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RATIONALE

The content of this technical report has been superseded by ARP60493 and ARP5583. This document does not specifically
address the major concepts associated with modern turbine engine designs. For example, engine ignitor circuits are a
significant source of conducted and radiated impulsive electromagnetic signals, but the document does not address any
design or mitigation concepts for the ignitor circuits. Most modern turbine engines use full authority electronic engine
controls, but these are not specifically addressed in this document. Finally, electromagnetic compatibility of the engine
cannot be separated from electromagnetic compatibility of the aircraft in which the engine is installed. Electromagnetic
compatibility cannot be handled for the turbine engine separately from the aircraft electromagnetic compatibility.

It also does not address the issues of integrated electromagnetic compatibility for all engine electrical and electronic
systems, such as sensors, electronic engine controls, thrust reverser controls, engine control generators, such as PMAs,
and the integration of the engine with the aircraft.

This document focuses on test methods associated with early versions of MIL-STD-461, and makes no mention of civil
electromagnetic compatibility standards, such as RTCA/DO-160 and ARP60493. It makes no mention of other
electromagnetic environments, such as lightning and HIRF, that should be considered in the overall engine electromagnetic
environment.

ARP60493 provides more up-to-date information on integrated aircraft electromagnetic compatibility and ARP5583A
provides more up-to-date information on HIRF.
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SCOPE

The purpose of this AIR is to acquaint the aerospace industry with problems in attaining
electromagnetic compatibility on gas turbine engines, particularly as used in aircraft. It
is also the purpose of this AIR to present guidelines for the application of EMC controls to
the engine, to its components which of necessity must operate in very hostile environments
and to its interface with the aircraft.

INTRODUCTION

The modern gas turbine engine used for aircraft propulsion is equipped with an ever increas:
ing variety of electrical and electronic systems which provide for engine control, instru-
mentation and auxiliary functions.

Typical flight gas turbine equipment includes an ignition system, solenoid operated valves
to control anti-icing air, compressor bleeds, enrichment/derichment and various auxiliary
functions; position indicating and pressure operated switches, an oil quantity transmitter,
and thermocouple arrays to indicate engine gas path temperature. The ignition system,
which may also provide for after-burner ignition on engines so equipped, is frequently self
powered by a dedicated, engine mounted, permanent magnet generator which operates at an un-
regulated frequency directly proporticnal to engine rotor speed.

Many engines are also equipped with electronic Iimiters, electronic fine trim controls or
limited authority electronic engine controls backed up by '"traditional' control systems.
Some of the more advanced engines utilize a completely electronic engine control system
which receives its command inputs entirely by wire rather than by mechanical means. In
their simplest form, these controls may be analog devices, although the more complex ones
usually employ digital techniques. While these units may be powered directly from aircraft
power busses, the more complex systems are usually powered from a dedicated, engine mounted
permanent magnet generator.

Flight gas turbine power plants may also be equipped with a full time condition monitoring
system which transmits various engine functional parameters to a remote receiver. The re-
ceiver either records the data for future use or performs actual comparisons with estab-
lished norms in order to arrive at a continuous, immediate analysis of engine health. Fig-
ure 1 depicts in block diagram form, a realistic assortment of components typifying the
electrical and electronic complexity that exists on gas turbine engines. This multiplicity
of equipment, which may be either engine or airframe mounted, brings with it the potential
for severe EMC problems in both emission and susceptibility areas.

Signal control and power levels range from a small fraction of a milliwatt in the case of
thermocouple signals, to several hundred thousand watts during ignition discharges. The
customer should identify, whenever possible, any unique electromagnetic environment which
results from “on board" equipment.

The electrical and electronics systems of the aircraft gas turbine engine are usually re-

quired to operate in a hostile environment involving severe vibration and very high temp-
eratures.
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2,7 Many components are subjected to ambient temperatures in excess of 150° C. Arbitrarily applying
stringent EMC requirements to engine components and subsystems can result in unnecessary size,
weight and cost penalties, particularly in terms of conducted EMI and conducted susceptibility.
The structures required to house components in the hostile environment are, in most cases, satis-
factory shields for both radiated emission and radiated susceptibility. The capacitor discharge
type ignition system consisting of exciter, ignition leads, and igniters, because of very high
peak currents, is an exception in the case of radiated emission., Radiated susceptibility may
present problems in the area of interconnecting cables, particularly if a premium is placed on
cable size, weight and flexibility.

3. RECOMMENDATIONS
3,1 General:

3.1.1 EMC problems .can be avoided only by carefully. considering the design and testing of system com-
ponents and their interconnecting wiring. The emphasis, however, must be placed on overall
SYSTEM design and SYSTEM testing rather than concentrating exclusively on the EMI characteris-
tics of components alone. However, component testing may be used in many cases to predict
problem areas early in the engine program. :

3.1.2 Table 1, which lists typical engine electrical and electronic components, should be used as a_
guide in selection of appropriate test methods to be applied on a component and/or system
basis. Table 2 defines the test methods of Table 1. o

3.1.3 It is incumbent on the purchaser to specify detailed EMC test method requirements in procure-
ment/test requirement documents for system or components, The statement '"Shall be designed to
meet . the requirements of MIL-STD-etc.!" is insufficient to ensure cost effective EMC designs.
The component/subsystem designer is not in a position to determine either maximum permissible
emission levels or ambient susceptibility levels. .

3.1.4 It is extremely important to give due consideration to EMC during the proposal stage for an
aircraft and its propulsion system., Consideration should also be given to applying the least
stringent specification limits that will provide adequate compatibility in order to minimize
.system weight, cost and complexity, : ,

3.1.5 Critical areas where design requirements must be carefully applied are discussed below:
3,2 CE/CS Methods:

3.2.1 Specify conducted emission power circuit requirements (CE-01, CE-03) on aircraft-engine inter-
face Ieads only where power is actually supplied by the aircraft power source.

3.2.2 Spec1fy signal and control requirements (CE-02, CE-04) with limits tailored to practical,
necessary levels, at the aircraft- englne 1nterface.

Example A - If it is known that X- number of DB relaxatlon can be tolerated for a given CE
method, it should be included in the procurement document.

Example B - If it is known that for CS-01  at a given frequency, the signal level will be high
but at all other frequencies, the level will be quite low; these levels should be
specified in lieu of blanket CS-01 limits.

3.2.3 Indicate that conducted EMI Susceptibility on the engine controls and accessories must be con-
sidered in circuit design by vendors of potential emitters or highly susceptible equipments -
where engine accessory power is supplied by a dedicated engine mounted generator. Require
that all proposals state approximate CE and CS levels so that analysis can show potential

-trouble areas at an early state, .

3.2.4 Require clamping the current probe over both leads of a twisted control pair (not power) be-
tween any engine mounted accessory and a remote (cockplt) control point., The data so obtained,
must be supplied to the aircraft contractor for his use in decision making relative to shield-
ing these leads for cross talk or radiation control. Do not arbitrarily apply CE limits to
these leads.

Documents

Document Sharing Hub

Full document details: SAE AIR1423A


http://www.avadocuments.com/doc/sae-air1423a
http://www.avadocuments.com/doc/sae-air1423a

