
JULY–AUGUST 2004

F L I G H T  S A F E T Y  F O U N D A T I O N

Aviation Mechanics Bulletin

Fall-protection 
Equipment Safeguards 
Maintenance Personnel 

Working at Height



F L I G H T  S A F E T Y  F O U N D A T I O N

Aviation Mechanics Bulletin
Dedicated to the aviation mechanic whose knowledge,
craftsmanship and integrity form the core of air safety.

Robert A. Feeler, editorial coordinator

Fall-protection Equipment Safeguards Maintenance Personnel 
Working at Height ........................................................................................... 1

Maintenance Alerts ........................................................................................ 11

News & Tips .................................................................................................. 16

July–August 2004 Vol. 52 No. 4

We Encourage Reprints

Articles in this publication, in the interest of aviation safety, may be reprinted, in whole or in part, 
but may not be offered for sale, used commercially or distributed electronically on the Internet or 
on any other electronic media without the express written permission of Flight Safety Foundation’s 
director of publications. All uses must credit Flight Safety Foundation, Aviation Mechanics Bulletin, 
the specific article(s) and the author(s). Please send two copies of the reprinted material to the director 
of publications. These restrictions apply to all Flight Safety Foundation publications. Reprints must 
be purchased from the Foundation.

What’s Your Input?

In keeping with FSF’s independent and nonpartisan mission to disseminate objective safety information, 
Foundation publications solicit credible contributions that foster thought-provoking discussion of 
aviation safety issues. If you have an article proposal, a completed manuscript or a technical paper 
that may be appropriate for Aviation Mechanics Bulletin, please contact the director of publications. 
Reasonable care will be taken in handling a manuscript, but Flight Safety Foundation assumes no 
responsibility for material submitted. The publications staff reserves the right to edit all published 
submissions. The Foundation buys all rights to manuscripts and payment is made to authors upon 
publication. Contact the Publications Department for more information.

Aviation Mechanics Bulletin
Copyright © 2004 Flight Safety Foundation Inc. All Rights Reserved. ISSN 0005-2140

Suggestions and opinions expressed in FSF publications belong to the author(s) and are not 
necessarily endorsed by Flight Safety Foundation. This information is not intended to supersede 
operators’/manufacturers’ policies, practices or requirements, or to supersede government 
regulations. 

Staff: Roger Rozelle, director of publications; Mark Lacagnina, senior editor; Wayne Rosenkrans, senior 
editor; Linda Werfelman, senior editor; Rick Darby, associate editor; Karen K. Ehrlich, web and print 
production coordinator; Ann L. Mullikin, production designer; Susan D. Reed, production specialist; 
and Patricia Setze, librarian, Jerry Lederer Aviation Safety Library.

Subscriptions: One year subscription for six issues includes postage and handling: US$240. Include old 
and new addresses when requesting address change. • Attention: Ahlam Wahdan, membership services 
coordinator, Flight Safety Foundation, Suite 300, 601 Madison Street, Alexandria, VA 22314 U.S. • 
Telephone: +1 (703) 739-6700 • Fax: +1 (703) 739-6708

Cover photo: © Copyright 2004 Corbis



Fall-protection Equipment 
Safeguards Maintenance 

Personnel Working at Height

Protective systems, including guardrails, safety 
lanyards and shock-absorbing safety harnesses, 

are designed to prevent falls.

FSF Editorial Staff

Aviation maintenance personnel often 
work above ground level where a fall 
could result in serious injury or death. 
Nevertheless, systems are available to 
prevent falls from height (falls to a 
lower level) and/or to limit injuries 
after such a fall.

Although national and global data 
are limited about falls from height 
by aircraft maintenance personnel, 
in the United Kingdom, the Health 
and Safety Executive (HSE) included 
airports among the job sites targeted by 
a 2003 campaign to prevent falls from 
height — one of eight priority areas for 
reducing injury in the workplace.1 

Moreover, in Israel, a five-year study 
of work-related accidents among 2,000 
aviation ground workers at one airline 
found that 40 percent of the 523 ac-
cidents involved slips, trips and falls.2 
(Those data, however, did not differ-
entiate between falls from height and 
slips, trips and falls that occurred on 
the ground.)

In the general workplace, falls from 
height have been cited in a substantial 
number of injuries and deaths. For ex-
ample, among on-the-job accidents in 
the United Kingdom, falls from height 
are the greatest single cause of fatal 
injuries and the second-greatest cause 
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of major injuries. In 2001–2002, 68 
people died and 3,996 received “major 
injuries” as a result of on-the-job falls 
from height.3

In the United States, falls were the 
second-leading cause of work-related 
fatalities in 2002, when 714 people (13 
percent of the 5,524 work-related fa-
talities) died as a result of falls at work. 
Of the 714 workers who died in falls, 
89 percent died in falls from height.4

Although government data among 
these resources did not cite the num-
ber of aviation maintenance person-
nel who died as a result of falls from 
height, fall-protection specialists said 
that fall hazards are not uncommon in 
maintenance hangars.

Ron Cox, vice president for global 
strategic marketing (fall-protection) 
for Bacou-Dalloz, a manufacturer 
of fall-protection equipment, said, “I 
don’t think I’ve been in an airport in 
the past 10 years where I haven’t seen 
fall hazards or people who were work-
ing on airplanes without adequate fall-
protection equipment.”5

Regulations in 
Different Countries 

Share Many Similarities

In many countries, regulations require 
the installation and use of fall-protection 
equipment. Various regulatory authori-
ties have detailed regulations that are 

similar in their intent but differ in many 
of their specifics.

For example, in New Zealand, fall-
protection systems must be provided 
and must be used “in any place where 
an employee is at risk of a fall of three 
meters [10 feet], although the New 
Zealand Occupational Safety and 
Health Service says that fall protec-
tion should be used “where a fall from 
any height could result in harm.”6

In the United States, the Occupational 
Safety and Health Administration 
(OSHA) requires that workers on 
surfaces “with an unprotected side 
or edge which is 6.0 feet (1.8 meters) 
or more above a lower level shall be 
protected from falling by the use of 
guardrail systems, safety-net systems 
or personal fall-arrest systems.”7 Other 
regulations prescribe rules and require-
ments for the design, construction and 
use of mobile work platforms8 and for 
personal fall-arrest systems used by 
workers on powered platforms.9 

In the United Kingdom, where fall 
protection traditionally has been re-
quired for any work performed above 
2.0 meters (6.6 feet), a proposal was 
being considered midyear in 2004 to 
revise the requirement.

“Research … has shown that around 
60 percent of all major injuries are 
caused by falls from heights below two 
meters,” the U.K. Health and Safety 
Commission said in its Proposals 



2 FLIGHT SAFETY FOUNDATION • AVIATION MECHANICS BULLETIN • JULY–AUGUST 2004 FLIGHT SAFETY FOUNDATION • AVIATION MECHANICS BULLETIN • JULY–AUGUST 2004                        3

for Work at Height Regulations. “We 
propose, therefore, to cover all work at 
height where there is a risk of personal 
injury. The extent of what is required 
to address the risks will depend on the 
duty holder’s risk assessment.”10

Airline facilities and large main-
tenance shops typically have the 
required fall-protection equipment, 
but despite the regulatory require-
ments, many smaller maintenance 
facilities do not, said Robert A. 
Feeler, a Flight Safety Foundation 
safety auditor and administrator of 
the FSF Q-Star Charter Provider 
Verification Program.11

“It’s a weak area — weak in terms of 
not complying with the regulations,” 
said Feeler, who estimated that, in 20 
years of conducting safety audits, he 
has inspected more than 200 avia-
tion maintenance facilities. In some 
of them, operators have appeared 
unaware of requirements for fall 
protection, he said.

In facilities that have fall-protection 
equipment, most maintenance per-
sonnel “are conscientious about us-
ing it as it’s intended and when it’s 
intended,” Feeler said.

Some workers avoid using the equip-
ment, however, either because they 
believe that it is cumbersome and that 
it restricts their mobility or because of 
complacency and a belief that a seri-
ous accident is unlikely, he said.

“Aircraft mechanics are usually well 
trained, they know how to work safely, 
and they generally don’t do stupid or 
dangerous things,” Feeler said. “But 
you only need one accident to crack 
your skull. Even though nothing hap-
pens very often, the consequences are 
so severe, it’s worth that little incon-
venience of using fall-protection 
equipment.”

Safety Equipment 
Determined by 

Work-specific Conditions

In aviation maintenance — as in 
other professions — fall protection 
equipment varies, depending on the 
task being performed and the setting 
in which the work is done.

“The biggest challenge is to take fall 
protection and make sure it integrates 
nicely with the work they’re doing,” 
said Peter Kavia, director of safety 
applications for CAI Safety Systems, 
which designs fall-prevention systems 
for a variety of applications, including 
aircraft maintenance hangars. “The 
people who are going to be designing 
the system need to not just understand 
the engineering aspects but also un-
derstand the way the people are going 
to be working. Basically, they have to 
say, ‘We’re going to comply with [the 
relevant regulations] to keep you safe, 
but we’re also going to make sure that 
we do everything we can so we don’t 
make you less productive.’”12 
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Bruce Duden, business development 
manager for Evan Corp., which also 
designs fall-protection systems for use 
in aircraft maintenance hangars and 
other applications, said that develop-
ing systems for maintenance hangars 
used for smaller aircraft “can be a real 
challenge.

“Aircraft hangars are really tricky for 
a lot of reasons. In some of the main-
tenance hangars, they try to maintain 
a number of different types of aircraft, 
so they’re all different sizes, all dif-
ferent configurations, all in different 
locations within the hangar.”13

Cox said that typically, the fall-protection 
system involves a worker wearing a full-
body safety harness equipped for attach-
ing a lanyard (a rope or cord used to 
link two objects together); at its opposite 
end, the lanyard attaches to a horizontal 
lifeline — a cable that connects at each 
end to an anchor, often on an overhead 
beam. Other types of systems, including 
some portable systems with anchorage 
points that are installed temporarily on 
aircraft, also are used.

Design Protection 
For the Work Area

Development of a fall-protection 
program begins with an assessment 
of the work area to identify situations 
in which workers are exposed to fall 
hazards. The Air Transport Association 
of America (ATA), in its Fall Protection 

Guidelines For Aircraft Maintenance 
Within the Airline Industry, defined a 
fall-hazard exposure as “any situation 
in which an individual is working from 
an elevated surface, as defined by ap-
plicable regulatory agencies.”14

Fall hazards can be identified not only 
by examining work areas to determine 
the height of the work surfaces but 
also by reviewing the maintenance 
facility’s injury records.

“To assist in hazard assessments, expo-
sures should be categorized into either 
‘work from platforms’ or ‘work from 
aircraft surfaces,’” the Fall Protection 
Guidelines said. “The division between 
these two categories originates with the 
nature of the exposure along with the 
factors involved in addressing those ex-
posures. Work from platforms involves 
the working surface of a structure used 
to access the aircraft, while work from 
aircraft surfaces has only the aircraft 
surface involved.”

The following methods are cur-
rently used to lessen exposure to fall 
hazards:15,16,17 

•  Fall prevention involves engineer-
ing controls (modifications to the 
workspace) to minimize a worker’s 
exposure to a hazard. For example, 
protective railings can be built to 
lessen exposure, or the area can 
be accessed from mobile work 
platforms specifically designed 
with protective aids for workers;
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•  Fall restraint involves the use 
of protective equipment that has 
been designed to stop a fall from 
height. For example, a fixed-
length lanyard can be attached 
at one end to an anchor point or 
an overhead cable system and at 
the other end to a safety harness 
worn by a worker; and,

•  Fall arrest involves the use of 
protective equipment to stop a 
fall in progress. For example, a 
worker’s safety harness can be 
attached to a shock-absorbing 
lanyard or a self-retracting life-
line; the lifeline is attached to an 
anchorage connector to provide 
a secure base connection.

Fall-protection specialists describe 
full-body safety harnesses as perhaps 
“the most fundamental component of 
any personal fall-arrest system”18 (see 
“Guidelines for Inspecting Personal 
Fall-protection Equipment”).

Protection Update, the newsletter of 
the International Safety Equipment 
Association, said, “A good quality, 
well-designed harness should retain 
its shape when taken off to avoid 
tangling and snagging. It should be 
comfortable to wear throughout the 
workday and offer adjustability across 
the chest, shoulders and leg straps. … 
Most importantly, the best harnesses 
will effectively spread the impact 
forces of a fall to the areas of the body 
best able to take the strain.”19

Guidelines for Inspecting 
Personal Fall-protection 

Equipment

Safety harnesses and lanyards should 
be inspected daily to ensure that they 
are in good working condition:1

•  Hold the webbed material of a 
safety harness or lanyard in both 
hands, with the hands six inches 
to eight inches (15 centimeters to 
20 centimeters) apart and bend 
the webbing in an inverted “U” 
to make damaged fibers easier 
to see. Look for frayed edges, 
broken fibers, pulled stitches, 
cuts or chemical damage;

•  Examine the buckle for grommets 
that are loose, distorted or bro-
ken, and for rivets that are loose, 
bent, cracked or pitted;

•  Examine rope lanyards for areas 
that have become fuzzy or worn 
or that have broken fibers or cut 
fibers. A rope should be replaced 
when its diameter is no longer 
uniform; and,

•   Examine forged-steel snaps and “D” 
rings for cracks or other defects.

If any of these defects are observed, 
or if there is doubt about the safety of 
any equipment, do not use it.

Replace any equipment that has been 
involved in a fall.

Note

1. Canadian Centre for Occupa-
tional Health and Safety. Safety 
Belts, Harnesses and Lanyards. 
<www.ccohs.ca/oshanswers/
prevention/ppe/belts.html>. June 
23, 2004.

The full-body harnesses direct im-
pact forces to the thighs, buttocks, 



6 FLIGHT SAFETY FOUNDATION • AVIATION MECHANICS BULLETIN • JULY–AUGUST 2004 FLIGHT SAFETY FOUNDATION • AVIATION MECHANICS BULLETIN • JULY–AUGUST 2004                        7

chest and shoulders; before these 
harnesses were developed, workers 
who required fall protection often 
wore “body belts,” which directed 
the impact forces from a fall toward 
the spine or the midsection.

Fall-protection specialists say that 
workers are most likely to wear a 
safety harness if the safety harness 
is comfortable, easy to don and easy 
to adjust. Some safety harnesses are 
made of stretchable webbing to allow 
more comfortable movement. Many 
safety harnesses are manufactured in 
“universal” sizes to fit most — but not 
all — workers; these harnesses may 
have chest straps that cannot be used 
by short workers, however.20 Because 
standards for fall-arrest products, 
including safety harnesses, provide 
guidelines for use by workers weigh-
ing less than 310 pounds (141 kilo-
grams), workers who weigh more than 
310 pounds should be provided with 
full-body safety harnesses (and other 
fall-protection products) that have 
been approved for their weight.21

A D-ring on the safety harness is the 
connection point where a lanyard or 
lifeline is attached. The type of work 
being performed determines the best 
location for the D-ring — in front, on 
the back or on the side.

The type of lanyard or lifeline used to 
complete the fall-arrest system depends 
on the type of work being done and the 
location of the work station:22

•  Shock-absorbing lanyards manu-
factured from synthetic webbing 
can absorb some of the impact 
forces during a fall, thus limiting 
the impact forces on the worker’s 
body;

•  Self-retracting lifelines, which 
are encased in protective hous-
ing, extend and retract automati-
cally to lessen the likelihood of 
tripping the worker;

•  Anchorage connectors are the con-
nection points for lanyards and/or 
lifelines. They often are bolted, 
welded or wrapped around beams. 
One type of anchorage connector, 
designed specifically for aviation 
maintenance, uses suction cups 
and vacuum technology to attach 
to an aircraft;23 and,

•  Horizontal lifelines usually re-
quire two anchorage connectors 
with a cable running between the 
two. The lanyard is connected to 
the cable. 

Rails, Walls Safeguard 
Work Platforms

Specialists in fall protection say 
that when maintenance tasks are 
performed from work platforms 
(including aircraft docking systems, 
scissor lifts or mobile elevating work 
platforms), the equipment should be 
positioned to ensure that there are no 
gaps between the platforms and the 
aircraft.24
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Rails and/or walls around the edges 
usually are the preferred method of 
fall protection on work platforms, but 
sometimes safety nets are positioned 
beneath the work surface to catch a 
worker in the event of a fall. The ATA 
said that, although safety nets may be 
effective, they are “not preferred, as 
individuals may be injured during the 
impact with the net itself.”

Personal fall-arrest systems and fall-
restraint systems also may be used by 
maintenance personnel on work plat-
forms, “when engineering controls are 
either ineffective or impractical,” the 
ATA said.

In work-platform situations in which 
engineering controls, fall-restraint 

systems and fall-arrest systems all are 
considered ineffective, a controlled-
access zone (CAZ) can be imposed 
to restrict access to the work surface 
to personnel participating in a specific 
maintenance task. Compliance with 
strict safety rules is then required to 
limit the fall-exposure risk. Neverthe-
less, the ATA said, “These [CAZs] are 
very seldom used in aircraft mainte-
nance for work from platforms.”

Different Risks 
Accompany Work From 

Aircraft Surfaces

Different risks are involved when 
maintenance personnel perform 
tasks from aircraft surfaces — wings, 

A horizontal lifeline secured to two anchorage connectors helps protect 
against a fall from an airplane’s wing. (Photo: DBI/SALA)
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horizontal stabilizers, fuselages or 
engines.

When a fall-arrest system is in use 
for workers on an aircraft surface, 
operators must have plans for the 
recovery of a worker who falls. The 
ATA said that other cautions for fall-
arrest systems include their possible 
interference with the maintenance 
process and their possible damage to 
the aircraft. In addition, fall-arrest sys-
tems often must be aircraft-specific, 
and systems with components at foot 
level may create trip hazards.

When a fall-restraint system is in use 
for workers on an aircraft surface, 
similar cautions apply: The fall-
restraint system may interfere with 
maintenance, may damage the aircraft, 
may be required to be aircraft-specific 
and — if there are components at foot 
level — they may create trip hazards. 
The fall-restraint system also may be 
difficult to implement while still al-
lowing access for leading-edge work, 
the ATA said. Because a fall-restraint 
system restricts the wearer’s range of 
movement to prevent him or her from 
moving beyond the edge of the work 
surface, however, the system eliminates 
the need for fall-recovery plans.

In some situations involving workers 
on an aircraft surface, nets are posi-
tioned around the surface to catch a 
worker in the event of a fall. Never-
theless — as in situations involving 
work platforms — nets often are not 

appropriate. When the work is being 
done from an aircraft surface, there 
often is no surrounding structure to 
be used to mount a net; in addition, 
the placement of a net may interfere 
with other maintenance tasks. Like 
nets, guardrails also are often inappro-
priate when work is being performed 
from an aircraft surface because the 
guardrails may interfere with the 
maintenance task being performed 
or may damage the aircraft.

In situations in which other fall-
protection methods would be ineffec-
tive for work being performed from 
an aircraft surface, a CAZ could be 
imposed. (CAZs are used more fre-
quently in these situations than in situ-
ations involving work platforms.) The 
ATA’s recommendation for develop-
ing a CAZ for work performed from 
aircraft surfaces includes assessing 
— before work begins — all fall 
hazards that could be encountered 
during a maintenance task. Each fall 
hazard must “either be addressed so 
that it cannot contribute to a fall, or 
protection must be supplied to arrest a 
fall in progress”; if this is not possible, 
“surface access must be denied, and 
the [maintenance] process resched-
uled until one of the controls [is] 
instituted,” the ATA said.

All workers entering the CAZ must 
review the assessment before entering 
to ensure that they understand which 
aircraft surface they have access to, 
what hazards could be encountered 
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and what protective measures should 
be taken, what distractions might arise 
and how to express concerns about the 
situation.

Correct Use of 
Equipment Depends on 

Adequate Training

Simply having fall-protection equip-
ment is not enough to eliminate fall 
risks; training is essential to ensure 
that the equipment is used correctly.

“People often aren’t trained prop-
erly,” Duden said. “In some cases, 
fall-protection equipment is being 
provided, but the user is not familiar 
with how to use the equipment.

“It wasn’t too long ago that I walked 
into an aircraft hangar where a gentle-
man was working on the rear stabi-
lizer of a plane. He was roughly seven 
[feet] or eight feet [slightly more than 
two meters] off the ground. He had a 
lanyard, and the lanyard was tied off 
to the horizontal stabilizer. It was a 
six-foot [slightly less than two meters] 
lanyard, so he could stand up and do 
his work. But he was only eight feet 
off the ground, so a six-foot lanyard 
wasn’t going to do much. He was go-
ing to hit the ground before that line 
became taut.”

Companies that design fall-protection 
systems typically provide training on 
how to use it.

“When we design a system,” Kavia 
said, “we go on site, ask specific ques-
tions about how they’re working, and 
tailor our training to reflect that.”

In addition to providing instruction on 
how to use the fall-protection system 
and how to wear and maintain safety 
harnesses, other topics include how to 
access the fall-protection system safe-
ly, so that workers are protected before 
they step onto the work surface.

As recently as 10 years ago, there 
typically was no fall protection in 
aircraft maintenance hangars. Today, 
equipment is increasingly available 
but is sometimes misused, primar-
ily because of inadequate training, 
Duden said.

Nevertheless, when appropriate fall-
protection equipment — and appro-
priate training — are available, many 
fall injuries can be prevented.
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MAINTENANCE ALERTS

B-747 Thrust-reverser 
Section Separates

The Boeing 747-240B, being oper-
ated in scheduled passenger service, 
touched down on Runway 24R at 
Manchester (England) International 
Airport, and reverse thrust was 
selected on all engines at about 75 
percent power. When the aircraft 
had been slowed to about 80 knots, 
reverse thrust was cancelled. The thrust 
reversers for engine no. 1, engine no. 
2 and engine no. 4 stowed normally 
but flight deck indications showed that 
the thrust reverser for the no. 3 engine 
remained unlocked.

The first officer on another aircraft 
noticed a large piece of engine cowl-
ing separating from the B-747 and 
falling onto the runway during the 

landing roll. He notified air traffic 
control (ATC), which issued instruc-
tions to prevent other aircraft from 
landing on the runway. ATC offered 
emergency services to the captain 
of the B-747, who chose to continue 
taxiing the aircraft to its designated 
gate. Following engine shutdown, 
the passengers were disembarked. 
There were no injuries to the 16 
crewmembers and 303 passengers 
in the incident on June 13, 2002.

The debris removed from the runway 
included the outboard half of the no. 
3 engine thrust-reverser transcowl and 
the lower-screwjack clevis fitting.

“The transcowl drive system consists 
of three synchronized and evenly 
spaced screwjacks, also mounted on 
the C-duct [the core engine cowling 
and the inner wall of the fan-stream], 
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which control its fore-and-aft posi-
tion and maintain its orientation at 
right angles to the engine axis,” said 
the report by the U.K. Air Accidents 
Investigation Branch (AAIB). “When 
the reverser transcowl is in the stowed 
position (forward), it comprises the 
outer wall of the fan stream and the 
nacelle outer skin and encloses the 
reverser cascades between the two 
skins. When reverse thrust is selected, 
the transcowl moves aft and, as the 
reversing cascades become exposed, 
blocker doors close off the rearward 
flow of the fan stream and divert it 
through the cascades.”

The transcowl had separated from the 
C-duct, along with four blocker doors. 
All three clevis fittings had separated 
from the transcowl.

The report said, “The most probable 
cause of separation was either misrig-
ging or a misalignment resulting from 
loss of transcowl positional control. 
… Comparing the failure modes of 
the three clevis-fitting attachments 
to the transcowl, the upper two were 
clearly single-event-overload fail-
ures consistent with the transcowl 
separating rearwards from the jacks. 
By contrast, the local evidence of 
fatigue in the flange joggle and per-
sistent movement of the clevis fitting 
relative to the transcowl structure 
showed that the lower-clevis-fitting 
separation had occurred over a con-
siderable number of [thrust-]reverser 
deployments. …

“The thrust reverser is a very hostile 
structural environment, and the severe 
buffeting and vibration to which it is 
continually subjected will degrade im-
perfectly secure attachments more rap-
idly than in other aircraft zones. Even 
with rigorous maintenance, with age 
the durability of the structural joints 
will become less secure. Although, 
historically, the clevis attachments 
have not been troublesome within 
the [General Electric CF6 turbofan]-
powered fleet, this incident may indi-
cate that their deterioration manifests 
itself as a loss of correct rigging.”

There had also been incorrect mainte-
nance of the lower clevis attachment, 
the report said, although the operator’s 
records showed no indication of any 
work on the attachment in the previ-
ous three years.

The report said, “It was, however, evi-
dent that at some time in the recent 
past, the lower clevis fitting riveted-
flange attachment had failed. This had 
probably resulted in the rivet heads, 
visible from the outside, becoming 
loose or dropping out, and it would 
appear that an attempt to replace the 
missing rivets had been made. The at-
tempted repair was not in accordance 
with any instructions in the manual, 
and it was apparent that the incorrect 
blind rivets had been installed with no 
understanding of their full purpose. 
It is also probable that the holes into 
which they were installed were al-
ready damaged … .
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“It … seems that the installer of the 
new and incorrect rivets considered 
them so unimportant that their instal-
lation was not recorded or mentioned 
to anyone who might record it. The 
subsequent nondetection of the er-
roneous and ineffective rivets led 
eventually to the separation of the 
[thrust-]reverser transcowl half.” 

Restricted Oil Flow to 
Connecting-rod Bearing 

Downs Hughes 269C

The pilot of the Hughes 269C heli-
copter and one passenger were on a 
private flight. Shortly after takeoff 
from Doornlaagte Farm, near Debern, 
South Africa, a reduction in engine 
power was experienced, followed by 
an in-flight engine failure. The pilot 
conducted a forced off-airport landing 
in a densely wooded area.

Attempting to select a suitable landing 
area, the pilot allowed the main-rotor 
revolutions per minute (rpm) to de-
cay substantially, and a hard landing 
followed. The helicopter’s rear cross-
tube assembly failed on impact, caus-
ing the main-rotor blades to sever the 
tail boom. There were no injuries in 
the March 18, 2002, accident.

The report by the South African 
Civil Aviation Authority said that 
the probable cause was “the loss in 
engine power and subsequent engine 
failure [that] could be attributed to the 

seizure of the no. 3 connecting-rod 
big-end bearing. It is considered that 
the failure was a result of restricted 
oil flow over a period to the big-end 
bearing.”

Wrong Lubricant 
Cited in Bolt-thread 

Corrosion

An Australian operator identified 
operational problems with a Pratt 
& Whitney Canada PW118 engine, 
which ranged from hung starts result-
ing in rejected hot starts to sub-idle 
vibration and noise from the high-
pressure (HP) rotor. The problems 
occurred during a period of several 
days, and to resolve the problems, the 
engine was removed from the aircraft 
(whose type was not specified in the 
report by the Australian Transport 
Safety Bureau [ATSB]) for disas-
sembly and investigation.

“Disassembly revealed that the bolted 
joint between the HP turbine disk and 
turbine stub shaft had failed,” said the 
report. “Of the five bolts used in the 
assembly, two had fractured in the 
threaded section. The remaining 
three bolts exhibited varying degrees 
of bending and thread damage.”

The engine manufacturer examined 
the bolts and concluded that the frac-
tures and damage in the bolt threads 
were caused by corrosion fatigue, 
with sulfur identified as the corrosive 
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agent. The operator called the atten-
tion of ATSB to the bolt failure and to 
the manufacturer’s report, and ATSB 
conducted an examination of the 
physical evidence and an analysis of 
the bolt failure.

“Examination of the threaded sections 
of all bolts revealed the presence of a 
compound or the residue of a com-
pound on the thread surfaces under 
the nuts and within the bolted joint,” 
said the report. “Fine nodular deposits 
of a compound containing both sul-
fur and silver along with silicon and 
carbonaceous material were apparent 
when the threads were examined at 
high magnifications in a scanning 
electron microscope.”

The reaction of a compound or com-
pounds based on silver and sulfur 
caused abnormal oxidation of the 
bolt threads, the report said.

Investigators considered the possible 
origins of the silver and sulfur depos-
its on the bolt threads.

The report said, “The nature of de-
posits on the threaded sections of the 
bolts is consistent with the application 
of a silver-based thread lubricant. [It 
is a manufacturer’s requirement that 
a thread lubricant be applied to the 
bolt threads during assembly.] This 
[silver-based] form of thread lubricant 
differs from the lubricant specified 
in the engine-assembly procedures 
— turbine-engine oil.

“The origin of sulfur in the thread de-
posits could not be determined with 
certainty. There are two possibilities: 
sulfur was present in material applied 
to the threads, or the sulfur-containing 
compounds in the compressor bleed 
air infiltrated the bolted joint and re-
acted with the thread lubricant.”

The engine-service center that as-
sembled the engine alerted its staff to 
the adverse consequences of applying 
thread lubricants that differ from those 
specified by the engine manufacturer, 
the report said.

 ‘Electric’ Odor on 
Flight Deck Traced to 

Overheating Lamp

The flight from Düsseldorf, Germany, 
to Zürich, Switzerland, had just been 
ordered by air traffic control to enter a 
holding pattern. The first officer of the 
Embraer 145 reported “electric smell 
and smoke,” and the captain (the pi-
lot flying) also detected an electrical 
smell. The flight crew declared an 
emergency and was given vectors to 
Runway 16 at Zürich. An uneventful 
landing was conducted, the aircraft 
was taxied to the gate, and the pas-
sengers were disembarked normally. 
There were no injuries to the four 
crewmembers and the 21 passengers 
in the Aug. 20, 2002, incident.

“A thorough inspection of all wir-
ing and the whole cockpit area was 
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carried out,” said the incident report 
by the Swiss Aircraft Accident In-
vestigation Bureau. “All electrical 
fans and equipment were checked. 
No trace of any burned equipment 
or wiring was found.”

Investigators performed “an extensive 
run-up” without any signs of odor or 
smoke, the report said, but a thorough 
search of the flight deck by a main-
tenance supervisor the day after the 
incident revealed that the right-hand 
(first officer’s) torch lamp (flashlight) 
was switched “ON,” with the lens and 
torch-lamp holder showing strong in-
dications of overheating, including a 
deformed lens.

The torch-lamp set (part no. P2-07-
009-120) includes a holder in which 
the lamp can be stowed when not 
in use. The report said, “The torch 
lamp is equipped with a recharge-
able battery of six volts and a bulb 
which is [recharged] when the on/off 
switch is switched ‘ON.’ When the 
lamp is placed in the holder without 
being switched ‘OFF,’ the lamp will 
continue to operate. There is no me-
chanical restraint to prevent the lamp 
[from being] stowed with the switch 
in the ‘ON’ position. …

“Normally, the battery would be de-
pleted after a certain time or at least 
be discharged [at] a lower voltage. 
Through the installed recharging 
circuit, the time of full bright light 
is extended and the lens and cover 

heated up more and for [a] longer 
time. Therefore, the lens and cover 
were starting to melt and started 
developing an acrid odor which was 
interpreted by the crew as ‘electric 
smell.’”

All torch lamps installed in the 
operator’s Embraer 145 aircraft were 
inspected, and two more lamps were 
found with deformed plastic lenses. The 
operator then carried out a modification, 
drilling a hole in the upper cover of 
each holder. This was intended to dis-
sipate any heat build-up and allow the 
crew to see the light if it has not been 
switched “OFF.” On June 16, 2003, 
Embraer issued a service letter (SNL 
145-33-0011) on the subject.

Movement of Fuel 
Cell in Bell 206B 

Cited in Power Loss

During agricultural spraying opera-
tions, the Bell 206B had a momentary 
power loss, then a total power loss, 
and was subsequently landed hard 
at Beaumont Station, New Zealand. 
There was no injury to the pilot, the 
single occupant, in the Nov. 26, 2003, 
incident.

Investigation by the Civil Aviation 
Authority of New Zealand (CAA) 
found that the fuel cell had shifted 
forward from the rear bulkhead, inter-
fering with the upper fuel-sender unit 
and causing erroneous indications.
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“The fuel cell was a type applicable 
to helicopters serial no. 3567 and sub-
sequent, and it was of a more rigid 
construction, replacing the use of lac-
ing to retain the tank shape,” said the 

CAA report. “It is recommended that 
the operators of Bell 206 helicopters 
serial no. 3567 and subsequent take 
steps to ensure the integrity of the 
fuel-cell installation.”

NEWS & TIPS

Heavy-duty Hose 
Goes to Waste 

A crush-proof urethane (CPU) hose 
designed for removing aircraft-
lavatory waste, Hi-Tech CPU Hose is 
said by the manufacturer to withstand 
vehicular traffic and being dragged 
over surfaces such as asphalt. 

The thermoplastic-polyurethane rein-
forced hose features thermally bonded 

cuffs that provide a tight seal for all 
types of fittings, the manufacturer 
says. The product is said to be highly 
flexible with a smooth interior that 
improves flow-through, and is described 
as chemical-resistant, moisture-resistant 
and ozone-resistant.

Standard lengths are 12 feet, 15 feet 
and 25 feet (3.0 meters, 3.7 meters and 
4.6 meters), and other lengths can be 
specially ordered.

For more information: Hi-Tech Hose, 
400 East Main St., Georgetown, MA 
01833 U.S. Telephone: (800) 451-
5985 (U.S.); +1 (978) 352-2077.

Marking Equipment 
Exhibits Striking 

Performance

The Technomark Multi 4 can ap-
ply permanent marks to many 
types of surface — tempered steel, 
untempered steel or stainless steel, 
aluminum, copper, bronze, brass, 
plastics, wood or ceramics — wheth-
er flat, concave or convex. Using a Crush-proof Urethane Hose 
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succession of dots, the device can 
create figures, letters, special char-
acters and data matrixes in vary-
ing sizes and depths. Because the 
machine indents the material, the 
marking is permanent.

The technology is described as elec-
tromagnetically controlled micro-
impact marking. The equipment, 
which is battery-powered, consists 
of a mechanical marking head with a 
stylus that strikes 50 times per second 
and a keyboard-operated electronic 
control unit. Its character fonts com-
ply with aeronautical industry stan-
dards, the manufacturer says.

For more information: Technomark, 
27, rue François Gillet B.P.31, 42405 
Saint-Chamond Cedex, France. Tele-
phone: +(33) 04 77 22 25 91. U.S. and 
Canadian distributor: Dapra Marking 
Systems, 66 Granby St., Bloomfield, 
CT 06002 U.S. Telephone: (800) 442-
6275 (U.S.); +1 (860) 286-8728.

Noise Filters Reduce 
Sound Overload

The Clarity line of earmuffs from 
Bilsom features technology that fil-
ters out harmful or distracting noise 
while allowing users to hear warnings, 
alarms and coworkers’ voices in en-
vironments such as noisy shop floors. 
Sound is blocked uniformly across a 
series of octave bands, but human-
voice frequencies pass through more 
easily.

The three models in the Clarity line, 
C1, C2 and C3, provide noise reduc-
tion ratings (NRRs) of 20, 23 and 27, 
respectively. The range of available 
noise reduction allows users to choose 
the right level for their environment, 
avoiding overprotection where it might 
be dangerous, the manufacturer says.

Clarity earmuffs’ sound management 
capability is based on design and ma-
terial technology, rather than sophis-
ticated but expensive electronic noise 
canceling, the manufacturer says. The 
product uses a dielectric design that is 
said to protect against shock in envi-
ronments where electrical equipment 
is used.

For more information: Bacou-Dalloz 
Hearing Safety Group, 7828 Water-
ville Road, San Diego, CA 92154 U.S. 
Telephone: (800) 327-1110 (U.S.); +1 
(619) 661-8383.

Earmuffs
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Software Opens 
Windows to Maintenance 

Management

Trax Maintenance is a software suite 
designed to manage all information 
generated by a maintenance organiza-
tion. It is currently in use, the com-
pany says, by airlines with fleets that 
include airliners from Airbus, Boeing 
and Canadair Regional Jets.

The software, which uses Microsoft 
Windows, consists of modules. Some 
modules can be implemented indi-
vidually, but all are designed to work 
together. The modules include, among 
others, the following:

•  Engineering: Documents such as 
manufacturers’ service bulletins 
and regulatory airworthiness 
directives can be recorded and 
maintained within the system;

•  MX [Maintenance] Controller: 
Minimum equipment list (MEL) 
items and defect reports are 
logged;

•  Production: Detailed cost re-
cording takes place and can be 
charged out to individual aircraft 
or components;

•  Planning: Deferred maintenance 
items on aircraft can be monitored, 
along with all other aircraft-related, 
time-controlled items; and,

•  Inventory: Complete control 
and management of aircraft 

components and non-aircraft 
materials are provided for. 
Standard transactions include 
bin transfer, adjustments, re-
turn to stock, return to vendor, 
transfers and rentals.

For more information: Trax USA 
Corp., 2665 South Bayshore Drive, 
Grand Bay Plaza, Suite 501, Coconut 
Grove, FL 33133 U.S. Telephone: +1 
(305) 662-7400.

Ratchet Goes 
Around the Bend

The design of the S•K Fine Tooth 
Angle Ratchet permits access to spaces 
that normally cannot be reached by 
hand tools. An 18-degree angled 
handle, combined with a 72-tooth 
mechanism and a compact ratchet-
head design, makes the tool useful for 
applications involving fasteners with 
difficult access or little clearance, the 
manufacturer says. The ratchet’s swing 
arc is five degrees.

Torque is transferred through 17 teeth 
during use, with each tooth bearing 6 
percent of the drive load, which is said 
to provide strength and versatility. A 
thumbwheel reversing mechanism en-
ables one-handed change of direction, 

Fine Tooth Angle Ratchet
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and a freewheeling back plate allows 
application of steadying pressure 
without accidental reversing.

For more information: S•K Hand Tool 
Corp., 9500 West 55th St., Suite B, 
McCook, IL 60525 U.S. Telephone: 
+1 (708) 485-4574.

Measuring Tape 
Gets Around

Measuring accurately the inside diam-
eter or outside diameter of a rounded 
form such as a duct is simple with Pi 
Tape measurement tape, the manufac-
turer says. The product is said to be 
less expensive and faster to use than 
micrometers, calipers or laser-type 
distance-measuring devices.

The tape’s graduated markings are en-
graved and acid-etched on a ground 
surface and are fixed, so that periodic 
calibration is not necessary. The tape 
gauges are available in inches or 
millimeters. Tapes marked in inches 
read to a diameter of 0.001 inch with 
an accuracy of plus or minus 0.001 
inch up to 144 inches. Tapes marked 
in millimeters read to a diameter of 

0.01 millimeter with an accuracy of 
plus or minus 0.03 millimeter up to 
3,600 millimeters.

Models are designed specifically for 
measuring inside diameter or outside 
diameter, and can be manufactured to 
custom specifications for particular 
applications.

For more information: Pi Tape Corp., 
P.O. Box 463087, Escondido, CA 
92046 U.S. Telephone: (866) 474-
8273 (U.S.); (760) 746-9830.

Flaw Detection 
Comes to an End

A portable ultrasonic flaw-detection 
system for large shafts such as those in 
aircraft-engine turbines, the ShafTest 
requires access only to the shaft end. 
Test results can be analyzed off-line 

Portable Flaw-detection System

Diameter-measurement Tape
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to minimize equipment out-of-service 
time, and stored shaft signatures allow 
monitoring of crack growth.

The ShafTest system uses a scanning 
mode to divide the shaft into a grid 
pattern, then performs an ultrasonic 
exam for each grid location. Software 
combines the individual grid-location 
scans into a three-dimensional volu-
metric map of the shaft.

Results are reported in graphical 
format. Analysis software highlights 
cracks and provides tools to plot ultra-
sonic cross-sections through the shaft 
at any depth, which the operator can 
choose by moving a slider along a 
screen image of the shaft.

For more information: Uni-Tech 
Engineering, P.O. Box 510, Pelham, 
AL 35124 U.S. Telephone: +1 (205) 
685-9431.

Maintenance Software 
Goes With the Flow

Corridor software is designed to im-
prove process flow and information 
flow throughout a maintenance orga-
nization by eliminating manual opera-
tions, reducing redundancy, lowering 
costs, improving speed and enabling 
employees to improve service.

The software consists of interacting 
modules that include company da-
tabase, contact management, inven-
tory, sales order, work order, rotable 

management, accounting integration, 
line sales and management, regulatory 
compliance, and others.

Version 6.0 of Corridor introduces 
a work-order quoting module, ex-
panded direct interaction with parts 
distributors and other systemwide 
improvements, the company says.

For more information: Continuum 
Applied Technology, 9601 Amberglen 
Blvd., Suite 109, Austin, TX 78729 
U.S. Telephone: +1 (512) 918-8900.

Cleaner Has 
Surface Appeal

A cleaning solution for the exterior 
and interior of aircraft, DLT-600 RTU 
from Eldorado Solutions is said by the 
manufacturer to meet the most strin-
gent disposal standards. It can be used 
safely to clean Plexiglas, painted sur-
faces, aluminum, magnesium, ferrous 
alloys and high-strength steel.

The solution can be applied by foam, 
spray, steam or pressure-washer equip-
ment. The cleaned surface will be non-
sticky and residue-free after rinsing, the 
manufacturer says. DLT-600 RTU is 
nontoxic, biodegradable, nonflammable 
and meets Boeing specifications.

For more information: Eldorado 
Solutions, 11611 North Meridian, 
Suite 600, Carmel, IN 46032 U.S. 
Telephone: (800) 531-1088 (United 
States); +1 (317) 818-9500.



What can you do to 
improve aviation safety?
Join Flight Safety Foundation.

An independent, industry-supported, 
nonprofit organization for the 

exchange of safety information
for more than 50 years 

• Receive 54 regular FSF periodicals 
including Accident Prevention, Cabin 
Crew Safety and Flight Safety Digest that 
members may reproduce and use in their 
own publications.

• Receive discounts to attend well-established 
safety seminars for airline and corporate 
aviation managers.

• Receive member-only mailings of special 
reports on important safety issues such 
as controlled flight into terrain (CFIT), 
approach-and-landing accidents, human 
factors, and fatigue countermeasures.

• Receive discounts on Safety Services 
including operational safety audits.

Your organization on the FSF membership list and Internet site 
presents your commitment to safety to the world.



Want more information about Flight Safety Foundation?

Contact Ann Hill, director, membership and development,  
by e-mail: hill@flightsafety.org or by telephone: +1 (703) 739-6700, ext. 105.

Visit our Internet site at <www.flightsafety.org>.

Joint meeting of the 57th annual International Air Safety Seminar IASS, 
IFA 34th International Conference, and IATA

International Air Transport
 Association

International Federation 
of Airworthiness

Sharing Knowledge to Improve Safety

Hosted by
The Center of Aviation Safety and Technology of China

November 15–18, 2004

Shanghai, China

To receive agenda and registration information, contact Ahlam Wahdan, 
tel: +1 (703) 739-6700, ext. 102; e-mail: wahdan@flightsafety.org. 

To sponsor an event, or to exhibit at the seminar, contact Ann Hill, 
tel: +1 (703) 739-6700, ext. 105; e-mail: hill@flightsafety.org. 


