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ABSTRACT 

Helicopters are potentially more vulnerable to catastrophic mechanical failures than fixed wing aircraft 
because of the number of single load path critical parts within the rotor and transmission systems and the 
reduced redundancy within their design.  Since its introduction into the North Sea offshore helicopter fleet in 
1991, the Vibration Health Monitoring (VHM) capability of Health and Usage Monitoring Systems (HUMS) 
has been shown to be an effective and practical means of reducing mechanical failures and most importantly 
those that prevent continued safe flight and landing.  One major independent study has concluded that: 
'HUMS was probably the most significant isolated safety improvement of the last decade'.    

HUMS is not a conventional maintenance tool.  VHM is primarily used as an early-warning system.  While 
many defects exhibit �classic� vibration characteristics, new defect indications are still common.  So, although 
downloads are automatically screened, expert interpretation and/or physical investigation is usually 
necessary to detect incipient failures that would otherwise remain undetected.   

Setting definite vibration rejection criteria is difficult, so most HUMS data needs careful interpretation.  It is 
therefore be sensitive to normal human and organisational factors.  To gain the full of HUMS benefits it is 
essential that an operator defines sound operating procedures, effectively a �HUMS Management System�.  
This can fundamentally affect their maintenance philosophy and the maintenance programmes of each 
affected helicopter type.   

This paper will identify HUMS Management System best practice.   
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INTRODUCTION 
Helicopters are potentially more vulnerable to catastrophic 

mechanical failures than fixed wing aircraft because of the number 
of single load path critical parts within the rotor and transmission 
systems.  Since its introduction into the North Sea offshore 
helicopter fleet in 1991, the VHM capability of HUMS has been 
shown to be a practical means of reducing the rate of hazardous 
and catastrophic failures that prevent continued safe flight and 
landing.   

Before HUMS entered service an early study of past accidents 
by one operator (Gordon 1989) suggested that VHM would have 
been able to prevent 50% of airworthiness related accidents (i.e. 
those with a technical cause) both within their own twin-engined 
fleet worldwide and amongst other North Sea operators.  This 
would have meant avoiding 17 accidents within 1.8 million flying 
hours, 7 of which were fatal accidents (including the world�s worst 
civil helicopter accident in which 45 people died [AAIB 1988]).  
The same study also suggested that 60% of serious incidents could 
have been prevented by VHM.  Another retrospective accident 
study conducted by the UK Ministry of Defence (MOD) concluded 

that HUMS would have cut their airworthiness accidents by 39% 
(Jeram-Croft 1994).  

The predicted potential of VHM has been demonstrated by 
the initial retro-fitted HUMS that have since been termed �first 
generation HUMS�.  They were able to provide warnings for 69% 
of the failure types that occurred in the first 6 years of operation 
(McColl 1997), and were able to record vibration changes in a 
further 17% of cases (offering the potential for further 
improvements).  This study showed that first generation HUMS 
warned successfully in 60% of the potentially catastrophic failure 
cases, with 80% a reasonable target with system improvements.   

A study by a working group of the Helicopter Health 
Monitoring Advisory Group (HHMAG) showed that incidents of 
serious vibration occurring in-flight had reduced dramatically in 
the UK fleet after the introduction of HUMS (Evans 2002a).   

HUMS regularly identifies mechanical problems.  During 
2000 and 2001 HUMS was the first indicator of a problem 
requiring significant maintenance action approximately once every 
6000 flying hours (Evans 2002b).  VHM has thus proven capable of 
filling most of the gap in existing established health monitoring 
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techniques (e.g. MCDs, SOAP and oil pressure and temperature 
monitoring).  Whilst these established techniques are effective in 
detecting wear debris and oil loss, VHM provides a means to 
detect those failures that result in misalignment or imbalance 
(such as fatigue failures).  VHM is thus an important complement 
to traditional techniques.   

A study by one helicopter constructor dispelled initial fears of 
false removals as it determined that even early in the history of 
HUMS, the main gear box false removals rate was as low as 1 per 
147,000 flying hours (Kershner et al [1997]), with 5 of the 6 HUMS 
initiated MGB removals being due to confirmed anomalies.   

The same study also showed that the only premature 
removals of deteriorating gearboxes (i.e. ones still judged 
serviceable at the subsequent strip) occurred prior to the end of 
1994.  Kershner et al (1997) attribute this to a HUMS diagnostic 
learning curve. 

Some critics have suggested that spurious warnings would 
make HUMS impractical to use.  While HUMS had a �difficult� 
three-year introductory phase (HHMAG 1997), the proven safety 
benefit soon outweighed the perceived difficulties (Dobson 1997).  
These safety benefits are supplemented by economic, reliability 
and availability benefits (Dobson 1997 and Pouradier 2001). 

Even during one of the early CAA sponsored operational 
trials of HUMS prototypes (CAA 1993b), less than 5% of 
acquisitions were corrupted, less than 2% were �cautionary 
warnings� (all subsequently identified as wiring, connector or 
redatum errors) and there were no false drive train �failure 
warnings�. 

One major independent study (Hokstad et al 1999) concluded 
that: �HUMS was probably the most significant isolated safety 
improvement of the last decade�.  The same study stated that 
HUMS is �expected to mature over the next decade and will 
probably contribute to a further risk improvement�.  The CAA 
believes that these benefits will come from design-assessed 
helicopters (i.e. those meeting the latest certification 
requirements), which integrate HUMS into the helicopter�s 
maintenance philosophy. 

Worldwide HUMS experience now exceeds 2 million hours.  
HUMS is frequently required by oil companies as a contractual 
requirement.   This is in response to their duty of care to their 
employees, recognising the contribution that helicopters make to 
the risk their staff are exposed to (Clark 1998).   

In the UK, HUMS has been necessary on large helicopters 
certified since the design assessment concept was introduced by 
the CAA in 1985 (e.g. CAA 1992) and has been retrospectively 
made mandatory on older types by an Additional Airworthiness 
Directive (CAA 1999b), effectively giving two first generation 
HUMS airworthiness credit based on 9 years of successful service 
experience.  Similar retrospective requirements are being proposed 
in Norway (CRHSNCS 2002). 

HUMS is not a conventional maintenance tool.  VHM should 
not be thought of as a measurement device, able to be calibrated to 
tight tolerances.  Current VHM is primarily used to provide early-
warning of impending failures.  While many defects do exhibit 
�classic� vibration characteristics, new defect indications are still 

common.  So although HUMS data downloads can be 
automatically screened, warnings usually require expert 
interpretation and/or investigation to determine if the helicopter 
remains airworthy or to identify an appropriate maintenance 
action.   

To gain the benefits of HUMS it is essential that the operator 
defines sound HUMS operating procedures, effectively 
establishing a �HUMS Management System�.  It is important to 
recognise that this will fundamentally affect both the maintenance 
programmes of each affected helicopter type and operator�s 
maintenance philosophy.   

The primary purpose of this paper is to identify �best practice� 
for HUMS management.  The structure of the paper is as follows:  
1. How the term �HUMS� is used in the context of this paper. 
2. The framework of civil aviation maintenance in which 

HUMS is used. 
3. The aspects that make HUMS unique.   
4. HUMS Management System best practice.   
5. How designers can make HUMS more effective in-service. 
6. The role of the regulator with HUMS operation. 
 
DEFINING HUMS 

One pioneer in the field has reflected that the term HUMS 
�never acquired a strong, tight meaning� (Stewart 2000).  It is 
therefore worth identifying how the term will be used in this 
paper. 

Joint JAA/FAA advisory material defines health monitoring 
as a means �by which selected incipient failure or degradation can 
be determined� (FAA 1999]).  The same source defined usage 
monitoring as a means �by which selected aspects of service 
history can be determined�.  In both cases these means include the 
�equipment, techniques and/or procedures�.  Hence the �system� of 
HUMS is wider than just the installed hardware. 

HUMS will be used in this paper to refer to any system 
capable of rotorcraft drive train health monitoring that also 
collects some form of usage data.  This paper will concentrate on 
the management of health monitoring and in particular the 
warning of incipient failures.  This is an aspect of particular 
interest to the CAA because of the proven safety benefit that 
HUMS delivers to areas of rotorcraft that have historically been 
responsible for the majority of serious airworthiness accidents 
(Vinall 1980, HARP 1984, Witham 1991 and Neubert 1997).  It is for 
this reason that when the CAA made health monitoring 
mandatory on the majority of the large UK transport fleet (CAA 
1999b) the expression used was the more specific term �Health 
Monitoring Systems�. 

The paper will specifically focus on the primary form of drive 
train health monitoring used to prevent failures: vibration health 
monitoring.  VHM does not include the rotor track and balance 
function used to identify adjustments for vibration reduction.  
Some of the observations and issues identified are however also 
relevant to other forms of monitoring systems. 
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AN INTRODUCTION TO CIVIL AVIATION 
MAINTENANCE 
In civil aviation, the operator of an aircraft used for 

commercial air transport must be approved.  In the European JAA 
system, the operator is accountable for managing the maintenance 
of their aircraft and for having a system that ensures 
airworthiness.  For European aircraft, maintenance can only be 
carried out by an organisation with a JAR-145 approval.  
Maintenance can be defined as �any one or combination of 
overhaul, repair, inspection, replacement, modification or defect 
rectification of an aircraft/aircraft component� (JAA 2001a).  After 
completion of any package of maintenance a �certificate of release 
to service� is necessary before flight (JAA 2001a).  In this a paper it 
will generally be assumed that the operator also conducts 
maintenance in-house, the simplest scenario.  If line maintenance 
is sub-contracted, then the situation becomes slightly more 
complex due to the extra interfaces, however the same basic 
principles apply. 

The basis for maintenance is a framework typically 
established by the �instructions for continued airworthiness� 
issued by the appropriate design organisation (including for 
example the Maintenance Manual), Airworthiness Directives 
issued by the appropriate National Airworthiness Authorities and 
other regulations of these NAAs.  In addition, the internal 
procedures of the approved maintenance organisation should also 
impose controls on the maintenance engineer so as to assure a 
consistently airworthy outcome.  Wackers and Kørte (2001) 
observe that aircraft maintenance is thus a �highly regulated 
space�. 
 
WHY IS HUMS DIFFERENT? 

The health monitoring aspects of HUMS are essentially means 
of maintenance inspection (�the examination of an aircraft/aircraft 
component to establish conformity with an approved standard� 
[JAA 2001a]).  These inspections lead to other forms of 
maintenance when conformity (i.e. airworthiness) cannot be 
established.   

For most conventional inspections, the criteria used to 
establish airworthiness are normally what could be described as 
�hard criteria�.  Hard criteria are those that can either be measured 
reliably with calibrated equipment (e.g. the pitch of a gear tooth) 
or are discrete conditions (e.g. �cracked� or �not cracked�).  
Exceeding hard criteria results in failure of the inspection. 

One major advantage with HUMS is that it is not simply a 
post-flight inspection, but as Wakers & Kørte (2001) put it, HUMS 
�constitutes an attempt to have the maintenance engineer�s senses 
present� aboard the helicopter in-flight.  However, as they note, 
�vibrations do not respect component boundaries�.  VHM data also 
varies widely dependent on flight conditions and torque, 
individual combinations of components and even between 
individual builds of the same components (Salzer 1994 and 
AAIB/N 2001).  Most HUMS only acquire data in specific flight 
regimes (�recognised� by analysis of data being fed to the Flight 
Data Recorder).  However there can still be large variations if the 
data is acquired at extremes within the acquisition envelope.  It 
can also be difficult to correlate vibration levels recorded during 

test rig running with in-flight data because test rig mounting is so 
much stiffer (McFadden 1985).  Trend analyses, and VHM 
thresholds based on the vibration history of that build (so called 
learned thresholds), are sensitive to maintenance actions that can 
change the datum vibration.   

Hence it is difficult to establish clear and universal �hard� 
vibration limits for in-flight acquired VHM data that can give 
guaranteed warning of failure without unnecessarily rejecting 
airworthy components.   

For a new HUMS installation this means that the initial VHM 
thresholds will be subject to revision as data is gathered and 
analysed.  The accuracy of these thresholds will improve with time 
and so modified and developed systems should achieve continual 
improvements. Also, those systems associated with an initial 
design assessment at certification may achieve improved initial 
thresholds.  JAA/FAA advisory material on HUMS describes the 
concept of a Controlled Service Introduction (FAA 1999), which is 
a vehicle for validating thresholds.  During a CSI the certifying 
aviation authority will closely monitor the system�s performance.  
They must confirm that the HUMS has reached an acceptable level 
of maturity before closing the CSI.  The CAA has supervised two 
such HUMS CSI programmes (both on systems required as part of 
a helicopter�s certification basis).  The only prospects to perhaps 
accelerate this process is the use of advanced data processing 
techniques, employing unsupervised or supervised learning, to 
model normality and detect deviations from the norm (e.g. CAA 
1999c) during the CSI. 

For HUMS retrofitted without the helicopter constructors 
assistance, in the few cases where any �hard� vibration limits are 
available (e.g. based on established Maintenance Manual limits for 
external shafts [CAA 1993c]), they are usually only applicable 
during ground running and require an exercise in HUMS cross-
calibration to allow for any differences from the traditional carry-
out Ground Support Equipment (GSE).  In such cases it is common 
to use HUMS to highlight if a vibration is getting close to the 
defined limit, prompting the use of the carry-out GSE (as called for 
in the Maintenance Manual [MM]) for a definitive inspection.   

For retrofitted systems sound engineering judgement and 
fleet statistical data usually forms the basis for warning threshold 
levels (CAA 1993c and Nevins 2002).  Even VHM integrated by the 
helicopter constructor rarely have genuine hard removal limits.   

From the time of early VHM trials it was recognised that if a 
warning was found during �first line� data review by a line 
engineer, a �second line� analysis by a more experienced HUMS 
specialist would be required (CAA 1993a).   

Routine manual review of all data is not practical as vast 
quantities can be collected.  Typically 50-100 components will be 
monitored with perhaps 18 parameters generated for each (Kørte 
and Aven 2000).  One operator generates over 100Mb each day 
from its fleet at Aberdeen alone (Dobson 2000a).  A parameter is 
also likely to react to several types of defect (Pouradier 2001).  
Therefore in order to direct investigation effort to priority cases, 
many VHM criteria are what could be termed �soft criteria�.  Such 
vibration thresholds are designed to allow HUMS to automatically 
screen data, highlighting only vibrations that are deemed unusual 
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and thus deserve closer attention.  The setting of such thresholds is 
difficult because parameters can detect numerous failures modes, 
which will each have different vibration characteristics (e.g. AAIB 
1998).  VHM warnings require interpretation at a ground station 
by trained engineers in conjunction with fault-finding actions on 
the helicopter, a knowledge of the helicopter�s maintenance 
history and access to fleet wide data (Evans 2002a).   

VHM threshold exceedances are warnings not �no-go� 
indications.  A single exceedance is therefore not necessarily 
confirmation that a particular helicopter has an incipient failure.   

To narrow the focus of subsequent inspections, HUMS should 
ideally identify the component affected, though it often only 
localises the defect to components that share the same shaft speed 
as the affected component.  The general type of defect is however 
normally specified (e.g. bearing, gear tooth, shaft etc).  If the tail 
rotor was identified, for example, detailed visual inspections and 
even a partial strip are possible (AAIB 1998).  In the case of a 
suspected fault within a gearbox, other than the premature 
removal of the gearbox, the more limited options include checking 
the torque of external bolts, the application of wear and debris 
analysis (Barber 2002) or in rare cases boroscoping (Astridge 1984).   

In some cases the vibrations may be ambiguous, inconsistent 
with established theories or dissimilar to historical failure 
experience.  When this happens the primary form of inspection 
may initially be HUMS �close monitoring� over subsequent flights.  
Close monitoring involves manually reviewing the trends of 
appropriate parameters after each HUMS download to establish if 
vibration levels are increasing and to localise the suspect 
component (if possible).  Assessing trend graphs �by eye� is still a 
quick and effective method (Dobson 2000b). 

First generation HUMS suffered from a number of 
instrumentation faults and some algorithms have proved 
susceptible to �spiking� (giving occasional false warnings).  If 
inspections do not produce any physical evidence of a failure, 
often cautious observation of trends in subsequent downloads is 
the most sensible option (Dobson 2000b).  The ideal trend is one 
that gradually increases over time with little scatter.  Often scatter 
due to the varying acquisition environment makes trend 
identification difficult.  Again subsequent close monitored flights 
can help resolve any uncertainty.   

Some systems are actually configured to require further 
flights before all the necessary information is downloaded.  For 
example one system with airborne VHM processing requires that 
after a warning the engineer selects appropriate parameters whose 
signal averages are to be added to the download file for the 
following flight.   

All HUMS in-service in the North Sea depend on certain 
HUMS warnings being evaluated further by the HUMS 
developer�s specialists.  HUMS warnings are thus not the same as 
exceedance of a Maintenance Manual transmission torque limit, 
which can result in an immediate gearbox removal.   

When analysing data, engineers must be aware that in some 
cases, though a crack may propagate over a considerable time 
period under low cycle fatigue (on rotor start up and shutdown), 
the vibration may only significantly increase when the crack 

reaches a size that it propagates under high cycle fatigue (i.e. due 
to shaft rotational speed).  In some of these cases the potential 
warning interval may be very short. 

Some soft VHM warning thresholds can become hard 
component rejection criteria over time as fleet experience is gained 
and maintainers are able to recognise similarities between past 
defects and current data.  Even when a vibration level becomes a 
hard rejection criterion, a component would not be rejected 
without checking for the most powerful source of vibration signal 
possible, a loose accelerometer.   

It is easy to present hard criteria in maintenance data.  A 
measurement will be either within or outside the limit and a 
discrete condition will be determined to be present or not.  If a 
component is found to be outside a hard limit (i.e. no longer 
airworthy), maintenance data will describe either an on-wing 
rectification process, or will require replacement, with off-wing 
rectification if possible.   

For the soft criteria that produce HUMS warnings, the 
maintenance data must introduce a further series of inspections 
prior to the final determination of airworthiness.  Some HUMS 
retro-fitted to existing helicopters come with diagnostic manuals 
that use flow-charts to prompt an appropriate sequence of checks 
in consultation with the helicopter�s Flight Manual and 
Maintenance Manual.  Other retrofitted systems leave the operator 
the task of identifying what tasks within the helicopter�s existing 
maintenance data are appropriate for the investigation.  There may 
be a need for the operators to introduce their own extra 
inspections.  Such a situation puts an unnecessary maintenance 
development burden on operators.  The most straightforward 
situation is however when the helicopter constructor integrates the 
fault-finding process into the standard maintenance data for the 
helicopter.   

As so much HUMS data is acquired in-flight, HUMS also 
differs from normal maintenance tools in that the airborne element 
(and in particular the network of sensors positioned across the 
airframe) is routinely exposed to the harsh in-flight environment 
around the engines, transmission and rotors of a helicopter.  This 
means the HUMS must itself be robust and data analysts must 
consider the increased possibility of corrupt data (for example 
caused by a loose accelerometer).   

Yet HUMS is also different from a normal item of avionics.  
Firstly, as Jesse and Slssinger (1994) highlight its intended prime 
user �is the line engineer� rather than the pilot and so �it is the 
interface with the line engineer which is of greatest importance�.  
Secondly, for civil aircraft, Minimum Equipment Lists define the 
maximum rectification periods allowed when important systems 
become unserviceable.  However HUMS functionality relates to 
being able to successfully download data for analysis.  This 
depends on the serviceability of the airborne equipment, the 
functioning of the data transfer medium and the ground stations 
serviceability.  Even then, data may not be downloaded 
successfully if the conditions necessary to acquire data in-flight 
were not achieved.  This has been a common problem when 
helicopters make short flights, or if missions involve frequent 
manoeuvring rather than cruise, when airspeed limitations have 
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been imposed because of airframe cracking or during night flying 
with optical blade trackers.  It can be seen that even serviceability 
becomes a complex issue.  Finally if HUMS is limited to providing 
warnings to maintenance engineers, then if it is unserviceable it 
can have no affect on the conduct of the flight. 

 
HUMS BEST PRACTICE ISSUES FOR OPERATORS 

If a helicopter operator is to be successful in their operation of 
HUMS, as well as procuring HUMS hardware, providing suitable 
facilities and provisioning the appropriate technical publications, 
they need to consider a number of key operational issues: 

 
1) Threshold Changes 

Changes to thresholds may be made to ensure new defects are 
captured, to improve warning times or to reduce false alarm rates.  
There is a danger that more importance will be given to the latter 
in the early stages of an operator�s use of HUMS, before the HUMS 
has demonstrated that it can warn of otherwise undetected 
failures.  This temptation must be resisted.   

Reducing the false alarm rate simply by rasing thresholds 
may reduce the resources needed to clear the aircraft for flight but 
at the expense of reduced warning times and a risk of even 
disabling the system�s ability to warn of some failure modes.  
While excessive false warnings drain maintenance resources and 
reduce confidence, they rarely result in unwarranted component 
rejections (Kershner 1997) and can often be quickly identified and 
dismissed (Dobson 1997).  When changing thresholds the impact 
on both warning times and false alarm rates must be considered.   

A common misconception after an incident is that the 
thresholds should have been lower as that would automatically 
improve the safety margin.  This would be the case with hard 
criteria but fails to recognise the soft nature of HUMS warnings.  
The AAIB (1998) report a case were vibrations rose for 45 hours 
before exceeding a threshold, with a warning downloaded 5 hours 
later at the end of the flight, suggesting that the threshold used 
was �set too high�.  When improved threshold strategies (such as 
learnt thresholds) were retrospectively applied to this data the 
maximum practical warning time has been estimated to be 25 
hours.  Earlier examination of the vibration history may not have 
shown a sufficient trend to concern the engineer (especially as 
more helicopters will routinely be closer to the lowered threshold) 
and it would have been more difficult to correlate the HUMS 
warning with any physical symptoms on the helicopter.  Hence 
the decision may have been to fly on and �close monitor� the 
component, reducing the net improvement in warning from 20 
hours to something lower.  This case (considered further below) is 
significant in that despite a clear 50 hour trend and physical 
symptoms, the helicopter was actually flown on and a failure 
occurred in-flight.  This is not to suggest that enhanced warning 
times are not important, they clearly are, but safety margin 
improvements are dependent on warnings being verifiable and/or 
sufficiently convincing.   

The CAA views the setting of vibration thresholds as a design 
activity that should be controlled by either the helicopter 
constructor or the HUMS supplier.  This does not however 
preclude the operator either having tailored thresholds issued by 

the design organisation or HUMS with an option of setting lower 
cautionary alert levels.  Operators, with their intimate knowledge 
of HUMS performance and fleet trends, however can and must, 
participate in the complex process of adjusting thresholds (as 
suggested by Wackers and Kørte [2001] and discussed by Dobson 
[2000a]).  

Changes to thresholds should be controlled in a formal 
manner (usually by the use of Service Bulletins that cover the issue 
of field loadable software - as discussed in CAA [2002b]).  This 
should be irrespective of whether the software is being loaded 
onto an aircraft processor or a ground station.  The same 
controlled process should be used for any other changes, be they 
changing the regime recognition envelopes for data acquisition or 
changing the algorithms. 

With UK operators the CAA expect to be able to review 
changes periodically and be able to see a clear justification for each 
change recorded (CAA 1999b).  Such changes should also be 
audited by the operator�s quality system. 

 
2) Download and Analysis Frequency 

It is theoretically possible for an aircraft mounted HUMS 
processor to indicate to maintenance personnel that a warning has 
been generated, so that data is only downloaded and analysed 
when a warning occurs.  However data is routinely downloaded 
from current HUMS.  This has the advantages of automatically 
backing up the data and allowing fleet trending. 

Assuming that warnings are only available after a download, 
it is clear that HUMS can only provide adequate warning of failure 
or degradation if the download periodicity is sufficiently frequent.   

UK operators download HUMS data on a daily basis as a 
minimum (in North Sea operations the highest daily utilisation 
tends to be 5-7 hours).  Even then the operators encourage 
downloads where possible after every shutdown.  Frequent 
downloads allow the operators the maximum time to seek advice 
from the helicopter constructor or the HUMS supplier�s vibration 
specialists if necessary.  It also means that failures to acquire data 
(see below) become apparent as early as possible.   

Westland (1993) give an example of an early 1980s vibration-
sampling programme conducted ever 50 hours by the operator 
with carry-out GSE.  One helicopter being monitored crashed after 
an input pinion failed.  When the accumulated data was reviewed 
it became clear that the defect was detectable in the recording 
taken 103.6 hours before the accident.  This emphasises that 
downloading the data is only part of the task.   

To gain a safety benefit there must be a timely review of the 
data.  Any warnings must be then be assessed and where 
appropriate investigated with further inspections.  Only when the 
engineer is confident that the HUMS has not identified a non-
conformity should the engineer sign for the completion of the 
check.  In order to do this the engineer must also confirm that 
sufficient data has been acquired to make this determination (see 
below).   

In some cases operators have included the HUMS download 
and analysis within their Daily check.  Others have instituted a 
special check of HUMS data by a Technical Instruction or other 
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similar procedure.  The prime advantage of the latter is that 
authorisation can be limited to a smaller group of specially HUMS 
trained engineers.  The operator�s procedures must ensure that a 
helicopter cannot be released for service if the previous HUMS 
Daily check was not signed for.   

 
3) Data Continuity 

There are two significant aspects to data continuity.  The first 
relates to the Maximum Permitted Period Between Successful 
Downloads (MPPBSD), an issue often linked with MELs.  The 
second concerns access to a helicopter�s past vibration history 
when analysing HUMS data. 

There were two main drivers for the development of first 
generation HUMS.  The first was the realisation that the helicopter 
safety record was not adequate and that health monitoring 
technology was close to maturing (HARP 1984 and Ingstad et al 
1990).  The second was a move by ICAO to recommend fitment of 
Flight Data Recorders (FDR) on helicopters over 2700kg (White 
1990).  This prompted decisions by the CAA and FAA to require 
such FDR and Cockpit Voice Recorders (CVR) for certain 
rotorcraft, encouraging the integration of HUMS and CVFDR 
functions (Barr and Brown 1991, Land and Daniels 1991).  These 
integrated systems were initially ordered by operators partly to 
meet contractual requirements established by oil companies and 
partly as a voluntary initiative to improve safety of their 
operations.  The HUMS functions were however only certified on 
a �no hazard, no credit� basis, effectively accepting that they did 
not hazard the helicopter, but without validating their 
functionality. 

While the CVFDR functions required for mandatory 
airworthiness requirements were recognised in MELs, it is now 
clear with hindsight that the �no credit� health monitoring 
functions, because they were not legally required, were not 
adequately considered (despite the subject being identified by the 
CAA�s pioneering operational health monitoring trial [CAA 
1993a]). 

In a case in 1997 a helicopter flew from a remote base for 430 
hours (during a busy 10 week period of flying) with an 
accelerometer unserviceable (AAIB/N 2001).  Tragically during 
this period a component that this accelerometer would have 
monitored began to crack (according to investigators at least 62 
hours before it failed).  The subsequent failure resulted in a rapid 
catastrophic chain of events and the loss of the helicopter and 12 
lives.  The smaller vibration increases sensed by other 
accelerometers convinced the accident investigators that HUMS 
would have provided adequate warning of this failure if the 
unserviceable accelerometer had been working.  They concluded 
that �this accident has shown that HUMS is capable of being an 
important tool in accident prevention� (AAIB/N 2001). 

This fatal accident had a major impact on perceptions of the 
importance of HUMS serviceability and resulted in UK and 
Norwegian operators having a free exchange of views and re-
evaluating their own internal procedures (Dobson 2000b).   

The same accident was also one factor that prompted the CAA 
decision to introduce an AAD (CAA 1999b).  In 1999 the AAD 

prompted UK operators to agree a common proposal for 
MPPBSDs.  Previously operators had their own individual 
procedures.  Initially assigning varying degrees of importance to 
each accelerometer, based on the criticality of the components 
monitored, was considered.  However it was decided to propose a 
less complex scheme for retrofitted systems (Dobson 2000b), 
namely: 

 
25 flying hours: Health monitoring accelerometers if 

not being close monitored 
10 flying hours:  Health monitoring accelerometers if 

in close monitor 
100 flying hours: Rotor track and balance (noting that 

carry-out equipment can be used as 
an alternative for RTB) 

 
The tighter period for accelerometers being close monitored 

was adopted because it was considered that 25 hours was too long 
to be without data if a component had already generated an 
warning and was being reviewed at each download (Dobson 
2000b).   

This proposal was, for example, far more stringent than the 
�5% rule� applied at annual FDR serviceability checks (CAA 
1999b).  The CAA adopted this proposal, and the close monitoring 
concept, as the MPPBSD baseline for retrofitted HUMS, although 
on design assessed helicopters that failure analysis would usually 
be used as the basis of the MPPBSD (CAA 1992).   

This scheme acknowledges that as HUMS is an airborne 
acquisition system that can only be partially tested on the ground, 
several flights may be necessary before the diagnostic process can 
be shown to be complete.  For many HUMS aircraft hardware 
problems, practical avionics fault-finding can often only be 
conducted overnight, in a hangar�s controlled environment 
(Dobson 2000b).  In logistical terms if spares are not on-site, 25 
flying hours is still a relatively short period considering that the 
remote locations helicopters tend to operate from are a logistical 
challenge to even the most capable express delivery service.  As 
well as having helicopters based on North Sea rigs and remote 
Scottish islands, British helicopters routinely operate to these 
MPPBSDs in locations as far apart as Belize, the Falkland Islands, 
Kazakhstan, China and Brunei. 

Prior to the AAD becoming effective, these periods were 
incorporated direct into the operator�s MELs, with individual line 
items for every accelerometer.  Over the first two years of auditing 
compliance with the AAD (and the associated advisory material 
[CAA 1999b]) it has become clear that this was an unduly complex 
implementation that put too much emphasis on the serviceability 
of aircraft components and insufficient emphasis on actually 
successfully downloading and then assessing the data.  Future 
CAA approved MELs will simply have a one-line HUMS reference 
to the operator�s �HUMS Handbook� which must be produced for 
AAD compliance and approved by the CAA.  This document will 
then define the MPPBSDs. 

Once a MPPBSD is reached, maintenance test flights are 
necessary to gather data.  In the UK this has been extremely rare. 
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A less complex aspect of data continuity is ensuring that when 
a diagnosis is being conducted, the maintenance engineer has 
access to sufficient historic data to help draw a conclusion.  When 
helicopters are moved to another base temporarily, there should 
be provision for moving data with the helicopter (HHMAG 1997).  
If a helicopter moves frequently between bases, there may be a 
need to synchronise ground stations at each base.  Jesse and 
Slssinger (1994) give two examples of operations affected by this.  
The history required need not be that extensive.  As a minimum, 
access to 50 hours of data would be good practice, however as 
some degradations can be tracked over many hundreds of hours 
(Barber 2002), more data is preferable.  As the value of such a 
history is reduced by components changes it is not sensible to be 
too prescriptive.  When helicopters are moved between operators 
(on lease or when sold) a suitable HUMS history for the helicopter 
should also be transferred.   

 
4) HUMS Serviceability and System Reliability 

Operating within the MPPBSD is not sufficient.  To give HUMS 
the opportunity to generate maximum warning times and detailed 
trends, the operator must strive to both increase the probability 
that the necessary flight conditions for data acquisition will occur 
(by flight planning or having the HUMS flight regime windows 
adjusted) and raise the reliability of the HUMS hardware. 

HUMS should be considered within the operator�s reliability 
programme.  However such programmes are typically driven by 
metrics such as in-flight shutdowns, air turn backs, departure 
delays and high value unscheduled removals.  To ensure HUMS is 
adequately considered, all failures to successfully download data 
and all HUMS system problems should be specifically recorded 
(for a good example of the latter see McKim [1997]).  The causes 
should be identified and prioritised for corrective action. 

This can help identify if the operator�s flight profiles rarely 
achieve the standard data acquisition conditions.  Often it is 
possible for the HUMS designers to respond by issuing tailored 
software that can increase the acquisitions success rate.  This may 
be by acquiring data at a slightly lower speed or by shortening the 
time for the acquisition (reducing the quality of the signal average 
values, but ensuring that data is acquired more often). 

The review of hardware reliability must consider each of the 
three HUMS elements: the airborne system, data transfer medium 
and ground station.  Problems as simple as a bad batch of data 
transfer cards (Clark 1997) can dramatically reduce the download 
success rate.  In order to increase the download success rate the 
operator should actively evaluate preventative maintenance 
options. 

Any reliability review should also consider human factors as a 
possible cause for failures to successfully download data.  
Sometimes errors in configuration management mean that data 
will not be acquired or downloaded.  It is not uncommon to find 
the download medium is disconnected before data transfer is 
complete or that following an incorrect sequence prevents a 
successful download.  Once these failures have been spotted, 
corrective actions can be taken. 

Although this activity is not directly mentioned in the CAA�s 
guidance for its AAD, it is one of the �general procedures� that at 
operator would be expected to have in place (CAA 1999b).  Such 
efforts have in the past resulted in �a dramatic improvement in 
reliability and system serviceability� (Clark 1997). 

 
5) Structured Diagnostic Approach 

In practice while the operator is accountable for determining if 
the helicopter is airworthy, the responsibility for this task is 
discharged by the licensed engineer who signs for the HUMS 
download analysis and/or the certificate of release to service.  The 
added difficulty of dealing with the soft criteria that characterise 
HUMS must be balanced by a standard structured diagnostic 
approach. 

Successfully downloading data on a regular basis will only be 
of safety benefit if there is an effective response to any HUMS 
warnings.  Hopkins (1999) gives a good example of how the 
effectiveness of a warning system (in that case monitoring carbon 
monoxide levels in a coal mine) can be subverted by an inadequate 
approach to interpreting and reacting to the warning. 

Some HUMS produce a report (or download log) that can 
include a simple warning message.  Others use mimic 
representations of the helicopter and changes in colour to 
highlight components that have triggered a warning.  After a 
warning the first step is usually to examine the downloaded data 
in more detail.  One aim is to determine if the warning was 
triggered by a clear trend or a step change, another is to examine 
wether that parameter has been subject to excessive random 
scatter previously.  The engineer will also need access to the 
helicopter�s recent maintenance history, as that can explain some 
changes.  As well as the parameter(s) that triggered the warning, it 
is usual to examine other associated parameters that may help 
clarify if a real degradation or mechanical failure is occurring.  
Some failures can also cause visible reactions on neighbouring 
accelerometer channels (AAIB/N 2001). 

As HUMS warnings are generally soft inspection criteria, if it is 
believed that the warning could have been caused by something 
more than just routine scatter, further inspections on the helicopter 
are usually necessary.  Some warnings can be identified as false 
alarms by careful fault-finding on the airborne HUMS element.  
Others will need more detailed visual and physical inspection of 
the suspect drive train components.  Magnetic plug inspections are 
common after HUMS engine or gearbox warnings, though some 
health monitoring statistics have been skewed by the reason for 
removal being subsequently recorded as �debris� (Dobson 1997).  
In certain cases ground running can gather useful VHM data for 
comparison.  These need to be backed up by examining other 
sources of health monitoring such as magnetic chip detectors or 
spectrographic oil analysis programmes.  Such wear and debris 
analysis techniques are complementary to HUMS and may 
provide the necessary insight (e.g. Barber 2002). 

Completing further flights and close monitoring the 
subsequent downloads may be necessary to gather the information 
necessary to make a decision.  The same approach may be taken 
initially with those warnings known to be erratic (Dobson 1997).  
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However it should not be assumed that just exceeding a threshold 
means that any failure is still some way off.  If a clear trend has 
developed over a number of hours, see for example the case 
reported by AAIB (1998), there should be no need to gather further 
data, but the emphasis should be on detailed inspection around 
the affected component.  In that incident a failure occurred in the 
very next flight, even though other helicopters in the fleet had 
previously operated close to the threshold without any problems. 

Vaughan (1996) has conceived the concept of �normalisation of 
deviancy�.  This involves tolerating worsening service experience 
because the deterioration occurs in small increments that are 
individually deemed to be an acceptable extension of past 
experience.  Tolerating such steadily deteriorating vibration data 
must be guarded against as warnings are �particularly sensitive to 
this process of normalisation� (Hopkins 2001).   

With rotors, because they are adjustable, particular care should 
be taken not to blindly follow RTB instructions and balance out 
developing rotor defects (see AAIB 1998). 

If the maintenance engineer has any doubts over the data it is 
important to seek specialist support.  All HUMS operators should 
have a HUMS coordinator appointed who can provide advice to 
line engineers (Dobson 1997).  Since they will review data from 
across the fleet and see the operator�s most challenging warnings, 
they are normally the most experienced HUMS analysts within the 
organisation.  During the early stages of a CSI of a new HUMS 
there may be a need for daily multi-disciplinary meetings to 
resolve warnings and system problems (Dobson 1997). 

The other sources of advice are the HUMS supplier and 
helicopter constructor.  The operator remains accountable for the 
final decision on whether the helicopter remains airworthy and 
unless there is a clear need to remove a component, outside advice 
will usually be couched in liability deflecting terms.  For example 
a report may state that �the data does not correspond to any 
known past defect or any theoretical defect type�.  There is of 
course always the possibility that a new failure mode indication is 
just about to be discovered.  A good diagnostic report will 
however suggest what causes are unlikely, where future attention 
should be focused and how a known or theoretical defect may 
become apparent. 

A just culture (Reason 1997) should exist within the company if 
a component is rejected that subsequently proves to be serviceable 
and also, as far as practical, contractually between an operator and 
a power-by-the-hour supplier for false rejections (Dobson 2000a).  
If a blame culture were to exist, after a few false rejections, there 
will develop a reluctance to reject components even if there is a 
clear HUMS indication.   

If a false rejection occurs, or if a component does fail in service 
or if an incipient failure is safely spotted at a later stage (by HUMS 
or other means), the operator should reactively examine how 
improvements can be made in the diagnostic process.  

A clear definition of the diagnostic process and how a 
helicopter is cleared for flight are key elements of CAA HUMS 
requirements (CAA 1999b), with the use of flowcharts a suggested 
means of defining the process.  The CAA also requires that 
company diagnostic procedures are produced, though  if the 

helicopter�s standard maintenance data integrates HUMS in a 
detailed and comprehensible manner this can be cross referenced 
rather than duplicated. 

 
6) Clear Responsibilities 

The operator will need to establish clear definitions of who is 
responsible for which parts of the operation and management of 
HUMS, especially were any sub-contractors are used for specific 
HUMS support or line maintenance (CAA 1999b).   

As already noted, the operator will need to appoint a HUMS 
coordinator (or equivalent) to manage much of the day-to-day 
support for HUMS.  In small operators this may be one person 
acting part-time.  The larger operators would normally have at 
least one person dedicated to HUMS and perhaps associated 
subjects (e.g. RTB, FDRs etc).  Responsibilities for managing 
technical HUMS liaison with the HUMS suppliers, helicopter 
constructors, overhaul agencies and the NAA will normally rest 
with the HUMS coordinator.  In the UK this includes submitting 
details of HUMS service experience to the CAA and the helicopter 
constructor / HUMS supplier (CAA 1992 and 1999b). 

It should be clear who has responsibility for improving the 
serviceability of the HUMS equipment and improving the 
successful download rate.  When maintenance action is carried out 
that could affect HUMS data, it should be clear who conducts the 
HUMS redatuming (necessary to avoid either false alarms or the 
corruption of learnt thresholds).  It is good practice to include 
redatum actions in the stage sheets or work packs for the 
appropriate maintenance tasks.   

Critically, it must be clear where individual responsibility rests 
for determining if the HUMS data confirms that the helicopter 
remains airworthy (and how that engineer is supported with 
additional diagnostic information and advice).  Care must be taken 
to not to dilute responsibility by the impression that observing 
experts will spot an error (as Snook [2000] has noted).  The HUMS 
coordinator and company management should however monitor 
the conclusions of significant diagnostic investigations and 
suspend flying if they ever believe an unacceptable risk remains. 

In a case in 1995, an engineer rejected a tail rotor because of a 
combination of a HUMS warning and abnormal vertical play in 
the tail rotor shaft (AAIB 1998).  The HUMS warning was on tail 
rotor gearbox output shaft once per rev vibration.  In this 
installation the TGB accelerometer is aligned with the tail rotor 
lateral axis, making it sensitive to TGB and lateral tail rotor 
vibrations.  It had triggered 5 flying hours earlier during the day�s 
flying, and the vibration had been increasing over 50 hours.   

The engineer had rejected the tail rotor because he suspected 
wear in the pitch change spider was the cause of the vibration and 
abnormal play.  However the actual cause was cracking of the tail 
rotor flapping hinge retainer.  A prior design failure mode analysis 
had identified this as a potentially catastrophic failure mode.  The 
crack had propagated in low cycle fatigue over about 200 rotor 
start cycles, but only reached a stage were vibrations increased in-
flight over the last 50 hours.  The engineer had also followed the 
standard 3000 hour MM inspection on the tail rotor hub 
(coincidentally due at that time) without finding any defects, 
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however this inspection did not specifically include the flapping 
hinge retainer.  The accident investigators believe that the crack 
would have been difficult to spot during a zonal visual inspection 
because of difficulty getting good access to the area and as the 
crack only opened up at rotor start up. (AAIB 1998).   

If the tail rotor had been removed and returned for an 
overhaul inspection, as the line engineer intended, this clear 
HUMS warning would have been a routine success story.  The 
only fall out would have been the need to study ways of 
lengthening the warning.   

However a subsequent shift supervisor decided to attempt to 
balance the tail rotor.  As the tail rotor was successfully balanced 
within MM limits with carry-out GSE, it was decided to release the 
helicopter to service after a brief test flight and ground run.  
During the next revenue flight the hinge retainer finally fractured, 
causing intense vibration.  The crew considered ditching, but for 
nearly an hour nursed the helicopter back to shore were a safe 
landing was made, and all 17 occupants disembarked uninjured 
(AAIB 1998).   

Just like the 1997 accident mentioned earlier, this incident was 
a defining event in HUMS history.  It convinced the CAA that 
there was more to HUMS than just installing the equipment.  
Furthermore people who doubted the ability of HUMS to detect 
catastrophic failures became believers.   

In this incident the trend of the parameter that generated the 
warning was probably as clear and distinct a trend as it is possible 
to have.  Hence an important issue is why, with that trend 
available and abnormal play, was the second decision made (over-
ruling the original rejection of the tail rotor) releasing the 
helicopter for service after a balance.  This can be compared to the 
1986 decision to launch the Challenger Space Shuttle despite 
progressive deteriorations in-service (Vaughan 1996).  Questions 
that could be asked include: 

• Did the Shift Supervisor have sufficient HUMS training? 
• Was the maintenance data clear and adequately detailed? 
• Were company procedures clear and adequately 

detailed? 
• How was the shift handover conducted? 
• Was there a breakdown in communication? 
• Was HUMS distrusted? 
• Was there management pressure to release the 

helicopter? 
Obviously this is a complex issue.  The accident report does not 

explain why the original decision was over turned.   
It is clear however that the response to HUMS warnings is as 

important as the warnings themselves and that human factors are 
important in the HUMS diagnostic process. 

In order to have effective control over the use of HUMS, it 
should also be clear who within the operator approves HUMS 
procedures and policy.  Ideally this should be the Quality 
Manager (or equivalent). 

A particular senior manager should be responsibility for 
determining if their company�s use of HUMS is effective and 
considering strategically how HUMS effectiveness can be 
optimised.  This person should ideally be the Technical / 

Engineering Director, and should consider HUMS during its 
whole life cycle, from procurement, through commissioning into 
service.  This may be by specific HUMS reviews or by considering 
HUMS as a regular item within existing management reviews.  
The CAA believes management understanding and commitment is 
vital to the effective use of HUMS (CAA 1992). 

 
7) Training and Competency 

Heather (1997) reports that one lesson from the initial 
introduction of HUMS is the need to �emphasise training on all 
levels�.  This needs to appropriately cover line maintenance 
personnel, the company�s HUMS specialists and management.  
One recommendation from the CRHSNCS (2002) study was that 
�requirements are made for training in the use of HUMS�, and 
training forms an essential part of the CAA requirements (CAA 
1999b). 

When compiling HUMS training material there is some value 
in considering a system conceptually similar to the three levels 
used to categorise NDT personnel, a specialist activity with which 
HUMS has some similarities to.   

It must be emphasised that there are no regulatory 
requirements to implement the sort of formal qualification systems 
used within the NDT industry, nor is this the only or the best 
option.  However irrespective of the system used, staff must be 
adequately trained for their role. 

At Level 1 an engineer could be trained (for example) to 
conduct routine line maintenance on the HUMS equipment and 
transfer data from the helicopter to the groundstation.   

At Level 2, the engineer could be trained to review the data, 
assessing trends if necessary and control the diagnostic process.  
Someone with such training would be authorised to sign for a 
HUMS download check, so each operating base would need at 
least one person at the level (it is unlikely that this role could 
effectively be done remotely).   

While the first two levels relate to line maintenance staff, Level 
3 would be reserved for the HUMS coordinator and any other 
senior HUMS specialists.  These people will have the greatest 
experience of HUMS diagnostics, supply detailed diagnostic 
support, provide technical supervision of the HUMS process, 
conduct fleet trends monitoring and be able to liaise effectively 
with outside organisations on HUMS matters.   

One advantage of conceptualising training in this way is that it 
shows that (except in perhaps the smallest of operators) a single 
training standard is inappropriate.  The best results come with 
such a pyramid approach, with more in-depth training and 
education for smaller number of Level 2 and 3 engineers.  This 
approach also avoids diluting the experience base by allocating 
HUMS diagnostic tasks to a core of people who can become 
particularly experienced.   

Because HUMS is a computer based avionic system that 
monitors mechanical drive train components,  Level 2 and 3 
personnel need to be comfortable with and have a good 
understanding of airframe, engine and avionics issues. 

Finally as HUMS can become such an important part of an 
operator�s maintenance system, as Heather (1997) suggests senior 
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managers and other staff (e.g. quality) who may influence the 
HUMS activity also need appropriate familiarisation.  It is 
important that all key personnel understand the capabilities and 
limitations of HUMS, the operator�s system for using the 
technology and how HUMS responsibilities are divided.   

Manufacturer�s HUMS courses can provide in-depth education 
in VHM theory, the use of the equipment and its maintenance.  
Though one study commented that these courses tended to be �too 
deep and too expensive for large numbers of line personnel� 
(HHMAG 1997).  Most operators will usually run Level 1 and 
some Level 2 training in-house.  All operators will need specific 
internal training on how they implement HUMS within their 
organisation.   

As HUMS detectable failures will occur relatively frequent 
within a large fleet (Evans 2002b) and are useful for diagnostic 
training, such case studies are well suited for inclusion in a 
continuation-training programme (HHMAG 1997).  The CAA�s 
HHMAG meets twice each year in the UK and provides one 
vehicle for HUMS users to share such case studies.  Continuation 
training should also cover other lessons learnt within the HUMS 
programme and changes in software.  HUMS is also a useful 
subject for maintenance human factors training (see CAA 2002a).  
Both the high profile failures to successfully exploit HUMS (AAIB 
1998 and AAIB/N 2001) provide many human factors lessons, as 
well as fitting the category of organisational accidents conceived 
by Reason (1997). 

For a new operator of HUMS it is especially important to have 
a defined plan for how the necessary minimum level of HUMS 
knowledge and experience is to be gained before HUMS use 
commences.  Established HUMS users will need a similar plan 
when introducing a new make of HUMS.  One option may be to 
establish a support agreement with another suitably experienced 
organisation to provide a level of diagnostic support and hands-on 
instruction.  However unless the arrangement extended to 
providing full line maintenance support (i.e. the maintenance 
organisation released the helicopter to service), any diagnostic 
support would only be advisory.  Either way defining and 
understanding responsibilities is still important.  

The CAA considers training to be fundamental to the 
successful operation of HUMS and consequently audit HUMS 
training plans and records (CAA 1999b).   
8) Developing Insight Versus Developing The Technology 

Wackers and Kørte (2001) warn of the phenomena of becoming 
fascinated by new technology.  They suggest that it is possible for 
engineers who are not involved in day-to-day helicopter 
operations (such as the operator�s HUMS Level 3 specialists and 
engineering management) to over-focus on the technology of 
HUMS and its long-term potential, at the expense of the short-
term application and usability of HUMS.   

While HUMS requires long-term commitment to continually 
optimise and improve the system, it has a great potential for 
reducing the accident rate now.  Long-term development efforts 
must be balanced with short-term attention to two prime issues: 
the quality of downloads and the insightfulness of diagnoses.   

The capability of a well-managed HUMS to prevent expensive 
accidents should be motivation enough to actively manage those 
two issues.  It is clear that HUMS is one of the last barriers 
between incipient mechanical failures and an accident.  It is vital to 
work to prevent cases were either no warning is given (e.g. 
AAIB/N 2001), or no suitable action is taken (AAIB 1998), when a 
detectable failure occurs.  It is also likely that HUMS data and 
HUMS operation will be critically scrutinised by investigators 
after any airworthiness incident or accident.   

 
9) Monitoring Performance and Making Improvements 

Reason (1997) contends that �it is often latent conditions 
created by maintenance lapses that either set the accident sequence 
in motion or thwart its recovery�.   

Wackers and Kørte (2001) when considering one past accident 
(AAIB/N 2001), warn of �drift towards a more vulnerable state�.  
The concept of drift (conceived by Snook [2000]) primarily 
addresses problems of poor coordination and organisational 
incompatibility.  Reason (1997) has a complementary concept that 
addresses coordinated organisation-wide changes that increase 
risk.  In his two-dimensional �production-protection� space, a 
complacent organisation converts seemingly surplus defences into 
increased production, eventually moving unintentionally beyond 
the production-protection equilibrium towards catastrophe.  This 
is perhaps a better model to at least partly explain the HUMS 
unserviceability aspect of the 1997 accident (AAIB/N 2001).  In 
this case despite the initial objective of HUMS installation being to 
increase safety, over time it became accepted that accelerometer 
unserviceability was non-safety critical (Wackers and Kørte 2001). 

Wackers and Kørte (2001) suggest there are few means to 
monitor for such drift or deterioration.  However a solution may 
be the development of an effective safety culture (Reason 1997).  
Such a culture is made up of shared values and beliefs that help 
define �how we do things around here�.  It has been argued that 
�safety performance will be greatly strengthened by the existence 
of a positive safety culture� (CAA 2001).  Reason suggests that in 
order to have an effective safety culture, it is necessary to have 
reporting, just, flexible and learning sub-cultures.   

The first two of these mean effective reporting of problems will 
occur in the just environment, allowing the organisation to learn 
(the fourth sub-culture) and act to reduce risk.  In their study of 
high reliability organisations Weick et al (1999) note that 
�maintenance departments� become central locations for 
organisational learning�.  This is because �they are front line 
observers in a position to give early warning of ways in which 
things could go wrong� (Hopkins 2001).  This reporting and 
learning offers the prospect of continually improving common 
procedures in a systematic way that can avoid the inadvertent 
introduction of latent conditions elsewhere in the organisation, 
ensuring appropriate balance between production and protection. 

Auditing is one means of proactively seeking out problems 
and initiating corrective action (consistent with reporting and 
learning sub-cultures).  Hokstad et al (1999) however express 
concern over the focus of many audit programmes, noting �too 
much emphasis is put on the processes� and warn of a �lack of 
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focus on the final quality of the product (i.e. well maintained, safe 
helicopters)�.  When auditing something with the safety potential 
of HUMS it is vital that both aspects are considered. 

One explanation for such limited auditing may be the origin of 
quality auditing in manufacturing industry.  In mass-production, 
process consistency is an important goal.  In more complex and 
safety critical arena, like aviation, where activities are more varied 
and less repeatable, it is unrealistic to expect that procedures will 
not evolve continually.  This evolution aligns well with the fourth 
element of Reason�s safety culture, the flexible sub-culture, which 
relates to how the organisation adapts to change. 

Maintenance auditing must therefore not just seek out 
procedural non-compliances and inadequately defined and out-of-
date procedures (although there will no doubt be examples to 
find).  Audits must seek to identify any deterioration in the final 
product (i.e. deteriorations in airworthiness).  The effectiveness of 
audits can be further improved by using a concept Reason (1997) 
proposed for regulatory audits, namely assessing the findings 
made to determine the underlying organisational conditions 
responsible for them.  This idea adds a second dimension to 
audits, greatly increasing the insight that can be gained. 

For the purposes of prioritisation, any safety related audit 
planning should also consider the hazards associated with the 
operation including rare but catastrophic hazards (Hopkins 1999).  
An understanding of the currently perceived hazards also allows 
an auditor to usefully seek out unrecognised hazards (Hopkins 
2001).  This approach may have helped prevent in the 1997 
helicopter accident (AAIB/N 2001) and other accidents were 
defences have been eliminated over time. 

Auditing must itself be of high quality.  Appleton (1994) for 
example notes of auditing on the North Sea platform Piper Alpha 
prior to is destruction in 1988: �there appeared to be sufficient 
effort put into safety auditing but it is evident that it was not of the 
right quality�.   

In an attempt to improve maintenance auditing, increased 
emphasis has now been placed on product audits and auditor 
competence within JAA regulations (JAA 2001a).  A further 
improvement will be introduced by NPA145-12 (JAA 2001b), 
which emphasises human factors and safety culture issues.  The 
CAA has a general requirement for HUMS auditing (CAA 1999b).  
Both the central HUMS team and HUMS use within individual 
line stations should be audited. 

Snook�s concept of drift and Reason�s production-protection 
space relate to changes in organisational practices that can 
detrimentally affect airworthiness.  The previously discussed 
concept of the normalisation of deviance (Vaughan 1996) however 
can be applied directly to the definition of what is airworthy.  
Vaughan�s concept explains how each worsening piece of service 
experience can be collectively accepted as a new norm, until the 
safety margin is completely eroded.  This perhaps provides the 
other half of the explanation to the 1997 accident (AAIB/N 2001), 
because as longer periods of unserviceability became the norm, the 
priority of rectifying defective accelerometers decreased.   

With HUMS the most dangerous form of normalisation of 
deviance is when increasingly more extreme vibrations are, over 

time, accepted as normal.  This is difficult for non-HUMS 
specialists to detect. 

In one initiative to supplement conventional maintenance 
auditing, Edwards (2002) proposes that �supervisors or standards 
engineers should be routinely monitoring maintenance practices�.  
This proposal differs from conventional auditing because it 
recognises that some monitoring requires specialist knowledge of 
the activity being undertaken.  The CAA also considers this in 
their requirements for NDT supervision (CAA 1999a), which 
places the responsibility for technical NDT supervision (including 
auditing and compliance verification) on a �Nominated NDT Level 
3�.   

Similar measures will help detect if normalisation of deviance 
is occurring in HUMS diagnoses.  A company�s senior HUMS 
specialist can play a role in reviewing the diagnoses made at 
different line stations.  Additionally some HUMS suppliers offer a 
programme of specialist HUMS audits as part of their standard 
support contracts while others conduct routine remote database 
reviews.   

Employing a mix of safety reporting (including the previously 
mentioned reactive analysis of HUMS �failures� and serviceability), 
conventional internal auditing and specialist compliance 
monitoring will help detect and prevent both human errors in the 
diagnostic process and the normalisation of deviance.  These 
activities will all feed into management HUMS effectiveness 
reviews previously mentioned. 

 
10) Bringing It All Together � A HUMS Management System 

The previous nine issues all cover important aspects of HUMS 
operation.  The final aspect is integrating their management. 

Existing CAA requirements refer to having �an effective health 
monitoring programme� (CAA 1992) and acceptable procedures 
(CAA 1999b).   

The harmonised JAA/FAA guidance for future HUMS projects 
(FAA 1999) refers to the operator having a �HUMS programme� 
(which should include were applicable a CSI implementation 
plan), where HUMS �adds to, replaces or intervenes in industry 
accepted maintenance practices� (FAA 1999).   

The means of meeting all these requirements and integrating 
the previous nine aspects together in an effective manner can 
perhaps be best envisaged as a �HUMS Management System�.   

In reality this is not a stand-alone system but a logical 
extension to the quality system required by the JAA for both 
maintenance organisations and operators (JAA 2001a and 2002) 
and the accident prevention and flight safety programme 
demanded of operators (JAA 2002).   

The latter was introduced following it becoming an ICAO 
recommended practice and may itself be combined with the 
quality system.  CAA (2001) describes how such a programme can 
be more effectively implemented as a Safety Management System.   

 
SMS is both proactive and reactive, giving a means to anticipate and 

prevent or reduce the effect of risks.   
 
There are essentially three basic prerequisites for a safety 

management system: 
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1. A comprehensive approach to safety 
2. An effective organisation for delivering safety  
3. Systems to achieve safety oversight  

 
      (CAA 2001) 
 
There are two distinct functions within the SMS: the ability to 

assess risk and ability to properly address these risks in a timely 
manner (CAA 2001).   

It can be seen that the SMS concept fits well with the 
discussion of previous HUMS issues.   

Safety management systems, if not properly developed and 
implemented, can degenerate into nothing more than complex 
systems of paper� Hopkins (2001).  The introduction of a SMS is 
however likely to be eased if there is a positive safety culture (as 
previously mentioned) within the organisation.  However such a 
safety culture is likely to be more difficult to acquire than by 
simply establishing a management system (even before 
considering the hazard of subsequent drift [Snook 2000]).  As 
Reason (1997) notes, a truly effective �safety culture is something 
that is striven for but rarely attained�.   
Critics may suggest that implementing the type of management 
system proposed for HUMS is unduly burdensome, however it is 
consistent with sound business practices when introducing any 
major change or managing a major investment.  As a failure to 
fully exploit HUMS to prevent an accident is effectively what has 
been termed as an �organisational accident�, it must always be 
remembered that �it only takes one organisational accident to put 
an end to all worries about the bottom line� (Reason 1997). 

 
HOW THE DESIGNERS CAN ASSIST THE OPERATORS 

HUMS is steadily spreading around the world as it becomes a 
de facto standard amongst customers.  Many more operators will 
be faced with many of the challenges that North Sea operators rose 
to 10 years ago (Clark 1997).  Designers (either at a HUMS supplier 
or the helicopter constructor) can have a major influence over the 
in-service effectiveness of HUMS.   

In addition to the usual functional requirements (such as 
reliability, maintainability, usability etc) and long-term software 
development, product improvement and logistics, issues that they 
need to better address in future include: 
1. Warning Quality:  HUMS designers need to strive to further 

improve the quality of warnings (i.e. reducing false warnings, 
providing more convincing warnings of actual failures and 
increasing warning intervals).  This may include the use of 
advanced data processing techniques to highlight abnormal 
data.   

2. Threshold Development:  An effective and ongoing process 
for timely optimisation of fleetwide thresholds (with the 
participation of the operators), with the ability to make local 
adaptations if a warning quality improvement can be 
justified. 

3. Maintenance Data:  HUMS for new helicopters should be 
accompanied by clear maintenance data (and training 
material) that fully integrates HUMS, including a structured 
diagnostic approach, into the helicopter�s maintenance 

philosophy.  The maintenance data for future retrofit systems 
should be designed for easy interface with the helicopter�s 
maintenance data.  Maintenance data must more explicitly 
embody HUMS service experience that today exists mainly in 
case study reports and failure databases. 

4. Diagnostic Support:  This needs to be timely and useful.  In 
the 1995 incident the constructor�s recommendation that the 
tail rotor should be replaced arrived while the helicopter was 
airborne on the flight it failed (AAIB 1998).  One European 
organisation has, for example, located a diagnostic specialist 
on the Pacific Rim to better HUMS support local customers. 

 
Helicopter constructors can make additional contributions to 
the effectiveness of HUMS: 

5. Retrofit Involvement:  A past study (HHMAG 1997) found a 
lack of clear commitment from constructors to third party 
HUMS.  If constructors are to provide effective support to 
customers (and potential customers) of their existing types 
they need to be able to respond to customer demands for 
HUMS (Clark 1997).  While many constructors now take a 
more positive attitude, the others will be at a commercial 
disadvantage if they do not put mechanisms in place to assist 
third party HUMS suppliers retrofit HUMS to their helicopters 
and help the in-service development of such systems.   

6. Overhaul Instructions:  In order to improve the diagnostic 
capability of HUMS, detailed and timely feedback from 
overhaul organisations is important to improve warning of 
failures and eliminate false removals (Clark 1997).  
Constructors should revise component overhaul instructions to 
ensure that adequate reporting requirements exist to give this 
feedback. 

7. HUMS Friendly Design:  Considering HUMS and the need to 
do HUMS prompted inspections when designing new 
helicopters will help make the use of HUMS simpler and 
cheaper.  This may include specifically designing gearbox 
casings to give better accelerometer positioning, use of a suite 
of complementary health monitoring techniques, and even the 
widespread incorporation of borescope ports (Astridge 1984).  
Consideration of HUMS from the preliminary design phase 
would also reduce installation costs. 

8. Using HUMS to Increase Design Insight:  Operators have 
seen how HUMS can give them added insight into the 
condition of their helicopters.  Dobson (1997) reports cases of 
careful balancing during ground runs with MM specified 
carry-out GSE that have been shown to be completely 
ineffective at cruise conditions by HUMS data.  The 
constructors also need to make a mental shift to expect the 
insight that HUMS can give them, rather than treating in-flight 
acquired VHM data as �alien data� that they cannot analyse.   

9. One Fleet Concept:  In order for HUMS to enter service 
with at least a minimum level of effectiveness HUMS needs to 
fly on a new type�s flight test programmes from the very first 
flight.  The best way for a new helicopter / HUMS 
combination to mature quickly (remember that first generation 
systems each achieved 200,000 flying hours in their first 5 
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years) is to make HUMS a standard fit as suggested by Clark 
(1997). 

10. Maintenance Credits:  In the early 1990�s the HUMS 
community extensively debated the concept of using HUMS to 
relax the requirements for other maintenance actions (James 
1994 and HHMAG 1997).  Ten years on there is now 
harmonised JAA/FAA guidance on the certification of such 
credits, yet despite encouragement, few serious applications 
have made.  If one of the new generation of helicopters 
currently in flight test are certified with an integrated HUMS 
as standard to compliment existing health monitoring (e.g. 
MCDs, SOAP etc), perhaps we shall see dramatic economic 
benefits that rival the proven safety benefit of HUMS. 
 

THE ROLE OF THE REGULATORS 
In their report into the 1997 accident the accident investigators 

characterised the national aviation authority involved as �too 
passive� regarding HUMS (AAIB/N 2001).  This is perhaps an 
example of what has been referred to as �the regulators unhappy 
lot� (Reason 1997), in this case being criticised because of 
operational failings with a relatively new and technologically 
advanced system fitted voluntarily.   

However today the safety benefit of HUMS is proven and even 
if HUMS is fitted voluntarily (e.g. as an oil company contractual 
requirement) the local regulator should still consider its operation 
as part of their evaluation of the operator�s quality system and 
flight safety programme   

When Hopkins (2001) observed that �management systems can 
degenerate into nothing more than complex systems of paper�, he 
also noted that �they can be kicked into life by vigorous action by 
regulators�. 

The CAA has recognised that HUMS as a technically feasible 
system that can have a major safety benefit when used to 
compensate for catastrophic and hazardous failure modes.  The 
CAA has thus dedicated considerable effort building up the 
necessary specialist knowledge to regulate HUMS operations. 
 
CONCLUSIONS 

While HUMS make a significant contribution to the safe 
operation of rotorcraft, it can be vulnerable to human and 
organisation factors that reduce its effectiveness.  Thus purchasing 
the equipment is only the first step, with many operational aspects 
needing to be successfully managed.   

Implementing a HUMS Management System can considerably 
increase the probability that HUMS will be operated effectively 
and will thus be able to prevent accidents and incidents.   

The effectiveness of HUMS is also dependent on the support 
given by the HUMS supplier and the helicopter constructor.  With 
the right support and commitment from all parties there are 
further major advances can still be made in future HUMS safety 
and economic performance. 

 

ABBREVIATIONS 
AAD Additional Airworthiness Directive 
AAIB Air Accidents Investigation Branch [UK]  
AAIB/N Air Accident Investigation Board - Norway  
AC  Advisory Circular 
ARB Airworthiness Requirements Board [an industry 

group that advises the UK CAA] 
CAA Civil Aviation Authority [UK] 
CAP Civil Aviation Publication 
COTS Commercial Off The Shelf 
CRHSNCS Committee for the Review of Helicopter Safety 

on the Norwegian Continental Shelf [an ad hoc 
advisory committee of the Norwegian Ministry 
of Transport and Communications] 

CSI  Controlled Service Introduction 
CVR Cockpit Voice Recorder 
CVFDR Cockpit Voice / Flight Data Recorder(s) 
FAA Federal Aviation Administration [US] 
FDR Fight Data Recorder 
FLS  Field Loadable Software 
GSE  Ground Support Equipment 
HARP Helicopter Airworthiness Requirements Panel 

[an ad hoc working group of the ARB] 
HCF High Cycle Fatigue 
HHMAG Helicopter Health Monitoring Advisory Group 

[a CAA coordinated industry group formed in 
1985] 

HMS Health Monitoring System(s) 
HUMS Health and Usage Monitoring System(s) 
HUMSMS HUMS Management System 
ICAO International Civil Aviation Organisation [a 

United Nations body] 
JAA  Joint Aviation Authorities [Europe]  
LCF  Low Cycle Fatigue 
MCD Magnetic Chip Detector 
MEL Minimum Equipment List  
MM  Maintenance Manual 
MOD Ministry of Defence 
MPPBSD Maximum Permitted Period Between Successful 

Downloads 
NAA National Aviation Authority [generic term] 
NDT Non Destructive Test 
NPA Notice of Proposed Amendment 
PBH Power-by-the-Hour 
RTB  Rotor Track and Balance 
SMS  Safety Management System 
SOAP Spectrographic Oil Analysis Programme 
VHM Vibration Health Monitoring 
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