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Foreword 

The re earch reported in this paper was jointly funded by the Safet Regulation Group of the UK 
Ci il A iation Authority, the UK Department of Tran port and the UK Health and afety 
Executi e. The work was instigated at the DERA Flight Management and Control Department to 
support CAA' participation in the de elopment of Joint A iation Requirements (.lARs) for mall 
and large rotorcraft, and in response to the findings of the Helicopter Human Factors Working 
Group reported in CAA Paper 87007 (Recommendation 4. 1.2). The Helicopter Human Factors 
Working Group was formed in response to Recommendation I of the Report of the Helicopter 
Airworthines Re iew Panel (CAP 491 ). A paper on the work was presented at the 23rd European 
Rotorcraft Forum, Dresden, Germany, in September 1997 . 

The CAA concur fully with the conclusion of the research . The purpose of this limited study wa 
essentially to establish and demonstrate the applicability of current military quantitative handling 
qualitie requirements and test procedure for the certification of ci il helicopter . lt i recognised 
that ignificant re ource would be required to progress the work to a tage where a propo al to 
the Joint Aviation Authorities (.TAA) for adoption could be made. This activity will therefore need 
to be upported and funded b a number of .TAA tate and the Industry it elf, and i anticipated to 
proceed, ith the de elopment and introduction of fly-by-wires stems for civil helicopters . 

Safety Regulation Group 

25 March 1998 
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Abstract 

The UK' s Defence, E aluation and Research Agency (DERA) undertook a programme of work for 
the Ci ii A iation Authority (CAA) to re iew the future needs for ci ii helicopter flight handling 
requirements. A comparison of e i ting requirement for both ci ii and military helicopters wa 
carried out, and recommendation were made concerning the application of new criteria and 
procedures for ci ii qualification testing, based large! on the requirement pecified in 
Aeronautical Design Standard 33 . In a follow-on trials activity, an investigation of appropriate 
criteria boundarie for ci ii applications was carried out through piloted imulation te ts using the 
DERA's Advanced Flight Simulator facility . The report gi es an overview of the documentation 
review and trials acti ities, and discusses the main findings . 
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Executive summary 

Th Flight Management and Control Department of the Defence E aluation and Re earch Agenc 
(DERA) undertook a programme of work for the UK's Civil Aviation Authority (CAA) to review 
the future need for ci ii helicopter flight handling requirements. The motivation for the re ie 
stemmed partly from the CAA 's participation in establishing Joint Aviation Requirements (JARs) 
for mall and large rotorcraft, and partly from a recommendation in an earlier tudy of helicopter 
human factor issue (CAA Paper 87007). The CAA were interested in taking a longer term view 
to identify what changes or upgrades to the JAR would be necessary to meet the need of future 
rotary wing technolog developments, such a fly-by-wire and digital flight control. At the same 
time, the CAA had an ongoing collaboration with Industry in olving research acti ities that were 
targeted at improving the safety record for ci ii rotorcraft operation . One of the concerns wa that 
existing civil requirements were not ufficientl) ell defined to ensure flight characteristics 
con istent with high operational effecti enes and low levels of workload . 

In Phase I of the review, a compari on of existing requirements for both civil and military helicopter was 
carried out with a view to identifying any hortcoming and making recommendations for improvements 
to the former. Ci ii requirement were taken from BCAR ection G and FAR 27/29 and compared with 
the UK standard for military rotorcraft handling qualities, Def Stan 00970, and the USA' Aeronautical 
De ign Standard AD -33. The main findings of the re iew were that current ci ii handling 
requirements are overwhelmingly qualitative and open to the ubjective interpretation of the 
e aluation pilot, and that requirements for compliance testing are poorly defined. In contrast, the 
military requirements employ quantitati e criteria whenever pos. ible and specify comprehen ive 
flight te ts for compliance demon tration purpose ba ed on formal evaluation u ing e eral 
pilot and a handling qualities rating scale. The AD -33 handling qualities methodology in 
particular present new, quantitati e mi ion orientated handling qualitie crit ria Which had been 
developed in an e 'tensive programme of research into improved criteria for military helicopters. Three 
fundamental concept are used as the ba i for a reference framework around which the handling 
requirements are defined· operational requirements in the form or ion task elements' 
(MTEs); the nature of the vehicle response to control inputs, or control respons type; and the 
le el of degraded isual en ironment (DYE) or ·usable cue environment' (UCE). These are 
combined to form a set of requirement which specify the dynamic respon e criteria and level of 
control augmentation required for pecific operation in given level of UCE . 

It was concluded that exi ting mandator_ ci ii requirement would be better defined if upported 
by advisory, quantitati e handling criteria and testing procedures imilar to those for military use. 
Uncertainty regarding the interpretation of the current ci ii requirement can often result in certification 
difficulties between manufacturers and authorities. It was considered that the need of both parties would 
be addre sed b augmenting the civil requirement with AD -33 type criteria and introducing a formalised 
method of pilot evaluation using MTEs that had been optimised for civil u e. The re ources needed for 
developing appropriate ci ii procedure ould be compensated by the remo al of uncertainty and 
corresponding improvements in safe operational use of future helicopter . A number of recommendation 
were made, largely ba d on the application of the ADS-33 handling qualitie methodology and MTE
based a sessment procedure for ci ii qualification testing. Specific criteria recommended for 
consideration include requirement governing the vehicle· hort, mid and long term re ponses to 
control input , inter-a ·i coupling and re ponse to di turbance inputs . 

In Phase 2, the general aim  as to develop the recommendation through th in e tigation of the 
application or the AD -33 methodology in a representative civil helicopter operational context. The 
inve tigation a carried out through piloted imulation u ing the DERA · Advanced Flight Simulator 
facility (AF ) and a Conceptual Simulation Model ( M) which incorporated re pon e to turbulence. A 
number of different aircraft model configuration w re evaluated, which conformed to differ nt le el of 
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handling qualities in accordance with AD -33 small amplitude re ponse, roll , pitch and aw bandwidth 
criteria. The model's coupling, tability and control force and displacement characteristics also confom,ed 
to Le el I criteria (sati factory). Both rate command (RC) and attitude command - attitude hold (ACAH) 
control response types were e aluated. E aluation pilots included a UK CAA qualification test pilot, and a 
test pilot from the French DGA' ·centre D'E sai en Vol '. Handling qualitie were e aluated u ing the 
Cooper Harper rating procedure and a flight task that was based on what was considered to be a 
repre ntative but demanding ci ii MTE - a 6 degree, decelerating approach to the hover task. E aluation 
conditions included both day C and night time enario , and cro -wind condition with atmo pheric 
turbulence. 

From the re ult it was concluded that a ucce ful demon tration of certain aspects of ADS-33 handling 
qualities criteria and flight te t procedure , and their application to a ci ii helicopter flight operation had 
been accompli hed. Ke conclusion are ummarised below: 

• 

• 

Pilots con idered that the test manoeuvre and i ual cues were sufficiently repre entative of 
operational flight condition , and that the model respon es to turbulence were al o repre ntati e. 
They were able to award Le el I ratings for the be t configuration , and o erall there was a low 
pread of re ults between pilot rating , i.e. I rating point. 

For the poorest ea and te t condition pilots e perienced high control workload and adequate ta k 
perfom,ance could not be achie poor, albeit representati e, vi ual cues and re ponse to 
turbulence were ignificant factor . Pilot expressed a preference for the ACAH re ponse type 
because of the enhanced stability that it offered. 

• Caution hould be applied to interpretation of the re ults again t the AD -33 criteria becau of the 
limited pilot sample and te t matri . e er, the re ult confom, to the trend of the ADS-33 
criteria for All other MTE , UCE = and for All other MTE , UCE > I and suggest that the 
criteria are appropriate for the type of ci ii flight operation in que tion. 

• It is expected that the AF trial configuration , including the nominal! Level 2 & 3 ea would 
meet th coupling and stability requirement of BCAR ection G and FAR 27/29. In addition, 
although not fom,all evaluated, it is also consider d likel that they would meet the general 
handling requirements. It i unlikely that aircraft with these handling qualities characteristics would 
ha e been prohibited from operating in the condition of the imulator test b operational as 
opposed to airworthiness, regulation . This highlight the need for more objective criteria, and the 
trial results have shown clear evidence of the benefits of the AD criteria in meeting this need. 

It a recommended that the ADS-33 small amplitude criteria for roll , pitch and yaw bandwidth 
should be con idered for application a advisory data to support ci ii handling requirements. 
Specifically, the criteria for 'All other MTEs, UCE and 'All other MTEs, UCE > 1 · and gu t 
rejection criteria should be u ed for preliminar guidance on advisory limits for ci ii criteria. The 
earlier recommendation from the documentation review that ADS-33 flight test procedures, 
including us of the Cooper-Harper rating procedure , hould be con idered for adoption a a 
standard for ci ii qualification testing a reaffirmed. A a starting point, it wa recommended 
that a review of civil helicopter loss of control accidents be carried out to inve tigate the effectiveness of 
the AD -33 criteria for re ponse type UCE and handling qualities in pre enting uch accident . 

The report discusses the implication of taking up the recommendations and aspect of civil 
requir ment here future de elopment will be needed. Key i ue highlighted are ummari ed 
below: 

• U e of the Cooper-Harper procedure ha a clear implication on pilot training need and the 
additional time and cost penaltie a ociated with more xten i e testing. Howe er, the 
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hould be weighed against the benefits to be gained in terms of con istency of application of 
the requirements and enhancements to flight safety . 

Civil MTEs need to be developed , including appropriate levels of task aggression, desired 
and adequate task performance requirements, taking account of ci il operational 
requirements and afety constraints. Test for operation in degraded visual conditions also 
need to be taken into account, and the ADS-33 test procedure for DVE operations hould be 
con idered and de eloped for civil application . 

The time and costs associated with application of ADS tyle open-loop te t requirement in 
ci ii helicopter te ting need careful consideration. Instrumentation requirements for 
monitoring aircraft respon e and performance data and , possibly, the load in flight-critical 
components, also need to be considered; this might have a considerable impact on the trial 
resources needed . 

Current ci ii requirement are expre sly concerned with limited authorit AS and AFCS 
function and failure states. In the future , there is a need to address the implications of the 
application of full authority acti e control technology ACT), and addres i sue such a 
controller phy ical and functional characteri tic control respon e type and blending 
between respon e types, failure state and pilot inter ention times etc . 

ix 



• • 
• 
• • • 
• • 
• 
• • 
• • 
• • • 
• • • • • • • 
• • 
• 
• • 
• 
• • • 
• 
• 



• • 
• • • • • • • • • 
• • 
• • 
• • • • 
• 
• • • • • 
• • • 
• • • • • 
• 

List of contents 

2 

3 

4 

5 

6 

7 

8 

9 

I TRODUCTIO 

TECH IC L DEFI TTIO 

PHA E t - REVIEW OF DOCUME T ATIO 

3. 1 General 

3.2 perational a pects 

3.3 Civil handling qualities requirements 

3.4 Military handling qualities requirements 

3.5 Phase I recommendations 

PHA E 2 - IMlJLATIO TRI L 

4. 1 General 

4.2 Test facilit 

4.3 imulation model 

4.4 CSM turbulence implementation 

4.5 Handling qualities configurations 

4.6 Test manoeu re and task cue 

4.77 Trial conduct and procedures 

4.8 Trial re ult 

4.9 Discu 10n 

4. 10 Conclu ion 

4. 11 Recommendations 

0 ER TEW OF THE FI DING D RECOM 1E DATIO 

5. I Review of documentation 

5.2 Mis ion task element and flight ta ks

5.3 Handling qualities aspects 

5.4 Operational a pect 

5.5 Future ci ii requirements 

FUTURE WORK 

REFERE CES

DEFI ITIO 

JI I ustrations 1-10 

Table 1-3 

xi

Page 

3 

5 

5 

6 

7 

9 

12 

15 

15 

16 

16 

17 

17 

18 

18 

19 

21 

22 

23 

5
25 

26 

27 

28 
28 

30 

31 

33 

34 

35- 44 

45 7 



LT T OF FIGURE 

Cooper-Harper rating scale for handling qualitie 

2 D namic respon e criteria 

3 ADS-33 small amplitude criteria 

4 Deri ation of mall amplitude criteria 

AD -33 moderate amplitude criteria 

6 AD -33D attitude bandwidth criteria er us C M configuration 

7 RC configuration ersus attitude bandwidth criteria for UCE> I 

8 ACAH configurations ver u attitude bandwidth criteria for CE> 1 

9 Schematic of the 6 degree approach ta k 

I O Handling qualitie rating for the 6 degree approach task 

LI T OFT BLE 

AD -33 large amplitude criteria 

2 Simulation trial test matri · 

3 6 degree approach MTE ta k definition 

xii

• • 
• 
• • 
• 
• 
• • • 
• • • 
• • 
• • 
• • • • 
• • • 
• • 
• 
• • • 
• 
• 



• • 
• • • • 
• • • 
• • • 
• • • • 
• • • • 
• • • 
• • • 
• • • • • • • 
• 

I. 1 

1.2 

1.3 

1.4 

I TRODUCTION 

During 1990, the Flight Management and Control (FMC) Department of the DERA began a 
programme of work for the CAA to review the future needs for civil helicopter flight handling 
requirement . The motivation for the re iew temmed partl from the CAA's participation in 
establishing Joint Aviation Requirements (JARs) for mall and large rotorcraft, and partly from a 
recommendation in an earlier stud of helicopter human factor issue (Ref I). The CAA were 
interested in taking a longer term iew to identify hat change or upgrades to JARs would be 
necessary to meet the need of future rotary wing technology developments, such as fly-by-wire 
and digital flight control. At the same time, the CAA had an ongoing collaboration with Industry 
in ol ing research activities that were targeted at impro ing the safety record for ci ii rotorcraft 
operation . One of the concerns was that existing civil requirements were not sufficiently well 
defined to ensure flight characteri tic con i tent with high operational effecti eness and low 
le els of workload. Hence, the re iew was al o intended to addres the problem from a handling 
qualities versus flight safety standpoint. 

The review was ub equentl completed in two main phases. Jn Phase I , a re iew of rele ant 
documentation was carried out and, in Phase 2, a trials programme was implemented with the 
objecti e of pro iding ub tantiation data for the Pha I recommendations. Th Phase I re 
took into account both ci ii and military requirement with a iew to identifying any hortcomings 
and making recommendations for improvements to the former. Regarding the military 
requirement a con iderable olume of research into improved criteria for military helicopters 
had been carried out in both the U and Europe during the 1980's which had culminated in 
proposal for new quantitative mi ion oriented criteria. ln th US, the proposals were fonnally 
adopted in Aeronautical De ign Standard AD -33, ·Handling Qualitie requirement for Military 
Rotorcraft' (Ref 2). The CAA were aware of these developments and requested that DERA 
explore the possibility of exploiting them in support of civil requirement . 

Ci ii requirement taken from BCAR ection G (Ref 3) and FAR 27/29 (Ref 4) were compared 
with ADS-33 and al o the UK standard for military rotorcraft handling qualitie Def Stan 00970 
(Ref 5). The main finding were that the ci ii requirements were overwhelmingly qualitati e 
and open to subjecti e interpretation by the e aluation pilot, and that the requirement. for 
compliance testing were poorly defined . ln contrast, the new military requirements 
employed quantitati ve criteria hene er pos ible and specified comprehen i e flight test 
procedures. A number of recommendation were made concerning the application of new 
criteria for civil qualification testing which were largely based on the requirements specified in 
ADS-33. A key recommendation wa that the AD -33 small , moderate and large amplitude 
handling qualities criteria be adopted for civil use, together with the complementary mission task 
element (MTE) approach to flight te ting and evaluation . 

ln Phase 2, the aim was to develop the recommendation through the in e tigation of appropriate 
criteria boundarie for civil applications, and to demonstrate the flight test procedure in a 
representati e ci il helicopter operational context. The inve ligation as carried out through 
piloted imulation tests u ing the DERA' Advanced Flight Simulator facility (AFS). The 
DERA's Conceptual Simulation Model (CSM) was used in the te t to represent helicopter with 
different handling characteristic . The general objecti e was to how handling qualitie 
predicted in accordance with AD -33 criteria were correlated with levels of handling qualitie 
a igned during piloted e aluation of typical ci ii helicopter manoeu re and operating 
condition . The te ts in ol ed an inve ligation of the applicability of the AD -33 pitch and roll 
attitude bandwidth criteria in a small number of flight task which were based on what were 
considered to bed manding, but repre entative, ci ii helicopter flight task . 



1.5 

1.6 

A preliminary appraisal of te t technique , te tea and MTE a carried out b a CAA pilot in 
a preparatory trial , HELCAR I, at the AF during March 1993. The objecti e was to e tabli h 
the fea ibility of the methodology and te t case and to identify key handling qualitie i ue for 
further, more in-depth inve tigation. A follow-on trial , HEL ARS2, was completed during 1996 
in which two pilots, including a UK CAA qualification te t pilot and a test pilot from the French 
DGA's 'Centr D'Essai en e aluated the C M in a 6 degree decelerating approach to th 
ho er te t manoeu re. The trial result enabled a number of ignificant conclusion and 
recommendation to be mad regarding the applicability of the ADS-33 approach to ci ii 
handling qualities requirement . 

This report gi e an o erview of the programme' key acti itie and summarises the mam 
findings and recommendation . More detailed reporting i pr ided in Ref 6, hich co ers the 
Phase 1 documentation re iew, and in Ref 7, which gi e an account of the Phase 2 simulation 
trial . Tn thi report, ection 2 gi es a ummary of ke technical de cription ection 3 addre e 
the Phase I documentation review; ection 4 pro ide an account of the conduct and outcome of 
the simulation trial . The ctions are self contained and pro ide a summary of the main 
conclu ions and recommendation for each acti ity. Key i sue that will ha e to be addre d in 
following up the recommendation are discu d in ection 5 and, finall a t of proposal for 
the wa ahead i gi en in ection 6. 
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2. I A number of ke descriptors are used throughout thi report and before entering the detailed 
technical di cussion, the following descriptions are gi en for reference : 

2. I . I Dynamic pe,formance, /ask pe,formance and task aggression 

In the civil world, performance normally relates to matters of engine power available and 
power required for a given flight pha e. In discussions on military handling criteria, the 
expressions ·dynamic performance·, ·ta k performance· and ·ta aggre ion' are 
introduced. Dynamic performance is intended to refer to the d namic respon e 
to control inputs in relation to its angular acceleration, rate and attitude or linear 
acceleration and rate capabilities. Thi include the re ponses to collecti e, hence 
subsuming all the traditional ci ii performance i ues related to engine and flight path 
response. Task performance refers to the desired or achieved precision error margins in 
parameter that the pilot is endea ouring to control in thee ecution of a given flight task, 
e.g. height, speed, heading, track over the ground. Task aggre ion relate to pilot control 
trategy and the level of dynamic performance that is demanded in the execution of a 

given manoeuvre . 

2. 1.2 Handling qualities levels 

In military requirements, including AD -33 and Def tan-00970, the Cooper-Harper 
rating cale ( ee Fig I and Ref 8), i often u ed a the basis for defining le els of 
'acceptability' regarding le el of pilot orkload and handling qualitie . ln AD -33, the 
following levels are defined: 

Level I: Ratings 1-3 Aircraft characteri ties atisfactory: de ired performance 
achieved with minimal pilot compensation & low workload . 

Level 2: Ra1ings 4-6 Aircraft characteristic unsatisfactory: de ired p rformance 
require moderate pilot compen ation (Rating of 4), or adequate p rformance 
require considerable toe 'tensive compen ation (Ratings of 5-6) . 

Level 3: Ratings 7-9 Aircraft characteri tic unacceptable: adequate performance 
unattainable with tolerable pilot workload . For rating 8-9, loss of control i 
threatened . 

2. 1.3 Mission /ask elements 

ln ADS-33 , an MTE is defined a ·an element of a m1s 10n that can be treated a a 
handling qualities ta k' . For a gi en operational role, a typical flight or mi ion compri es 
a contiguous sequence of e ents hich may be broken down into component flight and 
ta k pha e and their characteristic manoeu res, or MTE . In this way, the MT pro ide 
a basis for categori ing the manoeuvre demand throughout the operational flight en elope 
in relation to piloting control trategy and demand on vehicle dynamic performance for the 
different primary control axe . For completene the MTEs can also be categorised 
according to specific operating conditions such a wind and isual cueing en ironment. 
The MTE act as a ba i for defining flight test manoeuvres for compliance te ting, but 
beyond thi they al o play a more fundamental role in the definition of AD -33 handling 
criteria a discus ed in 3.4 below . 
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2. 1.4 Usable cue environment 

In order to allow for the use of pilot i ion aid rather than specify requirements ju t on 
the ba i of VM or IMC operation, ADS-33 applie a ophi ticated technique for rating 

i ual condition or ·u able cue environment ' (UCE) a it is referred to. UCE pro ides a 
qualitati e measure of the degraded isual environment (DYE) and is derived through 
ubjecti e pilot a e ment u ing i ual cue rating (VCRs). The VCR are awarded 

u ing 5 point rating cale that de cribe the qualit of the isual cue u ed by the pilot to 
upport control of aircraft attitude and ertical and horizontal tran lational rate and 

di placements. The final UCE i derived u ing a weighted a erage of the indi idual VCR 
where UCE = I i equi alent to VMC and UCE of 2 & 3 repre ent relati el degraded 
conditions between VMC and IMC. 

• • • 
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3 PHASE 1 - RE TEW OF DO UME T TIO 

3. 1 General 

3. I. I In recent years, the emphasis of research into future rotary wing technology developments, such as 
fly-by-wire and digital flight control application , has been slanted towards military aircraft. 
However, it is inevitable and logical that the operational benefit that such ystem potentially 
offer will eventually be exploited by civil helicopter programmes, as witnessed by developments 
in the Eurocopter NH-90 programme. Thu in common with military requirements, it will be 
important to specify suitable criteria which both guarantee safe handling characteri ties and lead 
to increased operational effectivene . 

3. 1.2 From a more general perspecti e, military handling qualities requirements ha e 
intentionally played a tronger role in pro iding design guidance. Hence, it i not 
urprising that, a commented in Ref 9 for want of better information they ha e ser ed as 

a source of guidance for many civil projects too. Supporting research for updated 
requirements uch as ADS-33 has endeavoured to identify handling qualities parameters 
that not only characteri e the ehicle ' stability and handling in flight , but also pre ent 
basic quantitative information that enables desirable handling feature to be built in and 
te ted for throughout the whole de ign and de elopment cycle. As the new criteria become 
more widely accepted and used it i ine itable that they will exert an influence on civil 
designs . 

3. I .3 Given thi duality of purpose, it wa considered appropriate to examine the latest de elopments in 
military handling qualities requirements to in estigate the potential for read-aero to ci ii 
requirement . Accordingly, a comparati e tud of both ci ii and milita handling qualities 
requirements wa carried out which focu d on the following elements: 

(i) A comparati ere iew of the operational aspect and manoeu re demands associated 
with both civil and military requirement . 

(ii) A review of existing CAA and FAA requirements i.e. BCAR ection G and FAR 
Part 29 1 

• 

(iii ) A review of the military requirements contained in the UK' s Def Stan-00970 and the 
U A' s AD -33 . 

(i ) An investigation of the quantitative criteria contained in the military requirements 
that may be used in upport of the qualitative ci ii requirements . 

(v) Identification of any gaps not covered by either requirements . 

3. 1.4 The re iew of operational aspects set out toe tablish the common ground, if any, between 
military and ci ii operations; this wa regarded as an essential objective in justifying the 
ea e for adopting common requirement for ci ii and military type . Regarding military 
requirements, ADS-33 and Def Stan-00970 were initiall selected because they 
represented the principal handling qualities requirement then in current u e in the USA 
and the UK. At the same time , both documents pro ided comprehen i e requirement that 
purport to addres all a pects of handling and control that might be e pected to impinge 
on flight afety and mi ion performance . 

1 J R 27 29. publi hed in 1993, did not e i l at the time that the re, iew a carried out but are e entially 

imilar to the F R requirements 
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3. 1.5 

3.2 

3.2. 1 

ote that Ref 6 gi e a detailed account of all of the topic co ered in the documentation 
review. This paper focuses on tho e a pect that formed the ba for the main 
recommendations, and which are ummari ed in the following ection . 

Operational a pect 

From the documentation , it wa clear that operational considerations pla ed a ke role in 
establi hing handling requirement for both civil and military pe . Taking the military 
per pecti e, helicopter are de igned to work in a hostile en ironment where high agilit 
and manoeu rability are required . To allow the pilot to afely e plait the a ailable 
dynamic performance without high le els of workload, the e attribute mu t be combined 
with good handling qualitie . Ci ii helicopter may also be required to operate in difficult 
and demanding condition which may, a in the ea e of ci ii off hore operation in 
condition of icing, turbulence or poor i ibility, po e imilar demand on pilot and 
ehicle performance. 

Hence, from either the iewpoint of mi ion effecti enes or airworthines con iderations 
in order to e tablish effecti e requirement it i e sential that they adequate! reflect the 
demand of the intended role. A nece ary corollary is that, for compliance demon tration 
purpo e , it is essential that the ehicle i at ome stage e aluated in ta k and conditions 
that are representati e of its e ·pected operational environment. Tt wa apparent that both 
ci ii and military requir ment employed thi philo ophy to a greater or le er extent. Thi 

as particularly the ea e for AD -33. which make exten u e of mi ion related flight 
tasks a a basis for both pecifying requirement and for compliance te ting purpose . Ke 
question that the review set out to an wer included how representative were such task ? 
-were they ufficient to co er all th nece ary condition ? how appropriate were they 
fore aluating handling qualitie ? 

The en uing review et out to hape answer through examination of the e ·i ting 
phi lo ophy of the ubject documentation, and compari on of their te t procedures again t 
the likely mi ion ta k or manoeuvre demands. The follow ing point ummarise the main 
finding : 

(i) Both Def tan 970 and AD 33C specify minimum flight test requirement for 
qualitati e asse sment of an aircraft' handling and control in ta k that ma be 
con idered to be mi ion related. ln the Def Stan, uch ta k repre ent a broad 
p ctrum of different role for general application to all rotorcraft types; operations 

from ships are well co ered and a procedure for setting Ship Helicopter Operating 
Limit or SHOL is gi en. The ADS-33 MTEs while intended to be broad ba ed, 
are on the whole pecific to the battlefield role; particular roles not ell repre ented 
include tho e a ociated with hipboard op rations, or tho e that require operation 
from rai ed platforms. Te t for emergenc situation are not well addres ed in 
either. 

(ii) -33 place great empha i on the definition of 'clinical' ta k for the purpo e of 
achieving con i tent and r peatable ubjecti e handling qualitie a se ment . 
Carefully selected task performance requirements, ba ed on mis ion considerations, 
are al o specified. Special ta k cueing arrangement are sugge ted, again in the 
intere t of con i tency and rep atability, regard le of th te t ite. 

(i ii) Def tan flight test er e th dual purpo e of demonstrating flight en elope 
limitations and a e ing handling qualitie . More detailed co erage of the control 
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ystem and power failure case i gi en than in AD -33 . A dedicated flight te t 
chapter is pro ided but this does not include precise task de criptions, and it is left to 
the assessing pilot to determine suitable test procedure . Task performance aspects 
are only addressed in a general way by stipulating that te ting should encompas the 
limiting ea e for attitudes, rate load factor etc, while factors such a flight path 
accuracy are not given direct con ideration . 

(iv) Regarding ci ii requirements, only a limited set of flight ta ks are specified expre ly 
for the purpo e of a e ing handling and control , and the e are completely open to 
definition b the as essing pilot. The greate t emphasi i placed on performance 
testing for the purpose of obtaining operating data and e tablishing afe operating 
techniques within the certificated flight en elope. The under lung load ea e in BCAR 
i the one e ception of a pecific role-related te t. The lack of guidance concerning 
operations from ship or rigs out at ea is particular] noticeable, given the potential 
harshness of the operating environment and the impact on handling and control. 

( ) From comparison of typical ci ii flight profile and role related flying, it was e ident 
that many common MTEs could be identified , particularly tho e that related to 
general handling, such as landing, take-off, hover turn, idestep etc . Hence it was 
concluded that the AD -33 approach for defining MTE and flight te t manoeu re 
for handling e aluation hould be considered for application to ci ii operation and 
requirement . 

3.2.4 An essential feature common to all the documentation is that qualitative assessments of 
handling should be made in ome form of flight test manoeu res. Gi en the lack of 
definition of such tests in ting ci ii documentation, e en in the supp rting ad i ory 
information, there is clearly cope for defining more formal testing requirements, which 
would encompass a broader range of role related tests and achieve a more consistent 
approach. The AD -33 approach would atisfy thi need and it set of MTE pro ide a 
suitable tarting point for the definition of equi alent ci ii MTE and flight task . The 
definition of suitable task performance requirement appropriate to civil operations would 
be fundamental to the succes of this process . 

3.3 Civil handling qualities requirement 

3.3. 1 Key handling qualitie topic addressed in both BCAR and FAR, and con idered in the 
re iew include : 

• Controllability and manoeu rability 

• Ability to trim 

• tatic and dynamic stabilit 

• IFR operation 

3.3.2 From critical obser ation, it was concluded that these requirement are inherently 
qualitative and ubjecti e in nature . Their interpretation and a sessment are normal( 
carried out by only one pilot. Compliance demon tration i achie ed through flight te t 
evaluation, but while test conditions are referred to, guidelines for te t procedure and 
specific test criteria are either not gi en or are poorly defined . In many ea e , flight te t 
definition is generally left to the di cretion of the a e ing pilot. 
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3.3.3 Regarding handling criteria, typicall adjecti al de criptor and phrases are applied to 
what are es entiall quantifiable d namic performance parameters, e.g. ·sati factor ' roll 
control , or to de cribe the nature of a given handling characteristic, e.g. ·dangerou 
behaviour', or level of pilot workload , e.g. ' undue pilot fatigue or strain '. Presumably, the 
use of such terminology i driven by the desire to produce generic requirement that are 
applicable to ' rotorcraft and operating circum tance. At the same time, qual itati e 
statements are open to ambiguitie through ubjecti e interpretation and , in the intere t of 
consistenc and ultimately afety, it i hight de irable to pre ent guidelines on what i 
meant b handling characteri tic that are ·unde ·dangerou ' or ' un afe ', to 
identify the circum tance in hich uch beha iour i likel to occur and to pecify the 
appropriate test condition . 

3.3.4 Regarding the FAR requirement , an accompan ing note (Ref 10) pro ide supplementary 
guidance on pecific i ue of concern, together with detailed information on te ting 
requirement and procedures. Ref 10 has al o been adopted for the .JARs and it i 
considered desirable that this type of information be given for all test requirement , again 
in the form of a upplementary olume to the mandatory requirements. The olume could 
be used to uppl y definitions for all of the key de criptors applied in the requirement , to 
e indi idual handling concerns and constraint and to outline all flight te t and 
procedures that are needed for compliance demon tration . 

3.3. To conclude thi ection on the re iew of ci ii air orthine requirement , the main 
findings are summari ed in the following point : 

(i) The requirement are predominantly qualitati e and place the onu for compliance 
demonstration on the evaluation pilot. The nature, number and outcome of te ting 
requirements i almo t entirely subjecti e, and i generally reliant on a single pilot. 
Research experience has n that pilot opinion can ary considerabl , especial! 
when te ts are not ba ed on well defined ta k and ta performance requirement 
empha i ing the need for a broader con en u backed up where po ibl by 
quantitati e and mea urable criteria. 

(ii ) While the requirement addre controllability, manoeu rability and stabilit ·, ther i 
ery little dir ction concerning the aircraft' hort mid and long term re pon 

characteri tic to control input . Variou requirement hint at a de ired le el of 
responsivenes , either through control in atmospheric disturbances, a ailable control 
margins or manoeuvrability for recovery in emergencies, but they are entirely open to 
subjecti e definition. The nature of a vehicle·s respon e to control input ha a major 
influence on pilot control strategy and le el of workload and thi s a pect de er e 
more detailed di cu ion and definition within the requirements, for both the general 
VFR requirement and tho e gi en for TFR operation . 

(iii ) Very little direct information i gi en on acceptable le els of control cro s-coupling. 
FAR does not addre the i ue at all while BCAR only ha a general requirement 
that there should be a •minimum' of coupling between the longitudinal and other 
control axe . 

(iv) The stability characteristics are adequately addressed in a general qualitative en e 
but the requirement suffer from a lack of objectivity in the specification of more 
detailed testing and acceptability criteria. 
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( ) Whi le both BCAR and FAR refer to response to atmo pheric disturbances and 
control margins for flight in turbulence, ver little information is gi en on the gu t 
conditions to be catered for in compliance demonstration. There is a need for 
supporting data on gust criteria with regard to both practical and theoretical test 
considerations . 

( i) The current documentation i expressly concerned with limited authority A and 
AFCS functions and failure states and , moreover, the requirements on control 
characteristic only take into account conventional centre-stick plus pedals and 
collecti e control configurations. In the future, however, ci ii airworthine 
regulations will need to address the implications of the application of full authority 
acti e control technology (ACT) to rotorcraft handling and control. There is a need to 
addre s issue such as controller ph ical and functional characteristics, control 
response types and blending between response types, failure tates and pilot 
intervention times etc . 

3.4 M ili tary handling quali tie requirement 

3.4. I Broadl peaking, the Def Stan and AD co er the ame range of topic but differ 
considerably in their structure, la level of detail and criteria. Key handling qualitie 
aspects addressed include the following: 

• 
• 
• 
• 
• 

Dynamic performance and control respon e related issue 

Static and dynamic stability related aspects 

Control cro -coupling characteristic 

Di turbance rejection capabilitie 

Flight testing and compliance demon tration a pect 

3.4.2 ADS-33 wa adopted for specific u e for the US Comanche attack helicopter project. 
However, it embodies the latest result of an exten ive programme of research and 
de elopment over the last decade or o, which was aimed at a comprehen i e o erhaul of 
earlier requirements, i.e. MTL-H 850I A, to pro ide updated criteria of more general 
applicability. It should be noted that over the duration of the programme, two versions of 
ADS-33 have been issued, ADS-33C and ADS-33D. The earlier version was used as the 
basis for the documentation re wherea ADS-33D a u ed sub equentl . The o 
ersion ary onl in the detail of the requirement , and their re pecti e u e will not have 

had a ignificant impact on the outcome . 

3.4.3 Def tan 00970 had al o been o erhauled in recent years, although in many wa s the 
document till represents a more con ervative stance, particularly regarding the quantitative 
criteria that are specified. ln many ea es only provisional and largel un ub tantiated criteria 
are gi en. Ongoing research may e entually fill the gaps and it i implied that 'new; criteria 
will be adopted a and wh n ub tantiated result become available . 

3.4.4 ADS repre ent a radical! new handling qualitie methodology, and key inno ation 
include the introduction of new quantitati e criteria. UCE and MTE-ba ed sp cification 
format , and detailed mi ion-related flight test procedures. ln ome areas, becau e of th 
lack of an adequate data base, the criteria are incomplete and still need refining and 
extending. By and large, the main debate centres on values or level et rather than the 
appropriatene s of the criteria or the pecification format . Nonetheless, even in it 
incomplete form, ADS-33 repre ent the most comprehensi e advance in rotorcraft 
handling qualitie criteria and fill man of the gap left by pre ious documentation. Its
principal criteria and te ts formed the ba i for key recommendation in the handling 
qualitie review, hence they are gi en more detailed e planation in the following sections . 
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3.4. 5 Overview of AD -33 handling requirements 

ADS-33 u e three fundamental component as the ba i for a reference framework 
around which the handling requirements are defined; operational requirements in the form 
of MTEs; the nature of the vehicle response to control input , or control response type ( ee 
Ref 6 Section 5); and, finall , the level of degraded vi ual en ironment or UCE. These are 
combined to form a et of requirement which pecif the d namic respon e criteria and 
le el of control augmentation required for pecific operation in gi en le el of UCE. The 
requirement are further cla ified depending on the degree of •pilot-attention' associated 
with given tasks, i.e. 'fully attended' or •divided attention ' operations, depending on the 
level of pilot attention allocated to non-control related task . 

3.4.6 Handling criteria ha e been de eloped and classified for the ho er, low peed and for ard 
peed flight regimes, i.e. from 0-15kn, 16-45kn and >45kn respecti el . ln each ea e, 

whene er po ible a handling qualities parameter is defined and specification format are 
given that define boundary values for Level I , 2 and 3 'acceptability'. These criteria 
pro ide the basi for prediction of an aircraft's o erall handling qualitie , and the premi e 
i that all of the specified requirement mu t be met to achie e Le el I . [n addition, a 
further et of flight test procedure are pecified for the purpo e of awarding as igned 
handling qualitie . Jn thi ea e, compliance is demonstrated through subjecti e 
a se sment of the aircraft' handling qualities in p cified MTE-ba ed flight te t 
manoeuvre where it is stated that the aircraft must bee aluated by at lea t three different 
pilots using the Cooper-Harper rating cale. Thi dual approach has been adopted o a to 
en ure the achie ement of an accurate asse ment. 

3.4.7 For a gi en re pone type, the indi idual handling criteria tem from con ideration of th 
piloting ta k a sociated with the MTEs. Throughout the peed range, flight path control is 
achieved b way of the redirection of main and tail rotor thru t through attitude control. 
Hence the ehicle· suitability for a given role i significantly affected b it beha iour in 
response to attitude control demands. The likely ariation of pilot control trategy ith 
increa ing manoeu re amplitude form the basi of a 3-le el cla ification of the 
demanded roll , pitch and yaw attitude respon e to control inputs. Taking roll control a 
an example, ADS-33 defines small amplitude responses as attitude changes of 10 degree 
or less and the background research ( Ref I I , 12 & 13) uggest that the e are norm all 
a ociated with continuou ·clo ed-loop ' attitude stabili ation tasks. Moderate amplitud 
response , defined a ranging betw een I O and 40 degree , relate to control demand 
a sociated with open-loop type control trategies required for terrain a oidance, re
positioning or target acqui ition manoeuvre . Large amplitude criteria apply above 
40 degrees and represent the ma ·imum manoeuvre and control demands. 

3.4.8 To complete the picture, Fig 2 (from Ref 13) illustrate the different a pects of the 
dynamic re pon e of attitude control that form the ba i of the variou criteria. mall 
attitude change are mostly concerned with the character of the ehicle short and mid 
term respon e and research has shown that frequenc domain criteria are the most 
appropriate for specifying handling qualitie (Refs 12 & 14); specification formats ba ed 
on attitude bandwidth pha e dela damping and natural frequency ha e been de eloped 
and incorporated into the requirements. Moderate amplitude re ponses are associated ith 
lower frequency ta ks, where it has been found that time domain criteria , expressed in 
terms of the demanded change in attitude and the associated peak angular rate , adequately 
represent the nature of the piloting task demand. Large amplitude respon e are largely a 
function of the a ailable control power go erned by tern limitation imposed by 
actuator or rotor blade authority limit . and i e ed in term of a peak angular rate 
requirement. 
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3.4.9 The mean of compliance testing i either stated e ·plicitly in the requirement or detailed 
in the Ref 14 ·Background and U er Information Guide ' (BUTG). This generall in olves 
some form of ·open loop ' te ting whereb the aircraft responses are mea ured following a 
pre cribed input through the pilot' controls. The BUTG also supplie 'user' guidance on 
the cope and applicability of the requirement and pre ents comprehensive information 
on the de elopment of the criteria. The procedure for an aircraft to achie e acceptance 
in ol es the following step : the MTE appropriate to it role are selected; its predicted 
handling qualities are a essed through open-loop testing against the appropriate criteria 
for MTE, re ponse type and UCE rating; final! a signed handling qualitie are awarded 
through qualitati ea sessment in the designated flight te t manoeuvre . 

3.4. 10 ADS-33 small amplitude criteria 

Specification format for hort term criteria for mall amplitude changes in pitch, roll or 
are gi en in Fig 3, which shows e ·ample of requirement for 'Air combat MTE 

'All other MTEs, UCE = I and fully attended operations· and 'All other MTEs, UCE> l 
and/or di ided attention operation The criteria are ex pre ed in term of frequency 
domain parameters, attitude bandwidth and pha e delay; they are derived from the open
loop frequency response gain and phase function relating aircraft attitude response ith 
pilot control displacement. The boundarie hown delineate the Le el I , 2 and 3 
requirement . Similar formats are al o specified for ho er and low speed cases . 

3.4. 11 Fig 4, taken from Ref 2 outline the procedure for obtaining the bandwidth and pha e 
delay. The bandwidth is defined a the frequency at which the phase lag is 45 degrees less 
than the 180 degree ·cro o er frequenc or the gain ha decreased b a margin of 6dB 
above the cro sover value, whiche er is the lower. The phase delay i deri ed from the 
mean pha e lope (deri ed from a lea t square fit) over frequencies above the bandwidth 
frequency . Defined in thi wa , the parameter give an indication of the ·stability· of the 
closed-loop pilot/ ehicle ystem (Ref 15). At control input frequencies approaching the 
180 degree cros o er frequency and be ond it, there i increa ing likelihood that the pilot-
ehicle tern can become ·un table '. The ignificance of the bandwidth is that it 

specifies the task related closed-loop performance capability, while at the ame time 
pro iding a built-in stability margin that protect against potential pilot induced oscillation 
(PIO) problems. The pha e delay pro ide an indication of th 'rapidity' with which the 
stability margin may be encroached, and can be used to guard against a ·cliff-edge· 
tran ition into the region of potential PIO (Ref 

3.4. 12 Ref 14 proposes a ·frequenc weep ' flight test technique as a mean of obtaining suitable 
frequency respon e data for compliance demon tration purpo es. The objecti e of uch 
test is to mea ure the ehicle open-loop frequency respon e for a swept sinewave 
e ·citation ignal , introduced via the pilot's control . Time eries analy i technique are 
applied to the recorded control inputs and respon e data to obtain the appropriate gain and 
phase function . 
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3.4. 13 AD -33 moderate amplilllde criteria 

Moderate amplitude requirement for rate re ponse types are pecified through a 
parameter called ·attitude quickne ' . Quickne is deri ed from the aircraft' angular 
respon es and i defined as the ratio of the peak rate to net change in attitude displacement 
following a discrete pulse control demand. It provides an approximate measure of the 
respon e bandwidth for moderate amplitude attitude demand and i u ed as a mean of 
specif ing manoeu re performance boundarie for Le el 1/2/3 handling qualities. 
Requirement for pitch, roll and aw for low peed and forward flight cases (defined in 
AD -33 as 0-45kn and >45kn respectively) are specified, a ample of which is shown in 
Fig 5. Compliance with the requirements i demonstrated b mean of mea uring the 
appropriate re pon e to pul e type inputs; the tep change in attitude re pon e should be 
representative of those that would be achie ed in the e ·ecution of standard MTE based 
flight tasks. 

3.4. 14 AD -33 large amplilllde criteria 

Large amplitude criteria specify minimum requirements for achievable steady state rate or 
attitude change, for rate and attitude respon e t pe re pectively. pecified alue are 
summari ed in Table they are di ided into 'limited', ·moderate· and ·aggre i 
manoeuvring categorie depending on the le I of task aggression a ociated with the 
given MTEs. For the least aggres i e case, the values are matched to the upper amplitude 
range point for the moderate amplitude criteria ( ee Fig 5). fn this ea e, the alue gi en 
are not intended to repre ent ma limit for control power but, from Ref 14, in 
practical terms the ser e to et reduced performance le el for redundancy case for a 
limited authorit SA . The moderate manoeuvre category correspond to more aggre sive 
MT and applie in the ea e of tran port or utilit type air raft that need ome e asi e 
manoeu ring capability for battlefield operation (Ref 14). The aggre i e MTE represent 
the ma imum manoeu re demands for attack helicopters, and the value et repre ent the 
ma control power requirement . Defined in this way, these criteria, together with 
the moderate amplitude criteria de cribed in the pre ious ection, are particular! · pertinent 
to emergency manoeu re for ci ii operation . 

3. 5 Pha e I recommendation 

3. 5.1 Following the documentation re the findings of the anou component were 
compared and a number of recommendations mad which addressed potential 
improvement to civil requirement and test procedures. The key point offered to the 
CAA for con ideration are summari ed in the follow ing: 

(i) Operational aspects 

• 

• 

The ADS-33 MTE approach and handling qualitie e aluation procedure hould 
be con idered for ci ii qualification te ting purpo e . A ba ic set of ci ii MTEs 
could be defined as a ba i for evaluation flight tasks; BCAR/FAR tests for 
'Operating pace and areas', Height-Velocity envelope deri ation, and 
SA /AFCS failure hould form an additional et of· afety criticar te t cases 
specified in the form of MTE . 

Ta k performance requirements relating to both operational safety and 
efficienc would be needed for each of the flight ta ks. 
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• The Def Stan 00970 procedures for helicopter operations from ships· decks 
should be con idered a an interim set of rules for clearance procedures for 
civil helicopter operation at ea. A study should be conducted to pro ide a 
revised set of rules for future requirements; the study should consider the Def 
Stan SHOL concept as a means for setting operating/clearance procedures at 
site other than ships e.g. rigs, rai ed platforms etc, here factors such as the 
relati e wind condition , turbulence from structure or e haust ga ingestion 
also present significant operational constraints . 

(ii) Handling aspects 

• The et of ci ii MTEs could be used as a ba is for general handling e aluations . 

• 

• 

• 

• 

• 

• 

• 

The Def Stan 00970 criteria for short term, transient responses and ADS-33 
small , moderate and large amplitude criteria should be investigated for use in 
support of the ci ii controllability and manoeuvrability requirements . 

For mall amplitude criteria, Levels 2, and 3 boundarie hould be defined 
based on the following minimum et of MTE : 

VMC/TM decelerating/constant approaches. 
Sloping ground landings . 

⇒ Precision ho er/precision load positioning . 

For moderate amplitude criteria, Le el I, 2 and 3 boundarie for the attitude 
quicknes parameter hould be determined for the following minimum set of 
tasks: 

idestep, forward tep, spot tum, bob-up . 
Transient banked turns at up to 60 degrees angle of bank. 
Forward acceleration/deceleration at up to a maximum 30 degrees pitch 
attitude . 

⇒ Balked landing. 
Entry into autorotational fligh partially powered flight. 
Flare and landing following autorotational flight partially powered flight. 

The moderate amplitude criteria and MTE should also be inve tigated as a 
mean for specifying control margin requirements . 

For large amplitude criteria, appropriate maximum rates should be determined 
as deemed to be appropriate for the pecified ci ii MTEs . 

An investigation of the application of AD -33 mall amplitude criteria to 
support BCAR and FAR requirements for TFR operations should be carried out. 
Con ideration hould al o be gi en to the application of bandw idth criteria in 
support of the BCAR requirement that there is a low probability for the 
occurrence of PlOs . 

The AD -33 criteria on cross-couplings hould be investigated for adoption 
civil requirements . 
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• Application of ADS-33 bandwidth criteria for specifying requirement for 
respon e to di turbance input hould be in e tigated. The Def tan criteria on 
turbulence characteri tic hould also be in e tigated to pro ide guidance on 
test criteria for disturbance input . 

(iii) ompliance testing aspects 

• All flight te t procedure necessary for compliance demon tration should be 
clear! identified and documented, including tests a sociated ith general 
handling e aluations, or for compliance again t pecific handling or stabili 
requirement . 

• The Cooper-Harper rating procedure should be considered for application in
subjecti e handling qualitie e aluations; te ting should be carried out b at 
least three different pilot . 

(i ) Documentation issues 

• 

• 

A dedicated flight test and procedures manual hould be de eloped, which 
would include detailed e aluation objecti e , ta k de cription and ta 
performance requirement . Guidance on ubjecti e pilot as e ment and rating 
cale , and an data recording requirement hould be included. 

All handling qualities is ue hould be clearly identified and do umented within 
the main body of the requirements; any additional guidance should be clear! 
referenced and the flight test manual should also be referenced for any specific 
testing requirements. 
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4 PHA E 2 - lMULA TIO TRIAL 

4.1 Genera l 

4.1. I As noted in Section I , the broad objective in Phase 2 was to demonstrate the applicability of the 
ADS-33 methodology through a handling qualities inve tigation into the application of the 
proposed criteria and te t techniques in a representati e ci ii operational conte t. It was decided 
that the most effective way of carrying out an initial demonstration was through piloted 
simulation; it as recognised that actual flight te ts would be needed to pro ide ubstantiation 
data for the simulation re ults in the longer tenn. The AFS had been establi hed as a high fidelity 
facility for simulating helicopter handling qualitie in previous FMC research programmes, when 
ADS-33 test techniques and procedure had been applied in the de elopment of handling 
requirements for military rotorcraft. The conceptual simulation approach was adopted because the 
CSM could be used to provide a 'generic' helicopter representation, which allowed the handling 
characteristics to be modified in a controlled and systematic manner. In particular, the CSM could 
be tailored to represent pecific Levels of handling qualities in terms of the ADS parameters and 
criteria . 

4. 1.2 The scope of the test objective was limited to an inve tigation of the AD -33 pitch and roll 
attitude bandwidth criteria in a mall number of representati e ci ii flight ta k . A traditional 
approach with the handling qualitie methodology is to in estigate the control a separately, 
although the importance of hannony in pitch and roll makes it important that they be considered 
together. It wa recognised that the hea e and axe were also important and that in some 
situation , e.g. engine failure cases, they would be the mo t important respon e axe . In the longer 
term, a in AD -33, a more comprehen ive range of tests would be needed to encompass the full 
range of handling requirements. Test condition included both day VMC and night time DVE 
scenario and cro -wind conditions with low to moderate levels of atmo pheric turbulence (see 

ection 4.4 below) . 

4.1.3 In the HELCAR I te it was establi hed that the 6 degree approach MTE was a suitable civil 
flight task that could be used to meet th e perimental objecti es. For the night time DYE case 
an arra of light wa implemented to pro ide representati e ground-based cues for guidance to 
the landing point. Regarding atmospheric conditions, two datum ea es were tested; zero wind and 
a steady cros ind of I 5kn bearing from red 90 degree relati e to the initial aircraft track over 
the ground. A key is ue that emerged from th trial wa the degree of freedom the pilot had to 
adapt control strategy to accommodate poor handling qualities and/or operating conditions to 
achieve the ta Potentially dangerou handling ituation , caused b o er-controlling or incipient 
pilot induced oscillation (PIO), could be avoided by correcting flight path errors in a relatively 
discrete fashion, and/or slowing down the rate of progress of the task . 

4.1.4 Consequently, there was a need to establish if there was a combination of handling qualities 
characteristic and likely operational circumstances that would ultimately defeat thi strategy. It 
was con idered that a further degradation in the operational conditions through the introduction of 
atmospheric turbulence would most likely prove to be the limiting case. This hypothesi was 
tested in HELCAR 2 where the C M a modified to re pond to turbulence (Ref 16) and the 
tests repeated. At the same time, the aim of HEL AR 2 wa to achie ea more definitive piloted 
simulation e aluation of the AD -33 criteria and investigate their applicability to the chosen 
category of civil flight te t manoeuvre. 

4.1.5 The te t matrix for HELCAR 2 is ummarised in Table 2. The intention wa to conduct 
comparative e aluation of a number of Le el I , 2 and 3 configuration with both R and 
ACAH respon type . The degraded handling qualitie cases were achieved by reducing the roll 
and pitch attitude bandwidth and/or increa ing the phase dela , through implementing an 



additional time dela o er and above the AF tern latenc , i.e. total computation time from 
pilot control demand to isual and motion t m re ponse. The target test condition was the 
'night with turbulence ' case, although a small number of les severe conditions, including 'da 
with zero wind', 'day with turbulence' and 'night with zero wind· , were also te ted to pro ide 
datum for compari on. A ingle standard flight ta was e aluated which comprised the 6 degree 
approach, as described in ection 4.6 belo . It was initiated from le el flight at 60kn (on a 
compa s heading of 0 degree ), 650m from the landing point at 240ft AGL with a 46m lateral 
offset (to the left of th approach line) and a 15 degree heading offset to port. The wind condition 
was set to a mean of 15 kn from port, with light to moderate le els of turbulence (see Fig 9). 

4.2 Test fac ility 

4.2.1 Principal feature of the AF imulation facility configuration included Large Motion stem 
(LM ) platfonn motion cueing Link-Mile Image 600PT omputer Generated lmage (CGl) 

isual tern, and a cockpit with a ingle pilot station featuring con entional helicopter cyclic, 
collecti e & yaw pedal control . ound & vibration cueing were also pro ided, modulated at 4R 
in frequenc and amplitude. The control were configured with Lynx tatic and d namic force, 
and di placement characteristic . It hould be noted that, becau e of the e ploratory nature of the 
tests, HELCARS I was carried out in limited fixed-base imulation configuration. Al o, primary 
flight infonnation wa displayed via head-down analogue in trument and a head-up displa 
(HUD) in the forward field-of- which di played an artificial horizon and attitude indicator, 
air peed indicator, rad-ah, baro-alt and a torque meter. For HELCAR 2, these di pla were 
replaced b a head-down CRT in trument di play. The same i ual y tern was u d for both 
trials, although a con iderably enhanced FOY was u ed for HELCAR 2, i.e. a five window 
displa_ including a ·chin· window as opposed to a limited 3 window di play for HELCARS I . 

4.3 imulation model 

4.3.1 The CSM i a generic helicopter model that wa de igned to allow handling qualitie concepts to 
be in e ligated without the constrain normally associated ith a full engineering solution. The 
model can be configured with tatic and d namic data sets pecific to a gi en aircraft o as to 
generate primary re ponses characteri tic of that type. lt wa configured with a Lyn · data set for 
the trials, scaled to an AUM of around 5900Kg, providing a take-off safety peed, Vto , of about 
60kn, i.e. at thi speed a mall rate of climb i a ailable with one engine operati e. Primary 
control a were configured as foll : 

• 
• 
• 

• 

• 

Full de-coupl d response (apart from a tum co-ordination feature) . 

Pitch and roll - RC and ACAH implemented with a fir t order tran fer function . 

Ya - first order RC re ponse below 45kn, blending to a t order ide lip 
deman sideslip uppression at higher speed . 

Heave - thrust response modelled by simple momentum/blade element theory g1vmg 
e sentially an acceleration r ponse to collecti e demand in the hort term. Rotor thru t also 
re pond realisticall to change in inflow and disc incidence. 

Turn co-ordination - at peed abo e a blend region of 40-S0kn and up to 70 degrees of 
bank. 

4.3.2 Key handling qualitie parameter ( e Fig 2) that can be set for the roll , pitch and aw axe 
include the following: 

• 
• 
• 

control power, damping and en itivity 

attitude bandv idth & phase dela 

tim delay (minimum I I Sm ) 
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4.3.3 Heave a i characteristics conform with AD -33 Level I criteria and, a the model i fully de
coupled (apart from the tum co-ordination feature), it also complies with the ADS-33 Le el I 
coupling criteria. In addition, the model responses comply with the mid to long term static and 
d namic tability requirements of both ADS-33 and BCAR ction G . 

4.4 C M turbulence implementation 

4.4. I The CSM upgrade to include response to turbulence was achieved through incorporation of an 
·atmospheric turbulence generator" (ATG), which is based on a statistical discrete gust model that 
represent turbulence by an aggregation of discrete gusts (Ref 16 ). The A TG had been used 
successful! in earlier DERA simulation research, including here it had been configured to 
represent low to evere levels of turbulence in a ta k involving an approach and landing on a 
ship's deck. The ersion representing a moderate le el of turbulence was used as the baseline 
configuration for HELCARS2. It was con idered that, although this configuration had been set up 
to represent a specific operational condition, the nature of its turbulence characteristics was 
sufficiently generic to meet the broader aims of the demonstration trial. 

4.4.2 A set of scaling factors representing light, moderate and high le el of turbulence was determined 
u ing the baseline model configuration, and were subsequently as e sed through piloted 
evaluation in the AFS during the trial workup. These tests confirmed that, subjecti ely, not only 
were the respon es to turbulence reali tic, but they al o produced the desired effect of increa ing 
the level of ta k difficulty. With turbulence, the pilot was forced to attend to flight path 
disturbance more or le s continuou which had the effect of making handling qualitie 
deficiencie , such as tendency for more apparent and intru ive. Workload also increased 
because turbulence had the effect of making the aircraft's roll , pitch and attitudes le stable, 
increasing difficulty in monitoring the progre of a manoeuvre and in keeping the landing point 
m ,ew . 

4.4.3 The effect of turbulence on the model 's response was more noted for the RC configuration 
because of the lack of an attitude hold function. ln order toe plore the limiting handling qualit,e 
cases for both re ponse types, the RC configuration were tested at low levels of turbulence while 
most ofth ACAH case were tested at moderate le els . 

4. 5 Handling qualitie configurations 

4.5.1 Fig 6 shows the AD -33 small amplitude attitude bandwidth criteria for pitch and roll axis 
response that were u d to determine handling qualitie configurations for the trial. Requirements 
for operations in UCE of 1 and > I are given, and the figures also show the relationship between 
the CSM first order damping parameter and s stem time delay and the ADS and 
parameter . Taking the roll axis response for an RC case as an example, the overlaid mesh shows 
the range of achie able and alues for different CSM and settings; the lines of the 
mesh represent the loci of constant and value . The RC and ACAH roll , pitch, and yaw axis 
cases that were e aluated are hown in Figs 7 and 8 respecti el . Control sen iti ity and control 
power alues for roll , pitch and were selected both to match ADS-33 criteria, and to provide 
good control ham1ony a asse sed in previou AF research . 

4.5.2 A further point to note i that test case are only nominally labelled a either Level I, 2 or 3, which 
signifie that the indi idual criteria for the roll and pitch a were t at that le el. Thi i 
because the ADS criteria only purport to predict that a configuration will ha e overall Le el I 
handling qualitie if all of the Le el I criteria and condition are met; failure to meet one or more 
of these can ha e a nergistic effect that may cause handling qualitie to degrade e en further, 
e.g. two Level 2 qualitie may give rise to an overall Level 3. The yaw axis wa set at a nominal 
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baseline configuration using values con idered to be representative for a typical in-service 
helicopter. It i also important to note that, a mentioned in 4.2. I abo the model configuration 
conformed with Le el I criteria for cro -coupling, hea e axi characteri tic and to those for mid 
to long term tatic and dynamic tability requirement . 

4.6 T t manoeuvres and ta k cu 

4.6. I Following di cus ion with the CAA, four MTEs were identified as priority cases for investigation 
inHELCAR I: 

(i) Final stage of de cending, decelerating approach to ho er with 3 degree and 6 degree glide 
slope . 

(ii) Group/Cat A rejected take-off. 

(iii) Flight path corrections for lateral and/or heading offsets prior to an approach t the hover. 

(iv) Towering take-off from a raised platform. 

4.6.2 Each of the MTE a used as the ba i for defining a suitabl flight ta k for handling qualitie 
e aluation purpose . In accordance with the AD -33 methodology, the ta ks were defined in 
terms of the handling qualitie objectives, control strategy and initial condition flight path 
preci ion requirement test condition (time of da ind & turbulence condition etc.) and the 
principal ta cue . For reason of convenience, and because it was con idered to be operationally 
relevant, ta ks (i) and (iii) were merged into a single e aluation task which required correction of 
offsets prior to entering the final approach to the ho er. The ta were evaluated in a number of 
i ual cue configuration including day YMC (estimated UC = I) and night time (UCE > I) 

cases. 

4.6.3 A hematic of the 6 degree approach task and ta cue i gi en in Fig 9; note that the same cue 
were used for both da and night time ea s. The ta definition is ummarised in Table 3. The 
ta performance requirements were based on what was con idered to be a 'safe' approach to the 
platform. In practice, flight path regulation and a ociated le el of performance attainment relied 
largely on pilot impre ion. More direct flight path guidance cu could have been added eith r in 
the form of head-up type projected flight path wa -points, or a head-down flight path director 
di play for example, but thi would ha e changed th nature of the task to mething more akin to 
an TMC approach. Th lighting matrix was intended to pro ide basic guidance for a manually 
piloted approach under conditions of darkne s. The additional lights and the tower were added to 
provide peripheral height and po ition cueing to compensate for re tricted forward during 
the final phase of th approach, hen the aircraft ' pitch attitude increase . uch cue ere 
con idered to be repre entati e of those in the vicinity of an hore platform, for example. 

4.7 Trial conduct and procedur 

E aluation were carried out in accordance with the AD -33 approach using the Cooper
Harper handling qualities rating (HQR) procedure (Fig I). The recording of upporting 
pilot comments i an integral part of the HQR procedure , and a p cial handling qualitie 
in-cockpit questionnaire (TCQ ) was u ed for thi purpo e. Flight mechanic data were 
logged during evaluation run s, including pilot control acti ity, aircraft angular rate and 
attitude re ponse and flight path co-ordinate . ubsequent to the trial the data ere 
analysed to check the task performance achie ement. The TCQ was u ed to capture 
immediate pilot impre sion of the a essment and to pro ide upporting comment and 
opinion for the H R . A follow up po t-sortie qu stionnaire (P ) a completed at th 
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end of the ortie and contained detailed follow-up questions on handling qualities and 
simulation i sues, e.g. motion cues . 

4.8 Trials results 

4.8.1 Jn HELCAR I, onl the 6 degree approach task and rejected take-off ta were formal! · 
evaluated. The mo t limiting case tested, in terms of the handling difficulties e perienced, turned 
out to be the 6 degree approach at night time with lateral offset of 46m, cro wind of l 5kn and 
heading offsets of 15 degree . Regarding the rejected take-off, for the poorest handling qualities 
case it was found that the level of task difficulty wa particular! influenced by the distance 
available in which to recover and come to a hover following an engine failure. Ratings improved 
from Level 3 (task not achievable) to good Level 2 (desired ta k perfonnance achieved) 
depending on the di tance allowed for the recovery Hence, for this ta it would seem that the 
handling characteristics combined with the available vehicle performance determine the safe 
operating limits for the landing site. The freedom to extend the landing distance in thi way tended 
to negate the rejected take-off case as a generic handling qualitie task. 

4.8.2 Jn HELCARS2, pilots were able toe aluate the C M in the 6 degree approach in all specified te t 
condition . Pilot generally reacted favourabl to the tests, finding the te t manoeuvre to be 
realistic within the limitation of the simulation. They were able to return Level I ratings under 
the best te t conditions, indicating that the simulation limitation were not unduly intrusive. From 
pilot comment, the task was most difficult to achieve at night a would be expected in a similar 
real world ta k. The workload and piloting strategy were dri en by the need to decelerate hile 
keeping the landing point in view as much as po ible. The strategy required considerable head 
movement and control inputs in pitch, roll and aw to maximise the continuous control 
input were also needed to counteract the effects of turbulence . 

4.8.3 A ummary of pilot ratings is gi en in Fig 10; the spread of rating between pilots was generally 
within one rating point, indicating a good con nsus. The trend of ratings wa as e and 
large! in agreement with the AD criteria. Scatter or di continuity in the rating trends is judged 
to be attributable to learning effects and the order in which te t ea were evaluated. More 
detailed ob ervations are summari ed below: 

(i) Pilot ratings for R cases (Fig !Oa) 

Le el I RC case achie ed marginal! Le el I rating under the be t test condition 
degrading to poor Level 2 (HQR 5-6) under the more se ere conditions, i.e. night and 
night with low turbulence. The degradation wa the result of poorer ta k performance 
and increa ed workload in keeping the landing point in iew. Pilot comments showed 
that the ta k cues were the main difficult although these were considered to be 
repre entati e of the real world. RC Le el 2 cases were awarded imilar rating to 
those for Level I, although the poorest case achieved a Level 3 rating. For the higher 
time dela RC Le el 3 ea e (300ms total dela ), the ta k a unachie able with ery 
high workload , attracting rating from 7 to 9. Reducing the time delay by about 
I OOm (total delay of 21 Oms) produced a ignificant impro ement in both task 
performance and the le el orkload, re ulting in a rating of 5 . 

19 



(ii) Pilot ratings for ACAH cases (Fig JOb) 

The highe t bandwidth cases achie ed the be t o erall Level I rating (HQR 2-3) 
under the most benign test conditions, i .. day/no turbulence, although the HQR 
degraded to Level 2 (HQR 4- 5) under the most e ere condition, i.e. night plus 
moderate turbulence. From pilot comment, the degradation was again the result of a 
reduction in task performance and an increa e in workload, the latter being attributed 
to the effect of turbulence and the poor, albeit repre entati e, i ual cue . For the 
ea e with borderline Le el 1 pitch idth the task wa only marginall 
achievable with moderate turbulence, resulting in Level 2-3 rating . For the Le el 2 
ea es Le el 3 rating were awarded at moderate turbulence, again due to poor ta k 
performance and high workload. From pilot comment, there a a noticeable 
tendency to PIO in roll and pitch, and encroachment of torque and control margin 
was also a problem. These problems were le noted with low turbulence, resulting in 
a Le el 2 HQR of 5. 

(iii) Comparison of RC versus ACAH cases 

The configuration te ted are repre entati e of an aircraft with a relati ely 
ophi ticat d flight control sy tern , ha ing ome of the attribute of a full authority 

Acti e Control Technology (ACT) de ign. The two le els of flight control y tem 
implemented repre ent a basic unaugmented RC re ponse type and an augmented 
ACAH type. The re ults for the best ACAH Le el 1 configuration how a 1-1. 5
rating impro ement o er the be t RC ea and pilot comment ugge t that the 
ACAH configuration was preferred for th ta k becau e of it enhanced stability. 
Re ults for the border! ine Level 1 configurations show that the ad antage of ACAH 
wa lo t when the le el of turbulence wa increased to moderate. 

A imilar compari on can be made for the Level 2 ea e . At low le els of turbulence, 
the ACAH Case 2 configuration wa awarded a low Le el 2 rating but, as the le el of 
turbulen e increa ed the tendenc for PI became more noted, workload increased 
and ta k performanc deteriorated to the point where the task was onl marginall · 
achievable. The best RC Le el 2 case (Ca e 1, 2 & 4 ), achie ed similar ratings to 
ACAH a e 2 at low turbulence, i.e. HQR 5-6 er u HQR 5. The difference in time 
dela for the e ea e appear to be a significant factor in thi re ult, i.e. 120m and 
21 for the RC ea e a oppo ed to 300m for the AC AH ea e . 

The RC Level 3 configuration attracted olid Le el 3 rating with low turbulence 
implemented a compared to the poorest ACAH case (ACAH Le el 2 Ca e I & 2), 
which al o achie ed Le el 3 ratings but with moderate turbulence implemented. 
Without an attitude hold function , the R configurations suffered from poor gust 
rejection characteristics. They were found to be increasing! unacceptable with 
increasing reduction in bandwidth and/or, increase in phase dela . Both re pon e 
types showed a marked degradation when added time delay were implemented. Such 
delays are representative of poorly implemented flight control and processor 
configuration and , a a point to note the ba eline AF latenc (mean of 114m ) i 
fairl repre entati e of the equi alent lag found in current in- er ice type . Tn 
compari on, the ma imum time dela ea e of 300m repre ent a fairly e treme 

alue , but it erved the purpose of demon trating effect in the limiting case. 
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(iv) Comparison against A DS-33 criteria 

Caution is needed in the interpretation of the results because of the limited sample of 
pilots. More detailed tests would be needed to determine actual criteria for ci ii 
requirements. lt is al o emphasised that other handling qualities issues such as 
coupling and stability al o need to be addressed . Howe er, the results highlight 
issues that merit further investigation and it is of interest to compare them against 
two different sets of ADS-33 roll and pitch bandwidth criteria, those for · All other 
MTEs, UCE = ! ', i.e. Day/Level I cases, and those for 'All other MTEs, UCE > I ', 
i.e. Night/Level 1/2/3 cases. Regarding turbulence criteria, ADS-33 actual! uses the 
handling qualities bandwidth criteria as a basis for specifying gust rejection 
requirements where compliance i demonstrated through asse sment of the actuator 
to rotor blade frequency response, either mea ured directly or through model 
prediction data. HELCARS2 re ults show that pilot compen ation for gust 
disturbance effects increased with reducing bandwidth, indicating that similar criteria 
would be appropriate to thi type of ci ii operational requirement. 

ln general , the results confirm the trend of the AD criteria in that pilot rating were 
in accordance with the predicted trend for reduced bandwidth and increased phase 
delay. Also, for operation in the DYE, ADS-33 requires that for Le el I handling 
qualities the response type is attitude command-attitude hold for UCE = 2 , and 
translational rate command-position hold for UCE = 3. Hence, not surprisingly, the 
ratings for the RC configuration tested were awarded Level 2-3 ratings for the night 
time condition (UCE > I). The picture is less clear regarding the ACAH case . For 
the day case (UCE = I), without turbulence ACAH Level I configurations were 
awarded marginally Level I ratings, but Le et 2 ratings with turbulence applied . 
There are several po ibilities to consider here; simulation effects may have been too 
unrepresentati e notably, that the le el of turbulence was too se ere, or that the 
visual cues were too constraining; the boundarie for the AD -33 bandwidth criteria 
for gust rejection are too low; and 'or the boundarie for the ADS-33 bandwidth 
criteria for UCE > I are too low. Further, more detailed investigation would be 
needed to address the e issues. 

Regarding the ADS-33 criteria boundaries for UCE > I , the HELCARS2 results for 
RC configurations suggest that phase delay should be capped to around 200-250ms . 
From the result , there a a reduction from a Le el 3 to a Level 2 rating (HQR 7 to 
HQR 5) as time delay was reduced from 300 to 21 Oms, suggesting that there may be 
a handling qualities 'break point; or ·cliff edge' as ociated ith increasing phase 
delay in that region. The limited results for the day/turbulence configurations suggest 
that a higher pitch bandwidth is needed for operation in turbulence, and that the 
AD -33 Level I criteria for UCE > I MTEs might be more appropriate , i.e . an 
increase in bandwidth from 1.0 to 2.0 rad/s . 

Di cussion 

It i con idered that the trial result support th case for adopting the ADS-33 handling qualitie 
methodology for civil certification purposes. There was good correlation between as igned pilot 
ratings for the 6 degree approach task and e pected handling qualitie in accordance with the 
ADS-33 criteria. The task itself would be difficult to establish a a consistent e aluation flight 
task, but the results have demonstrated that thee AD -33 MTE-based procedures provide a 
suitable basis for establishing an aircraft· suitability for operation under the conditions te ted . 
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4.9.2 On a general note, from comparison with the AD requirements, it i e pected that the AF trial 
configurations, including the nominal! Le el 2 & 3 case would meet the coupling and tability 
requirement of B AR Section G and FAR 27 9. [n addition, although not formal! e aluated, it 
i also con idered likel that they would meet the general handling requirement . ome 
configurations performed poorly in the test , howe er, and were unacceptable under the operating 
condition te ted. Thi i further underlined b the fact that the handling characteri tic could ha e 
been degraded till further through the yaw and/or hea e characteristics or introduction of inter
a i cro s-coupling tenn for e ample. lt i unlike! that aircraft with these handling qualitie 
characteri ties would ha e been prohibited from operating in the condition of the imulator te ts 

by operational, a oppo ed to airworthiness, regulation . This highlight the need for more 
objecti e criteria and again the trial re ult ha e hown clear e idence of the benefit of th AD 
criteria in meeting thi need. 

4. I O onclu ion 

Key conclu ion regarding specific a p cts of the trial and it result are ummari ed a 
follow : 

(i) Test method 

Pilot con idered that the te t manoeu re and i ual cue were sufficient! 
repre entati e of operational flight condition . They were able to award Le el I 
ratings for the be t configuration and were able to di criminate handling qualitie 
deficiencie of degraded ea e . Hence, the e aluation ta wa considered to pro ide 
a uitable ba i for testing requirement and for de eloping definiti e ci ii handling 
qualitie criteria. 

(ii) Handling qualities rating procedures 

Pilot were able to return Cooper-Harper rating for all e aluation with a lo pread 
of re ults between pilots, i.e. ::; I rating point. A checking procedure was used which 
showed that pilot returned consi tent rating in accordance with the ooper-Harper 
procedure. 

(iii) Turbulence implementation 

A turbulence upgrade wa successfully implemented in the C M and pilots 
con idered that the model respon e to turbulence were repre entati e. The model 
upgrade wa deemed to be suitable for the purpose of the trial , although further 
alidation would be needed before it could be u ed to generate definiti e result . 

(iv) Facility configuration 

Pilot reported that the simulation was r presentative compared to real operational 
t1 ight. Although ome deficiencie were noticeable, the e were not judged to ha e 
had a ignificant impact on the re ults. 

( ) Simulation model 

The CSM pro ided a sati factory mean of implementing AD -33 ba ed handling 
qualitie configurations. It a found to be acceptable in all a pect except for the 
yaw blend characteri ties. !though impro ement had been made prior to the trial , 
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pilots still found this to be intru ive and considered that it needed further 
impro ement. 

( vi) Test configurations 

Regarding re pon e types, both RC and ACAH types were tested, and pilots 
expre sed a preference for the ACAH type because of the enhanced stability that it 
offered. A number of Le el I, 2 and 3 configurations were e aluated and, for the 
poorest cases and te t conditions for both response types, pilots experienced high 
control workload and adequate task performance could not be achie ed. It is 
expected that the AF trial configurations, including the nominall Le el 2 & 3 
case , would meet the coupling and stability requirements of BCAR ection G and 
FAR 27/29. In addition, although not formal( evaluated, it i also considered likely 
that the would meet the general handling requirements. It i unlikely that aircraft 
with these handling qualities characteristics would have been prohibited from 
operating in the condition of the imulator tests b operational , a oppo ed to 
airworthine , regulations. This highlights the need for more objecti e criteria, and 
the trial results have shown clear evidence of the benefit of the ADS criteria in 
meeting thi need . 

(vii) AD criteria 

Caution should be applied to interpretation of the results against the AD -33 criteria 
becau e of the limited pilot sample and combinations of roll , pitch and yaw axi test 
ea e . Howe er, the results conform to the trend of the ADS-33 criteria for · All other 
MTE , UCE = 1 and for 'All other MTEs, UCE > and suggest that the criteria 
are appropriate for the type of ci ii flight operation con idered. The result also 
sugge t that the UCE > I criteria should al o be applied to the UCE = I ea e, and 
that phase dela should be capped at about 200-250m . 

4. I I Recommendation 

(i) Test manoeuvre 

E perience with the 6 degree approach ta k has confirmed the recommendation of 
the DERA review of ci ii flight handling requirements that AD -33 flight test 
procedure hould be con idered for adoption as a tandard for ci ii qualification 
testing. An AD -33 style set of ci ii MTEs and flight test manoeu res should be 
developed to provide a comprehen ive et of case that encompas es the full 
spectrum of ci ii helicopter operational requirements . 

(ii) Test procedures 

The Cooper-Harper rating procedures and a sociated te t techniques should be 
con idered for application to ci ii qualification testing. To thi end, further 

ligation should be conducted to establi h the relation hip een the Le el I 
2 and 3 ratings and the le el of acceptability against pecific ci ii handling 
requirement . Consideration hould al o be given to the creation of a flight test 
manual to document the procedure acceptance criteria, and the desired and 
adequate performance tandard . 
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(iii) AD -33 criteria 

The AD -33 small amplitude criteria for roll , pitch and yaw bandwidth should be 
considered for application as advisory data to support civil handling qualities 
requirement . pecifically, the criteria for 'All other MTEs, UCE = I' and ' All other 
MTE UCE > I' and gust rejection criteria hould be u ed for preliminary guidance 
on ci ii criteria. AD -33 also u e the bandwidth criteria to pecif requirements for 
short-term pitch, roll and aw re ponses to di turbances, which ma be interpreted a 
effective gust rejection criteria. It is further recommended that this approach be 
adopted for equivalent ci ii criteria. Howe er, further in e tigation hould be 
carried out to confirm an ad i ory limit on pha e dela ' and limit on bandwidth for 
gu t rejection criteria. Initially, off-line tudie with an impro ed C M turbulence 
repre entation could be carried out to quantif the impact on vehicle re pon e at 
given trim states with a view to developing gust rejection criteria. Validated data 
could then be generated using the Heli im Lynx model and in-flight data u ing the 
DER research L n 
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5 OVERVIEW OF THE FINDINGS AND RECOMME DA TIO 

Tt is considered that the re iew of handling qualities has, for the mo t part, met the 
original programme objectives. The review of documentation highlighted deficiencies in 
current civil requirements and the potential for the e to be addressed through the adoption 
of new handling qualities criteria and test procedures. The subsequent AFS simulation 
trial provided a ucce sful demon tration of the ADS handling qualities methodology in a 
repre entative ci ii operational environment. The two exercise ha e enabled conclusions 
and recommendation to be made regarding specific application of the methodology to 
ci ii requirements, a presented in this report. A number of important issues will have to 
be addres ed , howe er, if these are to be pur ued, a di cussed below . 

5. 1 Review of documentation 

5.1.1 Regarding the completene s of the re iew, attention has been focu ed mainly on specific 
topics co ered in the current requirements material. Tt cope did not allow an in-depth 
coverage of all the pertinent topics; area not addre sed, and which will need to be 
addressed in the future , include: 

(i) Handling criteria for ci ii ACT helicopters . 

(ii) Side tick criteria for civil helicopter . 

(iii) Handling problems a ociated with flight at teep descent angles and orte · ring . 

(iv) Handling problem a ociated ith emergency conditions e.g. lo of tail rotor or 
engine.. 

( ) Agility requirements for emergenc manoeuvres, including AD -33 attitude 
quicknes criteria . 

(vi) Optimum re pon e types for ci ii mis ion phases and flight in the DYE . 

( ii) The use of the UCE concept in ci ii helicopter application and a ociated handling 
qualities requirements . 

(viii)Augmentation requirement for civil helicopters . 

(ix) Display requirement to supplement augmentation and enable flight in poor UCEs . 

5. 1.2 Further re earch effort will inevitably be required to address these issues, and flight trial 
and imulation acti ities will be needed to pro idea substantiated data ba e from which to 
derive validated criteria . 

5. 1.3 Recommendations from the re iew focused on areas where the main deficiencies were 
percei ed to exi t. ome of the more traditional handling qualitie topics, such a tatic 
and dynamic tability, are addre sed by both ci ii and militar requirement and given 
similar treatment. The ea pect are till con idered to be rele ant and fundamental to safe 
operational u e and will continue to play an important role in the requirements. A further 
recommendation wa that a dedicated flight test and procedures manual should b 
developed , which would include detailed evaluation objectives, ta k de criptions and ta 
performance requirement etc. uch a document could be further de eloped in the form of 
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a u er guide, which would pro ide guidance on handling qualitie I sue and associated 
acceptance criteria. 

5.2 Mis ion ta k element and flight ta 

5.2. I A key recommendation wa that the AD -33 MTE approach and procedure for awarding 
assigned handling qualitie hould be con idered for ci ii qualification te ting purpo es, 
and that a basic set of ci ii MTEs be defined for thi purpo e. The intention was that the 
MTE could be used a a ba is for asses ing overall hand ling qualities which would be 
e aluated u ing the Cooper-Harper rating procedure. The ould al o be u d a a basi 
for clas ifying civil requirements a in ADS-33 . A number of i sues need to be addressed 
in order to progres this recommendation, a di cu ed below: 

(i) The selection and definition of uitab le civil MTEs. The recommendation proposed 
two et of ta k ci ii helicopter task where the AD mall amplitude criteria were 
con idered to be appropriate, i.e. task hich had recognisable high gain ·tracking' 
element and , secondly, genera l handling and performance task , including 
emergenc manoeu re , where moderate and large amplitude criteria would be more 
appropriate. 

(ii ) e of the Cooper-Harper procedure require that pilot are familiar ith it 
application; it was al o recommended that al uation be carried out by at least three 
pi lots. There i a clear implication on evaluation pilot training need , and the 
additional time and cost penal tie as ociated with more ex ten i e te ting. Howe er, 
these ha e to be weighed again t the b nefits to be gained in terms of con istency of 
application of the requirement and enhancement to f1 ight afety. 

(iii) For flight testing purposes, de ired and adequate task performance requirements need 
to be defined , taking account of ci ii operational requirements and safet constraints. 
There i also a need to e tabli h the relation hip between Le et I, 2 and 3 rating and 
performance attainment, the le et of acceptability again t specific ci ii handling 
requirements and criteria, and the award of operational clearance. Thi i particular! 
the ea e at the plit b tween Le et 2 and 3, the boundary between achie ing 
adequate performance and ta fail ure. 

(i ) Ta k cue requirement also need to be addre ed. AD -33 propo es ta k cue on the 
basis that it is the vehicle ' s hand ling qualitie that are the subject of the tests and not 
the quality of the a ailable i ual cues. Hence, ufficient cues hould be pro ided to 
ensure that i ual cueing i not an is ue in the tests and to enable the pilot to judge 
task performance attainment. 

(v) There i also the question of the appropriate level of task aggre sion to be applied in 
civil helicopter tests. Time pre sures that are a ke driver of handling requirement for 
military style operation do not necessaril · feature so trongl in relation to ci ii operations, 
e cept perhaps those a ociated with policing or search and rescue acti itie . The trial 
evaluations demonstrated the degree of freedom that the pilot had to adapt control strategy 
to accommodate poor handling qualities an or operating condition and achie e the task. 
However, the re ults al o howed that circumstances can combine to defeat this strategy; 
there is a need to identify uch potentiall limiting cases to en ure that the are adequately 
covered by flight te t requirement . Testing at ufficient le et of aggre sion i an important 
factor here. 
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(vi) Tests for operation in degraded visual conditions also need to be taken into account. 
ln ADS-33, a specific set of flight ta ks is defined for DVE operations, which is in effect a 
ub-set of the GVE task with relaxed performance and precision requirements. The ta ks 

are intended to bee aluated in the appropriate DVE condition using the displays and vision 
aids that would normally be available to the pilot. An equivalent approach need to be 
considered and developed for ci ii application . 

5.3 Handling qualities a pects 

5.3. I A noted above, it is expected that the test configurations would meet the requirement of BCAR 
Section G and FAR 27/29, e en though ome configuration performed poorl in the te ts and 
were unacceptable under the operating condition te ted. To address the problem, the principal 
recommendation was that the AD -33 mall , moderate and large amplitude criteria 
should b investigated for use in support of the ci ii controllability and manoeuvrability 
requirements. Some of the main is ue associated with this recommendation are di cus ed 
below: 

(i) A primary issue regarding the application of AD criteria in civil requirements 
concern the appropriateness of the e ·isting boundaries. 1t i clear that an e tensi e 
flight test database would be needed toe tablish ubstantiated alue pecific to ci ii 
applications. Howe er, the existing ADS criteria for the so-called All other MTE ' 
would appear to be a en ible starting point for normal civil GVE operations. The 
trial re ults indicate that requirements for higher bandwidth ta k i.e. those with a 
high gain tracking element, or for operation in the DYE and re pon e to disturbance 
inputs also provide an appropriate tarting point for equivalent civil requirement , 
but that further investigations are needed for confirmation . 

(ii) A econd issue relate to the nature of the flight testing requirement for compliance 
demon tration purposes; the time and co ts associated with application of ADS tyle 
open-loop te t requirement in civil helicopter te ting would need careful 
con ideration. There is also a need to consider instrumentation requirements for 
monitoring aircraft respon e and performance data and, po sibl the load in flight
critical components. A simple, portable instrumentation and data logging pack could 
be used to capture relevant response and performance data. Regarding flight loads, 
Ref 15 details DERA experience in frequency weep testing for bandwidth criteria, 

hich resulted in a recommendation that comprehen i e flight loads monitoring 
should be undertaken for such test . This requirement would ha e a much greater 
impact on the trial resources needed . 

(iii) A further recommendation was that bandwidth criteria hould be used for pecifying 
requirements for response to di turbance input and also that the Def Stan criteria 
on turbulence characteri tic be u ed to provide guidance on te t criteria for 
disturbance inputs. Again, the trial results indicate that the AD boundaries are an 
appropriate starting point for a civil requir ment but that further investigations are 
needed for confirmation . 

5.3.2 lt i con idered that there is a strong case for taking the tandard set of AD task definition for 
GVE and DVE flight test manoeu re as a tarting point for upporting civil flight test 
requirement . For th most part, the ta represent general handling manoeuvre that can be 
applied to an helicopter, and would suit the needs of a general handling appraisal. The task set 
hould of course be expanded to include the standard ci ii performance assessment and 

emergency ituation te t case . lf tested at appropriate le el of task aggres ion, they would 
rve a a ba i for identifying potential handling qualitie problem . To thi end, it i con idered 
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that there i need to inve tigate handling characteri tic close to the limit of an aircraft' s d namic 
performance capability in order to establish the likelihood of a 'cJiff-edge' deterioration in 
handling qualities. Hence ta ks would bee aluated using the AD precision requirements, 
but flown at increasing levels of aggre sion so that hand ling is a se ed up to and beyond 
the normal range of d namic performance in operational u e. Tn the e ent that specific 
problems were identified which ga e cau e for concern o er an aircraft's operational 
clearance, further role related testing would be pecified. 

5.3.3 Regarding the recommended handling qualitie criteria, it i con idered that these would 
be mo t effecti el introduced for use as upporting advisory material for existing 
mandator. requirement in the first instance. U ed in thi wa they could be u ed to 
provide guidance on specific hand ling qualities i sues through the identification of the 
handling qualitie parameter that are fundamental to the problem, and the provision of 
numerical criteria for de ign guidance. 

5.4 Operational a pects 

The relationship b tween handling qualities criteria and the operating en ironment is 
e tabli hed and documented in AD -33 to a much greater extent than i the case for 
exi ting ci ii handling rules. The ci ii rule only differentiate between flight in VMC and 
TMC. Thi ha the fundamental hortcoming that VMC, in reality, co ers a very large 
range of vi ual cueing condition , from good te ture on a clear da_ to a light points 
on a poor isibility night, without any change to the required handling qualities. There 
ha ve been a considerable number of ci ii helicopter accident in hich loss of control in 
flight has occurred which may ha e been due to the combination of aircraft handling 
characteri tic and the pre ailing U E. Tt is con idered that the AD -33 UCE-ba ed 
criteria ould pro ide a clear indication of the likelihood of uch an event occurring. 
Hence, from the standpoint of safety there is clearly a benefit to be gained from defining 
the required minimum handling qualitie and re pon e type in respect of a helicopter' 
intended operational u e. For example, the ta of high altitude ho ering for ur eillance 
purpo es at night, with poor external visual cues, may require an ACAH re pon e type, 
wherea the current ci ii rule would allow this to be carried out with a simple 
unstabilised helicopter with an RC re pon et pe. To addre s the problem, it i considered 
that a re of lo of control accident hould be carried out to establish the likely 
effecti enes of the AD -33 approach in pre enting uch accident . 

5.5 Future civil requirements 

5.5. I ·isting ci ii airworthines requirements for handling qualitie pro ide an e tabli hed basi for 
po sible future de elopments. otwith tanding the hortcoming discu d pre iousl when 
applied correct! using the appropriate advisory material they are rea onabl good at defining safe 
limiting operating conditions in steady tate manoeuvre adequate control margins for sideways 
flight fore ample. In some areas, the requirements are ery pre ripti e, a fore ample the FAR 
27/29 requirements for longitudinal tatic stability. Tn other area however, there is very little of 
substance, where for example the d stability for a VMC aircraft is covered b statements 
such a ' safely controllable in manoeu res typical for th type'. Under these circumstance 
situation can arise where a helicopter ma be in strict compliance with, sa , the longitudinal 
static tability requirements, but be very difficult to fl in turbulence because of ery poor dynamic 
stability characteristic . On the other hand, the ituation can also arise where the aircraft may not 
compl with the quantified criteria but till be agreeable to fly becau e of other compensating 
feature . During certification a great deal of time, effort and money can be expended by the ci ii 
authority and the manufacturer in re olving such i ues. 
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5.5.2 There is understandable reluctance on the part of the authoritie to relax those quantitative 
requirements that are in current use because they serve to ensure that a base le el of certification 
will be carried out. There is also concern over the pos ibi lity of requirements based increasingly 
on vague ' he flew good ' statements leading to an increase in lengthy certification issues between 
manufacturer and authoritie . At the same time, it is also difficult for manufacturers to deal with 
imprecise requirements. During an aircraft's de elopment there i often some doubt as to whether 
it is in compliance, which may result in certification difficultie or unnece sary effort being 
expended to achieve a higher standard than is required. The needs of both parties could be 
addressed b augmenting the ci ii requirements with ADS-33 type criteria and introducing a 
formalised method of pilot e aluation u ing MTE that had been optimised for ci ii use. It is 
conceivabl that the re ources needed for de eloping appropriate procedures would be 
compensated by the removal of uncertainty and corresponding improvement in safe operational 
use offuture helicopter . 
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6 FUTURE WORK 

6.1 To addre the i ue and con em raised above, and to fill the gaps identified in the current 
re iew, the following acti ities are proposed: 

(i) A more detailed re iew of pecific handling qualitie requirements for helicopters\ ith full 
authority ACT ystems should be implemented; this should take into account factors uch as 
re pon type, and operation in the DVE and requirements for acti e and sidestick 
inceptor . 

(ii) An in estigation of handling qualitie and agility criteria for emergenc manoeu res hould 
be initiated, focusing on AD -33 moderate and large amplitude and ertical rate re ponse 
con ideration . 

(iii) The role of MTE-based flight te ting procedure in ci ii qualification te ting hould 
be further investigated and reported. Flight trials hould be con idered with an 
exi ting civil helicopter typ to in estigate the application of the handling qualities 
methodology, testing to different levels of ta aggre ion and the mea urement of 
aircraft handling and ta performance data. A back-to-back demon tration and 
compari on with the current ci ii procedure hould be considered. xi ting flight 
re ults from trials completed by other agencie hould also be re iewed and taken 
into con ideration. 

(i ) A re iew of open-loop te ting requirement hould be carried out, I ading to a 
practical flight test demonstration of the AD proc dures. Data mea urement and 
recording aspects should be investigated, including the need for critical flight loads 
monitoring. 

( ) -33 bandwidth criteria for pitch , roll and re ponse to disturbance should 
be furth r re iewed and d loped for application to ci il requirement for gust 
rejection. pecifical 1 further in e tigation hould be carried out to confirm an 
ad isory limit on phase delay and limits on bandwidth for gu t rejection criteria. 
Initial! , off-line studie with an improved C M turbulence repre entation could be 
carried out to quantify the impact on ehicle re pon eat gi en trim state with a iew 
to de eloping gust rejection criteria. Validation data could then be generated using 
the Heli im L nx model and in-flight data u ing the DERA re earch L 

i) A re hould be undertaken of the content and structure of a flight te t manual for 
ci il qualification testing. The re iew would er ea a basis for the de elopment of a 
practical guide to implementation of flight test procedures, and flight data recording 
and analy i requirement . 

ii) A re iew of loss of control accidents invol ing civil helicopters should be carried out to 
in e tigate the effecti ene of the AD -33 criteria for response type, UC and handling 
qualitie in pre enting uch accidents. 
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• • • 8 ABBREVIATIONS 

ACAH Attitude command attitude hold 

ADS Aeronautical Design Standard 

AFS Advanced Flight Simulator 

ATG Atmospheric turbulence generator 

AUM All up mass 

BCAR British Civil Airworthiness Requirements 

CSM Conceptual Simulation Model 

CGT Computer generated imagery 

DERA Defence Evaluation & Research Agency 

DYE Degraded visual environment 

FAR Federal Aviation Regulations 

FMC Fight Management & Control Department 

FOY Field of view 

GVE Good visual environment 

HDD Head down display 

I HQR Handling qualities rating 

I HUD Head up display 

I TCQ In-cockpit questionnaire 

I IMC Instrument meteorological conditions 

LMS Large Motion Simulator 

I MTE Mission task element 

TO Pilot induced oscillation 

SQ Post-sortie questionnaire 

RC Rate command 

RMS Root mean square 

UCE Usable cue environment 

VMC Visual meteorological conditions 



9 DEFINITIONS 

Pturb 

Qturb

Nrturb

Cp 

Wm 

T 

Model RMS roll rate response (rad/s) 

Model RMS pitch rate response (rad/s) 

Model RMS yaw rate response (rad/s) 

Turbulence roll derivative coefficient 

Turbulence pitch derivative coefficient 

Turbulence yaw derivative coefficient 

Control sensitivity (rad/s2 %) 

Control power (rad/s) 

Attitude bandwidth (rad/s) 

Phase delay (s) 

Model first order damping (rad/s) 

Pure time delay (s) 
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Start positions: 
1. 650m from pad centre line 
2. 46m left of centre line 
3. 15° Heading offset 
4. Height 240ft AGL 

Standard light Matrix: 
1200m x 60m 
7 x 41 Lights 
Wind conditions: 
15kn, red 90° 

Figure 9 Schematic of the 6 degree approach task 
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Table 1 ADS-33 large amplitude criteria 

RA TE RESPONSE -TYPES ATTITUDE 
MISSION RESPONSE -TYPES 

TASK MINIMUM ACHTEV ABLE ANGULAR MINIMUM 
RATE (deg/sec) ACHIEVABLE ANGLE 

(deg) 
ELEMENT 

LEVEL 1 LEVELS 2 AND 3 LEVEL 1 LEVELS 
2AND3 

q p r q p r 

Limited 
Manoeuvring ±6 ±21 ±9.5 _ ± 15 ±15 ±1 5 ± 15 ±7 ± 10 
All MTEs not otherwise 
specified 

Moderate 
Manoeuvring 
Rapid transition ±1 3 ±50 ±6 ±21 ±9 .5 +20 ±60 ±1 3 ±30 
to precision -30 
hover; 
Slope landing; 
Shipboard landing; 

Aggressive 
Manoeuvring 
Rapid accel and decel ; \ 

Rapid sidestep; ±30 ±50 ±60 ± 13 ±50 ±22 ±30 ±60 +20 ±30 
Rapid hovering turn ; -30 
Rapid slalom ; 
Target acquisition and 
tracking; 
Pull up / pushover; 
Rapid bobup-bobdown 
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Table 2 Simulation trial test matrix 

A. Aircraft 
Configuration: 

B. Model 
Configuration: 

C. Visual 
Configuration: 

D. Atmospheric 
Conditions 

E. Flight Tasks: 

- Medium sized aircraft 5800-6000kg 
- Twin engines, Gem characteristics 

I. Rate command response 

i. Level I - baseline case 
ii . Level 2 - bandwidth driven 
iii. Level 3 - bandwidth I time delay driven 

2. Attitude command - attitude hold response 

i. Level I - datum + reduced bandwidth cases 
ii . Level 2 - bandwidth I time delay driven 

I. Day time , Dusk/Standard lighting matrix + landing site 
2. Night time , Dusk/Standard lighting matrix + landing site 

1. Zero wind - datum case 
2. Steady wind at 15 kn + turbulence 

6deg approach - descending approach to hover from level 
fight at 60kn and 240ft AGL, with initial 46m lateral offset 
and I Sdeg heading offset 
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Table 3 6 degree approach MTE task definition 

Objective 

Task 
description 

Initial 
conditions 

- To check the lateral , longitudinal heave and heading control characteristics in a 
manually controlled approach to the hover in good visual environment 
(GVE) and degraded visual environment (DYE) conditions . 

- Specifically, to check the ability to co-ordinate height, speed and directional 
control during correction of a lateral flight path offset, and 111 descending 
decelerating flight to acquire and hold a hover. 

- Final stages of a manually piloted visual approach to the hover. 

- Control strategy - from an initial entry point, correct for lateral position and 
heading offsets before initiating a 6deg, decelerating approach to the landing 
platfonn ; establish a hover at 15ft AGL over the centre of a designated landing site. 
Maintain lateral flight path within given limits relati ve to the approach centre-line. 

- Straight and level flight at 60kn , 240ft AGL 

- 46m lateral position offset to left of approach line 

- l 5deg heading offset to port 

- Range at 650111 from the landing point 

Task - Acquire & maintain flight path within ±5111 of approach centre-line 

performance 
requirements - Maintain a steady deceleration and rate of decent to the point of hover 

Task 
conditions 

Task cues 

- Maintain final hover position within the designated landing area constraints (plan 
position within ±5111 from platfonn centre) 

- Maintain final hover height 15ft ±5ft , and heading within ± I Odeg 

- Daylight VMC 

- Night, with visual range at 800111 (0 .5miles), with perceptible visual horizon 

- l 5kn crosswind (from Red 090) with light moderate levels of atmospheric 
turbulence 

- Lighting matrix - 7 rows of 41 lights over an area of 60m x 1200m 

- Tlluminated landing pad 20111 x 20111 with designated landing area of I Orn x IOm 

- Additional rows of lights extending out 100111 on either side of the platfo1111 

- A 200ft tower adjacent to the platform with illuminated sections at height levels 
of 50-100ft and I 50-200ft 
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