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HIL testing is Important

DECSS provides the environment

® High fidelity testing of hardware in the loop provides validation of
all the interfaces and logic before risking expensive hardware and
life on the test stand.

“ Facilitates rapid and inexpensive debugging of hardware
components

“ Enables low-risk and low-cost environment iterative development
with real control system hardware

“ Allows identification and verification of realistic minimum bandwidth,
latencies, packet drop probabilities, and redundancies

“ Facilitates analysis of sensitivities to off-nominal component
performance
» Off-design engine, controller, actuator, sensor, and network can be

tested for (system and/or component) robustness with low-cost and low-
risk
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DECSS Description

® DECSS is a hard Real-Time capable Simulation and Test
Environment developed to support Distributed and Decentralized
Engine Control development and integration with vehicles

. Hardware is Linux based real-time operating system with interfaces
compatible with WinOS and multiple control system communication bus
structures plus 16 channels of A/D and 4 channels of D/A

| Software is built around industry standard MatLab Simulink with support
packages to interface with multiple external platforms and to simplify
Hardware In the Loop testing and evaluation of developmental systems
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Models and Architecture CMAPSS40K
rigina

Limitations:
C-MAPSS4OK To obtain ICs for fuel flow, shaft speeds and DTS =solwer state wector X,

‘ S| ng |e . mdl f| Ie FAX200 Commercial Turbofan Engine and Controller WMods|s | run setup_ewenthing.m first

“ Replacing software with
hardware is more difficult

“ Parallel development of
model is more difficult [
® Use of to/from blocks |

“ Can introduce trouble in el
code generation

“ Cannot see system
dependencies
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Models and Architecture  CMAPSS4oK

Model Referenced
targeted for DECSS
Improvements:

® Blocks are .mdl files

“  Creates individual
executables that can be
replaced by hardware

“ Developers can work
without worry of conflicts
with other developers

® No to/from blocks

“ Eliminates concern of
improper code generation

“ System dependencies are
more clear
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DECSS MOdels Engine with Lumpe

Network Model

i Extecution order chinged sliahtly, had fo add unit delayis on all feedback sianals i+ Rate fransition blocks were added where needed as a quick fitt (e.g. acuator models).
CMAPSSA0k o biainics forfuel flow, shaft speeds and DTS solver state vectors, o farce confroller fo execute first 1€'s are used for all unit delavs ot o the problem stems from direct feediroush of s sianal o & ibrauy block with inherited sampls fimes.
PAX200 Commercial Turbofan Engine and Controller Models vun setup_everything.n first Forsome mason modl refurence blocks do ot ks s and sees aconfict b een

{+Tried o reein ousrall sianal flow including o foiram flags and cutput displays
This required moving some blocks araund from warious subsestems (2.5, mowed
caleulidion of Wi 3into controller block from engine block to avoid having fo make it  fesdback) +

o

Engine Oulputs Displays
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DECSS Models Engine with Lumped

Network Model

i Execution arder changed sliahly, had fo add unit delasis on all feedback sianals i+ Rae fransition blocks wers added where needed as a quick firt (2.9, actiator models).
C-MWAPSS40k 40 force confraller to enecute frst 1C'5 are used forall unit delays st of ths problam stems from direct feedfhroush of & sianal fo & ibrary black with inherited sampls fimes.
To obtain ICs for fuel flow, shaft speeds and DTS solver state vector X, i i
PAX200 Commercial Turbofan Engine and Controller Models n setup._evenhing.n frst e e o st P

f+Tried o retain ouerall sianal flow including ao-tafrom flags and output displays
This renuired moving some blocks aruund from uarious subspstems (6.9, moue
calculiion of WAP 3into controller black from sngine block fo suoid having fo maks it & feedback) 4
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FPHIU sensor

High- Level Network Characteristics
- Use Prob. for drops
- Use PDF for delayl/jitter
- When network is at 85% full capacity
5% of packets will be dropped, and =
delay will be 0.5 +/- 0.1ms.
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DECSS Models Engine with Lumped

Network Model

ChA e e b et 1]
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DECSS Models Engine with Lumped

Network Model
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DECSS Models

PAXZ
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- Use Prob. for drops
- Use PDF for delayl/jitter

- When network is at 85% full capacity
5% of packets will be dropped, and

delay will be 0.5 +/- 0.1ms.
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DECSS Models

‘C—MAPSSMK
PAX200 Commerclal Turbofan Engine and Controller Modgls

&30, withSimEvents,
To obtain ICs for fuel flow, shaft speeds and DTS solver state vector X,
un setup_everything m first

R

Simulation Inputs

y
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F Execution order changed slightly, had to add unit delay’s on all feedback signals
to fores controller to execute first. 1C's are used for al unit-clelays

ack of unit defays caused algsbrac loops in the discrets model that could not be sohved
by Simulink. Using an IC block did not fix the problem, must be unit delay =/

W5vhost

WEVhost

SensorHost
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Simulation with
Detailed Network Model

# Rate transition biocks were added where needed as 3 guick fi (2.9, actuator models)
tost of the problem stems from direct feecthrough of a signal to a library block with inherited sample times.
Far some reason macdel reference blocks do nat like this and sees a conflict between
sample times that dossn't really exist =/

F Tried to retain overall signal flow inclucing go-toffrom flags and output cﬂsplays

This retuired moving some blocks around from various subsystems (.0 moved
calculation of WFFS into cantroller black from engine block to avaid having to make it a feedhack) ™/

FFMUsensor

FPMUsensork

FPMLU
Controller

FFMU

WEW
Controller WEW_actuator

out_Fdrag_true
out_Fret_true

out_Foross_true

CMaPPS5-40K Engine

WEBW
Contraller WEBV_Actuator

Senzorsk
Sensors
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DECSS Models Simulation with
Detailed Network Model

# Rate transition biocks were added where needed as 3 guick fi (2.9, actuator models)
tost of the problem stems from direct feecthrough of a signal to a library block with inherited sample times.
Far some reason macdel reference blocks do nat like this and sees a conflict between
sample times that dossn't really exist =/

C-MAPSS40K F Execution order changed slightly, had 1o add urit delay's on all feeclack sigrials
PAX 200 Commercial Turbofan E nqine and Controller Madels to foree controller to execute first. 1C's are used for all unit-clelays

&30, withSimEvents,
To obtain ICs for fuel flow, shaft speeds and DTS solver state vector X, lack of unit delays caused algebraic Ioops in the discrete mocel that coule not be solved

b F Tried to retain overall signal flow inclucing go-toffrom flags and output cﬂsplays
run setup_everything.m first by Simulink. Using an 1IC block did not fix the problem, must be unit delay ™

This retuired moving some blocks around from various subsystems (.0 moved
calculation of WFFS into cantroller black from engine block to avaid having to make it a feedhack) ™/

FromFPmU & FRhUsensor, [T MUsensor

R

Simulation Inputs

y

FPMU
FPMLhost Contraler FRMU

Zhgine Outputs Displays

= o
Health Faramatars enusy «—L«
o
e
Complex Event Based Comms I
- Use clock drift, timing errors, ] e e
and protocol to simulate traffic, e Ll
collisions, delays,and over-flows e
- Requires SimEvents, or other
event/time triggered simulation

ToSensors

block set
- Achieving real-time operation
can be difficult
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DECSS Models Simulation with

Detailed Network Model

. i X . F Rate transition blocks were added where neeced as a quick fix (2.g. actuatar models )
C-MAPSS40k # Exztution order changed slightly, had to acd it delay's on all feeclhack signals Wost of the prablem stems from direct feedthrough of a signal 10 a lorary klock with inherited sample fimes
PAX200 Commercial Turbofan Engine and Controller Maodels 1o foree controller to execute first. IC's are used for all unit-delays Far some reason maclel reference blocks do not like this and sees a conflict hetween
— N sample times that doesn't really exist *¢
&30, withSimEvents,
To obtain ICs for fuel flow, shaft speeds and DTS solver stale vector X, Iack of unit defays caused algebraic Ioops in the discrets model that cauld ot be solved 7 Trieel to retain overall signal flaw including go-tofirom flags and output disalays.
run setup_everything.m first by Simulink. Using an 1IC block did not fix the problem, must be unit delay ™ This recuired moving some blocks around from various subsystems (eg. moved

calculation of 'WfF3 into controller biock from engine block to avoid having to make it 2 feedback ) *f
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et

Complex Event Based Comms I

- Use clock drift, timing errors, ]
and protocol to simulate traffic, e )
collisions, delays,and over-flows

- Requires SimEvents, or other
event/time triggered simulation
block set

- Achieving real-time operation
can be difficult
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DECSS Models Simulation with

Sync Sync Detailed Network Model

C-MAPSS40K
PAX 200 Commerci

To obtf
run sel

Controller->Fuel Pump

] il T ]
Simulation nputs
Controller-> Variable Stators
Zhgine Outputs Displays | I I I I I I
e Controller-> Variable Bleeds

Hezlth Parameters

Sensors -> Controller

CMaPPS5-40K Engine

Complex Event Based Comms
- Use clock drift, timing errors, Example: Modeling a time-triggered digital network

and protocol to simulate traffic, e where one node has a slow clock and causes a
collisions, delays,and over-flows collision with other traffic.

- Requires SimEvents, or other
event/time triggered simulation
block set

- Achieving real-time operation

can be difficult

A A A A
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Component Testing - Legacy

Legacy systems have multiple complex
analog interfaces specific to each
component/vendor/design/implementation

Real-Time Simulator EHardware Interface
[ nd
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Component Testing - Distributed

Distributed systems have a single simplified
open digital interface with analog elements
contained in the components

Real-Time Simulator

FADEC
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DECSS Operations

Book |

DECSS
, TCP/IP Station
Work B B e )
Station ||

Approved for Public Release S“de 18 Of 32



DECSS Operations
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DECSS Operations

Step 2

Net Step 1
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,'“3 ;ﬁ‘, TCP/IP.
St [
Station

Approved for Public Release

Slide 20 of 32

DECSS
Station




DECSS Operations
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DECSS Operations
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DECSS Operations
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DECSS Operations
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DECSS Operations
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DECSS Operations

TCP/IP
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DECSS Operations

TCP/IP
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Proprietary

DECSS Operations
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Proprietary
Model
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DECSS Operations

Environment, Health &
Deep Interrogation

Engine Plant Model

| ' EPM |
User Plant input = Plant output =
4 | Actuator output Sensor input
Interface \/

Actuatorg [€— Control Laws [€——| Sensors

NETWORK Control System Platform

CSP

Pilot/Airframe input

ROLLS
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Summary
® DECSS provides friendly and capable Simulation and
HIL test environment
Includes multiple base models to support system development
Monte Carlo testing on simulated system reduces risk

Real-Time HIL
|dentifies critical limits (of network characteristics)
Demonstrates compatibility of sub-systems

Distributed system architecture simplifies interfaces

Flexible network modeling capability with adjustable
corruption parameters

Real-time HIL testing of smart components

DECSS is well suited to support
Distributed Engine Control System Development
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Thank you
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