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Outline for Talks
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• Hardware Testing
• Aeroservoelastic Modeling
• LAPIN in-the-loop
• Propulsion System Simulations
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Purposes

2. To Present the Accomplishments or Progress of 
Hypersonic GN&C team.

• MMF Implementation to run LAPIN and 
MATLAB/Simulink in Concert—LAPIN in the Loop.

• System Identification Experiment Preparations for 
the CCE Testbed.

• NRA supporting Control Design activity.

• In-House Simulation Tool Development.

1. To Present the Hypersonic GN&C:  Propulsion 
System Control Team Long Term Plans.

(MATLAB® and Simulink® are registered trademarks of the MathWorks, Inc.)

CY 2010

Memory Mapped 
File

Large Perturbation 
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Combined Cycle Engine, Large Scale, 
Inlet for Mode Transition Studies

NASA Research 
Announcement
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Control Goals

Design Controllers for a TBCC Hypersonic Vehicle 
Propulsion System that include the following elements:

Albertson, C.W., Emami, S., and Trexler, C.A., “Mach 4 Test Results of a Dual-Flowpath, 
Turbine Based Combined Cycle Inlet,”  AIAA 2006-8138.

TBCC Concept

• Dual-Mode Combustor
• Nozzle System

• Inlet System
• Turbine Engine
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• Nozzle System
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• Turbine Engine

Low-Speed Flow Path
(LSFP)High-Speed Flow Path 

(HSFP) Variable Throat Height

Isolator
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Four Essential Elements for
Controller Development

• A model of the System to be controlled
– Control Design models
– Control Truth models

• A specific objective for the system
• A set of admissible controllers
• A means of measuring the controller 

performance
– Test control robustness
– Test control effectiveness
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Team Goals
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Inlet CForebody
Compression Surface

Pre-compression 
fore-body plate

Isolator

Low-speed plug

High-speed plug

Variable ramp
Bleed ducting

High speed cowl

splitter

Pivot for AoA

Overboard 
Bypass

Low-speed 
flow path

High-speed 
flow path

Low-speed 
flow path

AIP

High-speed 
flow path

AIP



National Aeronautics and Space Administration

www.nasa.gov

Team Goals

Forebody
Compression Surface

Forebody
Compression Surface

Low-Speed
Flow Path

High-Speed
Flow Path

Inlet

Turbine

Nozzle

Inlet

Isolator
DMSJ
Combustor

Nozzle

C

C

C

C

C

C C

C

C

System Controller

MATLAB/Simulink

Free 
Stream

LSFP

HSFP

Splitter

Inlet

Isolator

Cold Pipe

Cold Pipe



National Aeronautics and Space Administration

www.nasa.gov

Team Goals

Forebody
Compression Surface

MATLAB/Simulink

Free 
Stream

LSFP

HSFP

Splitter

Inlet
C

C

Isolator

Cold Pipe

Cold Pipe



National Aeronautics and Space Administration

www.nasa.gov

Available Simulations

• LAPIN (Large Perturbation Inlet Model)
• CFD (NPARC/WINDUS)

Multiple Parallel Paths Developing Simulations

• SPIRITECH NRA
• LAPIN in the Loop
• Interactive Simulation
• Aeroservo Simulation
• System Identification 

Experiment

Tools

Truth Model
CDM
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