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Concurrent System Design — Motivating Example
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Industry-leading fuel burn
achieved through highly
integrated and adaptive power
and thermal management
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Control Interdependency Matrix

(1 subsystem shown)
Control Actuators

High performance, next generation systems require increased integration and adaptiveness

Lesson Learned:

Cannot assess value of new architectures without early consideration of performance, robustness, & controls

This page contains no technical data subject to the EAR or the ITAR.
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System and Supervisory Control Co-design

Hybrid refrigeration for Truck/Trailer » Design output: Battery size, voltage, control set-
points, parameters and limits

* Multi-objective optimization
1. Cost (Battery +Power electronics)
2.  Battery capacity loss
* System-level constraints
1. Maintain cargo temperature:
2. One hour autonomous battery operation
3.  Atleast 15 years of battery life
* Variabilities — cooling load, usage

Benefits:
Fuel savings

Reduced emission & noise
Reduced food waste

N * Model uncertainties
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based on Gaussian process

UTC proprietary. No technical data subject to the EAR or the ITAR.



Co-design: Sensors, Actuators and Control

Synergetic system design for maximal
achievable performance

« Control and estimation for
maximal performance
and life expectancy,

« Efficient and reliable
diagnostics

* What signals to measure ?

* How to actuate the plant for max.
performance and robustness ?

* What sensors and actuators to
choose and where to place them ?

Functionality
and
Performance

Optimal dynamics and control co-design based
on numerical optimal control.

Control objective
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Case Studies: Helicopter Maneuver Optimization,

Requirements

—

* How does the system sizing influence
dynamic behavior ?

* What happens in transients ?

* What is the steady-state performance ?

2 Pratt & Whitney

A United Technologies Company

P&W Turbofan Engine Sensor Set Selection

Sensor options
and specs

Uncertainties
(ambient, engine var.,
deterioration, noise)

Perf. specs
(FN, T41, stab.
margin, SFC)

Cost (acquisition
& operation)

—>
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-
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Sensor
Selection
Tool

Optimal
—> sensor
sets

UTC proprietary. No technical data subject to the EAR or the ITAR.




DISCOVER: Computational Intelligence for System Design

Automated exploration and evaluation of system (plant & control) architectures

System
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Exploration Optimization Machine
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Intelligent
Reasoning
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Human
Learning

Problem Def

Model-
Based
Design

Machine
Learning

Inputs

Requirements
System-level metrics
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UTC proprietary. No technical data subject to the EAR or the ITAR.
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DISCOVER: Computational Intelligence for System Design

Model-Based Exploration of Safety (FHA), Protective Controls, and Reconfigurability

Discrete Supervisory Control Exploration

Compliance by
Construction

Generates only
safety-compliant
system architectures

Source Priorities
Finds all Operating
Modes and the
Transition Paths
between them

Architecture =

Union(OMs)
Builds Operating
Mode Graph,
spanning all of the
mission’s flight
phases.

Dynamic Controls Assessment

Reconfigurability: Operating Modes Simple HX Parameters S

Hotside map parameter -
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Supenvisory Coldside fin height

Control Coldside fpi
Architecture

Flight Phase 3

Flight Phase 2

Off-Design

Models need to capable of
sizing, off-design
performance, and dynamics

Dynamics
Auto generation of

piecewise-defined linear
dynamic models

Linear Model & Dynamic RGA

System layout

and sizing

Linear controls
analyses

Dynamic model
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Potential Coupling Issue

UTC proprietary. No technical data subject to the EAR or the ITAR.



