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1.1

1.2

SCOPE:

This SAE Aerospace Recommended Practice (ARP) provides guidance for the
presentation of gas turbine engine transient performance models with the
capacity to be implemented as digital computer programs operating in real time
and is intended to complement ARP1257 and AS681.

Such models will be used in those applications where a transient program must
interface with physical systems. These applications are characterized by the
requirement for real time transient response.

These modE]s require attention to unique characteristics that are peyond the

scope of ARP1257. This document is intended to facilitate the.devplopment of
mathematical models and the coordination of their requirements with the user.
It will npt unduly restrict the modeling methodology used bBy<the spupplier.

The objective of this document is to define a recommended practice| for the
delivery pf mathematical models intended for real tdime use. Modelk used in
this appljfication may also be contained in deliverablé computer programs

covered by ARP1257.

Mathematfical Model Presentation:

The presentation of mathematical models;can include, but is not 1jmited to,
the follpwing:

Execyitable computer programs
Program listings

Block diagrams

Tabular data

Plotted data

T an o

A description of theumodel will be included in the Model Implementation Guide
(6.2, Items 4 and10).

Applicatjons:

The appljcations of real time engine models include, but are not limited to,
the fO]]uwiug .

a. Flight simulators
b. Avionic and control system development
c. Control system embedded software
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2.

REFERENCES:

2.1 Applicable Documents:

The following publications form a part of this specification to the extent
specified herein. The latest issue of Aerospace Standards (AS) and Aerospace
Recommended Practices (ARP) shall apply.

AS681 Gas Turbine Engine Steady State Performance Presentation for Digital
Computer.Programs

ARP1257 Gas Turbine Engine Transient Performance Presentation—for Digital

Computer Programs
ARP775 |Gas Turbine Engine Performance Station Identification'and
Nomenclature

Definitions:
Terms used in this document are defined below:

REAL TIME PROGRAMS: This phrase describes transient performance tomputer
programs (whose outputs are generated at a ratecat least as fast as the
physical [system represented.

ENGINE MQDEL: A mathematical representation of a gas turbine engjne which
accepts 3s its inputs the controlled variables of the system.

CONTROL SYSTEM MODEL: A mathematical representation of the control system
which may include sensors, controllers, and actuators.

ENGINE/CONTROL MODEL: A mathematical representation of the system resulting
from the |combination of the'engine and its control system.

TARGET COMPUTER: A computing system on which a real time program|derived
from the |model is tolexecute.

MODEL TIME STER:~A time increment used in the model, for example] in a
numericall integration algorithm. Note that for some models differfent time
steps arg used in various elements of the model.

PROGRAM EXECUTION TIME: The time required for a real time program to
complete all calculations for a given time step. Real time operation
requires that the program execution time for a model element be smaller than
the time step for that element.

REFERENCE DATA BASE: A collection of empirical or analytical data from which
the model is derived and to which model output may be compared.
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3.
3.1

MODEL REQUIREMENTS:
General Requirement:

The real time model will be representative of the engine or engine/control
system described in the Model Implementation Guide (6.2, Item 3).

Structure:

e target
pplier.

The model’s structure will facilitate its implementation on th
Mpdel

ation regarding implementation should be included in the
ntation Guide (6.2, Item 7).

Dynamic| Response:

The model is intended to provide for the prediction ,of engine transient
response to time-varying inputs. A minimum requirement for the model is the
ability| to simulate, in a numerically stable fashion, the effects of normal
throttle, load and mission profile transients.

Numericpl Stability:
A model| can produce divergent or oscillatory response in its outputs if the
model t{ime step is increased beyond-a-certain value. The model bupplier will
determipe this value and should include it in the Model Implementation Guide
6.2, Itpm 9).
Numericpl Accuracy:
The supplier will determine the effect of the model time step on|the accuracy
of the model outputs,~‘This information should be included in the Model
Implemeptation Guide (6.2, Item 9).
Validity:

The boupdariés, both functional and parametric, within which the|model is
valid should be described in the Model Implementation Guide (6.2| Item 9).

Consistency:

Consistency herein means the agreement between model outputs and the
reference data base. Consistency criteria may include transient event times,
small signal and large disturbance response, and steady state results.
Consistency requirements vary significantly and depend upon the specific
application of a real time model. The coordination of model consistency is a
key element of real time model delivery (5.4). Data documenting the model’s
gonsistency should be included in the Model Implementation Guide (6.2,

tem 9).
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3.8 Engine Limits:

w

-3

Design limits on engine performance should not be included as 1imits in the
engine model (e.g., "redline" rotor speeds, maximum burner pressure).
Software indicators ("flags") may be included to alert the user to design

exceedance conditions.

where appropriate.

One of t
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should be included in the Model Implementation Guide (6.2, Items

i

12 Initial
The req
coordin
paramet
must be

sible, the inputs to the control system model for the par|
ion, such as power lever angle (PLA) or collective pitch,
place of an arbitrary numerical description, such as*powe
g code (RC).

pering system described in ARP755 should<be”used in the r
p identify the stations in the gas flow.path that are sig
] .
Model Implementation Guide (6.2, Item 5).

ature:

fes with external systems, the supplier should attempt to

Power Definition:

Identification:

The station numbering system used.-should be document

of symbols contained in ARP755 should be used for ident
ate parameters in the model. In defining the labels use

ity standards established by ARP755. Nomenclature docum

zation:

irements for initialization of a model should be careful
ted between supplier and user. The supplier will define
rs forwhich initial values are required.
present prior to the initial execution of the model.

The control system model may include these limits

tng demand.
ticular

should be

ir code (PC)

eal time
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i for
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5 and 6).
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MODEL OPT]

LONS,

Coordination:

Provisions for the effects described in this section may be negotiated where

appropriate.

Coordination of these capabilities between user and

supplier is

particularly important in real time models since memory requirements and
execution time can be limiting factors in the use of the progranm.

Environmental and Flight Conditions:

The model should accept environmental and flight condition inputs (e.g,
engine face total pressure and temperature, ambient pressure and temperature,

angle of

attack).
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4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10 Alternate—€onrtrotModes—

Customer Services:

The model should accurately represent performance when air bleed and power
are extracted for customer services.

Engine Anti-Icing System:

The model should have the capability of representing engine performance with
anti-icing systems both on and off.

Windmi H-mg—and—Starting:
) )

The mofel should produce representative outputs for starting.and shutdown
transignts.

Thrust| Generation:
If the|supplier provides or has the primary responsibility for the
perforpance of an engine thrust producing system (e.g., vectoring nozzles,
reversers, propellors), then the model shouldirepresent this system.
Variable Geometry:
If the|engine represented by the model ‘incorporates variable gegmetry
features, then the model should reflect the effects on engine pgrformance
attribyted to the variable geometry setting(s).
External Loads:

If the|engine represented by the model is connected to an external load
mechanism (e.g., genepator, propellor, rotor), then the model should allow
for th¢ effects of the-load on the engine’s operation.
Engine|Instability:

The model showld produce responses that result from the following engine
instabjlities: Compressor surge and stall, burner blowout.

Engine/control system models should be capable of representing operation in
all selectable control modes (e.g., primary and reversionary thrust
control).

Malfunctions:

The model should represent engine responses to malfunctions and operations
beyond normal envelopes. This can include:

a. Control system failures (e.g., sensors, power sources, actuators,
computing elements)

b. Engine mechanisms (e.g., fuel valves, inlet ramps, variable stator
vanes, surge bleeds, clearance bleeds, turbomachinery blading)

-7 -



https://saenorm.com/api/?name=2876d1f520a5716fce072c67ad1eb6c2

SAE ARP4148

4.11

5.
5.1

5.2

5.3

5.4

5.5

5.6

(Continued):

c. Accessories (e.g., customer bleeds, o0il systems)

d. Abnormal operating conditions (e.g., foreign object ingestion, icing,
extreme aircraft angles of attack, excessive tailwinds or crosswinds
during ground operation).

COORDINATION REQUIREMENTS:

Computer Capabilities:

In order [to ensure that the model is capable of meeting the user’s
requirements, estimates of target computer performance and progran storage
capacity should be provided by the user. An estimate of the'tompdter
resources| required by a real time program should be includéd in tHe Model
Implementhtion Guide (6.2, Item B).

Precision|

Hardware pnd software differences (e.g., word length, compiler and operating
systems, ptility routines) among computers may‘cause discrepancies| in
performante output from otherwise identical programs. These shoulld be
coordinatpd between user and supplier.

Interface|With Other Models:

The model} when implemented on the user’s target computer, should be capable
of interfacing with other real time models (e.g., vehicle, externall load and
inlet modgls). The interactiGn between the engine/control model apd any

other modgl should be closely.coordinated. The user should provide
documentation describing the intended usage of the required interfhce items
to the mogel supplier.

Consistengy:

The requirements for the demonstration of consistency should be baked on the
specific gpplication. Negotiations between user and supplier should be aimed
at the specification of comparison cases that are sufficient to deponstrate
consistencys

Identification:

The model user will be responsible for maintaining a record of the
relationship between the model provided by the supplier and the program
prepared by the user.

Checkout:

Model checkout will be accomplished by comparing test cases provided by the
supplier with the results obtained by the user from the real time
implementation of the model. Test case parameters and results should be
supplied for sufficient cases to demonstrate the model options described in
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