A Rapid, Flexible Approach to

Tradespace Definition and
Exploration

André R. Girerd

Jet Propulsion Laboratory
California Institute of Technology

IEEE Aerospace Conference
March 10, 2005

Contributors

Marc Pomerantz
Joe Mrozinski
Gene Lee
Babak Cohanim
Jeff Leising
Mark Kordon
Hamid Habib-Agahi
Tony Freeman
John Baker

Eric Wood
Roger Diehl
Steve Matousek



Presentation Overview

The Mission Tradespace Tool (MTT) is a methodology
and software framework to improve JPL’s early design
process by offering a rapid way to separate feasible
from Infeasible architectures.

m Purpose

B Scope

m Process

m Framework
m Conclusions




Mission Tradespace Tool Purpose

m Growing demand for large tradespace
explorations

B [Ime and cost to assemble suite of
Integrated, customized models can often
exceed resources available

m MTT designed to address this shortcoming
m Rapidity

m Flexibility (Multiple Mission Types)

m High level

-




Mission Tradespace Tool Purpose
(continued)

m MTT is capable of:

m Quickly assessing alternative architectures from
multiple perspectives (i.e., cost, risk, science
return,...)

m Handling some of the key trade studies that any
project might face (universality)

m |dentifying and analyzing options that a project
hasn’t yet looked at (staying ahead of the curve)




MTT Objectives

1) Capture Tradespace

2) Winnow Tradespace

(identify feasible architectures from a large array of
candidate architectures)

h And do it rapidly! 5



Objective 1) Capture Tradespace

m Allows archiveability, traceabillity,
repeatability, consistency

m Introduces standard format
m Clarifies thinking through structure

m Displays option context and ratlonale to
team members e

Stakeholders want this —
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Objective 2) Winnow Tradespace
Generate Tradespace




Objective 2) Winnow Tradespace
Apply cost cap




Objective 2) Winnow Tradespace
Apply MOE requirement




Objective 2) Winnow Tradespace

Filter infeasible options
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Objective 2) Winnow Tradespace
|dentify feasible options

y
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MTT Scope within Greater

Early Design Process

Speed

Effort

E Primary Scope

of MTT
F
Architecture h Conceptual e Conceptual P Mission
Trades Design Insight Trades
Models
<1 week ~2 weeks ~1week following <2 months
conceptual design
<40 FTE ~300 FTE ~40 FTE Varies by
hours hours hours mission
High-level tradespace
identified and Conceptual design baseline Tradespace re- Unique mission
populated with broad developed for chosen expanded and local questions addressed
range of options. architecture. Cost and sensitivities explored through integrated
Promising engineering depth added around conceptual modeling. Fidelity
architecture(s) chosen baseline added

or further evaluation
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MTT Process Flow

Construct Trade Menu
1 hr 1-4  Fill framework with data
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MTT data sources

- — -

! Architect
“Early Study”
B Team

\ Databases for

\_ analogies _ X
N Simple pa
\\ Models / \

=y
-~ —

//' Data- drlven
/7 Experlenced / e

Project Teams

Weeks

Slow

Fidelity: Lower ‘

> Higher

*Priority trades only
*System level trades
*Simplified interactions

sLarger number of trades
*System, subsystem, &
assembly level trades
*More nuanced interactions
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Framework: Example Trade Menu

Architecture  Batch Cantral  Elemnent List

MEL Font Size [12]

Frofilz: Singlz Ladsc

Fhase:

Launch

Fhase:

Cruise

Fhase:

Mars Crbit Insertion

Phase:

Mars Entry

Phase:

Mars Descent

Phase:

Mars Landing

Phase:

Mars Surface

Fhase:

Mars Azcent

Fhase:

Mars Orbit Rendezvols

Fhase:

Earth Return

|Trade:

L

Felelivirn

|Trade:

Trajectory

|Trade:

Capture Configuration [ Type_2 | SEP

Laireler il Lander_Attached

|Trade:

dars Crbit

|Trade:

Landing Deceleration

Airbags

|Trade:

has Location [ Rover 1

|Trade:

Rower

|Trade:

Orbital Rendezvous

Yes Ma_rDirect_Eairth_Reiurn)

|Trade:

Rendezvous Scheme [ Yes )

Dumb_SiC_i_Smart_hay I




Mission Trades Tool

Fiie Launch Vehicles Report Trade Menu Options  Tools Heln

[ C:\MTT Most Recent\MSRYMSR_experiment1-16-04-reduced3-29-04L ¥parsed.xml ]

Select Tahle Data For Display

" Trade { Mass ( Cost ( Return © PoS ( Attachment . Commernts (. Al

Consistency Gheckl

L IMSR
IJ:'I—_l Sihglhe Launch

| Mars Crhit Insertion
| Mars Entry

| Mars Descent

I Mars Landing

| Mars Surface

| Mars Ascent

Orbit Rendezvous

# SIC rendezvous maneuver
# SIC zensor sute

# WAY rendezvous maneuver
# MAY sensorimaneuver suite
| Earth Return

L |

T PhaseMarsOmitRendezvous ]
Field | Walue |

natmne

hlars Orhit Rendezvous

notes

mshRiskhax

cozthlax

=scareiin

MAY sensor/maneuver suite

insert| | append | delete

rore
Launch Wehicle
Trajectary
haneLer

Operation

Carry Ower

move up | |move down

Rendezvous Scheme

Camb_S/C_/ Smart MAV

name tvpe grouping subsysten trace incluzion option trigger
S/C rendezvous maneuvar Maneuver |Spacecraft none Rendezvous Schema OR Dumb_MAV/Smart S/C Yes
S/C sensor suite Object Spacecraft ACS Rendezvous Scheme R Dumb_MAY/Smart_S/AC Yes
MAY rendezvous maneuver [hManeuver MAWV none Rendezvous Scheme OR Camb_SAC_ ¢ Smart MAV  [Yes
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Example Segment Hierarchy Display

Mt Element Hierarchy

Launch

Cruize

Mars Orbit Iheertion

Mars Entry

Mars Descent

Mars Landing

Mars Surface

hars Ascent

hars Orbit Rendezyvous

Eatth Return

#0F Indentation Indicates Ownership

£2011 30 Oct - 18 Nov
Chernical usage
Spacecraft

Chem Prop S5ystem

Bus-1 spacecraft module
Partorm Orbital Rendezvous
Lander

Parachute

Retrorockets

Rover

MAWV

Sample in Cannister
Heavy Aeroshell

¥
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Example Segment Maneuver

& Mass Display

Mt Element Mass

Mass Data (Dry Mass,Prop Mass)
Maneuver Data [DeltaV, ISP
Phases

Launch
Cruise

hlars Orbit Insertion

Mars Entry
Mars Descent
Mars Landing

hlars Surface
hars Ascent

hars Orbit Rendezvous

Earth Return

Dielta¥V Totals

Segments

Spacecraft
1430.0 21478
1430.0 2147.8
[ 100 325.0 ]
635.0 2035.5
[1200325.0]
635.0 1197.2
635.0 1197.2
635.0 1197.2

635.0 1197.2
635.0 1197.2

635.0 1197.2
[112325.0]
655.0 1133.9
[3200325.0]
Lt 4612 .I] L]

Lander

795.0 12.0
795.0 12.0

795.0 12.0

795.0 12.0
695.0 12.0
655.0 12.0
[ 50 300.0 ]
655.0 .0
485.0 .0

485.0 0

485.0 0

k3 5“ .I] EE

Rover

2450 |
2450 |

[——

2450 0

245.0 .0
245.0 .0
245.0 .0

2450 0

k3 I]-I] Lk

MAY

170.0 41.%8
170.0 41.%

170.0 41.%

170.0 41.8
170.0 41.8
170.0 41.8

170.0 41.8
170.0 41.%8
[700325.0]
170.0 .0

1500 .0

EE T[“] -I] Lk
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Steps In the Tradespace
Investigation Process

Time to understand customer needs

Time to architect a trade tool

Time to gather data and relationships

Time to enter data & relationships into trade tool
Time to troubleshoot

Time to compute populated tradespace

Time to extract meaningful results
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Conclusions

m MTT offers rapid, flexible method:
m To define a high-level tradespace
m To explore a high-level tradespace
m Dependent on knowledgeable system
engineer/analyst
m Necessary to exploit open framework
m Not necessarily a drawback
m Trustworthiness
m Verified algorithms
m Challenge of validation

m Reduced trade study cycle time
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Backup Slides
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Embedded Features

m Automatic convergence of user-supplied
simultaneous equations

Unlimited attribute creation

Embedded propellant bookkeeping

Equation builder

Cost wrapping, fiscal year conversion

Launch vehicle solver

Selectable feasibility constraints

Option filtering

Automatic data consistency checking

Output file sharing to Excel and visualization software
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Example System Architecture Screen

Project: MSR

Profile: Single Launch

Phaze:

Launch 055

Phase:

Cruise 089

Detta I (4050H-19)—-- ( DEFINE )

2011 30 Ot - 18 Mow--—-- [ DEFIME 3

Lander------ [ DEFIME )

Spacectaft------ ( DEFINE )

Phaze:

Mars Orbit Insertion 0.93

TCM-—--- { DEFIME )

Chem Prop Systern----- [ DEFIME )

Bus-1 spacecraft module------ [ DEFINE )

Phaze

: Mars Entry 0.94

PlaceHaolder----- [ DEFIME 3

In=zettian fror S000 kin----- [ DEFIME

Chemical Prop Systerm----- [ DEFIME )

Phase:

Mars Descent 0.99

Lander——— ( SEPARATE )

Deorbit from S000 kin----- I DEFINE )

Medium Aeroshell----- [ DEFIME 3

Lander deorbit module----- [ DEFIME 1

Phaze

: Mars Landing 095

Parachute------ [ DEFIME )

Medium Aeroshell----- [ SEFARATE )

Lander deorbit module--—-- [ SEPARATE )

Phaze:

Mars Surface 093

Parachute------ [ SEPARATE 2

Retrorockets-—--- [ DEFIME )

Landing maneuyer----- [ DEFIME )

Phase:

Mars Ascert 0.94

Mo Rover----- [ DEFIME 1

M- { DEFINE

Lander MAY Erector----- [ DEFIME 3

Sample in Cannister------ [ DEFIME 3

Phaze:

Mars Orbit Rendezvous 087

MY - ( SEPARATE )

Perfarm Orhital Rendezyous-—--- I, DEFIME 3

5000 krn circular----- [ DEFIME )

Phase:

Earth Return  0.99

SIC rendezvous maneuyer----- [ DEFIME )

SIC zenzor sute-—-—- [ DEFIME )

Return from 5000 km----- [ DEFIME

Sample in Cannister----- [ JOIM
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Objective 2) Winnow Tradespace
|dentify Architectural Trends
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