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Introduction
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Data Analysis Components

Access the experience base

Find historical data from large
sets and use it for comparison

Interpret test data

Visualize and manipulate data
for effective assessment, then
succinctly summarize
assessments to answer
stakeholders’ questions
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The Seven Elements of Flight Rationale

Element

Element Expanded

M Solid technical understanding Physics-based or root cause understandmg of issue,
based on engineering data
5 Condition relative to Experience base includes full-scale flight,
experience base ground test, or qualification-level tests
3 Bounding case established Using phy§|cs—based unt_derstandlng,
determine the bounding case
4 Self-limiting aspects Physical reasons why it can’t get any worse than the
bounding case or show the part is fail-safe
. Adequate margins, ideally not
> Margins understood substantially reduced from baseline
6 Assessment based on data, Final risk assessment based on test data
testing, and analysis and analysis, not gut feel or expert opinion
Interactions with qther Address interactions with other conditions (MRB,
7 elements and conditions o :
addressed changes, technical issues), and vehicle elements
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WinPlot

- Created in 1994 as “UCPlots”

Developed to fulfill the need for fast and
easily managed graphical displays of NASA
test articles and facilities

Generates displays of unrestrictive amounts
of data seamlessly integrating real-time and
post-test data from multiple sources with
event-time synchronization

- Publicly available through the NASA
Software Catalog

Ref. MFS-31664-1
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WinPlot vd.7 — O ¥

File Edit Script Parameter TimeSlice View Axis Style Momenclature  Markers
Options  User Data Window Help

EHE B O L HEXIY LIt

PR E el (R L | B me =D& T

WwinPlob 4.7 64-bit
MNASAMSFC/ERTZ
Author J.R. Moody
January 3, 2024

Ready
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https://software.nasa.gov/software/MFS-31664-1
https://software.nasa.gov/software/MFS-31664-1
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Data Access

Data access capabilities are primarily judged on the speed
that data can be utilized and the relevancy of that data.
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WinPlot File Formats

Sun Files # SunMod v1.0.5
Fast retrieval
H |g h com preSSion Filename: | C:Wwinplot\PseudoEngine\Data\test1,sun | Select

Multiple data acquisition systems Parmcount: [31 | Point count: Format: | SUN_MULTITIVE | | save
Microsecond precision Ref. auT: [ 2024 | [018 |/[ 12 ] [00]: [00]. [000 | (nteger values)

Parameter and file metadata Pl te: | Pseudo? | (30 chrs)
Event based and absolute timing Comment; | Pseudofngine Data | (60 chars)
Cutoff time: (value) Serial number: |:| {12 chars)
Test stand: |:| (12 chars) Test position: |:| {12 chars)

Test type: |:| (12 chars) Test number: |:| {12 chars)

File Format Compressed Sample Rate

CSsV Variable

Comment/Generic Info block (text format) {max size = 3953 chars®) | Change
S [events]
. Yes Single DATASTART=013,/42500000,000
Common Time

PSM1=018/42550000.000
PSM2=015/42600000.000

Sun
Multi Time

Yes Variable
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Event Based Time Alignment

2¢cmd.PCV int testl PCV (4 pra.MOV.ds psia testl M tmp.MOV.in degR testl !
800- 2000+ 8

PSN1 PSN3 STEN STANDBY
Event Functions 200l 17501 7
Synchronize files and databases
Define timeframes 600115001 6

Trigger scripts real-time Y D I

Event Definitions
Measurement-based insertion
ECU phase and mode
Manual insertion 200

400+ 1000+ 4

int, psia, degR

3004 750+ 3]

500+ 2

1004 250+ 1

OAJ VIRV

-800 -700 -600 -500 -400 -300 -200 -100 0 100
> Seconds from CUTOFF

0- 0-
85 =
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General Data Access Methods

** Data Query

Database Directories Parameter Data Search
. . . . . ; During the: time period
Text files referencing data files in absolute Find data where | any instance | : P
paths or predefined search paths o [P MEEA) | el

Allows users to easily access multiple files
from different sources and treat them as a _
unlfled database E nter expressions using WinPlat syntax. Constants relative to | START >

uzed standalone must be prefised with +/- sign.
E xpreszions are walid for either term.

e 10
s[> v|[(1o0a0) | FnEing @

Query
. . . Cuem Rezults

Built-in function that returns a data subset PR e Sy Laleset

based on binary evaluation of an expression vt sam 10043 Selected: | pseudo_tests

Input data set size is unrestricted lestSisn  BBO0 100442 . .
bestB. sLn 3.000 100445 L o Bl
test1 0 sun 8.950 100450
test11.zun 2.750 100443
test Z.5un 5.450 100437 Dlesel F e
lESH 3.8'.,"‘1 85':“:' 1':":'433 Bulld Dataset

“iew Log Save Results
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Real-Time WinPlot
Auto Runs
Event-based script execution
Seamless co-plotting

Auto Run Assignments

Event Script file Add Edit
START Ch . AStatScript wps Femove
CUTOFF C:h ACukoffScript wps SE—

EMGREADY . AEngReadvScriptwps

MCF C:h APanicScript wps ; ;

< > Cancel

Real-Time Assessment
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>¢ [pra.MCC.A]/1000

testl Power Level 4 [pra.MCC.A]/1000 pred Power Level

100 START = 9
T T T1
80
/ Prediction
s /
Data
40
20
o a2 N2 __A__\A S&K)(/
-1 0 1 2 3 4

Seconds from START
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Data Interpretation

Effective interpretation happens in the context of fundamental
physical laws and is built upon effective visualization.

May 9, 2024 Approved for public release; distribution is unlimited. 11



Once a sufficient population of a
repeatable profile is built,
historical comparisons are
better made with statistical
parameters than large data
sets.

WinSig
Generates statistical parameters

for each input parameter in a
defined data set
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Statistical Characterization
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103000

102000

101000

¢ pra.MCC.AAVG psia testSigmas.sun A& [pra.MCC.AAVG]-5*pra.MCC.ASIG]
2 [pra.MCC.AAVG]+5*[pra.MCC.ASIG]

te
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Pseudo-Engine Start Sequence

=& [pra.MCC.A})/1000 testl Power Level [pra.MCC.A]/1000 test2 Power Level [pra.MCC.A})/1000 test3 Power Level
=&— pos.MFV %S testl MFV Position pos.MFV %S test2 MFV Position pos.MFV %S test3 MFV Position
=8~ pos.MOV %S testl MOV Position pos.MOV %S test2 MOV Position pos.MOV %S test3 MOV Position
1404 120 START
IR IR R
120+ 100 j —— |
FTTTTTT
100 80 V e
)]
Llo- 80- 60
>
)
O 60 40
(=]
S /
40— 20
204 0 % 2% Jn/— /a/
0- -20-=—2a > =
-1 0 1 2 3 4 5
B A& 9

Seconds from START
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Simple
database
loading

Calculated
parameter

Formatting
options

AXiSs
definitions
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WinPlot Scripting

Time slice
open testl relative to event
open test2
open fest3 Custom parameter
time -100,200,START description

A

[ |
plot [pra.MCC.A]/1000"Power Level",pos.MFV,pos.MOV

_
legend columns 3
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Add event
and limit
markers

\

marker 1,EVENT,0,0,0,0,GRID,START\YO
marker 2,REDLINE,2.5,55,3,70,1,MIN\YO
marker 3,REDLINE,1.4,20,2,40,1,MAX\YO

symbols 8 marker 4,REDLINE,4,95,5,95,1,MIN\YO
fontsize 3 marker 5,REDLINE,4,105,5,105,1,MAX\YO
linesize 3 _
ynomen name + units + dbname + desc set color 99,169,169,169
— set trace 4,COLOR_INDEX=99
™ fixx -1,5,1 Format set trace 5,COLOR_INDEX=99
xtitle individual |2 settrace 6,COLOR_INDEX=99
multiy groupby_units traces set trace 7,COLOR_INDEX=99
fixy multi -20,120,20,0,140,20 set trace 8, COLOR_INDEX=99
ytitle %PL, %FS __settrace 9,COLOR_INDEX=99
Approved for public release; distribution is unlimited. 14
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Calculated Parameters

Intuitive physics-based interpretation requires both on-the-fly and scripted calculations

WinPlot math expressions
» Arithmetic operations, bit operations, Boolean logic statements
WinPlot math functions

« Trigonometric, logarithmic, temporal, rounding, smoothing/extrapolating, curve fitting
External functions

« REFPROP integration, user-defined (typically Python, MATLAB, or C programs)
SunAcc

« Library for working with Sun files in non-WinPlot applications
SunCalc

» Specify a set of calculated parameters and input data to create a new Sun file
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Ox System

pra.Oll psia Ox Inlet Pr test'==pra.0Bl psia Ox Bld IF Pr te
s=tmp.0ll degR Ox Inlet Temp ==tmp.0OBl degR Ox Bld Temp

2000
1600

S 1200

[7}]

o 800
400

-%EEI

300 275 250 275

Seconds from START

325 200

Hydraulics
pra.HYD psia Hyd Sup Pr te:=prd.HYD psid Hyd Sup-Ret D

300 275
Seconds from

-325
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-

R S T P T

Pneumatics
pra.HES psia He Sup Pr test=pra.ESD psia Emer SD Pr te:

=pra.PRG psia Purge Pr test1--pra.PDC psia Pneu Daisy Ch:
nn-l-pra.BLD psia Bld Ctrl Pr test

600+
400+
200

-%50

325 300 275 250

Seconds from START

-225 -200




Active Analysis — User Interaction
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#[pra.MCC.AY1000 tes“[pra.MCC.A}1000 tes<=[pra.MCC.A1000 tes #{pra. MCC_A}1000  tes»[pra.MCC.AL1000  tes-[pra. MCC.AY1000 tes
depos MFV 3%:F5 test! M-bpos MFV %F5 test? M@ pos MFV %F5 testd M depos MFV 3%:F5 test! M-bpos MFV %F5 test? M@ pos MFV %F5 testd M
Bpos MOV %F5 test! NOo-pos. MOV %FS5 test2 N--pos MOV %F5 testd N Bpos MOV %F5 test! NOo-pos. MOV %FS5 test2 N--pos MOV %F5 testd N
1204120 : START : : : 1204120 START : : : :
1004100F--------- R e, - - - - - - - - - po=------- 1009100F---------f--------- Po-------- T re------
; Click and 5 5 : 5
8o 80{--------- R | fhaX dragto [ it BO{ BOf---------f--------- Rty L it
L] : : v : '
i ! make box ! i ! !
* 604 &0 : : : ) 609 &0 : :
-] : : : -] : :
o : : : o : :
B : : : B : :
407 401--------- po------- W-F------- R ettt EEEEEEEES R 407 401---------}--------- - R
204 204--------- bommmmm-- -W-F------- bkl CEECEEEEE bommmmm - 204 204---------}-----f--- R CELT T EEr SR bommmmmme- bommmmm -
ol o S _ . ; ] s 0l g = ; ; ;
-100 -50 0 50 100 150 200 -1 0 1 2 3 4 5
X Seconds from START =X Seconds from START
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Conclusion

The Seven Elements of Flight Rationale

Data An a|ySiS Components Element Element Expanded

Access the experience base M Solid technical understanding Physics-based or root cause understanding of issue,
- .. based on engineering data
Facilitated by efficient event-based ° °
file formats and supporting tools 5 Condition relative to Experience base includes full-scale flight,
Interpret test data experience base ground test, or qualification-level tests

Use calculated parameters for a Using physics-based understanding,

physics-based understanding il Bounding case established determine the bounding case
Scrlptlng_ enables extensive 4 Self-limiting aspects Physical reasons why it can’t get any worse than the
a_UtOmaUQn and control over g asp bounding case or show the part is fail-safe
visualization
. Adequate margins, ideally not
> Margins understood substantially reduced from baseline
6 Assessment based on data, Final risk assessment based on test data
testing, and analysis and analysis, not gut feel or expert opinion

Interactions with other
7 elements and conditions
addressed

Address interactions with other conditions (MRB,
changes, technical issues), and vehicle elements

May 9, 2024 Approved for public release; distribution is unlimited. 18



National Aeronautics and Space Administration

Backu
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. N T S Sl 1
Helium /“Hydraulic*, - Oxidizer *, Oxidizer
Supply ‘.. Return . % Bleed . Inlet

~.--r-—" ~..-rn-—"

- 1

The Pseudo-Engine

Fuel °" Fuel ", ydraulic
Inlet ‘. Bleed Supply
~..-'-——'

1
1

— i Pneumatic ~——
: Control Valve
:
1
1

Fuel Bleed - Oxidizer
Valve " Bleed Valve
—) %
Main Fuel Main Oxidizer
Valve Fuel Purge Oxidizer Valve
Valve Purge Valve

All Pseudo-Engine data was generated in
Excel and WinPlot with no basis in reality.
May 9, 2024 Approved for public release; distribution is unlimited. 20



Approved for public release; distribution is unlimited.



	Slide 1: Assessing Engine Hot Fire Data for Human Spaceflight Applications
	Slide 2: Contents
	Slide 3: Introduction
	Slide 4: Hot Fire Data Assessment Goals
	Slide 5: WinPlot
	Slide 6: Data Access
	Slide 7: WinPlot File Formats
	Slide 8: Event Based Time Alignment
	Slide 9: General Data Access Methods
	Slide 10: Real-Time Assessment
	Slide 11: Data Interpretation
	Slide 12: Statistical Characterization
	Slide 13: Pseudo-Engine Start Sequence
	Slide 14: WinPlot Scripting
	Slide 15: Calculated Parameters
	Slide 16: Enhancing Readability
	Slide 17: Active Analysis – User Interaction
	Slide 18: Conclusion
	Slide 19: Backup
	Slide 20: The Pseudo-Engine
	Slide 21

