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Sources of materials

* The system schematics are Boeing proprietary
graciously given by Boeing personnel for the
educational purposes of this course

— Page 6 MD-11 braking system architecture
— Page 15 B717 autobrake system control
— Page 17 MD-11 electrical power system architecture
— Page 18 MD-11 hydraulic power system architecture
e The rest of the material 1s taken from the personal

experience of the author as first a system design
engineer and as an engineering executive
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Designing within
Systems of Systems
* Braking System design examples
Within....
* An aircraft system of systems
* A design process & corporate system
* Airline and ATC systems

* Economic and educational systems

Ron Suiter
Suiter & Associates
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Systems Engineer/Manager

Certification Course
e “The course I wanted when I was a starting
system designer”

* 15 Subjects from aero to electrical
installations, to design for safety,
maintainability, certification, to...

» 58 class periods, a year’s commitment
* Applauded by the FAA certification branch

Ron Suiter
Suiter & Associates

4



Aircraft System Design - MIT

Braking System Design Objectives

Safety
» Performance: Landing, RTO distances, energy
* Longevity, reliability, dispatchability

* Design, production, maintenance costs (DTC)
Weight, strength
Schedule, cycle-time

Technology
 Certification / Regulatory compliance / Testing
 Human Factors / Pilot interface

Ron Suiter
Suiter & Associates
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Braking system architecture

e Architecture determined by Safety
» Basic safety design requirements

 Architecture largely determines economics
— Modularity, LRU’s, reuse...
— Partition to control variability (redundancy)
— Interfaces

» Basic system engineering trades

— Design/production cost, performance, cycle time
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Architecture — safety analysis

 FAR 25.1309 Probabilistic safety analysis

* The analytical tools

— Functional Hazard Analysis (FHA),
redundancy, hazard level, separation

— Fault Tree Analysis (FTA)
— Failure Mode and Effects Analysis (FMEA)

— Zonal Analysis & Events Reviews

Ron Suiter
Suiter & Associates
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Design challenges

Landing gear dynamics

* Brake energy
K(e) =" W/g x (Vx,z)?
=15 (450,000 1b)/32.5 ft/sec? x (220 ft/sec)?
~ 340,000,000 ft 1bs.

* Vertical energy

=15 (450,000 1b)/32.5ft/sec? x (10ft/sec)?
~ 700,000 ft 1bs.
* Dynamics — natural frequencies

Ron Suiter
Suiter & Associates
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Vibration

Squeal

~omrSuiter
Suiter & Associates
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Auto Brake design for safety

 Fault tree analysis to ensure the probability
of the brakes coming on when not
commanded is less than 10~

* 100 Seat aircraft Autobrake design
objective met using Fault Tree Analysis

Ron Suiter
Suiter & Associates
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Interfaces w/ the aircraft system
 Electrical power
— Failure modes
— Power quality, transients + & -, power xfer
— Voltage levels & frequency, 115vac 400 Hz, 28vdc
— Wire separation, EMI & redundancy

* Hydraulic power
— Availability, redundancy, system separation, failures
— Flow rates
— Fluid properties

e Environment

— Temperature, cooling
— Vibration & shock, EMI Suiter & Asoociatts
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Design Process and
Program Management systems

* SE trades, cost, performance, schedule
* Risk management. What is the BIG risk?

Ron Suiter
Suiter & Associates
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Design Process and
Program Management systems

* Long cycle times — 48 months?
* Development cost vs. program ROI

 What is the purpose of engineering?

uiter
Suiter & Associates
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Impact of the design process
on company viability

 Aircraft production example



Strategic cost driver (1985 - 1990):
personnel experience dilution

Policy contradiction (1987-1989):
increased build target + cap on hiring

Parts count / design complexity
Removal of hiring cap (1990):

— T

hroughput targets achieved

— Per-airplane cost declined 45% in one year
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Design drives company viability

e 80 + % of product cost determined early

* Company viability / ability to close the
business case on new designs determines
ability to launch new products

* Flow of new products develops engineering
experience base critical to good design

Ron Suiter
Suiter & Associates
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Airline systems

* Airline viability ~ ability to buy / launch
airplanes
— Driven by 7 to 10 year business cycle
— Sensitive to special events, Gulf, 9/11
— High capital, labor costs, very thin margins
— Long aircraft acquisition lead times

— Business model, network structure

Ron Suiter
Suiter & Associates
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ATM System (of systems)

* Challenge to expand capacity of National
Airspace System (NAS) by 2X by 20257

* Impact of aircraft economics on NAS

* Divide workload between cockpit and
ground

* Value to airlines to equip?

Ron Suiter
Suiter & Associates
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NAS Strategy Simulator
Overview

passenagers and cargo alrlines NAS

congestlon

scheduled
/ fllg hts
traveler
national convenience /_

economy orice _—>airline costs _——"NAS costs
// airline  |g=x= NAS «—<—
pax & cargo trip capacity ne(’;vxélorkt capacity | jnyestment
f demand and fiee in NAS
expansion capacity

tax
airline profit trust fund
airline revenue‘_/
tax revenue
Ron Suiter
Suiter & Associates
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The critical 1ssues

* SE / program management interface
— Ability to manage / trade the BIG risks

* Design cycle time
 Ability to close business case on new planes
» Personnel experience management

* Enterprise portfolio of technologies and
programs to minimize risk

* Program management and corporate culture

Ron Suiter
Suiter & Associates

28
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Direction of Solution

* Top-down design tools - architecture

* Model-based design - technical and organization
performance

 Enterprise simulation based technology and
program portfolio management decision support

e Change the paradigm in concurrent engineering
& engineering personnel management
— JPL Project Design Center
— Drop pay-to-market HR policies

T
Suiter & Associates
29
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The Future

* Ability to deal with complexity of systems of
systems “top-down”

— The solution to your system problem can be found in
the larger or adjacent systems

* Designing airplanes within the context
of...organization, airline/ATC, economic systems

o The challenge — pick YOUR system and improve
its viability
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