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Paper No.6l

RELTABILITY OF COMMERCTIAL HELICOPTERS

We Bo Petrie.

mogsis

This Ilecture highlights the problems of reliability of the
helicopter and its component parts as seen by the commercial
operator. It does not present any statistical analysis or
provide failure rates as these are invariably available from
the manufacturer who spends too much time on producmg statistics
and not enough on reliashility programmes.

¥t offers the manufacturer aspects of reliability from an
operational and cost, rather than technical or statistical, peint
-of view.



Paper No.6l

RELTABTLITY OF COMMERCIAL HELICOPTERS

W. B, Petrie

Definitions

i) Reliability

The characteristic of a unit (from a complete aircraft to a minor
component) which will enable it to perform a specified range of functions
within specified limits under specified conditions for a specified period
of time.

ii) Defect

Any primary malfunction in a system, sub-system or compenent
which requires correct action tc restore its designed functions.

iii) Failure

The inability of a component to perform the task for which it was
designed for reasons attributable to design, manufacture, maintenance
or environment.

Manufacturers tend to define a failure as any defect which causes
a delayed departure or aborted flight, This goes without saying but
the operator adds the financial penalty of the repair costs which directly
affect his direct operating cests plus the additional reqguirement for spare
components to be held.

iv) Direct Operating Costs

The cost per flying hour of an aircraft which include repair and
overhaul costs of the airframe, engines, avionics, mechanical, hydraulic
and electrical components plus fuel and oil. It excludes cost depreciation,
insurance and crew costs.

Reliability will therefore directly affect the DOC of an aircraft.
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RELIABILITY OF COMMERCYAL HELICOPTERS

Since the introduction of the commercial helicopter the operator
has relied on the military to set the reliability standards which had
to be achieved by the manufacturers. This has not proved to be adequate
for the commercial operator whose task in the main is a very different
one from the military task. Also the manufacturer is now discovering
that the commercial jam he used to put on his military bread and butter
is now becoming his bread and bhutter. Commercial contracts are now
being negotiated between operators and manufacturers which will reguire
written guarantees including reliability.

Unfortunately research in owr two learned bodies, the Royal
Aeronautical Socicty and the Imstitute of Mechanical Engineers shows
very little has been written on the subject of reliability, particularly
in the commercial field.

My definitions above arc obviously open to discussion but they
serve as a good guide to the comeercial view of reliability. What then
becomes obvious is that the reliability of the whole cquals the lowest
reliability of any system or component thercfore in many cases the
considerable amount of money which is spent on improving reliability
of engines, gearboxes and other major components is invalidated when
the aircraft develops a record of unrelizbility due to constant failures
of minor items.

Tt is agreed that the reliability being built into the major
compenents will be cost effective through meeting targetsd T.B,O0s.
with obvious life development being available which will help to
reduce the UOSs for the aivcrait. It must also be considered that
if every major component is removed in a serviceable condition at its
TBO then the TBO is too low. Life extension programmes must thon be
instituted to determine the 1life limiting component in the assembly,
this must be carried out in strictly controlled conditions in conjunction
with manufacturcrs and airworthiness authorities. As early as possible
it must be established if' the life limiting component is due to safety
or cost, This development phase (which may last for the life of the
aircraft) will require very close co-operation with the manufacturer
and the Aifrworthiness Authority. This co-operation is not always as
good as the operator wishes as all manufacturers, and I repeat all
manufacturers, are notoriocus for their lack of frankness. This is
not improving with the current increase in litigation problems.

Reliability must be considered together with condition monitoring
for Life development. All large operators will operate a reliability
programme, but may not call it this § The management of this programme
will gencrate the conditions and rules for the programme. The programme
will have to fully document all the requirements as this document wiil
become the focal point of further development to give adequate reliability.
The mamnufacturer of a helicopter or the component, the operator and the
Airworthiness Authority concernsd must work very closely to decide further
life extensions and what coriective action has to be taken.
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This rcliability programme will rely on continuous routine
assessment of system malfunctions, component defects, removal and
failurce rate trends. It will obviously identify rapidly any flying
hour or age bands which are relevant.

In flight occurrences will be recorded in the Technical. Log
by the aircrew but it is essential that engincering staff involved
in the programme extract and record from the Technical fog as well as
from all defect reports all occurrences and cross reference two
alternative systems where necessary.

Obviously before any reliability programme is 1nst1tuted two
bagic questions must be answered :-

1. will a failure or partial failure affect safety ?
2. Will a failure have an adverse economic effect 7

Most helicopter companies delay too long their requirement to
review their maintenance programme in respect of reliability, and
will then invariably find that they are so preoccupied with day to
day problcms that essential progressive work in the areas of gystem
monitoring and reliability are recelving little,if any,priority.
Where statistics are kept figures are often produced mainly by the
manufacturer to show good mechanical despatch rcliability, however,
in the role of the helicopter with very short flight times and
multiple sectors, any mechanical delay will cause a series of late
departures.  An cxcellent mechanical delay rate of only 7% will mean
a delay rate of 15% if four further flight delays are incurred as a
result of the original one mechanical delay.

The rcliability of minor rotable components and accessories is
the largest single factor in the overall despatch reliability of an
aircraft, reromber as I said before the reliability of the aircraft
equals the lowest reliability of any component or system fitted.

ALl the above statements apply equally to fixed wing aircraft
and helicopters, The helicopter is a much more complex reliability
problem due to :-

1) The designers inability to build in alternative structural load
paths or redundant systems in the case of rotor blades, dynamic
structures and transmissions.

2} The high vibration levels at which the helicopter is required to
operate.

3) The intolerant environment in which the helicopter spends most of
its 1life such as heat, cold, sand and salt, etc.

In the case of (1) above the concept of reliability must be based
on the premise that if the probability of failure is high the consequence
must be minor, therefore conversely, if the consequence is catastrophic
the probability must be minute. All reliability trials and life extensions
programmes must proceed accordingly.
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Redundancy in rotor systems is impossible therefore in our
view mantfacturers must do very much more to ensure the reliability
in this area. Composite rotor blades may go a long way in this area,
but the total experience on them is still low. New technology is
going into dynamic structures with apparent success, however, inattentien
to design detail recently caused a catastrophic accident to a new
technology helicopter.
f Reduvndancy in Cransmissions is wnthinkable, however, a recent
paper presented at the Royal Aercnautical Society commented thai if
the currcnt designs represent the witimate in reliability, serious
consideration must be given to such drastic and penalizing solutions.
In flight monitoring systems of transmissions must tell the crew vhat
is actuilly happening within the trausmission. At present the chip
detector light tells the crew

a) An electrical comnection has chafed and is shorting.

B) A minute piece of locking wire was left in the transmission
at the last overhaul aud has now feund its way to the
maznetic plug.

c) Gear scuffing is taking place, or a bearing is spalling
which presents no hazard and is only of ecounomic significarce.

d) The main rotor mast thrust bearing has failed, balls are
fracturing and the upper thrust race is brealing up, the mast
i 1% &3
aud rotor head are about to depart from the helicopter.

Trom a single red Jight on the instrument pancl the pilot has Lo make
a decision, ALL the above experdiences have been mot, fortunately ik
only once, however, L, 2 and 3 are wvery regnlar ocowrrences within
Trangsmissions, thoversre to give the crew confidence iu the reliatility
of the tronzadssion they must cither be given good inforsation o no
information.

m the case of (2) above, the high vilbration levels probably lead
to the highest nuisance value in delayed departures through the
unrelisbility of iustruments, rolays, transducers, avioenic squipment,
etc., Ivery new type of helicopter cuntering commercial service suffers
severcly from these failwres, Standard aircraft items are bought
virtually off the shelf and obvicusly giveuw inadequate environmental
testing to prove thelr switability in o helicepter. This is alwayvs
gvident by the excessive failure rate which 1s developed cut by
modification action in the main by the component manufacturers at tae
opsrators reguirement and cost. Helicopter manufacturers are renowned
for standing back aad ignering any responsibility in the area of minor
components. The operator hag already had to spend more money than he
budgeted by purchasing exccssive nunbers of spares to preveat hig airveraft
being grounded through the unreliability of these components, and he also
has in addition the rectification costs of the failed items, all of whiclh
again go to affect the DOCs of that particular aircraft. A3l the above
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comments also apply to simple items such as engine moumnts, control rods,
bearings, etc. and this problem is usually exacerbated by the manufacturers
inability to meet the demand as all the operators are affected by the same
problem at the same time. I would repeat that the introduction of every
new type of helicopter has involved these reliabiiity problems. The
comparison is intcresting whercas we have had the problems noted above on
every new type that we have introduced into our Company, but not to the
small turbine fixed wing aircraft (we currently operate 20 types of
helicopter and 7 types of fixed wing).

In the case of (3) above, the vibration environment has been
discussed, however, the opeorating enviromment will greatly affect
the reliability. It took several years of pressure from the operators
to persuade some manufacturers to delete magnesium where possible on
their structurcs for helicopters working to offshore oil platforms, or
even basged offshore. Continuous withdrawal of an sircralt for anti~
corrosive repair makes it just as umreliable as one which suffers
contintous mechanical defects. A helicopter vhich lLas to be withdrawm
from service after flying in heavy rain to replace rotor blade protection
i3 unrcliable, the helicopter which has to be withdrawn for rotor biade
replacement due to send erosgion is unreliable, the helicopter which has
to be withdrawn for engine chanses because of sulphidation due to
continuous operation in very hot ambient temperatures with an cngine
that is intelerant to sulphidation is wwreliable, cven if the eugine
did achicve superb reliabiiity in fiwed wings in the cold, clean air
of 20,000 ft. plus. The helicopter which has to be withdrawn due to
engine ioe damage or iuflight shutdown due €o wet snow iLngestion is
also uwnreliable.

1on the above onvirorwmental effects of heat, humidity and sand
arec dd d to the vibratlepn probiems of minoer rotasbles pruvxously
discussed, the reliability rate can be appalling. -

T would like o comclude by taldng an extract from & paper I
presented o the Reyal feroacutical Socicty a few years ago which was
basad on ny pers ‘253 view which I try to include in any lectin-e ov
in any disgcussions with manulacturers wvhich iz "design for maintensnce
and reliability!. This has been preached by my Company over the yoars
but lLag in the main fallcen on deafl ears because the military stranglehold
on the manufacturers has been too strong, however, with the wing of change
and the number of commercial helicopters now becomlns significant, the
manufacturers are having to listen to the commercial operatoris requiremsnis.
Too many nanufacturers have designed on the principle that cngines and
other major cowpnnﬁnts will Bbe Mfitted and forgotten until they reach
thelr TDO. They also used the same pailosophy for aill minor items and
were reluctant to become involved in reliability trials. We as
operators know otherwise, The American maintenance end reliability
paramcters set up for the UITAS project show that the American military
at least have learned and it is essential that all manufacturcrs from
now on, not only design for performance, but for maintainability and
reliability.

v'l
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As commercial cperators what do we regquire for ocur futwre aircraft?
The obvious answer is performance, sensible ecconomics and from the
engincering point of view, reliability with maintainability. So fav
we have had designs with emphasis on performance to the degradation of
maintenonce and relinhility. It is dmportant that all munufacturers
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realize that the mest sophisticated aivcraft with the most supavh
performance is of no use when in the Lansar.

What we require, not in any order of priocrity, basically is :—

{(a) Composite rotor blades which are erosion and corrosion resistant, the
former for cost, the latter for safety, and bozth for total Aellubllj‘v

{(b) Cockpit indications of blade intcgrity and disc loading.

(¢) Bifilar or vodular constrnction for vibration ebsorpiion buk it
nigt have Duilt in vibration analysis to identify ungscceptable
vibrationg widich are uaziced by the vibration absorption ayitem.
Guherwise il ﬁom;onﬁaﬁs witich are not in the vibration abasrpiion

-~

£5)

sygten will dinue to degrade through hlﬂl vibration levils.

IC is also ncca%sary vo have & plug in vibretion amalyzor oysic

for sualler aiicraft as the cawLUnW cost of some vibration eouipment
will be toe high €to dncitue in ths meell alrciaft operation aind ali
operators are not in the large twin ongine busivess nw do they
unlisited funds aveilable.

() Budlt in emswrency lubricetion systoms are esscntial to any
tronsiission aveas that will not allow fiight ©o continue without
lubricatici.

(e} PRedundant hydraviic and elcotrical systems will have to be
inceorporated.

(£} All clectrical C(llmeJb must be ingtalled in envirommentally
controlded arvonas of the aircrarlt.

{(g) The aircrabt nust hove the ability to carry out in flight trocking
and haloncing.

I Cne gresse and ons oil to lubricete all systems will do very wuch
(1) : ¥
a5

tovards iwgrowﬁng reliabiliity it will climinate errors whiot arc
malc by ths operator who very often has €o use indigenous stall for

this tasi.

(i} A rcliable debris monitering system for each travsmission vivis
adequately identifics the preblem must be fitted in cach
and must give the pilot adequate infermation,

1
th

(3} A reliable fire warning system which will take iltL accoint the
vibrations that will be encowmtercd over many thousands of hours
of helicopter use.

(k} Built in particle separators for the eagines with anti-ice
protcotion, cpgine desslination and power recovery washing
equipient which is readily adaptable te major changes of cdi
conditions. The incorpevation of these dtems will go a long vay
tovards improving engine reliability on the helicopter.

(L) Module veplacements of engines and main transmissiois in the
field v & decontanination proocdures in case of bearing
Tailure hich has ceusced metal contaminatior

£
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(m) Little cogine sophistication with good fuel specifics.

(n) Simple fuel coatrol units, preferably fuel operated as it is
obviously much easier to filter fucl than air in the envirommant
in whiclh the helicopter operates, and the fucl control wnit is a
notoriously unreliable area of all helicopter engines.

(o) Ingine and transmissions should have minimal external oil lines
to prevent lozks occurvirg in service vhich again can moke an alversis
varclioble threugh very minor seal {ailures, ctc.

k g should be
provided with a caution btzﬂﬂ 13diua+ﬂu shoving that any further
contaminaticon will give a no-go indication.

{p)

(q)} IHEgh cyclic Llives wust be built into all rotating components
3d~aCﬂﬂccmmwrona@ﬁmsﬁﬁﬂzﬂleﬁehnoammmt
part cycies.
{r} Tolecrance of reblems vhich include high arcmotic
content lesdin

Z € md blade eresion. Lngines must also
have bigh reosistance to su “}ﬁaathu which is very cormon in the
Lo
heliceopter cuvirvomment particulariy operating in the arsas of gas
burn off flaves as SUlphl“ redthLon in oll is ivvariahly
carricd cut at a very corly stage in the process, and the hel

can spend vory many hours flying in this sulpbhur poliuted atmes

Cong? v“wﬂ
REASERAS AT

i
but have

13013 ety
-
i

J.u!

Imparovoment pr-;\,; |
‘ud Ly the f1ihﬁht Ele oporator
e Doseibiyv bave pz- to contiave o Jove wi
rate caponent as he has already purchasod cucugh sparaes
probilew,

into o ovelry expensive

I would asgk all menufocturers to work much wmore closcly wich the
conmercial operator to ascertain thelr roquirements and prod
lebLgula: reference to relichility as it is folt by tie o
there is too little corrclation between technical ﬂﬂd oL

s, with

o Ty oy e
riaxc

specifications, they shoudd din fact be complimenta:

there 13 no trus commercial specificaticn and the

is usuaily to get the technical specification at the lowes
FASY .‘4-

prlce. This is when the operator is faced with reliabi

Any technicel specificaticn should also have a clear rolis
chjective without the nscessity of test programmes over 1

orn conaids

vhich is usually coacluded in gervice Dy the operator at
cost. The componont manunfacturer,and this includes engiies, must rencsbo:




that he has two customers, the helicopter manufacturer and the ultimate
operator., Both customcrs should co~operate in defining this spocification,

but this is obvicusly commercially Jdifficudt.

Future component and system designs should have a joint technical
‘and commercial specification to ensure that functicn and reliability
objectives are clearly defined and met.

Reloronces

PTG L e P 0 AL

1. Pe Do Visall AMrworthiness of Helicopter Transmissions,
Royal Aeronautical Society 6.2.80.
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