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* Introduction to Space Launch Systems (SLS)

» SLS Requirements and Designh Math Models (DMMS)

* The SLS GN&C Model

* The SLS Inertial Navigation System (INS) Performance
Model

* Marshall Advanced GPS Model for Analysis (MAGMA)

« Conclusions and Lessons Learned

/
‘s LS www.nasa.gov/sls



Introduction to Space Launch System (SLS)

* NASA is developing a phased plan to deep space exploration enabled by SLS, an

evolution of Launch vehicles.
— Currently completing the design and building the Block 1 vehicle
— In the process of Block 1B design

SLg, Bloc; 1 SLS Block 1B Cargo S'-%rBeﬁf"fB SLS Block 1B
rew: i .
CMP Capability: 8-9T Crew: 4
EM-1 EM-2 CMP Capability: 10mT
EM-3
Habitation
Europa
Clipper
(subject to
|
approval) A0KW
Power/Prop
_ ‘ Bus _
- oy S o -
Distant Retrograde Orbjt Jupiter Direct Multi-TLI Lunar Free Near Rectilinear Halo
(DRO) Return Orbit (NRHO)
e 8-21days 16-26 days
e vl BN - ==
e e

/ o e -
‘s Ls www.nasa.gov/sls



SLS SE&I Model Based Design

Reduced Program structure
Emphasis on heritage hardware

Relatively sparse requirements set SLS Program Structure

over previous design projects

DMMs convey the design

— Controlled at program level

— Maturity/limitations/use tightly
tracked

— Component models are verified
against vendor design and validated
against flight hardware (or equiv.) Integrated

— Physics models (e.g. 6DOF sim) Models
verified against other simulations and 1
validated with test data.

Certification
A

Level |

Requirements Interface

“Build a vehicle.”

» Payload performance
» Target accuracy

Level
Integrated Vehicle

Requirements Interface

» Payload impact

GN&C
Int. Loads & Dyn.
Int. Avionics (FSW, SIL)

» INS I/F, accuracy
» GPS I/F, accuracy

— Model parameters of high sensitivity
can be elevated to requirements

« SLS Navigation Supports Level Il and

Navigation Team

Element &
Level Il Component
Models
* Example
— Level I| DMMs: GN&C Model, MAVERIC
(6DOF Sim)

— Level Il DMMs: INS Performance, GPS

/
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GN&C Model

« Began as pilot program 2010 Flight Software
« Common GN&C code across SLS seairenens

Disciplines & Functions '“' -
« Efficient GNC/FSW Process

« DMM Contents
— Executable Algorithms

GN&C
Flight Code

— Parameter Definition .H.
— Technical Memorandum N

— Interface assumptions Analysis

— Unit test cases Tools

« GN&C/Navigation Model

— Inertial Measurement Processing | , E—

_ State derived quantities GN&C Al_gorlthm FSW Qualification
" Design

— RINU Initialization Software-in-the-loop

— RINU FDIR Parameters t Testing

— GCA Convergence check - 6DOF Analysis

— RINU Frame check FSW Implementation

~ GPS Measurement Processing ‘ / !

— SDINS algorithms GN&C Mode| <) Code Review

— Navigation EKF (Block 1B only) | CR Process

!
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INS Performance Model

RINU: Redundant Inertial Navigation Unit

Level Il Requirements Definition
— Interface and frequency response
— Performance constrained with reference
trajectory
— Reduction in requirements with explicit
modeling
Level Ill Model Description Vehic Postion Estimate > MOCC!
— Detailed instrument error modeling S oy
— Algorithms which affect performance d—’ o runeron - [Foveompensated v uaiy and 50
— Detailed interface model e e
Verified against vendor documentation, |~ e pctcoutut (o5 GEA
FQT data, and analysis

- Validated against test data
— GCA 6DOF Test
— Frequency response test

— 1
1 1
1
; i
1 1
1 1
i 1
1
; i

— Vendor ATP/QTP data | Detoes assumea s - A
i |mp.lementat|on including :> Maodel Defines assumed 1
i filter imy ¢| gyrocompassing, SDINS,
1 i
1 1
1 1
] 1
i i
1 1
1 1
1 1
] 1
I

Code Modules Data File(s)

Defines interface

Cefines Instrument ermor Defines instrument Errar i
odel implementation =>| Instrument Error Model |-:—| Instrument Error Budget |<:l meqts i
and assumptions

¢ An alyse S P e rfo r m e d Defines effective and gravity definition

. . " Defines lat . timi 1

o ooy [ommme | gt | S |

— Navigation performance N et Reas |
X q_ulracl output < it <:| Defines output precision

interface with effective ¢ | Sutputbueriace Soaciskndatn l and ant:@li:slngzeq'ts !

output precision model
implementation

— Gyrocompassing alignment

— Coning/Sculling e g

p - | n te g rati 0 n i n to Ve h i Cl e 6 D O F rmﬁ;irand facilita::rs Closed-Loop 6-DOF Simulation Standalone Driver | Test Case Medel Implementation

Verification of Vehicla [alston (MAVERIC) Data and | ong of Model

Performance Performance
@ LS www.nasa.gov/sls
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MAGMA GPSTModel

MAGMA_GPS

* Marshall Advanced GPS Model nialce MAGHAGPS <§>:‘;.‘.;.‘.;.‘;;.‘.;;.;;;“H‘};;.;..1;;;_;;:
_ GPS_input T | of GPS satellites Earth occlusion !
for Analysis ' I —
« Framework developed to support s
— Requirements development, E e N v
— Early Navigation System design e |
- Seed Level lll DMM development ;.
- Level Il Requirements
— Interface definition B
- Measurement accuracy
* Functional Components
— Detailed truth model
— SV and Receiver Antenna

: i
| passsssscssssnsansas '
b w | Caleulste and eheck C/ND Visibility Check for i
e elevation !

Apply atmospheric
and clock corrections

Warm - Tracking
Hot - Navigating

modeling | e
— Receiver hardware modeling )
— Receiver software modeling

 Models measurement availability,
accuracy, and latency

“2 15 -1 05 o o5 1 15 2 = -15 -1 05 o o5 1 1.5 2
4
u 1ﬂ‘ w10

Simulation of GPS availability within 2D plane
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Implementation of MBD on SLS has significantly increased efficiency

— Reduced requirements burden

— Provide explicit communication of component and integrated system design
Provides a mechanism for

— Detailed modeling and design insight

— Identification of key vehicle sensitivities

— Gaining additional insight through testing and validation process

— Enforcing rigor in modeling through validation

DMM V&V process forces high fidelity emulation of hardware

Lessons Learned.:
— Model form and function should consider user and developer

— GN&C Model
- Software requirements drive the software test program
- Approach conflicted with established FSW processes and culture
— Component models,
- Good data requirements and supplier integration are key to enabling process
- V&V plans should be defined early to support data requirements definition and to identify
gaps which require additional testing.
- Sensitivity analyses should be used to identify key performance drivers
- Commonality between HWIL models and Performance/Analysis models reduces cross-
validation effort in verification
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Thank youl!

Any questions?
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