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Impact: Better Informed Decisions (4 Ge‘?r'e'%ﬁwf@h

Novel methodology to help engineers and acquisition
professionals

Understand interactions and
identify implications

Systems of Systems Engineering

Address Cost and Reliability,
Maintainability and Availability -

Manage decision consequences Speed
Risk Management

~ FACT enables identification of nth-degree
effects of Design Decisions

Life Cycle Cost
~
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Cost & Technology AR/  Tech

Collaborative Development: browser-based

tool enables analysis as a web service N

13 7 Oow.i_T_?_?_i‘\o
Performance: “black box” approach to [ivoesr —
performance models integration through | &= .7 - o M
metadata interface i o T S
Cost: acquisition cost estimating wm | Mg [ e
relationships and trusted O&S |~ e 5 sensitivity &
cost model el e Confidence
Model Based Sys Eng: Leveraging SysML and Analysis

accepted systems engineering standards

Dynamic Vehicle Comparison .
Alternative 1 Alternative 2 CO”aborat'Ve In- Browser 3-D

e [
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Land Range at Cruise ManIPUIatlon

300.00 400.00 . 243.83 mi . 409.58 mi

ﬂ h
8.00 12.00 . 7.89 mph 10.30 mph :

Max Water Speed at 1" SWH
8.19 17.48 . 3.47 knot . 5.31 knot
Minimum HP Required to Maintain £ ”v

727.65 300.00 670.20 hp 603.21 hp
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The iterative process of engineering design followed by
an analysis of cost and reliability is slow and inefficient

Mobility

IA\
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Affordability

‘ ransportanliity

urvivabnlii y

VIaintainability ' .

Lethality
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FACT Architecture Goals (£2) ) Gecrgia [& Research

Leverage DoD standards for discoverable and sharable
data and services

Services oriented approach for easy access and new
functionality

Unconstrained flexibility in model selection

Effective configuration management to promote visibility
of services and data via metadata standards

Data sources and services pedigree according to VV&A
best practices

User Education on capabilities and technical foundations

’ Enable Systems Engineering as a Web Service ‘
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Scalability: increasing numbers of concurrent users
Performance: near real-time experience

Persistence: future retrieval

Data homogenization: standards-based approach
Computational engine: agnostic to underlying models
Collaboration: user’s viewing same data in real-time
Redundancy: rapid access to data and backup

Client footprint: (near-)zero client install

| Extensible framework allows for wide
variety of applications




Corresponding Vehicle Analysis

Identify
Requirements

Define Vehicle
Specific WBS

Derive
Performance Rules

Georgia
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FACT/SysML Integration

Create SysML
Requirements Models

Characterize WBS as SysML
Block Definition Diagram

Create new

Create
models

SysML
Parametric
Models Wrap
External
Models

Export XML data
structure to
Webserver

Develop GUI/Data
Display Features

Riesearch
[nsiiitute
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<<WBS_Element>>
WBS_ID = “2.01"

Block Definition — ﬁ )

<<Common Properties>> <<Common Properties>> <<Common Properties>>

D I ag ra m S u S e d to <<block>> <<block>> <<block>>

<<WBS_Element>> <<WBS_Element>> <<WBS_Element>>

re p re S e nt O hyS | Cal Hull Frame Structure Marine Drive Train Engine System
d e CO m p OS I tl O n aS <<WBS_Element>> <<WBS_Element>> <<WBS_Element>>

M I L S__D 88 1A WBS_ID = “2.01.04” WBS_ID = “2.01.05” WBS_ID = “2.01.06”
2 \2 I g
<<Common Properties>> <<Common Properties>>
<<block>> <<block>>

<<WBS_Element>> <<WBS_Element>>

Power Package Cooling System

<<WBS_Element>> <<WBS_Element>>
WBS_ID = “2.01.06.08” WBS_ID = “2.01.06.09”

Vehicle Gross Weight: Ibm | <<constraint>>

1 .calc_WaterSpeed Parametric DiagramS
capture performance

:Marine Drive Train ] {WaterSpeed=fxn WaterSpeed: knotts . .
(Vehicle Gross Weight, re|atI0nShIpS
:Water Jet System
Water Jet Thrust)}
Water Jet Thurst: Ibf =+ k J
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Point Solution Configuration Ge?,.g%ﬁ@ﬁf@h

Sort By: () Name (@ Score

Cummins KTAL1S-M4

- Configure systems
from the “bOttOm up” Primary Engine System g

¢ QUICkly assess F"Fi-l'l'lar.-r Engin-ue System 00
impacts on metrics | s

Primary Engine System 01 \

¥ Move (land)

Time to Accelerate to Land Cruise (s)

Primary Engine System d1

Cummins K28-M

2.25
Primary Engine System E O O . )
7.90 0.60
FPrimary Engine System a3
Max Speed on Grade (mph)
54.16
8.00 90.00
Land Range at Cruise (miles)
150.47
\ﬁ) C‘

» Satisfy Form Factor
» Move (Water)

» Transportability
» Cost
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engine @@ b

specific fuel 5.70 0.30
consumption '

ibm/hp-hr

]

Subject Matter Expert
distributions applied to
[Rormal 531 — 3 variables of interest

Monte Carlo Sampling

Triangular
Uniform
Discrete

¢
i

Total O&S Cost

Probability (PDF) and | 68% likelihood of

Cumulative R achieving Threshold
Distribution Functions e

(CDF) quantify
uncertainty of reaching e
thresholds and ~ 10% likelihood of
objectives achieving Objective

2%

O

—

21.0B T= 14,08 O=10.08 .08




Tradespace: Scatterplot (L2 rgia | Ressarch
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Same SME inputs as Confidence Analysis
Filter solutions “top down” by requirements
Save configurations for comparison

Engine Max Power (hp) Lower Glacis Armor Density (lbm/ft~2
o ™M ﬁ ™ un o - =+
m [L;] m oo = m =3 [--] [=-] [--] o o
- - - - - Filter Scatterplot
o w ™~ ™ ™~ ™ ™~ ™M ["s] o ™
| Hide Constant Outputs
o 387.28 L L F
Ez65.05 -
@ 342.82 i
o
"7 320.59 - i . o : ) er
S 298.36 - [ ] sl FuleIhCunsumptmn at Land Cruise
B 276.12 .- . ® g=lnr
g253.89 . | L . 9 . Filter Range: 39.51 - 92.75
£231.66 I ® . ® =
221, P a .
® 209.43 ) & L] [ IR
- L ® 39.51 92.75
E 187.19 o® va L ] Y v ° e a. ®
LET-FR-T- L .
. Land Range at Cruise
g 45.83 ——— : 1
T az.58 1 1 1 .= ° * n_-“
é 39,32 .’. L ] Ps r L & . . a Filter Range: 164.96 - 287.23
2 36.06 — ..‘.- & s .
8281 I o [* | N . 164.985 287.28
£ - e ] . .
6 &9.55 ° -
T Se.29 O . " ®
= 23.03 '- ! Max Speed on 5% Grade
g 2z
w4573 mph
% 16.52 - Filter Range: 20.06 - 45.83
= 1328 - 1 |
T 0.33 * o 13.26 43.83
E'.: 0.50 . o o o . .
3 L] L ] a
L £ 047 b . * e " Max Speed on 60% Grade
8 g D.as * o L " g® mph
& 0.41 o ® ® o
27 038 . o : | o Filker Range: 2.05 - 7.32
-]
98 033 e *® * O o . @
£ E 0.32 [ ] [ 9 ) 2 ns T o0 i
2S5 o0.z9 * & . . oy
@ 2 026 O ®
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Comparing System Alternatives || Gegrgia | Reeearch

Stan d ard Sto p I | g ht Alternative 1 Alternative 2

Land Range at Cruise

Chart IiStS a” 300.00 400.00 . 243.83 mi . 409.58 mi
requirements as rows

and alte rn a‘tlves as 8.00 12.00 . 7.89 mph 10.30 mph
COlumnS Max Water Speed at 1" SWH

Utilizes collaborative |~ " —

capability by updating | 5 oo o
requirement feserve Buoyancy

thresholds and —5 o @ @
objectives, alternative R Y ® -

100.00 150.00

output metrics, and ———

Empty Mass

req u I re me nt 72.5k 67.5k . 63.0k Ibm . 67.0k Ibm

Importance in real-time

80.0k 75.0k . 70.7k |lbm 75.8k Ibm
ﬂ _
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Government owned framework based on open source
software and open standards

Traceable capability across life cycle

Trade space analysis during system concept
development and guiding technology development

Metadata to discover and leverage assets and to
enhance interface interoperability

Real-time decision maker collaboration

Provides a basis to address the “should” and “will” cost
guestions



Conclusions (£ ) Gogrgia| mesesron

Tech || hstitute

——T11

Open architecture web service to provide rapid
exploration of design tradespace

SysML standard to characterize any system and
process

Collaborative web-browser framework for near
real-time analysis

Design parameter trades including performance,
reliability, and cost of a system design
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- Develop open source collaborative development
framework

* Integration with Decision Component Registry modeling
and simulation catalogue

* Apply open source distributed version control software
and tools

* Apply methods and processes inherent within FACT
beyond ground venhicles
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