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The Product

Gas Turbine Engine

HP Combustor
Compressor

Booster HP Turbine

Emergent Properties:
. Performance LP Turbine
Fan «  Secondary Air System
. Fuel, Oil, Heat Management
. Structural

* Gas Turbine Engines are sold for Thrust
* Thrustis an emergent property!
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Rolls-Royce
Engineering Product Systems /
Organisation Design Topics

Many, e.g: Fan blade, Compressor casing, combustion casing, turbine disc,
shaft duct, control valve
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Turbine Tip
Clearance Control

Engine Electronic
Controller

Control signals Intercase Firewall

Fan Stream

[Operational Requirement: Inlet

¢ The system shall control
turbinetipclearances | = it T N R T
throughout the flight, e e e A
across the operating

envelope and throughout a TCC Valve
service interval prior to TCC Actuator

overhaul.
\ Fueldraulic Tip Clearance

Fancase Pressure Supply

Segment & Carrier

i TTCC System Boundary

Turbines Subsystem

Externals Subsystem

Controls Subsystem

Fire, Ventilation and Drainage
Product System
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Shaft Order
Vibration

'(-)perational ﬁequirement:

¢ All elements of the engine
shall operate correctly for
their declared lives when
subject to operational
vibration levels.
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Shaft Ordered
Vibration System
Boundary

Shaft order vibration is an emergent problem

The focus is how solve the non functional design problem
(preferably without adding new systems and / or functionality)




Product System vs
Design Topic

Design
Topic

It is believed that both Product
Systems and Design Topics arise
simply from the need to divide
the design work up to execute.

The engine as a wholeis a
functional system.
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Product System: Encapsulated functional system within the whole product

Product System

Product System

> Product System

Design Topic

* Traditional Systems Engineering focuses here

Design Topic: Viewpoint on the whole product addressing a specific concern

Software-based systems are in this space

Dominated by physical constraint and non-functional interaction
Gas turbines are to a great extent dominated by these

Design
Topic



Why is No one Continuum of Engineered Systems
Talking about

Design Topics?

No physical Maximum physical
constraint Most Systems constraint
practice and —
thought [T |
* INCOSE System Engineering Handbook (v4.0 based === |~

upon ISO/IEC/IEEE 15288:2015):

* appears to focus on systems where functionality

is the overriding concern.

» has a chapter on Specialty Engineering
Activities, but this deals with non-functionals

each as a one-off with no generic material

Is there a need to
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Thank you
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