130,93 133 135

7 125 132.82 131.17 136.78
3 160 129.8 132 134.52
9 200 131.43 130,14 137.31
10 |250 131.7 130.08 134.36
11 315 129.74 128 130.82
12 400 130 126 130,95
13 |500 129.8 124,83 127.21
14 630 129.93 123.64 124,38
15 (800 126.43 121.08 123.99
16 1000 123.07 117.8 118.69
17 1250 120,12 116.69 113.7
18 1500 120.4 115 118.3
19 (2000 119.69 114.45 116.87
20 2500 118.05 112.9 116,14
21 3150 118.09 109,71 112.8
22 4000 117.14 109.5 109.66
23 5000 113.949 109,32 106.73
24 6300 113.44 108,12 106.3
25 13000 113,11 106 106

26 10000 112 105.7 102
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Launch Vehicle Library Model
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Lf Manage Projects X pkg [Model] Model[ | Model ]) ‘

|IED

Manage Teamwork Cloud projects

Packages and data
SpaceXfogtdk elements for LV
variants based on

Manage online and offline server projects. For onling projects, you can add a new or open, rename, or remove & selected project. For
offline projects, you can open or remove a selected server projects. Mote that online server projects are removed from a server, while
offline server projects are removed only from your machine.

Online Projects | Offine Projects «block»
i _ — Load Factors - FOgt4k WO rkfl OW
s H b
& %*mig"}@@) Elglg%@ values F
~ loadsILV{9gtdk_lateral : Real
Mame Last modified ! Branch loadsLVf9gtdk_axial : Real
It Arcimve ~
Demonstration Sandbox
NSSL - Collaborator Templates
NSSL - Deprecated Models «block» «block»
E] NS5L - Element Libraries Acoustics East - FOgtdk Acoustics West - Fagtdk
W LV Data Model Falcon 9 sday, September 8, 2020 1:17:23 PM - w‘(féﬂue; : - Mk'\/lavmeé |
. > reqF9g : Rea reqF9g : Rea
[ sis Dai.ﬁ Model . TL.!esda\,r, September &, 2020 12:42: 16 PM trunk spILV/9gtdkE : Real spILV/{SgtdkW : Real
[ Cperational Ac 15.0 UAF.lib Friday, August 21, 2020 3:48:27 PM trunk
[ 5MC Data &IER L 19.0 UAF.lib Thursday, August 20, 2020 10:46:17 AM trunk
[ System Functions 19.0 UAF.lib Manday, August 31, 2020 7:55:32 AM Rebaselined Library
ugust 21, 2020 10:01:31 AM Rebaselined Library
Se arate TWC Iibrar hugust 7, 2020 10:50:17 AM trunk
p y |, August 4, 2020 1:58:47 PM trunk
d I f h | h Hay, May 27, 2020 10:24:51 AM trunk El-E& Model
Mmodadel Tor eac aunc | March 31, 2020 2:40:05 PM trunk B[] SpaceXfogtdk
March 27, 2020 3:57:54 FM trunk i - .
] £ Aroustics East - F9gtak
Veh|C|e |, March 24, 2020 9:14:14 AM trunk i - d r
: February 24, 2020 9:27:44 PM UAF_SE Version Acoustics West - Fogtdk
- X i uesday, February 25, 119 unl : =] actors - r3g
[ CPD - EELV 19.0 UAF .lib Tuesday, Feb 25, 2020 2:19:43 PM trunk _ Load Factors - Fagtdk
[ Project Activity Library 19.0 UAF .lib Monday, February 24, 2020 8:59:12 PM trunk EQ Acoustics East - Fogtdk
NSSL - Executable SysML Models of SIS ... W freqFagtake : Real
Q) Type here to filter projects -[¥] splLvf3gtekE : Real
Open Rename New Clone Remove E Aroustics West - Fogtdk
E] Load Factors - Fagtdk
Close Help (=0 : Acoustics East - F9gtdk (by Admin-Cochrane)
=1 : Acoustics East - Fogtdk
il =1 : Acoustics East - Fogtdk
=1 : Acoustics East - Fogtdk
=1 : Acoustics East - Fogtdk
=1 : Acoustics East - Fogtdk
=1 : Acoustics East - Fogtdk
H-- =] @ Acoustics East - Fogtdk
7= : Acoustics East - Fogtdk
ra . ¢
- e s om o m oaemEm =1 : Acoustics East—F'Elgtqk
4V =

UANTUR UNCLASSIEIED

: Acoustics East - Fogtdk
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5% Model | {Load Factors - Fégt4 71| Acoustics East - Fogtdk X |

EIE EY S F W =S S e

Criteria Criteria Criteria

Classifier: | Acoustics East - Fgtdk | Smpe{opﬁqﬁ};@ Classifier:  Acoustics West - Fogta |1 Smpe{opﬁorﬂ}:@ Classifer: | Load Factors - Fagtk | ] Smpe{opﬁond}:@

# [ freqFagtdkE : Real 4 splLvfagtHE : Real # [ fregFagtdkil : Real [ spllLvfagtakw : Real = [ loadslLvfagtak_lateral : Real [ loadsLVfogtak_axial : Real

1 3L5 118 1 |3L5 119,75 0 s

2 |40 1195 2 0 120 2 |z 8.5

3 |so 120 3 50 120 3 2 4

4 63 120 4 |3 120 s 3 3

= lso 115.8 5 80 119.8 = T3 s

= w0 105 6 |100 120.5 0 '

7 1125 121.5 7 (125 121.5

8 |160 122 8 |160 122 ; _22 j

o o0 it 3 |20 1215 . s

10 |250 120.5 0 2% 1205 0 |3 R

11 315 119 11 |315 119 .

12 |400 117 12 400 117 1L s 4

3 |e00 i 13 [500 115 12 -2 4
14 |30 113 13 -2 8.5

14 630 113 15 (300 11 14 0 8.5

15 800 11 16 |1000 109.5

16 1000 109.5 — 50 10

17 |1250 108 18 1600 107

18 |1600 107 19 |2000 106

19 2000 106 2 500 05

20 2500 105 21 (3150 104

21 [3150 104 > 2000 103

22 |4000 103 > 5000 102

23 |5000 102 24 5300 101

24 |s300 101 5 l5000 100

25 |so00 100 > 110000 =

25 |10000 99

& Model 77 Acoustics West - Fogtak X | [ Load Factors - Fagt

& Model " Load Factors - Fogtak x | "7 Acoustics West - Fagtdk | " Ac
o iR iR e 0 - i - 0 B coimns (B Expor

UNCLASSIFIED
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Project Usages

E}E Model [SIS Data Model Test - Acousticsftrunk #5]
|_—‘_||='_‘| Arcoustic Value Properties

@ Aroustic Value Properties

-- Q Aroustic Value Properties

B[] SIS SPL Envelopes

@ SIS SPL Envelopes

& & 515 SPL Envelopes

- splCatA & Real

splCats @ Real

splCatc @ Real

frequency : Real

L difcate

1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes
1 515 SPL Envelopes

FERE T T T TG GGG

Each library is brought
into the acoustics
workflow model as a
“used project”

UNCLASSIFIED

- [ Model [LV Data Model Test - Falcon 9/trunk #4]
E-C] SpaceXfogte

Acoustics East - Fogtdk
Acoustics West - F9atdk

Load Factors - F9gtdk

B E] Acoustics East - Fogtdk

----- freqF9at<kE : Real

----- splLVf9gt4kE : Real

B E] Acoustics West - Fogtdk

----- freqF 9otk « Real

----- splLVf9gt4 « Real

-E] Load Factors - Fogtdk

----- loadsILvfoatdk_lateral : Real
----- loadsLVfagtak_awial : Real
: Aroustics East - Fogtdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk

» Acoustics East - F9atdk
v Armnietire Fast - FOnatale

M0N0 OMENWONNHNNH

RESEARCH INTERNATIONAL
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Using the Library Models
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2

RESEARCH INTER

- [ Instance Table x

., Columns. Export B~ | &

(B P e i

Criteria

Classifier: | welopes, Acoustics East - FQQH{ |:| Scope (optional): | Drag elements from the Model Browser

A

iE-iQ i Do~

Filter: |7

Excel Import Status: [ | New [ | Updated Nlete [] Unchanged

Step 1

£ ﬁeq;sglq‘ ’ splCatA : Real SpICS Real splCatC : Real splPL : dechel “L“ESE‘CE ’ difCatA : decibel | [¥] difCat : dechbel | [T difCatC : decibel| [F diftv : dedbel em?gg;:’f““ em?gfj:’f““ em?gg:‘
B Select Classifier *
Select, search for, or create elements s O
Use the List or Tree view to search for an element. To find the element, typeSwgame in the "Search by Name” box. You can o _ y. = '“\_ = 1
also use wildcards (*,7). Click the magnifier icon to select searching for elements ualified names, or use camel case. O f:I E m pty I n Sta n Ce
- elected elements: 4 WO rkfl OW
Qrsearch by MName
- = 3.8 Acoustics - Analysis [Structure:: 3. . d I
7 g Tree L= | E] oasPL - Analysis [Structure:: 3.8 Acou pa ra m etrl C m O e
cin Cinlcrd 501 matches foundwith filker applied K 515 5PL Envelopes [SIS S CO I umn h ea d i ngs
=R Model (by Admin-Cochrane) FEERiEIEES) - - L/
B m 00 Launch Vehide Structures [LE Structures Library 19.0 UAF.libftrunk #14
-- £ 01 Payload Structures [LE Structures Library 19.0 UAF libftrunk #14] (4m) CO rres po n d to Va I u e
B E 02 Ground Support Structures [LE Structures Library 19,0 UAF.libftrunk #1 . .
-- £ Diagrams View Template for Cameo Collaborator [SMC-LE Parametric Diagr p rO pe rt I es I n t h e
B[ Requirements 11515 REQs (234 matches)
E3-[] Reguirements [SIS - EELV 19,0 UAF .lib/trunk #36]::51S - Evolved Expendg b I OCkS
B[ Simulation Execution (1 match)
--D Structure (19 matches) F
B[] Values (3 matches)
E Verfication Requirements [Verification Reguirements 19,0 UAF .libftrunk #3
E-[&] Project Usages
£ >
[] Apply Filter { Ctrl+5pace ) = Creation Mode
Single Selection < >
OK Cancel Help
£
15

Filter is not applied. 0 rows are displayed in the table,



| Instance Table x St
epl
PP iR e M Coumns || EBxqport @ i@ (kv ia (- iQ [~ p
Criteria
Classifier: | welopes, Acoustics East - Fagtdk Scope (optional): | Drag elements from the Model Browser . Filter: | ™™
Excel Import Status: [ | New [ | Updated [ | Obsolete [ | Unchanged
frequency : ; splLVAgtkE : ' ; ) ; ) ) ) ; exceedCatiresu exceedCatBresul E
¥ Real splCata : Real splCats @ Real splCatC : Real splPL : decibel Real difCata : decbel difCats : decbel difCatC : dedbel difLV : decibel . Boolean . Boolean
This column will be populated
with instance data from the

LV library

These columns
will be populated
with SIS data
This column is
synced to Excel
file for payload
input data

UNCLASSIFIED
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¥ Columns

Export @; =

st - Fogtdk

]
H

Scope (optional): | Drag elements from the Model Browser

i aliE ol b

Filter: |7~

] Updated [ ] Obsolete [ | Unchanged

ICatA : Real splCatB : Real splCatC : Real

splPL : decibel

splLyVfogt4kE :

Real difCata : dedbel difCath : dedbel difi

L.f Excel/C5V Sync Options

Set Excel/CSV sync options

This tool allows you to specify settings before syncing content between an Ex
CSV file to sync with the table. To define syndng or mapping options, dick the

Select Excel/CsV file
OF i
(®) From model

Excel/CSV File:
mdel://bf34b48f-24f0-4278-b0ea-32bc12435571

Sync Options

If rows in the file are deleted: |Mark as obsolete
Mapping Options

Sheet: Acoustics ~
First cell: Al

CSV delimiter: |,

First row contains headings

Table Columns

Drag columns from right or left to map

*

PLTemplate.xIsx
file attached to
Cameo model

I,
n

Excel/CSV Columns

frequency : Real A
splCatA : Real
splCath : Real

splPL : decibel | —

difCatA : dedbel

difCath : dedbel

difCatC : dedbel

difLV : decbel
exceedCatAresult : Boolean
exceedCatBresult : Boolean
exceedCatCresult : Boolean
exreedl Vresult : Boolean

Details

5] - o

1/3 Octave Band Center Frequen
1 |Sound Pressure Level [dB] (B1)

:V/

n%&g £ >

Ok Cancel Help

N\

X UMY I VIV

El-E] Model
; /} Relations
E 00 Launch Vehide Structures [LE Structures Library 19,
E 01 Payload Structures [LE Structures Library 19.0 UAF,
- E 02 Ground Support Structures [LE Structures Library 19
B3 Analysis
- @ Instance Table
: E Diagrams View Template for Cameo Collaborator [SMC-L:
-] Requirements
E Requirements [SIS - EELY 19.0 UAF libftrunk #36]
-] Simulation Execution
-7 Structure
-] Traceability
E Traceability [LE Structures Library 19,0 UAF libftrunk #
-Cal value Properties

B[ values
E Verfication Requirements [Verification Requirements 19

m

: «EIFLTemplate. xlsx (by Admin-Cachrane)
@ Print-all-Packages-Diagrams-Tables-in-ProjectFie
E-[&] Project Usages

UNCLASSIFIED

Read in payload data from

synced Excel file

1
2
3
4
5
i}
7
8
9

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

A B
1/3 Octave Band Center Frequency [Hz Sound Pressure Level [dB]
25 114
32 121
40 126.8
50 125.2
63 126.3
a0 128
100 125
125 130
160 130
200 130
250 130
315 130
400 129.5
500 128
630 125
800 124
1000 123
1250 122
1600 121
2000 120
2500 119
3150 118
4000 117
5000 116
6300 115
8000 114
10000 113
GeneralProperties LoadFactors Acoustics

Step 2

FlightDesignMatlab

READY

RESEARCH INTERNATIONAL
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Instance Table X
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Step 2

Read in payload data from

: : : - [ =l el B = : = : = 2

Rl B R = o Columns | [ Export @~ : & %k - i a [FE-:Q [ synced Excel file
Criteria

Classifier: | welopes, Acoustics East - Fagtdk Scope (optional): | Drag elements from the Model Browser Filter: | =™
Excel Import Status: [ | New [ | Updated [ | Obsclete [ | Unchanged

- ﬁeq;:glc‘f : splCatA : Real splCatB : Real splCatC : Real splPL : decibel Sp'wff‘f:f"i ' | [0 difcatA : decibel| [ difcats : decbel | (7 difcatC : decbel| [ difLv : decbel E“‘E?;'g;z’;fs“ E"Eeleggjifsu'
1 315 134 [m] <undefined= | [m] <undefined:>
2 40 133.7435 [m] <undefined>  |[W] <undefined=
3 50 135.8914 [m] <undefined> | [m] <undefined:=
4 B3 134.0533 [m] <undefined= | [m] <undefined:=
5 &0 136.575 [m] <undefined> | [m] <undefined=
& 100 136 [m] <undefined= | [m] <undefined:>
7 125 134.4545 [m] <undefined>  |[W] <undefined=
8 160 135.1188 [m] <undefined> | [m] <undefined:=
g 200 137.5318 [m] <undefined= | [m] <undefined=
10 250 135,1279 [m] <undefined> | [m] <undefined:=
i1 315 131.6 [m] <undefined= | [W] <undefined:>
12 400 128.2021 [m] <undefined>= | [W] <undefined:>
13 500 125,7519 [m] <undefined> | [W] <undefined:=
14 630 131.9686 [m] <undefined> | [m] <undefined:=
15 @00 129.9381 [m] <undefined> | [m] <undefined:=
16 1000 125.234 [m] <undefined= | [W] <undefined:>
17 1250 121.9223 [m] <undefined> | [m] <undefined:>
18 1800 117.8164 [m] <undefined> | [W] <undefined:=
19 2000 112.7858 [m] <undefined> | [m] <undefined:=
20 2500 110.2492 [m] <undefined= | [m] <undefined:=
21 3150 107.1 [m] <undefined> | [m] <undefined=
22 4000 103.6133 [m] <undefined= | [m] <undefined:>
23 5000 103.046 [m] <undefined>  |[W] <undefined=
24 5300 99,4076 [m] <undefined> | [m] <undefined:=
25 8000 95,8446 [m] <undefined= | [m] <undefined=
26 10000 99.5 [m] <undefined> | [m] <undefined:=
CUANTUM UNCIASSIEIED
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UNCLASSIFIED

P Instance Tabl/s/V@ Acoustics East - Fogtdk [Read-Only] x [

- Colurmns

Scope (optional):

" Instance Table 7| Acoustics East - Fagtak [Read-Only] X
R PE - PR I e v

Criteria Criteria
Classifier: | Acoustics East - Fogtdk Scope (optional): Classifier: | Acoustics East - Fogtdk
# [V freqF9gt4kE : Real [¥] splLvfagt4kE : Real = freqFogt<kE : Real
1 |3L5 118 1 1315
2 |40 119.5 ]

3 |50 120 3 |50

4 |63 120 4 |63

5 |80 119.8 5 |20

6 |100 120.5 6 (100

7 |125 121.5 7 125

8 |160 122 8 160

9 |200 121.5 9 200
10 |250 120.5 10 250
11 |3=c 14n 11 -
2 1 Open read-only instance 12

13 |9 . 13

14 4 table from LV library 14

15 — — 15 |30y
16 |1000 109.5 16 1000
17 |1250 108 17 1250
18 |1s00 107 18 1600
19 |2000 106 19 2000
20 (2500 105 20 2500
21 |3150 104 21 3150
22 4000 103 27 4000
23 |5000 102 23 5000
24 6300 101 24 5300
25 |2000 100 25 |2000
26 |10000 99 25 10000

P

splLVf9gt4kE : Real

z Copy sound pressure levels
B
-| for Falcon 9 > 4k |bs (East)

UNCLASSIFIED

splPL : decbel | PLYBSHE: |y

134

133. 7436 119.5
135.8914 120
134.0533 120
136,575 119.8
136 120.5
134.4546 121.5
135.1136 122
137.5318 121.5
135.1229 120.5
1316 119
128.2021 117
125.7519 115
131.96386 113
129.9331 111
125,234 109.5
121.9223 108
117.8164 107
1417 TFoCE A0E

Step 3

Paste into splLVf9gt4kE
column of analysis instance
table

BEERE R o0
99,5 99

RESEARCH INTERNATIONAL
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LINCI ASSIEIED

"™ Instance Taby’@ SIS SPL Envelopes [Read-Only] x | " Acoustics East - Fogts [Read-Only] | P Instance Taby”@ SIS SPL Envelopes [Read-Only] x | " Acoustics East - Fogts [Read-Only] |
(B PR P K - Columns : [B] Export @] - P @ &k - =0 JiEs i - =l - Columns : [B] Export 1 ~ (@ L - = iQ

Criteria Criteria

Classifier: | SIS SPL Envelopes ||| Scope (optional): | {}==u| .. Filter: [ Classifier: | 515 SPL Envelopes | .. scope (optional): | {}Hu| ... Filter: [
£ [V frequency : Real [¥] splCatA : Real [¥] splcats : Real [¥] splCatC : Real # [ frequency : Real

1 [3L5 1244 129.47 126 1 315

2 |40 179,15 131,33 130,95 2 |40

3 |50 127 134.27 131,12 3 [m0

4 a3 125.73 132.31 130.23 4 |53

5 [a0 125,16 133 134,14 5 |ao

& |100 130,93 133 135 6 |10

7 [125 132.82 131.17 136,75 7 |15

8 |160 129.8 132 134,52 8 |10

g [200 131.43 130,14 137.31 g [200

10 |[250 1212 134.36 0 |250

11 315 130,82 11 315

o b Open read-only mstance L A C q level

= Opy souna pressure levels

13 500 bl f SIS d d | 127,21 13 500

Ell table from ata mode g = o for Payload Categories A, B

15 |[s00 . 123.99 15 300 )

16 [1000 I | b ra ry 118.69 16 1000

17 (1250 ez 11569 118.7 17 (1250

18 1500 120.4 115 118.3 18 1600 115

19 |[2000 119,69 114.46 116,57 19 |2000 5 114.46

20 [2500 118.05 112.9 116.14 20 |2500 - 112.9

21 (3150 118,09 109,71 112.8 21 [3150 : 109.71

22 [4000 117.14 109.5 109,66 22 [4000

23 (5000 113.94 109,32 106.73 23 [sooo 113.94 3
24 [5300 113.44 108,12 1063 24 |s300 113.44 2 106.3
25 |@000 113.11 106 106 25 [z000 113.11 06 106
26 (10000 112 105.7 102 26 [10000 112 05. 102

UNCLASSIFIED
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U N CLASSI FI E D | o exceedLVresult ) ?;:a?:::s?s- oasplPL :
: Boolean Acoustics - decbel
Analysis
™| Instance Table x | [T 5IS SPL Envelopes [Read-Only] " Acoustics East - F9gt4k [Read-Only] [m] <undefined>
E E E . = et B 2 2 2 2 [w] <undefined>
:E:®:-v@ﬁv: OI_FHCclumns;Export@av:p HIC o BE TR N = IR N o IS (W] <undefined>
Criteria [m] <undefined>
Classifier: | welopes, Acoustics East - Fagtak Scope (optional): | Crag elements from the Model Browser Filter: | = [m] <undefined>
[m] <undefined>
Excel Import Status: [_| New [ | Updated [ | Obsolete [ | Unchanged (m] <undefined>
[m] <undefined> .
£ SEL splCath : Real spiCats : Real splCatC : Real splPL : decibel SPILVISGEE : | 1 ifcata : decibel| (7] dificatB : dedbel | (7] difcatC : decibel| [ difLv (8] <undefined> sls
Real Real (W] <undefined> : Boolean
1 315 124.4 129.47 126 134 118 [m] <undefined> defined >
2 40 129,15 131.33 130,95 133.7435 119.5 [m] <undefined> defined:
3 |50 127 134.27 131.12 135.8914 120 [w] <undefined> defined>
4 B3 125.73 132.31 130.23 134.0533 120 . . . [m] <undefined> defined >
5 80 126.16 133 134.14 136.575 119.8 Ana|ySlS instance table is %<'-"dem> defined:>
<undefined> |
& 100 130.93 133 135 136 120.5 fefined =
7 |125 132.82 131.17 136.78 134.45%6 121.5 nearly ready to run the %z:‘f:ﬁ‘“; Jefined:
8 160 179.5 132 134,52 135.1186 i 2 7 R R e Jefined:=
. <undefined> [
g 200 131.43 130,14 137.31 137.5318 121.5 SImU|at|0n Flnal StEp Is to %<mdeﬁ > defined:
10 250 1317 130.08 134,36 135.1229 120.5 add an instance to receive [&] <undefined> defined:>
11 315 129.74 128 130.82 131.6 119 @] <undefined> defined >
12 400 130 126 130.95 128.2021 117 the sums of the SPL ] <undefined> defined>
13 500 129.8 124.83 127.21 125.7519 115 [®] <undefined> defined >
14 630 129,48 123.64 124,33 131.9636 113 transforms to calculate (W] <undefined> defined>
15 300 176,43 121.08 123.99 129,9331 111 [m] <undefined> defined>
16 1000 123.07 117.8 118.69 125,234 109.5 OAS PL = : 3.8 Acoustics defined>
17 1250 120,12 116.69 118.7 121.9223 108 . B : 3.8 Acoustics defined:
18 1600 120.4 115 118.3 117.8164 107 B : 3.8 Acoustics defined >
19 2000 119,69 114.46 116.87 112,7855 106 B : 3.8 Acoustics defined>
20 2500 118.05 112.9 116,14 110.2492 105 B : 3.8 Acoustics defined:>
21 3150 118.09 109.71 112.8 107.1 104 B : 3.8 Acoustics defined:
22 4000 117.14 109.5 109,56 103.6133 103 B : 3.8 Acoustics defined >
23 5000 113.94 109.32 106.73 103.046 102 B : 3.8 Acoustics Jefined>
= : 3.8 Acoustics r
24 6300 113.44 108,12 106.3 99,4075 101 — : ustics I : pesumdefined =
25 8000 113.11 106 106 95.83446 100 [m] <undefined>  [W] <undefined>  [W] <undefined>
26 10000 112 105.7 102 99,5 99 [m] <undefined> (W] <undefined>  |[W] <undefined:>
V!
NI UAIN i ivi UNCLASSIFIED
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par [Block] 3.8 Acoustics - Analysis [ gg 3.8 Acousiics - Analysis ]J

DRAFT

zConstraints

splTransformCatA = ({10*(splCatAf20))*(2*104-5))42;
spiTransformCatB = ((10*({splCatBr20))*(2*10*-5))"2;
spiTransformCatC = ((10%{splCatC/20))*(2*10°-5))" 2.}

«constraints zequals
: SPL Transform Constraint |:
{spMransformPL = ({10*(spIPLI20))*(2*10*-5))*2;
spllransformLV = (10MSpLV20)2ZH0E002, |

L

[

Carat symbol signifies these

AgsplCatC : Real

spIPL : decibel «equaks
AsplCatA : Real
AsplCatB : Real | spicate

| bplPL
| Epicata

j splCatC

: Difference Constraint
{dif CatA = {spIPL - splCath );
dif CatB = {splFL - splCatB);
dif CatC = {splPL - splCatC);
difLV = (splIPL - splLV);}

value properties inherited
from used project

4( AspILVfOgt4kE : Real }71 spl

I N N

—

wequals

cequals

zequals

zequals

zequals

LV
dif CatA  difCatB  difCatC

[1 _[1 [1]

difLV

Parametric diagram
calculates differences
between PL SPL profile and
SIS and LV profiles and
notes exceedances

w

wequals

«equals | zequals [

z@quals

‘ difCatA : decibel |

difCatB : decibel | |difCatC:decihel | ‘difL‘u’ . decibel ‘

wegquals

wequals

wequals

gequals

(L]

decibel

splTransformPL :

splTransformLV :

decibel

splTransformCath :
decibel

splTransformCatB :

decibel

splTransformCatC :
decibel

Parametric diagram also
calculates transforms of
each instance of SPL value

o

L]

sconstraints

L]

L]

: Exceedance Constraint

{exceedCatAresult = difCata = 0;
ex ceedCatBresult = dif CatB =< 0;
exceedCatCresult = dif CatC < 0,

exceedlVresult = difLV =0}

o

o

o

zequals

—

wequals

zequals

wequals

exceedCatAresult :
Boolean

exceedCatBresult:
Boolean

exceedCatCresult:

Boolean

exceedLVresult:
Boolean

-
WMl
RESEARCH INTERNATIONAL
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UNCLASSIFIED

par [Block] QASPL - Analysis [ B 0OASPL - Analysis ]/J

OASPL Parametric diagram
sums the SPL transform
instances and converts
them into OASPL values

3.8 Acoustics - Analysis : 3.8 Acoustics - Analysis [']

! splTransformLV : decibel ‘

l splTransformCatC : decibel |

! splTransgformCatB : decibel |

l splTransgformCatA : decibel |

! gplTransformPL : decibel |

constraints 0ASPL I
ILV : decibel
: OASPL Constraint [ | i i
{0ASPL=20%0g10{(=qrt(sum3PLtransform) JW{Z2*10*-5))}
sumSPLiransform total wconstraints e
|: sumSPLtransformLV : decibel | ota : 5UM value [*]
aequals ftotal=sum(value)} wequals
econstraints |: DASPL I casplCatC : decibel |
: DASPL Constraint
{0ASPL=20%*pg10{(sgrt{sumSPLtransform)f{2*10*-5}}} -
sumSPLiransform total wconstraints e 1=
I: sumSPLiransformCatC : decibel ! ota HEn value [']
wequaks {total=sum(value}} wequals
zconsiraints |: OASPL | ocasplCatB : decibel |
: OASPL Constraint l
{0ASPL=20%0g10{(sqri{sum3PLtransform) W{Z2*10*-5))} cconstraints
EsumSPLtransform | sumSPLtransformCatB : decibel | total :l L SUM valug [1]
l aequaks {total=sum(value}} wequale
aconstraints I: DASPL I -
: casplCatA : decibel | -
g traint
.DASF.‘L Constraint - | ot «wconstraintz alue [
{0OASPL=20%*0g10{(sqrt(sumSPLtransform)/{(2*10*-5))} :| : 5UM E
sumSPLiransform | . ttotal=sumivalus}} wequals
|: sumSPLtransformCatA : decibel "
| aequaks
( - ) wconstraints %
wconstraints E sumSPLtransform [ sumSPLiransformPL : decibel ] total . SUM walue [*]
: OASPL Constraint | ) | «equals M xequals
{0OASPL=20%*og10({(sqri{sumSPLtrans form) )/ 2*10"- { - ( h
S0
QASPL I casplPL : decibel

N\

X UMY I VIV

UNCLASSIFIED
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. L splCath : Real splCatB : Real | [ spicatc : Real splpL : dechel |2 PYPOUE | 5 ifcata : dechel| (3 difcats : decbel | [ difcatc : decbel| [T difLy : decbel | [ *C=e0Catres) py exceedCatfiresul ) exceedCatCresu) ) exceed et
1 315 124.4 129.47 125 134 118 9.8 4,53 8 15 [] false [] false [ false [] false
2 40 129.15 131.33 130.95 133.7436 119.5 4.5935 2.4135 2.7936 14.2436 [ false ] false [] falze [] false
3 50 127 134.27 131.12 135.8914 120 5.8914 1.6214 4.7714 15.8914 [] false [] false [] false [] false
4 83 125.73 132.31 130.23 134.0533 120 8.3233 1.7433 3.8233 14.0533 [] false [] false [] false [] false
5 80 125,15 133 134.14 136.575 119.8 10,415 3.575 2,435 16.775 [] false [] false [ false [ false
6 100 130.93 133 135 136 120.5 5.07 3 1 15.5 [ false ] false [] falze [] false
7 125 132.82 131.17 135.78 134.4546 121.5 1.6346 3.2846 -2.3254 12.9546 [] false [] false true [] false
8 160 129.8 132 134.52 135.1185 122 5.3186 3.1185 0.5985 13.1186 [] false [] false [ false [ false
9 200 131.43 130.14 137.31 137.5318 121.5 5.1018 7.3918 0.2218 156.0318 [ false ] false [] falze [] false
10 250 131.7 130.08 134.36 135.1229 120.5 3.4229 5.0429 0.7629 14.6229 [] false [] false [] false [] false
11 315 129,74 128 130.82 131.8 119 1.85 3.6 0.73 12.6 [] false [] false [ false [ false
12 -1.7979 2.2021 -2.7479 11.2021 true (] false true [] false
13 oasplPL : oasplLV : oasplCatA : oasplCath : oasplCatcC : -4.0481 0.9218 -1.4581 10.7519 true (] false true ] false
14 dedibel dedbel dedbel dedbel dedbel 1.9836 8.3286 7.5386 18.9686 [ false [] false [] false [] false
15 3.5081 8.8581 5.9481 18.9381 [] false [] false [ false [ false
15 2.164 7.434 6.544 15.734 [ false ] false [] falze [] false
17 1.8023 5.2323 3.2223 13.9223 [ ] fal=e [ ] falze [] false [] false
13 -2.5836 28164 -0.4838 10,8164 true [] false true [ false
19 -5.9044 -1.6744 -4.0844 6.7856 true true true [] false
20 -7.8008 -2.6508 -5.8908 5.2492 true true true [] false
21 -10.99 -2.61 -5.7 3.1 true true true [] false
22 -13.5267 -5.8367 -6.0467 0.6133 true true true [ false
23 -10.894 -5.274 -3.684 1.046 true true true [] false
24 -14.0324 8.7124 -6.8924 -1.5924 true true true true
25 -17.2654 -10.1554 -10.1554 -4,1554 true true true true
bl -12.5 6.2 .5 0.5 true true true [] false

Overall Sound Pressure Differences calculated TRUE checked if

Level values for payload, exceedance exists

launch vehicle and SIS

payload fairing categories

V4
E\ 146,066 131,2819 141,6038 142,424 144.6696
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L= B = I

Export Results to Attached Excel File

A B C

frequency : splCatA : splCatB :
hertz decibel decibel
31.5 124.40 125.47
40 129.15 131.33
a0 127.00 134.27
63 125.73 132.31
80 126.16 133.00
100 130.93 133.00
125 132.82 13117
160 129.80 132.00
200 131.43 130.14
250 131.70 130.08
315 125.74 128.00
400 130.00 126.00
500 129.80 124.83
630 129.98 123.64
800 126.43 121.08
1000 123.07 117.80
1250 120.12 116.69
1600 120.40 115.00
2000 119.69 114.46
2500 118.05 112.90
3150 118.09 109.71
4000 117.14 109.50
5000 113.94 109.32
6300 113.44 108.12
B000 113.11 106.00
10000 112.00 105.70
LR JSIIANTIIRA

UMIVY I ViVl
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D
splCatC :
decibel

126.00
130.95
131.12
130.23
134.14
135.00
136.78
134.52
137.31
134.36
130.82
130.95
127.21
124.38
123.99
113.69
118.70
118.30
116.87
116.14
112.80
109.66
106.73
106.30
106.00
102.00

E F (€] H
splPL: splLv : difCatA : difCatB :
decibel decibel decibel decibel

134.00 118.00 9.60 4.53
133.74 119.50 4.59 2.41
135.89 120.00 8.89 1.62
134.05 120.00 8.32 1.74
136.58 119.30 10.42 3.58
136.00 120.50 5.07 3.00
134.45 o
1 Differences and
137.53 o
=511 exceedances in red
131. TT9.00 T1.80 3.00
128.20 117.00 tl.SD] 2.20
125.75 115.00 t4.05] 0.92
131.97 113.00 1.99 8.33
129.94 111.00 3.51 8.80
125.23 109.50 2.16 7.43
121.92 108.00 1.80 5.23
117.82 107.00 { 2.58] 2.82
112.79 106.00 tﬁ.BD] tl.ﬁ?]
110.25 105.00 t?.SD] t2.65]
107.10 104.00 110.99] t2.61]
103.61 103.00 t13.53] t5.89]
103.05 102.00 tlD.BB] tE.E?]
99.41 101.00 t14.D3] tB.?l]
95.84 100.00 tl?.Z?] tlD.lﬁ]
99.50 99.00 tlZ.SD] tﬁ.2D]

UNCLASSIFIED

|
difCatC:
decibel

8.00
2.79
4.77
3.82
2.44
1.00
(2.33)
0.60
0.22
0.76
0.78
(2.75)
(1.46)
7.59
5.95
6.54
3.22
{0.48)
{4.08)
(5.89)
(5.70)
(6.05)
{3.68)
(6.89)
(10.16)
{2.50)

]
difLv :
decibel

16.00
14.24
15.89
14.05
16.78
15.50
12.95
13.12
16.03
14.62
12.60
11.20
10.75
18.97
18.94
15.73
13.92
10.82
6.79

5.25

3.10

0.61

1.05

(1.59)
(4.16)
0.50

K M Q P R 5 T
exceedCatAr exceedCatBr exceedCatCr exceedlVres oasplPL oaspllV oasplCat oasplCat oasplCat
esult: esult: esult: ult : Boolean B C
Boolean Boolean Boolean
FALSE FALSE FALSE FALSE
FALSE FALSE FALSE FALSE OASPL
FALSE FALSE FALSE FALSE 150
FALSE FALSE FALSE FALSE aasplPL,
FALSE FALSE FALSE FALSE 1460660344 oasplCatC,
FALSE FALSE FALSE FALSE 145 e 144 6696324
FALSE FALSE TRUE FALSE 0aspICata, | 100 raasn
FALSE FALSE FALSE FALSE 141.6036186
FALSE FALSE FALSE FALSE
FALSE FALSE FALSE FALSE 0
FALSE FALSE FALSE FALSE
TRUE FALSE TRUE FALSE
TRUE FALSE TRUE FALSE 135
FALSE FALSE FALSE FALSE
FALSE FALSE FALSE FALSE
FALSE FALSE FALSE FALSE 130
FALSE FALSE FALSE FALSE
TRUE FALSE TRUE FALSE Graph displays
TRUE TRUE TRUE FALSE 125
TRUE TRUE TRUE FALSE OASPL Values
TRUE TRUE TRUE FALSE
TRUE TRUE TRUE FALSE 130 . . .
TRUE TRUE TRUE FALSE casplPL casplCatd oasplCatB oasplCatC
TRUE TRUE TRUE TRUE . . .
TRUE TRUE TRUE TRUE
TRUE TRUE TRUE FALSE
146.060 131.2819 141.6036 142.424 144.6696
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Questions?

E FIfARITIIEA
X UMY T UV
RESEARCH INTERNATI

UNCLASSIFIED

UNCLASSIFIED

26



