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ABSTRACT 

The pape~ suggests that the trad
itional approach of designing the control 
system in isolation from the other acces
sories on a gas turbine engine may not 
provide the most cost effective total 
solution for an engine having a digital 
control system. 

It is considered that the integrity 
of the digital control can be maintained 
whilst providing additional functions 
not associated with its prime control 
task. This could allow the development 
of advanced monitoring systems to mini
mise life cycle costs and achieve maxi
mum aircraft utilisation. 

The application of these principles 
to helicopter engines is discussed and 
an arrangement. proposed which could pro
vide substantial benefits both to the 
helicopter pilot and to the ground crew. 
Pilot workload would be substantially 
reduced by advising him of engine or 
aircraft management factors on a 11 need 
to known basis. Operators would benefit 
from regular infOrmation on the operat
ional status of the engines. 

INTRODUCTION 

Electrical control of gas turbine 
engines has been an accomplished fact 
for over 30 years·with control based on 
digital computers an accepted principle 
for at least the last 10 of these. 
Recent demonstrations of the virtues of 
full authority electrical control are 
believed to have provided the necessary 
stimulus for such controls now to be 
seriously· considered for future gas 
turbine engines in helicopters world
wide. The argument as to whether an 
analogue or a digital based system would 
best satisfy the requirements of the 
particular market is a complex one; it 
is practically certain however that 
future military engines will be 
conceived from the outset as having 
digital control systems. In the military 
field the trend is likely to be more and 
more towards treating the engine as a 
subsystem in the aircraft, with commands 
transmitted and responses received along 

redundant data highways in the same way 
as for example, an air data computer. 
Digital systems generally are the 
obvious solution for such aircraft. 

This paper does not set out to 
resolve the analogue versus digital 
question for the helicopter market but 
is intended to highlight the extended 
capabilities that a digital control can 
confer on an engine; these capabilities 
have obvious benefits in the military 
field and it is contended that such 
advantages should be made use of more 
generally. In defining the advantages, 
one should start by asking the question 
"What is the prime function of the heli
copter, and what role does the pilot play 
in the achievement of this objective?" 
It is clear that the aircraft does not 
exist to transport the powerplant around 
and that the pilot has other things to do 
than look after the engine. These facts 
are often overlooked but if taken to 
their logical conclusion imply that the 
engine should be a fit and forget compon
ent. 

It is interesting to note the 
differences in approach evident in two 
recent flight test evaluations carried 
out by a leading u.s. aerospace journal, 
one of the latest fly-by-wire single 
engined fighter and the other of a new 
civil helicopter. The former report 
hardly mentions the engine at all; the 
latter contains ·extensive sections on 
engine starting, operating limits, gas 
generator speeds, etc. Which approach 
ought to be the one for the future? 

This paper proposes that digital 
control should be marketed on a more 
positive basis such as "It controls the 
engine, of course, but it also provides 
additional capabilities which no modern 
aircraft should be without." It is 
suggested that the approach most likely 
to prove attractive to potential air
craft operators is one where there is a 
significant level of integration of the 
control with a total engine and aircraft 
monitoring system. The overall capabili
ties of one such integrated arrangement 
are described in this paper and the 
potential operational advantages surveyed. 
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CONTROL SYSTEM DESIGN 

Many possible electronic control 
systems, both analogue and digital, have 
been described in technical literature 
over the last few years, one example 
being given in reference 1. There is no 
one 11 right way" to control a gas turbine 
engine, many quite different approaches 
having been adopted to starting schedules, 
acceleration laws, temperature limiting, 
etc: what may be suitable for one engine 
may be unsuitable for another. Further, 
control laws lending themselves readily 
to a hydromechanical solution may be 
difficult to imple·ment within an elec
trical system and vice versa. 

In this paper we are not concerned 
so much with engine control per se., more 
with the form of its interface with the 
rest of the aircraft, and in particular 
with the pilot. It is in the interface 
areas where the benefits of digital 
control as opposed to analogue can 
become most readily apparent, and where 
the deficiencies of current hydro
mechanical arrangements are most marked. 
There are basically two main interfaces 
in any aircraft between the pilot and the 
engine, that resulting from his direct 
link(s) with the engine control system 
and that associated with engine monitor
ing i.e. instrumentation. Both the pilot 
and the control system currently use 
essentially the same engine data to per
form their respective tasks although 
additional information may be provided to 
the pilot for purposes outside the normal 
scope of the control system, for example, 
oil system monitoring. 

This being so, it would seem 
reasonable to suggest that the digital 
control could undertake some of the engine 
monitoring functions itself, thus signifi
cantly offloading the pilot. Once this is 
accepted the whole concept of the man/ 
machine interface may be re-evaluated 
against a new set of ground rules where, 
assuming integrity is safeguarded, the 
main requirement is to make flying the 
aircraft easier. 

MAN/MACHINE INTERFACE 

1. Use of Interface 

Any aircraft would require a number 
of functions to be performed relating to 
the operation of its power plant and 
associated systems. These functions ~ay 
be listed as follows:-
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(a) Select the engine operating 
condition required. 

(b) Monitor the health of the 
engine and its control. 

(c) Monitor the use of the engine. 

(d) Ensure that engine operation 
is within cleared limits. 

(e) Fly the aircraft to within 
its cleared limits. 

(f) Control the engine directly 
when necessary. 

Performance of each of these 
functions is affected by the form of the 
man/machine interface. Traditionally the 
necessary transfer of information between 
the pilot and the engine has been 
achieved by a mechanical link between the 
pilot and the control system to transmit 
demands to the engine for normal and 
direct (reversionary) control, and a 
display of information on engine operat
ing conditions on standard instruments 
using electrical signals derived from 
engine transducers. Fig. 1 illuStrates 
a typical modern helicopter cockpit. 

FIGURE 1 - TYPICAL HELICOPTER COCKPIT 

2. Future Form of Control Interface 

The logical consequences of an elec
trical control approach is that control 
information between the pilot and. the 
engine should be transferred in the form 
of electrical signals. To maintain 
control integrity a backup path for 
control demands must also be provided: 
this could take the form of the trad
itional mechanical solution but it is 



-considered that an alternative offering 
adequate integrity together with reduced 
pilot workload would also be by independ
ent discrete electrical signals. The 
resultant system has many installational 
and operational advantages,_ its main 
disadvantage being a deep-rooted 
suspicion in the minds of many people that 
in the event of a major problem the elec
trical wire would let them down. 

There is no real answer to this 
except to say that if a whole aircraft 
can be designed around a fly-by-wire 
concept then the small step of engine 
control-by-wire should appear relatively 
trivial. Another 11 anti 11 lobby argues 
the potential effects of electromagnetic 
interference: there is no doubt you have 
to be careful here but in 3 million 
hours of Rolls-Royce Gnome engine oper
ation in civil and military helicopters 
with full authority electrical control 
(admittedly not digital) there has not 

been one instance of this sort of prob
lem - and with long airframe leads 
carrying relatively low level trans
ducer signals. The Gnome in its mili
tary role has operated perfectly safely 
off the ·decks of aircraft carriers 
carrying extremely powerful radar and 
radio systems. The still sceptical 
reader should also note two further 
facts about the Gnome control, firstly 

FIGURE 2 - WESTLAND WESSEX (FLY-BY-WIRE 
ENGINE CONTROL) 

it draws power from the aircraft bus 
only and secondly in one civil appli
cation it was not considered necessary 
to include reversion at all - and 
versions of this aircraft are used for 
V.I.P. transport as well as commercial 
operations. 

Assuming then that engine control 
is by electrical signals and that these 
signals are commanding the engine 
through a digital control system, a 
panel for a twin engined helicopter as 
shown diagrammatically in Figure 3 
can be envisaged. 
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FIGURE 3 - FUTURE FORM OF CONTROL INTERFACE 
(TWIN ENGINED HELICOPTER) 

The operation of the control panel 
would be as follows:-

i) Computer On-Off Select 

The digi·tal control requires a 
switched 28V power supply for a number 
of reasons, including ground check and 
as a back up in the event of self
generated power failure. 

( ii) Computer Pre-Flight Check 
Select 

This is to allow a 11 go - no go 11 

test of the control prior to engine 
start as an additional check to the 
normal in-flight self monitoring routine 
to check out normally dormant engine 
controls such as free turbine overspeed. 
The pre-flight check should not require 
any ground test equipment. 

(iii) Engine Start/Ground Idle 
Select 

Preferred engine start procedures 
may involve pre-selection of ground 
idling conditions and then initiation of 
engine start via the appropriate starter 
and ignition switches. 
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There may be some advantages in 
integrating the engine control with air
craft starter and ignition circuits to 
provide a simpler engine start procedure. 

( iv) Flight Select 

The transition from ground idle to 
the flight condition (i.e. governed at 
or near 100% speed) could, in isolation 
from consideration of aircraft rotor 
characteristics, be controlled automat
ically on pilot selection of the flight 
mode. The transition could be made to 
a schedule combining any of the para
meters existing within the computer. 
An automatic transition would be applic
able to the engine not associated with 
running up the aircraft rotor. 

For the engine controlling the 
rotor run-up full pilot control of the 
rotor speed at all times is considered 
essential. Associated with each engine 
should therefore be a 11 fly 11 select 
control for automatic transition from 
ground idle to Np governing, but for the 
rotor run-up engine operation during the 
transition should be via an effective 
rotor speed control lever. 

Where a Separate accessory driving 
mode is required, a logic interlink 
between the engine controls and the 
selectable freewheel is proposed to 
replace the conventional condition lever 
microswitches to provide a simple safe 
selection procedure. The logic would 
require acceptable levels of speed 
signals before enabling freewheel act
uation. 

v} Reversionary Control Select 

The optimum arrangement for direct 
pilot control of the engine is considered 
to be where each engiQe control system is 
designed to fail frozen and to warn the 
pilot that a fault condition exists. The 
options then open to the pilot are to 
leave the engine in ·th~ frozen state and 
rely on the power modulation available 
from the "good" engine for rotor speed 
control, to shut the failed engine down 
or to reset the power level of the 
frozen en9ine. Such a reset of the 
engine condition may be done most con
veniently through a beeper switch 
arrangement, preferably on the collec
tive pitch lever. 

( vi) Shut Down Select 

It must be possible for the pilot 
to select shut down from any operating 
condition though normally shut down 
would only be initiated from ground 
idle. Two separate means of shutting 
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off tbe engine fuel flow should be 
provided in tbe engine fuel delivery 
lines for fire zone precautions. 

vii) Super Contingency Select 

A "super contingency select" 
facility could be required in some 
cases, the intention being to allow the 
pilot to raise the normal contingency 
limits restricting engine power to 
higher levels for emergency use in the 
aircraft. A single manual selection of 
super contingency for all engines is 
assumed; it is worth noting that the 
initiation of the condition could be 
automatic, using perhaps an aircraft 
low rotor speed signal. 

3. Monitoring Interface 

Provided that the power plant is 
perfectly healthy, that it is being 
operated within its cleared limits and· 
is not within a time restricted domain, 
the pilot does not need to know any · 
information on engine conditions at all. 
At other times, the pilot is a very 
inefficient engine monitor, particularly 
under failure conditions where the odds 
are he is not looking at the relevant 
instrument(s) at the instant of the 
fault developing and relies on training 
and instinct to do the right thing. It 
is more likely that he will detect faults 
by physically sensing a change in his 
environment or by his attention having 
been attracted by warning lights etc. A 
recent incident has even demonstrated 
that given an adequate power margin and 
a sufficiently responsive good engine, he 
may not even notice such a major event as 
a complete engine flame out. Perhaps as 
a monitor of qradual change the pilot is 
more effect1ve, but unless the situation 
is relatively straightforward (such as 
slowy falling oil pressure) the likeli
hood is that his decisions as to actions 
to take may not be arrived at easily -
which implies a high diagnostic workload. 

It has been mentioned already that 
the digital control can aid the pilot by 
carrying out some limited monitoring 
functions since it uses similar engine 
information to that displayed to the 
pilot. This is the point where control 
functions and functions previously 
restricted to 11 engine health monitoring 11 

systems begin to be seen as overlapping. 
The form of tbe interface here is less 
contentious than that for the control -
surely simple lights are acceptable? It 
is envisaged that fault conditions not 
requiring immediate pilot action would 
be indicated by an amber warning with 



further information available through an 
automatic display facility. The more 
serious faults would be signalled by a 
red warning on a central warning panel, 
with unambiguous indication of what the 
fault was. 

The extent to which additional 
hardware beyond that needed for the 
control task is required for the monit
oring depends on the power of the basic 
computer, the parameters used for control 
and the configuration of the interface. 
If the task is accepted from the outset 
then the system can be designed to be 
compatible with the following monitoring 
without significant penalty:-

i) Control Monitoring 

As part of a normal self checking 
routine the computer would essentially 
monitor all the control system equipment 
and should detect system faults (e.g. 
loss of a control signal or a faulty 
drive motor) as well as faults within 
itself. 

( ii) Limit Exceedence 

Engine ratings are determined by 
speed, temperature, torque (power) etc., 
levels beyond which engine operation is 
time restricted for lifing and certifi
cation reasons. The observance of 
ratings below maximum contingency is 
generally a pilot function and can 
involve a significant workload since 
under different ambient conditions 
different parameters may be the rating 
limiting feature. For this reason, 
and the fact that time may be very 
important and therefore high powers may 
be demanded to accomplish the mission 
quickly irrespective of engine or even 
airframe limitations, strict observance 
of limits may be rather neglected. No 
monitoring system·can prevent intentional 
misuse of course, but unintentional 
exceedence of limits can be reduced by 
improving the monitoring~ The exceedence 
of rating conditions can simply be deter
mined by the control computer by a suit
able programme addition and the inform
ation relayed to the pilot in an unambig
uous manner by annunciator lights, with 
usage of the engine being appropriately 
recorded. 

Other engine limits such as vibra
tion levels, oil pressures and oil temp
eratures can also be monitored by t~e 
computer and an indication given of 
limit exceedence. These parameters would 
require an extension of the computer 
hardware and, in the case of vibration 
monitoring, probably external transducer 
processing. 

(iii) Engine Failure 

Although the prime requirement here 
is to detect run down situations, the 
control cannot really be relied on for 
this since these faults may be caused by 
the control itself. It is possible how
ever, to provide limited failure warning 
indication via the control computer by 
detecting such fault conditions as 
excessive temperature for a given speed 
or low engine power at a given tempera
ture. 

iv) Engine Usage 

As a background task for the control 
computer, a monitor of critical engine 
usage (low cycle fatigue, high cycle 
fatigue and creep life) can be provided 
with data storage for subsequent readout. 
The definition of how these parameters are 
derived is beyond the scope of this paper, 
but apart from being of interest. to engine 
stressrnen, engine usage monitoring~ can 
pay dividends in cost of ownership terms. 
Ultimately engines may be released without 
lives as such - overhauls being under
taken as and when necessary as judged by 
the usage of the fatigue cycles of 
critical components. Whereas a reason
able basis exists for such life assess
ment on fixed wing scheduled airline 
services, using the operational pattern 
of the aircraft, helicopters have no 
similarly predictable characteristics 
and bearing in mind the virtual imposs
ibility of pilot evaluation of the 
fatigue cycles then an automatic monit
oring system here would certainly be 
worthwhile. 

4. Future Form of Monitoring 
Interfaces 

The pushbutton control interface 
described in para. (ii) and shown on 
Figure 3 can be extended to include 
the monitoring performed by the basic 
control as shown on Figure 4. 

The annunciation of control faults 
is via a red warning of 11 freezeu on the 
warning panel (or of 11 fail 11 if a run
down situation exists) together with an 
amber on the control panel for degraded 
control faults. Limit exceedence monit
oring is indicated by amber rating lights 
on the control panel: other parameters 
such as vibration exceedence would 
require an extension to the indicating 
system. The limited engine failure 
detection capability of the control 
would also signal the pilot through the 
red 11 fail 11 on the warning panel. 
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CENTRAL 
WARNING PANEL 

FIGURE 4 - CONTROL + LIMITED MONITORING 
INTERFACE (TWIN ENGINED 

HELICOPTER) 

To obtain engine usage information 
from the control would require either 
ground based test equipment or some form 
of built-in interrogation arrangement. 
This latter represents a significant 
addition to the monitoring system which 
really becomes attractive only when its 
capabilities are utilised for more than 
usage information readout. 

5. Extended Capability Control/ 
Monitoring Interface 

Figure 5 shows a fun~tional form of 
interface not only allowing readout of 
monitoring data but also entry of data 
for both control and monitoring purposes. 
It should be emphasised that Figure 5 is 
diagrammatic only and that the actual 
form of the console would need to be 
designed to be compatible with the over
all cockpit. A simp.ler arrangement 
restricting the number of pushbuttons on 
the facia could well be feasible, as 
could a more advanced display system based 
on a cathode ray tube (CRT). The latter 
would allow the simultaneous display of 
several different parameters in digital, 
analogue or even graphical form, the 
actual display depending on the monitor-
ing function. ' 

The readout capability can make 
available on interrogation recorded usage 
data and also diagnostic information 
following the detection by the control 
computer of fault conditions. In add
ition pilot cues for system checkout 
could be provided, as could an accurate 
readout of the value of a number of 
selected parameters (speeds etc.) if 
required. 
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Although the use of digital tech
niques ove~comes to a large extent the 
necessity for external adjustments of 
offset, datum drift etc., there may still 
be the necessity to set up the control to 
match specific engine or aircraft chara
cteristics. The data recovery facility 
described ~ould probably communicate with 
the engine control computer via a data 
highway and therefore the addition of 
limited authority adjustments to the 
control may be implemented using the same 
highway and a data entry panel. 

The general configuration of the 
interface can now be seen as capable of 
allowing detailed information to be out
put from a more comprehensive system 
dedicated to monitoring the overall eng
ine health and performing some general 
aircraft management functions. Such a 
total aircraft health monitoring system 
can have many important benefits both to 
the pilot, the ground crew, and last but 
by no means least, the aircraft operator. 

DATA VALUE 
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FIGURE 5 - ADDITIONAL CONTROL/!IONITORING 
INTERFACE 

TOTAL AIRCRAFT HEALTH MONITORING SYSTEM 

Though possibly only part of an even 
more comprehensive aircraft system, the 
scope of this paper only allows consid
eration of essentially the engine - rel
ated features of an aircraft health 
monitoring arrangement. The objectives 
here can be stated as:-

Reduction of operating costs by 
providing the ground crew with appro
priate data to take timely maintenance 
action, avoiding unnecessary work. 



Improvement of engine operating 
lives by accurately monitoring cumulative 
damage to critical components. 

Reduction in aircraft downtime by 
assisting in the diagnosis of engine and 
control malfunctions, including those 
caused by engine mechanical or aero
dynamic deterioration. 

Reduction of pilot workload in 
flight by automatic monitoring of the 
engine and its control. 

Enhancement of the mission capa
bilities of the ai.rcraft by providing 
pilot data relating to aircraft/engine 
performance on a "need to know 11 basis. 

Not all operators would require or 
at least would be prepared to pay for 
such comprehensive capabilities and 
therefore to achieve the various levels 
of monitoring appropriate to each cust
omer a modular system is desirable. We 
have seen that when engines are fitted 
with digital control some levels of 
monitoring can be incorporated within the 
basic control unit. As the complexity of 
health monitoring is increased, a point 
will be reached where it is more benefi
cial to acquire· the data and output it 
for processing separately. The detail 
configuration of the total system must be 
a compromise between engineering and 
commercial pressures, and this is where 
the advantages of the integrated control 
and monitoring approach become most 
apparent since completely separate control 
and monitoring systems implies some 

DUPLEX SENSORS f DRIVING1 CWP 
I PANEL 

duplicltion of both function and hard
ware. A certain amount of this may be 
inevitable to achieve the right levels of 
integrity but there are areas (such as 
the cockpit interface) where the two 
systems naturally come together and where 
integration can be more cost·effective. 

The total health monitoring system 
is therefore envisaged as the basic 
digital control computers performing 
limited·monitoring tasks as described and 
communicating information to the pilot 
via the monitoring interface, together 
with microprocessor based data acquisi
tion units providing information to a 
separate health monitoring central pro
cessing unit (CPU) which also communicates 
with the pilot through the interface. 
Figure 6 shows diagrammatically the 
system configuration: the control systems 
may be considered as operating in 
parallel with the data acquisition units 
and providing additional data to them. 

With urgent tasks such as limit 
exceedence being undertaken by the digi
tal control, the health monitoring dedi
cated CPU can even out its logic and 
computation workload, thus allowing a 
modest size of unit which can be main
tained at a high utilisation level. The 
CPU would be connected to both engine and 
aircraft data sources, the monitoring 
interface and a data silo using suitable 
data highways with the necessary isola
tion for integrity. 
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LIMIT EXCEEDANCE DETAIL s 

ETORQUE !.AVAILABLE t P.P.I. PER ENGINE. 
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FIGURE 6 - INTEGRATED TOTAL HEALTH MONITORING SYSTEM 
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Basic integrity of the system can 
be further assured using CPU self check
ing procedure similar to those used for 
control, with a limited amount of dupli
cated processing for critical parameters 
carried out within the digital control. 
This ensures retention of vital data in 
the event of a system fault and also 
allows the next logical stage in the 
evolution of the total health monitoring 
concept to be considered, namely the 
removal of current pilot 1 s monitoring 
instrumentation altogether and the sub
stitution of fully automatic montitoring 
together with a display on demand of 
"essential" data. The operation of the 
total health monitoring system against 
the objectives stated earlier would be 
as follows. 

(1) Maintenance Data for Ground 
Crew 

Information concerning the engine 
behaviour since the last maintenance 
activity (general deterioration and 
health, life usage, oil or fuel system 
maintenance etc.) can be recovered either 
from alterable non-volatile read only 
memory within the system, using the cock
pit data display for routine maintenance, 
or from the data silo using ground based 
equipment in the event of a major problem. 

(2) Engine Usage 

Low cycle fatigue and, where rele
vant, high cycle fatigue and creep life 
would be recorded and the relevant infor
mation made available for scheduling of 
aircraft maintenance or operational 
activities. Where on-going operation of 
the engine depends on the continuing 
accuracy of this data (i.e. the engine is 
released on a usage basis rather than 
with a defined life in hours) then separ
ate records may be kept in the control 
computer and in the health monitoring 
CPU. . 

(3) Engine Defect Diagnosis 

Assuming no major engine malfunctions 
occur, any deterioration of performance 
or increase in vibration will be slow. 
It is therefore necessary to take sample 
trend data during each flight which would 
be passed to the data silo. This will 
allow the ground station to look at 
trends over a long period and ascertain 
when irregularities·are occuring. On
board processing of the information as a 
post-flight task would be possible though 
incurring a hardware penalty. The sub
sequent display of meaningful trend data 
from the processing would probably only 
be possible using a C.R.T. display as a 
pilot/ground crew interface. 
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Careful monitoring of trend patterns 
can often highlight a potential defect in 
the early stages, thus aiding maintenance 
forward programming. For major faults, 
it is proposed that both the engine and 
the aircraft data acquisition units cont
inually pass data to a limited store in 
the data silo. This would contain the 
last few seconds or minutes of the flight 
prior to the fault occurring as an 
Incident R6corder. 

Mechanical condition of the engine 
would be monitored using separate track
ing filter units to assess each engine 
rotor out of balance. A vibration 
exceedence warning can be provided to the 
pilot, with further information avail
able on demand from the pilot or ground 
crew. 

Aerodynamic deterioration of the 
engine may be considered a "fault." si tua
tion only when it prevents the aircraft 
performing its mission. What is really 
needed is power margin measurement, ass
essing for the particular aircraft cond
itions how the predicted capab2lities of 
the specific engines compare with the 
aircraft power demands under both normal 
and engine failure conditions. When a 
negative power margin exists it would be 
necessary to indicate a fault, with fur
ther diagnostic data being then avail
able through the stored trend information 
or via the Incident Recorder. Power 
margin measurement is more fully discussed 
in a later paragraph, together with its 
use as a flying instrument rather than a 
fault indicator. 

(4) In-Flight Monitoring 

The replacement of the pilot function 
of monitoring such parameters as oil pres
sure and temperature by a simple automatic 
routine within the total health monitoring 
system should now be seen as a relatively 
straight-forward step. Control monitoring, 
limit exceedence, limited engine failure 
and engine usage monitoring have also all 
been discussed previously: with a separ
ate health monitoring CPU and suitable 
transducer fit the system configuration 
should allow 100% engine health monitoring 
(including full control and engine failure 
detection), with the capability of sur
viving a single fault whilst retaining 
essential monitoring services. It is 
therefore argued that the provision of 
cockpit instruments is superfluous, their 
function being undertaken totally auto
matically. Again, the cathode ray tube 
form of interface would allow a flexible 
display format with diagnostic data on 
engine conditions visible immediately 



following detection of a fault or on 
demand by the pilot. Warning lights as 
previously described could provide inde
pendent fault/limit data in the event of 
a C.R.T. failure. 

(5) Enhancement of Aircraft 
Capabilities 

The foregoing description of the 
general technical capabilities of a total 
health monitoring system could be summed 
up by saying that, apart from adding one 
or two functions, the system can do what 
is currently done but very much better 
and with a much reduced pilot workload. 
Under some circumstances perhaps single 
pilot operation could become possible 
where before two were necessary, but in 
terms of an enhancement of capabilities 
this may not be seen as an overwhelming 
advantage. To an extent it would seem to 
be the aircraft manufacturer's prero
gative to use the system capabilities to 
extend market appeal, but the following 
are given as examples of what is possible. 

i) Fuel Management 

Whilst not strictly a health monitoring 
function more efficient aircraft fuel 
management can be obtained without 
unrealistic pilot workload by monitoring 
fuel states, aircraft speeds and range. 
It is assumed that a NAV-AIDS system can 
provide distance to base and vectored 
wind speed data, and that Flight Manual 
standard data such as maximum and optimum 
sustained speed for a weight and aircraft 
specific range are stored in the program. 
From this data and engine fuel flows, 
Instantaneous Specific Range can be cal
culated. A final specific range can be 
calculated based on an all up weight (AUW) 
with only reserve fuel. The average of 
these figures versus fuel content enables 
a calculation of range: as this figure 
approaches distance to base, the pilot 
can be advised that he has only X minutes 
before a return to base is necessary. 
This figure would also be available on 
demand at any point in the sortie 
together with the optimum cruise speed. 

( ii) ·Flight Instruments 

It is claimed that there are two 
really essential aircraft flying instru
ments associated with the engine, namely 
the power turbine/rotor speed indicator 
and_the torquemeter- although other 
engine instruments are currently provided 
as well (see para. 1.) The case for a 
traditional rotor speed gauge is probably 
irrefutable unless it is accepted that 
the information need only be presented 
on a "need to know" basis, i.e. if the 
rotor or free turbine departs from its 

nominal value or range by more than, say 
5%. It is doubtful if this "no news is 
good news 11 arrangement would really find 
ready acceptance and therefore in quest
ioning the form of the essential instru
mentation we will confine ourselves to 
the torquemeter only. 

In a preceding paragraph reference 
to the use of an aerodynamic condition 
monitor as a fault diagnostic aid was 
made. In the context of an updated 
torquemetei display the monitor program 
resident in the health monitor CPU would 
contain a program assessing the potential 
power currently available from the 
engines and a program calculating the 
power required to fly the aircraft at the 
AUW and outside air temperature of the 
day. The former program would search for 
suitable steady state performance data 
and produce a matrix of power versus 
other parameters needed to define the 
aerodynamic state of the engine. This 
matrix will be continually compared with 
an aerodynamic 'model of the engine to 
perform data verifications. Any genuine 
change in the engine state will show a 
proportional effect on a number of para
meters: if only one parameter is shown 
to be excessively outside this pattern, 
a fault warning will be generated. Once 
validated, this performance matrix will 
be used to update a data file periodic
ally, say every 2 minutes. The data 
file may be used to compute the sum of 
potential power currently available from 
both engines or from the "worst" one. 
These figures can be directly compared 
on a revised torquemeter with the power 
requirement for the aircraft calculated 
using Flight Manual data or data derived 
from other on-board computation. The 
AUW figure would be input into the 
system prior to take off and updated 
during the flight from data produced by 
the fuel management program. 

It should be noted that a less 
accurate version of this power margin 
indicator may be feasible with the basic 
control computer only, which would be 
used to predict the engine maximum power 
capability approximately. The torque 
indicator then uses the combined actual 
output torques from the engines to prov
ide an actual total torque indication on 
one needle. Where an individual engine 
torque exceeds an aircraft limitation for 
the relevant number of engines operating, 
a warning of this may be given in the 
form of an indicator light. The torque 
indicator also includes a second needle 
which denotes the predicted maximum out
put torque capability of one or both 
engines. Thus in a high power condition 
or where the loss of an engine could 
hazard the aircraft, the pilot will be 
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able to assess from a single indicator 
not only the total available torque mar
gin but also the margin in an engine-out 
s3tuation. 

DISCUSSION 

This paper has not set out to 
describe any fundamentally new principles 
of control or engine health monitoring 
(EHM). What has been attempted is to 
define those features of control and 
monitoring which can be seen to have a 
close relationshi~, particularly where 
both aspects employ digital technology. 
By doing this, it has been argued that 
control and EHM can logically be inte
grated. This in turn implies that the 
total system capability and cost 
effectiveness is improved if it is 
recognised from the start that such an 
integration is possible, in that the 
control and EHM components of the system 
can be designed to be complementary to 
each other with duplication only where 
necessary for integrity. The approach 
allows the development of a modular EHM 
system, with basic functions available 
with the digital control by relatively 
minor extensions to its capabilities. 
The paper suggests that the advent of 
digital control should transform the 
interface between the pilot and his 
power plants: Figure 7 summarises this 
new interface. 
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Certain features of the interface 
suggested may be considered as contro
versial, such as the fly-by-wire 
control arrangement. The intention is 
to show what is possible if a sufficient 
determination exists to exploit the capa
bilities of digital systems. The trend 
in sophisticated military aircraft ::..s 
certainly towards total fly-by-wir~ with 
the power plant seen as a sub-system 
addressed from a centralised digital 
d?.ta highway. It is suggested that this 
approach will eventually spread to heli
copters, to reduce the pilot•s workload 
in flight and to make most efficient 
overall use of the ai·rcraft. In any 
event, why should the man/machine inter
face not be different? Perhaps mechani
cal levers do have a nice solid 11 feel 11 

to them, but at some point the motion of 
metal rods must be translated into the 
motion of electrons and why not at 
source? 

Although there are references to the 
difficulties of pilots in performing many 
rnonito~ing tasks, it is recognised that 
helicopters have been flying very success
fully for many years and therefore they 
undeniably have acquired adequate profic
iency at it~ However, piloting a heli
copter is only a means to an end and there 
is little virtue in making the job more 
difficult than it need be. This is really 
why it is suggested that the total nmn/ 
machine interface should be reconfigured, 
to allow a better monitoring job to be 
carried out automatically. Digital 
technology allows this to be done, and 
the resulting system capability is vastly 
superior in total aircraft health monitor
ing to the present 11 eyeball 11 arrangement. 

Inherent in much of the foregoing is 
an acceptance by certification authorities 
of the approach taken. This paper is by 
no means a detailed system definition and 
much design work would need to be done to 
configure the system such that all opera
tional and failure criteria are satisfied. 
It is believed that it could be easier to 
satisfy civil agencies on the system 
design than some military procurement 
authorities which specify how a job shall 
be done rather than what end result is 
required. 

The technology to achieve the inte
grated system proposed basically exists, 
Rolls-Royce are currently involved in the 
design and development of digital controls 
for helicopter engines which could form 
part of such a system. Parallel EHM 
programmes are also in progress within 
Rolls-Royce aimed at full understanding 
of the technology, developing the soft
ware necessary to derive meaningful EHM 
data from helicopter engines in flight 



and also developing some of the necessary 
hardware. Significant experience has 
been gained in on-board digital data 
acquisition and with subsequent process
ing of data to produce engine usage and 
condition read-out. 

The question arises as to whether 
any but the most complex helicopters 
could be fitted with such an integrated 
system from the cost viewpoint alone. 
The answer probably depends on the air
craft manufacturer's attitudes towards 
first cost and life cycle cost issues. 
Certainly the first cost is significantly 
higher and if this is seen as the over
riding consideration then the answer is 
self-evident although there would be some 
associated reduction in the aircraft 
costs due to installation and instrument
ation savings. If, however, the cost of 
ownership is seen as more important then 
such a system must have major advantages. 
It is, however, difficult to quantify 
these until the detail design of the 
system has been completed and costed and 
the benefits defined in terms of mainten
ance reduction and aircraft utilisation 
improvements. Some of the benefits are 
less tangible, for example a lower pilot 
workload which could lead to improved 
flight safety is not likely to have any 
attributed cost savings. 

Another-major difficulty in achieving 
further progress towards a system having 
the capabilities de~cribed in this paper 
is that it requires a number o.f differ
ent design and procurement areas of the 
aircraft to be embraced. Agreement must 
be reached between all interested parties 
as to overall requirements and system 
configuration: it is hoped that this 
paper will provide the basis for further 
discussions within both the engine and 
the aircraft industries. 

REFERENCES 

1. 11 Helicopter. Engine Control - The 
past 20 years and the next" by 
E. A. Simonis and M. P. Perks, 

(Paper presented at 44th AGARD 
Propulsion and Energetics Panel 
meeting on Power Plant Controls 
for Aero Gas Turbines held in 
Ustaoset, Norway in September 
19 74) • 

ACKNOWLEDGEMENTS 

Whilst thanking Rolls-Royce Limited 
Aero Division and the United Kingdom 
Ministry of Defence (Procurement Execu
tive) for permission to publish this 
Paper, the authors wish it to be known 
that the views expressed herein are their 
own and do not necessarily represent 
Company or Official policy. 

This Paper was originally presented in a 
slightly longer form at the 54th AGARD 
Propulsion and Energetics Panel meeting 
on Advanced Control Systems for Aircraft 
Power Plants held in Cologne, Germany in 
October 1979. 

39-ll 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (517.99 469.46) Right top (533.84 511.06) points
      

        
     0
     517.989 469.4607 533.8357 511.0583 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 10 to page 10
     Mask co-ordinates: Left bottom (554.25 521.42) Right top (570.17 555.25) points
      

        
     0
     554.2514 521.4182 570.1725 555.2504 
            
                
         10
         SubDoc
         10
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (582.37 -3.96) Right top (598.21 174.32) points
      

        
     0
     582.3661 -3.9594 598.2129 174.316 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (542.75 516.01) Right top (571.47 553.65) points
      

        
     0
     542.7495 516.0104 571.4716 553.6463 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (499.38 496.42) Right top (532.08 511.28) points
      

        
     0
     499.3823 496.4152 532.08 511.2778 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (515.23 482.40) Right top (531.15 506.27) points
      

        
     0
     515.2327 482.3999 531.1472 506.2717 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (551.04 -3.99) Right top (606.74 547.05) points
      

        
     0
     551.0403 -3.9877 606.7411 547.0527 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (580.15 -0.02) Right top (627.75 399.64) points
      

        
     0
     580.1489 -0.0159 627.7508 399.6422 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (540.48 509.72) Right top (573.21 550.38) points
      

        
     0
     540.4805 509.7218 573.2069 550.3818 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (517.99 478.37) Right top (529.87 507.10) points
      

        
     0
     517.989 478.3745 529.874 507.0966 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (520.09 478.24) Right top (533.04 504.15) points
      

        
     0
     520.0875 478.2425 533.0399 504.1473 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (550.97 523.08) Right top (587.84 556.95) points
      

        
     0
     550.9739 523.0776 587.8383 556.9531 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (22.88 770.85) Right top (39.79 803.67) points
      

        
     0
     22.8771 770.8506 39.7863 803.6743 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     10
     11
     0
     1
      

   1
  

 HistoryList_V1
 qi2base





