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More people are buying online than 
ever before, and expectations for 
speedy delivery are constantly ris-

ing. As a result, some online retailers are in-
vesting in their own delivery pipelines, which 
is creating new jobs for skilled workers who 
can optimize these supply chains, according 
to a recent news release from the Pittsburgh 
Institute of Aeronautics.

Notably, Amazon is spending $1.5 billion 
to build its own cargo airline hub in Ken-
tucky. The new facility will create 2,000 jobs, 
many of them for technicians, maintenance, 
and support staff for 40 Amazon Prime Air 
planes. This infrastructure investment will 
help ensure that Amazon’s tens of millions of 
Amazon Prime members can continue to ex-
pect free two-day shipping on all purchases.

Amazon’s entry into the cargo market 
aligns with Boeing’s 2016-2017 forecast for 
world air cargo growth. According to Boe-
ing, “world air cargo traffic is forecast to 
grow an average 4.2 percent per year over the 
next 20 years to reach a total of more than 
twice the number of RTKs logged in 2015. 
The number of airplanes in the freighter fleet 
will increase by 70 percent by the end of the 
forecast period.”

That’s a lot of new planes in the air, and a 
lot of new technicians on the ground mak-
ing sure that every aircraft is safe, efficient, 
and effective. And many of those technicians 
will be trained at the Pittsburgh Institute of 
Aeronautics, which has been called one of 
America’s top trade schools.

The school was opened by Glenn Curtiss 
and Orville Wright in 1927 as Curtiss-Wright 
Flying Service, and became Pittsburgh Insti-
tute of Aeronautics in 1929. It offers “hands-
on” training for traditional and non-tradi-
tional students in Aviation Maintenance and 
Aviation Electronics.  n

Now Trending
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Has online retail growth created an 
unexpected job boom for Aviation 

Maintenance Engineers?

10
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1. CONNECT with 730 industry suppli-
ers on the comprehensive show floor.
2. DEVELOP strategic connections with
20,000 industry professionals from more
than 90 countries.
3. BUILD partnerships with industry
peers through 14 HAI committee meet-
ings and other member events.
4. DISCOVER the issues that will shape
the future of the industry by attending
workshops, forums, and special events.
5. EXPERIENCE the latest the industry
has to offer through hands-on demon-
strations, including 60-plus helicopters
on the show floor.
6. ADVANCE your professional goals
by attending HAI Professional Education
courses in career development, pilot skill, 

Why do HAI Heli-Expo? Ten Good Reasons

and maintenance, operations, and safety 
management.
7. EARN continuing education credits,
including FAA-accepted courses for flight
instructor refresher, inspection authori-
zation renewal, and the FAA AMT and
WINGS programs.
8. RENEW your inspection authorization
certificate at the Manufacturer Technical
Briefings and select Professional Educa-
tion courses.
9. MEET desirable employers or top-
notch candidates at the HFI Helicopter
Industry Career Fair.
10. WORK SMARTER by attending the
HFI Rotor Safety Challenge, 30-plus ex-
pert-led safety sessions throughout the
show, all free to attendees and exhibitors.

With a week of sessions and education courses tailored to the helicopter industry and facilitated 
by experts familiar with its challenges, there is no good reason not to be in Vegas in late February. 

But here’s a short list of why you should.

Amazon

AUTOMATED lifting solution

stairclimber

Aerospace Industries Inc.

the

the

safe, dignified passenger transfer

self-propelled:  no lifting required

versatile:  used on commercial and corporate aircraft

simple and easy to operate:  training provided

lifts 350 lbs. / 160 kg with the push of a button

portable:  use at base or take it with you

BKD

compact and lightweight

transports passeners quickly

ensures fast and efficient turn times

reduces risk of injury to staff and passengers

unique, specialized design

patented braking system

Tel: (604) 247-2128
Fax: (604) 214-9825

info@bkdaerospace.com
Unit 7 — 11771 Horseshoe Way

Richmond  BC   V7A 4V4   Canada
Call us for a quote or visit our website for more details.
Watch our online videos at  www.bkdaerospace.com
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STCs & new products

Hartzell Propeller has received 
an STC for its two-blade 
aluminum scimitar propellers 
to replace the factory standard 
props for Cessna Cardinal 
177B aircraft. The new 76.5-
inch diameter propeller offers 
increased 177B performance 
in a number of important areas. 
Acceleration is improved, reducing take-off distance by approximately five 
percent and enhancing climb performance, while cruise speeds improve two to 
four knots.
                          For information visit www.hartzellprop.com

Wilcox Ground Services 
now offers propeller 
maintenance stands that 
hold the propeller shaft in 
place by utilizing a gear 
system designed to open 
and close by a plunger 
handle.

There is no need 
for any tooling to rotate 
the blades. The shaft is 
secured in place by two 
grease-able split sleeve 
bearings. 
                     For information visit www.wilcoxgroundservices.com

The KL-200 double-cut shears 
from Kett Tool cut cold-rolled 
steel, stainless steel, plastic 
and Formica without warping 
or bending the finished piece. 
They are lightweight and 
maneuverable, can easily 
follow a scribed line and are 
capable of cutting a radius 
as small as six inches. Dual 
blades transfer any distortion 
produced in cutting to a small 7/32-inch waste strip, leaving behind material 
edges that are not hardened or burred to allow maximum use of sheet material.                       

                             For information visit www.kett-tool.com

Aircraft Tool Supply’s ATS 
Deluxe brake bleeder tank is 
designed to bleed and re-charge 
brake systems while at the 
same time resisting the solvent 
effects of these fluids. It features 
a completely reengineered hand 
operated pressurizing pump 
that will deliver more pressure 
with fewer strokes. The plastic 
reservoir will withstand most 
types of petroleum-based and synthetic aviation brake fluids such as 5605 and 
Skydrol.   For more information visit www.aircraft-tool.com

The Purge Air aircraft fuel tank rapid 
purging and venting system can be used 
to quickly drain residual fuel in tanks, 
purge and ventilate the tanks, and provide 
technicians with a supply of breathable 
air. This product is available in three 
configurations: cart mounted for hangar 
use, fitted AKH container, or packaged in 
three flight boxes. 

For information visit www.delticgroup.com

Scimitar prop approved
for Cessna 177B

Propeller stands
hold shaft in place

Double-cut sheers
allow for for fine work

ATS brake bleeder tank
recharges and resists

Rapid purge and vent system
drains residual fuel

To announce your STC or new product, email a JPG photo and a product description to
amu.editor@gmail.com or amumag2015@gmail.com
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Landing gear change equipment
from HYDRO

HYDRO equipment for the landing gear 
change includes all applications, covering 
removal / installation or transportation of a 
landing gear as well as for wheel and brake 
change applications.

HYDRO solutions are available for 
nearly all common landing gear types of dif-
ferent manufactures – whether single-axle or 
multi-axle systems.

For information visit www.hydro.com

AMU-Section1-STCs-1.indd   4 2/1/18   6:02 PM



AMU-Section1-STCs-1.indd   5 2/1/18   6:02 PM



Industry Forum

HELIJET AND PHI ENTER FLEET 
UPGRADE ARRANGEMENT

 
 
 
Richmond, BC-based Helijet Interna-
tional Inc. has entered into a Letter of 
Intent for the procurement and supply 
of up to six newer model Sikorsky S-
76C++ helicopters with the Lafayette, 
Louisiana firm, PHI, Inc., which will tai-
lor the aircraft to Helijet’s specifications, 
including a complete re-paint to compa-
ny livery, avionics changes, and selected 
aircraft operating equipment prior to be-
ing added to Helijet’s fleet for scheduled 
and general charter operating services in 
Canada. Helijet will redesign and refur-
bish the 12-passenger cabin interiors of 
the three aircraft.
 
AIRBUS DELIVERS H125 TO 
TRANSCANADA PIPELINES

During the month of January, Airbus 
delivered an H125 to TransCanada 
PipeLines LTd., which has plans for the 
aircraft to be based in Toronto, where 
it will become the second H125 to join 
the company’s fleet. With one of North 
America’s largest infrastructure portfoli-
os, TransCanada has built and maintains 
a 91,500-kilometre network of natural 
gas pipelines, which supplies more than 
25 percent of the natural gas consumed 
daily across North America. In addi-

tion, TransCanada has built and cur-
rently maintains a network of 4,800 ki-
lometres of oil and liquids pipelines. The 
newly delivered H125 will be utilized for 
pipeline project support as well as sur-
veillance and has been enhanced with 
the addition of various STCs, including 
squirrel cheeks and cargo mirror.

BOEING AND ADIENT LAUNCH 
NEW SEAT COMPANY

Boeing and automotive seating firm Ad-
ient have announced a new joint venture 
called Adient Aerospace that will man-
ufacture a line of seating products for 
airlines and aircraft leasing companies. 
The seats will be available for installa-
tion on new airplanes and as retrofit 
configurations for aircraft produced by 
Boeing and other commercial airplane 
manufacturers with an initial customer 
service centre based in Seattle, Washing-
ton. Adient Aerospace aftermarket spare 
parts distribution will be performed ex-
clusively through Aviall, a wholly owned 
subsidiary of Boeing. Industry analysts 
forecast the commercial aircraft seating 
market to grow from approximately $4.5 
billion in 2017 to $6 billion by 2026.

NORWEGIAN SETS NEW
RECORD
Norwegian Air UK has set a new record 
time for the fastest ever transatlantic 
flight by a subsonic passenger aircraft 
using the Boeing 787-9 Dreamliner. 
Norwegian flight DY7014 from New 
York JFK to London Gatwick on Janu-
ary 15, completed the full duration of 
the flight in five hours and 13 minutes 
– the fastest transatlantic flight recorded 

on a subsonic commercial aircraft. The 
previous record was five hours and 16 
minutes. The flight carrying 284 pas-
sengers departed New York at 11:44 am 
and arrived at London at 9:57 pm – 53 
minutes early.

The flight benefitted from strong tail-
winds over the Atlantic Ocean that 
reached a maximum of 176 knots (202 
mph). The tailwinds pushed the aircraft 
to a top speed of 776 mph during the 
flight.

TWIN YAK-110 WILL SHOW AT 
OSHKOSH 

The Yak-110, an innovative aerobatic 
airplane created by attaching two Yak-
55s together and adding a jet engine 
in addition to the two radial engines, 
is slated to perform for the first time 
ever during EAA AirVenture Oshkosh 
2018 in the month of July. The primary 
builder of the Yak-110, Dell Coller, EAA 
683852, said he believes Oshkosh is the 
perfect place to bring his new experi-
mental airplane.

“I can’t think of a better place to 
bring this airplane in its first year,” Col-
ler said. “I think everybody who attends 
the show is really into experimental air-

8   AIRMAINTENANCE UPDATE            Feb/Mar 2018
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planes, obviously with it being the Ex-
perimental Aircraft Association. I think 
they’ll really enjoy seeing this airplane 
do its thing.”

Jeff Boerboon, EAA 363600 and pilot 
of the Yak-110, said he’s excited to fly the 
airplane at AirVenture because he knows 
the audience will be uniquely prepared 
to appreciate the one-of-a-kind nature of 
the aircraft. “That’s the great thing about 
Oshkosh, there’s a lot of savvy people 
there who know about this stuff,” said 
Boerboon.
Although he admitted it was a little 
more advanced than his first forays into 
homebuilding, Coller said the basic 
skills taught by EAA made up the basis 
of the knowledge that allowed him to 
tackle building the Yak-110.

“It kind of all started with the basic 
skills you learn in the EAA workshops, 
through the magazine, and all the other 
resources,” he said. “All of the things that 
allowed me to do this project started 
with the basic homebuilding skills.”
(EAA Report).

MOBIL JET OIL 387 IS NOW 
FOR PW1900G ENGINES

ExxonMobil says its synthetic turbine 
engine oil Mobil Jet Oil 387 has been ap-
proved by Pratt & Whitney for use in its 
PurePower Geared Turbofan 1900G en-
gines, which are designed to exclusively 
power Embraer’s E-Jet E2 E190 and E195 
narrow body twin-engine jet airliners, 
scheduled to enter service in 2018.
“Known for its low propensity for cok-
ing, high load-carrying capability, and 
excellent compatibility with all elasto-

mer seal materials, Mobil Jet Oil 387 is 
an ideal engine oil solution for operators 
of PW1900G engines,” said Vipin Rana, 
global aviation lubricants sales manager 
at ExxonMobil. Along with its load-car-
rying capabilities, Mobil Jet Oil 387 has 
custom-made esters and additives that 
help deliver a combination of thermal 
and oxidation stability, wear protection 
and low temperature fluidity. As a result 
of increasing OEM approvals and con-
tinued airline interest in Mobil Jet Oil 
387, the oil is now being used to protect 
more than 300 aircraft around the globe. 
Today, Mobil Jet Oil 387 has accumu-
lated more than three million hours of 
on-wing performance.

CANADIAN HELICOPTERS 
RECEIVES $8 MILLION LOAN

Crown Capital Partners has announced 
the closing of an $8 million term loan 
with Canadian Helicopters Limited 
— which is part of the HNZ Group of 
Companies, an international provider 
of helicopter transportation and related 
support services. It’s a deal that allows 
HNZ’s president and CEO Don Wall to 
acquire all the issued and outstanding 
shares of HNZ. 
“We’re pleased to support Don and his 
team in the acquisition of Canadian He-
licopters,” said Chris Johnson, Crown’s 
president and CEO. “This is a very well-
established operation with a solid repu-
tation for safety and quality of service. 

The business is underpinned by multi-
year contracts with blue-chip clients and 
a large fleet of owned helicopters.” 
The agreement provides for an $8 mil-
lion term loan to Canadian Helicopters 
by Crown Capital Fund IV, LP, an invest-
ment fund managed by Crown and in 
which Crown holds a 36.5 percent inter-
est. The term loan bears a fixed interest 
rate of 10 percent per annum, matures 
in 60 months, and includes a bonus fea-
ture based on the growth in Canadian 
Helicopters’ enterprise value. Canadian 
Helicopters has also arranged for a $75 
million, three-year senior credit facility 
led by Canadian Western Bank.

BELL REVEALS AIR TAXI CABIN 
AT CES

Bell helicopter debuted the cabin of its 
upcoming air taxi during January’s Con-
sumer Electronics Show in Las Vegas, 
and became the first major helicopter 
manufacturer to debut at the show. The 
cabin features a plain silver and black 
exterior, and an interior designed to be 
a simple integrated user experience con-
trol centre. Customers can watch world 
news, hold a video conference call, and 
share documents with other customers.
The cabin also doubles as a flight simula-
tion. Ride hailing service Uber partnered 
with Bell and four other manufacturers, 
including Embraer, in April to develop 
aircraft to fly for its upcoming UberAIR 
services.  n
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Do you have news about your company
you’d like to share with readers of AMU?

Email your text and photos to our editor at
amu.editor@gmail.com
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Feature

There’s a new work order on the bench, but what data do I need?
Is AC43.13 okay when I certify repairs or modifications to an aircraft?  
Maybe not. Read on.

(Advisory Circular) AC43.13 :

AMU-Section2.indd   2 2/1/18   6:06 PM
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Often times a small non-transport category aircraft 
manufacturer makes reference to the (Advisory Cir-
cular) AC43.13 for typical repairs and methods and 

sometimes the manufacturer will publish repairs and meth-
ods of their own. Sometimes a manufacturer may (or may 
not) have a standards practice section that you can use as ref-
erence. 

Let’s try to build a scenario:
An aircraft is requiring a replacement skin, which happens to 
be primary structure, and is under stress. A support fixture 
(or jig) would be needed for the replacement of the skin as this 
is called out by the manufacture.

To map out some regulations, (Canadian Aviation Regula-
tions) CAR 571.02(1) states: a person who performs mainte-
nance or elementary work on an aeronautical product shall 
use the most recent methods, techniques, practices, parts, ma-
terials, tools, equipment and test apparatuses that are:

(a) specified for the aeronautical product in the most recent 
maintenance manual or instructions for continued airwor-
thiness developed by the manufacturer of that aeronautical 
product;

Translation: Using this reference for tooling, you are using 
what is published in the maintenance manual. For example: 

a question of procedure

AMU-Section2.indd   3 2/1/18   6:06 PM
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manufacturer specifies a jig from Company ABC Part Number 
2345. You must use that jig from Company ABC Part Number 
2345.

(b) equivalent to those specified by the manufacturer of that 
aeronautical product in the most recent maintenance manual 
or instructions for continued airworthiness; 

Translation: Or using this reference for tooling, you must be 
able to demonstrate how it is equivalent. Example; Manufac-
turer specifies jig from Company ABC Part Number 2345. You 
want to build your own tool. You must be able to demonstrate, 
with data, how your tool is equivalent to Company ABC jig PN 
2345 that has been specified by the aircraft manufacturer. To 
do this, you could obtain drawings from the manufacturer that 
would allow you to fabricate an equivalent jig to that of Com-
pany ABC.

(c) in accordance with recognized industry practices at the 
time the maintenance or elementary work is performed. 

Translation: This reference for tooling may be more difficult, 
however some aircraft manufactures have large support com-
munities that publish data for maintaining a product that is 
sometimes recognized by the manufacture. For example the 
American Bonanza Society on Beechcraft products.

NOTE: An AMO (approved maintenance organization) cer-

Above:  Aircraft surgeons repair and replace skin and bones.
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tificate holder must have equivalency 
(b or c above) described in the Mainte-
nance Policy Manual (MPM) as it is a re-
quirement of CAR 573. Reference STD 
573.10 (1) (h) which states: “where the 
organization uses standards for the per-
formance of work that are equivalent to 
those recommended by the manufactur-
er, the identification of those additional 
standards, developed pursuant to sub-
section 571.02(1) of the CARs.”

It should also be noted that if the 
part being replaced is a direct replace-
ment part and identified in the Original 
Equipment Manufacture (OEM) docu-
mentation (IPC, OEM drawings), then 
this would not be considered an altera-
tion to the Type Design, therefore not a 
modification. The use of AC43.13 alone 
for this type of work would not be ap-
propriate for the part replacement.

AC43.13 could be used as an equivalent 
means, if the data is appropriate. Because 
the work to be performed is classified as 
a major repair, it needs to be “specified 
data” as defined by 571.06.

AC43.13 can be used as specified data if 
the required action is a repair or modi-
fication.

“Specified data” is information con-
tained in authoritative documents, 
which although not approved by the 
Minister, has been specified by the Min-
ister as appropriate for the purpose of 
major modifications and major repairs, 
in conformity with section 571.06 of the 
CARs. The following are examples of 
specified data: (amended 2000/12/01; 
previous version)

(d) FAA Advisory Circulars AC 43.13-1 
and AC 43.13 -2, subject to the following 
conditions:
(i) the aircraft is a small aircraft, and the 
alteration does not affect dynamic com-
ponents, rotor blades, structure that is 
subject to pressurization loads, or the 
primary structure of a rotorcraft;
(ii) the alteration does not affect an ex-
isting limitation (including the informa-
tion contained on mandatory placards) 
or change any data contained in the 
approved sections of the Aircraft Flight 
Manual, or equivalent;

Above:  Rivets and bucking bars to be used to replace sheet metal and fix loose rivets 
and cracks.
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(iii) the data are appropriate to the product being altered, and 
are directly applicable to the alteration being made; and,
(iv) the data are not contrary to the aircraft manufacturer’s 
data.

AC43.13 1B Page 4-11 Section 4-52 states:
ALUMINUM ALLOY STRUCTURES
Extensive repairs to damaged stressed skin on monocoque-
types of aluminum alloy structures must be made in accor-
dance with FAA-approved manufacturer’s instructions or 
other FAA-approved source.

Because of the scenario, this would disqualify the AC43.13 as 
appropriate data for the repair. Also, AC43.13 1B Page 4-12 
Section 4-52 (2) (b) states:

Disassembly Prior to Repairing. If the parts to be removed 
are essential to the rigidity of the complete structure, support 
the structure prior to disassembly in such a manner as to pre-
vent distortion and permanent damage to the remainder of 
the structure. When rivets are removed, undercut rivet heads 
by drilling. Use a drill of the same size as the diameter of the 
rivet. Drilling must be exactly centered and to the base of the 
head only. 

After drilling, break off the head with a pin punch and 
carefully drive out the shank. On thin or unsupported metal 

skin, support the sheet metal on the inside with a bucking bar. 
Removal of rivet heads with a cold chisel and hammer is not 
recommended because skin damage and distorted rivet holes 
will probably result. Inspect rivet joints adjacent to damaged 
structure for partial failure by removing one or more rivets to 
see if holes are elongated or the rivets have started to shear.

The AC in this case is only describing a method or tech-
nique to be used in order to remove the part. The data is not 
directly applicable to the alteration being made, i.e. it does not 
specify tool PN or describe how to build that tool (jig) for the 
aircraft in question.

Using a different example: You want to inspect or lubricate 
an aircraft’s landing gear system. Chapter 9, section 9-3 of the 
A.C 43-13 says “To obtain proper lubrication of the main sup-
port bushings, it may be necessary to jack the aircraft.”

The AC is stating that you may need to jack the aircraft, 
however it does not explain how to jack the aircraft. We know 
that there are many different aircraft design that require dif-
ferent methods/techniques of jacking the aircraft. So in this 
scenario, AC43.13 alone cannot account for all these different 
methods/ techniques, and as a result the OEM’s instructions 
must also be used and referenced. This is the intent behind 
CAR 571.02(1) for methods and or techniques.

(With our appreciation to the Atlantic AME Newsletter)  n

Above:  We know that there are many different aircraft designs that require different methods and techniques of jacking the aircraft.
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Thinking of advertising
in AirMaintenance Update?

Visit our website and download our
media kit to see our advertising rates

for AMU magazine and to advertise online.

www.amumagazine.com

Get the exposure you need for your 
company or business.
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Feature

Suppressing:
Blade vibration manifests in many forms, and it takes more than a compatible 
bolt pattern to successfully mate the chosen prop to a piston engine.

Here’s why .  .  .

BY EPI INC.
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Suppressing: engine torque pulses
There are two primary reasons why it is important to 

suppress engine torque pulses. The first is to reduce the 
fatigue loadings on the gearbox components. Howev-

er, metal propeller blades are especially unforgiving of being 
excited near a resonant frequency. So the more important rea-
son to suppress engine torsional excitation is to eliminate the 
pulse excitations fed through the gearbox, multiplied by the 
gear ratio, and applied to the propeller blades.

Each prop blade has more than one resonant frequency. The 
frequency excited by thrust vibrations is different (typical-
ly) from the one excited by torsional vibrations. Metal prop 

blades are especially susceptible to destructive vibration if 
they are excited near a resonant frequency. One reason is that 
a metal blade contains very little internal damping, so reso-
nant vibrations can build in amplitude very quickly. Another 
reason is that the blade material (typically aluminum) HAS 
NO ENDURANCE LIMIT in a fatigue environment. There-
fore, the fact that an aluminum part has run for X-number of 
fatigue cycles is NO GUARANTEE that it will not fail during 
the next hundred similar cycles.

Manufacturers of certified props go through extensive 
analysis and testing to be sure that a particular prop will sur-
vive the fatigue environment produced by a particular engine 

Above opposite:  Fender washers shown mounted on two bolts were a good solution for vibration reduction on this 1/2VW four stroke 
engine.  Above:  Each prop blade has more than one resonant frequency.
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on a particular airframe. Get it wrong, 
and blade pieces will be departing the 
aircraft. It’s just a matter of time.

In addition to being susceptible to 
engine vibration, a propeller produces 
torsional excitation which varies with 
rotational and translational speed, flight 
attitude, airframe characteristics, and 
the specific properties of the engine tor-
sional excitation which are applied to the 
propeller.

For purposes of illustration, consid-
er just one mode of propeller-blade vi-
bration. Picture yourself in the pilot seat, 
looking forward over the cowl watching 
the rotating propeller, being driven by 
your four-cylinder Lycoming. (For the 
purposes of this experiment, you will 
have acquired very-high-speed vision, 
which enables you to see fast-moving 
things in slow motion.)

In normal vision mode, you see the 
prop blades rotating clockwise across 
your field of vision. Now, switch into 
high-speed-vision mode. Here is the 
slow-motion picture you see: A prop 
blade rises into view as one cylinder of 
the engine begins its compression stroke. 
As that stroke progresses, the instanta-
neous torque is at its minimum (actually 
negative in a four-cylinder engine). 

Since the torque is minimized, the 
engine decelerates slightly and is not 
keeping up with the rotation of the prop. 
The blade, being a heavy, fast-moving 
thing, tries to maintain its speed, but the 
prop hub is slowing down. The blade, 
also being a springy thing, deflects 
clockwise in a nice curve as the result of 
the blade momentum being opposed by 
the decelerating hub.

Now, just as the blade reaches its 
maximum clockwise deflection, the 
cylinder fires and the crankshaft torque 
quickly reaches its maximum positive 
value, and the crankshaft now tries to 
accelerate the prop hub, which in turn, 
tries to accelerate the blade we are 
watching. The blade responds by start-
ing to bend in the opposite direction 
(counterclockwise), but it was already in 
motion, springing back from the clock-
wise deflection we just saw. That motion, 
added to the motion induced by the 
new pulse, causes this blade deflection to 
be greater than the one which occurred 
last rotation.

Above:  A certain propeller that survives quite well on a Continental IO-520 may not 
work with a Lycoming 10-540.
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This is an example of blade excitation 
at a frequency too close to resonance. 
Each cycle imparts energy into the sys-
tem, and the spring-mass properties of 
the blades stores some of the energy and 
adds it back into the system in phase 
with the engine. The forces increase with 
each cycle. The deflections continue to 
increase as a result of the energy add-
ed during each cycle, until something 
breaks.

There are more complex modes of 
propeller blade vibration, but this simple 
one serves to illustrate the point.

The more likely scenario is that 
high blade stresses induced by vibratory 
bending near resonance exceed the en-
durance limit of the blade material, and 
the fatigue cycles pile up, and at some 
point, a piece of blade departs. That’s 
why certain direct-drive aircraft engines 
have a band (2,200-2,400 RPM, for ex-
ample) where continuous operation is 
not allowed. If a large enough section 
of blade breaks off, the resulting vibra-
tion could easily tear the engine off its 
mounts. Consider how the resulting CG 
might alter the rest of your day.

Above:  In addition to being susceptible to engine vibration, a propeller produces torsional excitation.
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The propulsion systems of certificated aircraft are approved 
as a powerplant/propeller/airframe combination. Torsional 
interactions between engines and propellers are subject to 
close engineering scrutiny. In order for a new propeller to 
be approved for a certified aircraft, it must be shown that 
the engine-propeller-airframe combination does not experi-
ence dangerous levels of stress from vibration. That is accom-
plished by design and development engineering, and verified 
by an extensive vibration survey, performed in flight, using 
real-time data acquisition equipment.

Metal-blade propellers are especially critical because they 
have very little internal damping and closely resemble perfect 

springs. Wood and composite propellers have varying degrees 
of internal damping, so they tend to be more tolerant of tor-
sional excitation. The point is this: each system is different, 
and needs to be investigated.  The need for such scrutiny is 
illustrated by a few examples.

1. A certain propeller that survives quite well on a Continental 
IO-520 (six-cylinder horizontally opposed, 520 cubic inches, 
554 lb.-ft. mean torque, torsionally counterweighted) has un-
acceptable vibration problems on a Lycoming IO-540 (six-
cylinder horizontally opposed, 540 cubic inches, 585 lb.-ft. 
mean torque, torsionally counterweighted).

Above Top:  Positions of three-bladed propeller during balance check.  Above:  Hartzell discovered that the installation of  certain 
STC’d pistons significantly altered the torsional characteristics of the IO-360-A engine.
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2. A recent Hartzell vibration survey re-
vealed an interesting situation. There is 
a certain Hartzell propeller that is certi-
fied on a Lycoming IO-360-A3B6D for 
a specific aircraft. This engine is rated at 
200 HP, and is equipped with 8.7:1 com-
pression ratio pistons (LW-10207-S) and 
sixth and eighth order torsional coun-
terweights. On that engine, the propeller 
blade stresses were acceptable.

However, there is an STC for that aircraft 
which allows the installation of the Ly-
coming 10:1 pistons (LW-11487-S from 
the HIO-360-D1A) to increase the en-
gine power output. Hartzell discovered 
that the installation of those STC’d pis-
tons significantly altered the torsional 

characteristics of the IO-360-A engine 
to the point that, on that same propeller, 
it drove the blade root stresses beyond 
the endurance limit of the material. That 
engine, with its pendulous torsional 
absorber counterweights, might be ex-
pected to be “torsionally tolerant” (for 
a four-cylinder engine). The fact that a 
relatively small change in engine config-
uration caused such a significant change 
in vibratory stress gives some insight 
into just how critical this engine/propel-
ler interaction can be.

While we are on the subject of pro-
pellers, an extremely dangerous practice 
in the experimental community is that 
of shortening the blades of a given pro-
peller to fit a new situation. For example, 

a certain popular certificated Hartzell 
propeller has a minimum diameter of 72 
inches. If the blades are shortened below 
that limit, the resonant frequency of the 
blades will be increased to the point that 
engine torsionals can excite vibratory 
stresses which exceed the endurance 
limit of the blade alloy. What that means 
is that sooner or later, one of those blades 
is going to shed a piece, which could eas-
ily tear the entire engine off the airframe. 
Again, consider how the resulting CG 
might alter the rest of your day.

We have read reports on conversion 
projects in which propellers from turbo-
prop applications have been shortened 
and attached to a V8-with-Propeller 
Speed Reduction Unit. That should give 
someone nightmares, since the vibratory 
modes that a turboprop propeller is de-
signed to handle are significantly differ-
ent from those generated by a high-out-
put piston engine, and the PSRUs used 
in these projects had no torsional pulse 
suppression characteristics whatsoever.

There are many complex modes of 
propeller blade vibration. These exam-
ples are given to emphasize the fact that 
making a propeller survive on a piston 
engine is a challenging task, demand-
ing very specialized skills and equip-
ment. The intent here is to discourage 
the practice of willy-nilly mix-&-match 
attachment of propellers to engines, with 
the compatibility of the bolt pattern be-
ing the only criterion.

Based in Washington State, EPI, Inc. spe-
cializes in the design and development of 
piston engines and of power transmission 
systems, as well as components and sub-
systems for aircraft, automotive, marine 
and industrial applications. www.epi-eng.
com  n

Above:  The universal propeller protractor can be used to check propeller blade angles 
when the propeller is on a balancing stand or installed on the aircraft engine.
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www.wamea.com

Rockwell Collins equipment maintenance course
Wednesday, March 21, 2018

In this one-day course, Wade Ouellet, of Rockwell Collins will be dis-
cussing avionics troubleshooting, tips and tricks, and resources for 
PL21, Fusion, Autopilot/FCS, CES/Venue, CASP, new ADS-B, and 
FANS systems.

Effective auditing course
Wednesday, March 21, 2018

This course was designed to improve your auditing skills. It includes 
audit fundamentals, audit preparation, audit planning, audit execution 
interviewing techniques, developing sample plans, writing findings 
and developing audit reports. Additional time is provided for in-class 
participation exercises. This course prepares the auditor for perform-
ing effective internal and external audits.

Our Job Description

To promote and protect the profession of the Aircraft Maintenance 
Engineer, in the Atlantic Region.

Atlantic Region Aircraft Maintenance Conference

ARAMC 2018 will be held at the Westin Nova Scotian Hotel, Halifax, 
Nova Scotia from April 18th to April 20th. More information will be 
added as it becomes available. 

ARAMC 2019

At one point there was some thought regarding the possibility of hav-
ing the 2019 ARAMC in PEI. It was, however, determined that the 
2019 Conference will again be held in Moncton, NB. Jacques Richard 
will again chair this conference with the assistance of Gerald Mallon 
(Display Chairperson at the Halifax event). It is intended to reach out 
to Association members from PEI to become involved in the presenta-
tion in Moncton and be part of the ARAMC 2019 committee. 

Membership

Our membership currently shows 109 AMEs, six Technicians, 20 
Apprentices and 11 Corporate members. These numbers are consis-
tent for AMEs and Technicians in previous years. The growth of ap-
prentice members bodes well for the Association, as they are future 
AMEs and future members. 

Training

An HPIAM course was presented in Goose Bay in early December. We 
would like to acknowledge the support of Universal Helicopters and 

College of the North Atlantic for assisting with facilities in Goose Bay 
to make this presentation possible. In addition to this, Norbert will be 
presenting an HPIAM course on the day before the 2018 ARAMC in 
Halifax.

Future training events were discussed and it is hoped to provide 
further training on a variety of subjects to satisfy the industry’s needs. 
The following subjects were proposed: Management, Auditing, Day in 
the Life of a PVI, and CARs training. You are all encouraged to sug-
gest any future training that may be beneficial to your operation or to 
AMEs in general. Please contact any of the Directors with your sug-
gestions. 

In memoriam—Ross Goldsworthy

The aviation community and the Town of Gander were shocked to 
hear of the passing of Ross Goldsworthy at the age of 83 on November 
8, 2017. Ross moved to Gander at an early age from Trinity Bay and 
went to work with Eastern Provincial Airways as a stores keeper and 
a Safety Relations Officer as well as other important positions within 
the company.

One of Ross’s talents was that of a public speaker where he used 
his humour and wit to entertain his captive audiences. On several oc-
casions Ross was guest speaker at the early Atlantic Region Aircraft 
Maintenance Conferences in the late 1980’s and early 1990s.

When EPA moved their operations to Halifax, Ross and his wife 
Shirley decided to remain in Gander and he held various positions 
within the arts community in Gander, which included Manager of the 
Arts and Culture Centre. Over the years, Ross was an ardent supporter 
of the Atlantic Region Aircraft Maintenance Conference and the Air- 
craft Maintenance Engineers Association (Atlantic) Inc. as well as the 
aviation community in general.

Ross’s obituary can be found on www.staceysfuneralhome.ca 
website in Gander, NL.
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AME Association of Ontario
c/o Skyservice F.B.O. Inc., PO Box 160, Mississauga, Ontario  L5P 1B1
tel: 1-905-673-5681  fax: 1-905-673-5681
email: association@ame-ont.com   website: www.ame-ont.com

Central AME Association

About CAMEA

The Central Aircraft Maintenance Engineer Association is an organi-
zation dedicated to maintaining and enhancing the standards, rights 
and privileges of all AME members in the central region of Canada. 
Our chapter is one of six similar associations across Canada that col-
lectively supports the national body CFAMEA (Canadian Federation 
of Aircraft Maintenance Engineers Association).

Our organization works with Transport Canada in the formula-
tion of new rules and regulations and provides a collective viewpoint 
for all AMEs. CAMEA is a not-for-profit organization run by a vol-

unteer group of AMEs.  We elect members of our organization to be 
part of our Board of Directors.  Members of CAMEA are comprised of 
AMEs, AME apprentices, students, non-licensed persons working in 
the industry and corporate members.

Save the date

March 26-27, 2018 Manitoba Aviation Symposium
Canad Inns Destination Polo Park
Hosted by Manitoba Aviation Council and Central AME Association

www.camea.ca

Northwestern Ontario AME Conference
and Trade show

The Northwestern Ontario AME Conference was held at Thunder 
Bay’s Best Western Plus Nor’Western hotel on November 24th. There 
were 15 vendors set up for the trade show previewing a variety of prod-
ucts and services during the Thursday evening meet and greet session.

There was also a good mix of presentations starting from the 
morning technical sessions including a review of the D17 welding 
standards and a review of various Lord elastomeric components. We 
then got into a brief history of drones right up to the current UAV de-
velopments. Another avionics related session focused on the upcom-
ing ADS-B and the latest testing equipment applications. Non-techni-
cal speakers shed more light on personal development by focusing on 
fatigue in aviation from System Safety services. RPM Mentoring then 
provided an overview of mental health issues in the workplace

The Northwestern show has been making a comeback after taking 
a break in recent years after it seemed that participation had lost some 
momentum. This annual event is a great way for AMEs and students 
from various northern communities to come together by learning and 
building relationships. Even the more relaxed socializing lends itself to 
discussion of relevant topics and comparing notes on best practices. 

Sharing personal stories and career challenges usually contrib-
utes to sustaining healthy attitudes towards the work we do as main-

tenance people speak the same technical language. The organizers in 
Thunder Bay did a great job promoting this very worthwhile event and 
we look forward to what they have in store or next year.

(Thank you to Stuart McAulay who made one of the presentations at the 
Northwestern Conference and supplied this report.)

Preparing for the Future

One of the most important reasons for the existence of our aircraft 
maintenance engineers associations is the ongoing need for training. 
Whether it is for technical matters involving re-current or new subject 
material, human factors and mental health issues, or regulatory re-
quirements, AME associations are often the best sources for training. 

The demand for qualified aircraft maintenance personnel is in-
creasing. With the demand, salaries are expected to rise as well, mak-
ing the AME and aircraft technician fields a desirable profession. 
Consider mentoring a young person who is interested in aircraft main-
tenance and welcome the new school graduates into the workplace. 
And, of course, support your regional AME Associations by being a 
member, volunteering, and attending the conferences and workshops.

—  Submitted by Stephen Farnworth
      For the Board of Directors
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Central Ohio PAMA

Looking for Part 147 training assets

Hi everyone. The following is a letter to us concerning the availability 
of any 147 assets available to a new start-up program:

From: Skip Jones <charlesjones2@suu.edu>
Subject: Starting a new FAR Part 147 A&P School
Date: Friday, 12 Jan 2018;  09:47:31 - 0700

I am with the aviation program at Southern Utah University. We are 
starting an FAR Part 147 A&P school and we are interested in the pos-
sibility of purchasing a complete Part 147 school and/or any assets we 
can find for our school.

I appreciate your time.
— Skip

www.socalpama.org

2018 Ohio Aviation Maintenance Symposium:
Save the date

Thursday, March 15, 2018. The Ohio Aviation Maintenance
Symposium:
The Location will be the same as last year:
CSCC Main Campus
The Center for Workforce Development
315 Cleveland Avenue, Columbus, Ohio 43215

Because of increased cost for the venue, the booth fee this year in-
creased to $175 and was not scheduled to be collected until January 
2018. Reserve a booth by sending an email to; gsprang@cscc.edu. 

If you wish to give a presentation, please send a request to Mark Hard-
en:  mark.harden@faa.gov

Please direct questions about the Symposium to Gene Sprang, 
Associate Professor, Aviation Maintenance Technology, 5355 Alkire 
Road, Columbus, Ohio 43228. (614) 287-7101. With your support, the 
27th Ohio Aviation Maintenance Symposium will be another success!

2018 General Aviation Award Nominations

Safety Inspector Mark Harden has posted a request for nomination of 
candidates to receive the 2018 General Aviation Awards. 

www.copama.org

Pacific AME Association

Pacific Air Maintenance Engineers Association

About us

PAMEA is a non-profit association comprised of aircraft maintenance 
engineers, aircraft maintenance personnel and aviation industry 

corporate members. PAMEA is an active member of the Canadian 
Federation of AME Associations (CFAMEA).

pamea@telus.net

www.pamea.ca
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Feature

How long is too long for a component to remain in service? The AME doesn’t need to guess; 
there are rules in place concerning Life Limited Parts.

Turbine engine Life-Limited Parts (LLP) are those parts 
whose primary failure is likely to result in a hazardous 
engine effect. These parts require replacement, inspec-

tion, and other procedures at specific times in their life cycle 
given their implications for safety. Proper operating configu-
ration management of LLP – including other parts that influ-
ence the LLP operating conditions – is critical to ensuring that 
the Airworthiness Limitation established by the Type Certifi-
cate (TC) Holder remains valid over the life of a part.

Establishing Life Limits

Turbine engine LLP, such as high-energy rotating disks, shafts, 
and spools operate in extreme environments. Establishing the 
life limit for a given part requires a detailed understanding of 
the LLP and the environment in which it will operate. When 
establishing the design of the part, critical features that can 
impact life must be identified and assessed with multiple disci-
plines, including heat transfer analysis, stress analysis and ma-
terials property analysis to establish low cycle fatigue behavior. 

Mature Engines:
maintaining
Airworthiness Limitations

BY JEFF CONNER

AMU-Section4.indd   2 2/1/18   6:11 PM



 Feb/Mar 2018 AIRMAINTENANCE UPDATE  27

Each analysis must address variations 
in temperature, pressure, vibratory and 
mechanical loads – boundary condi-
tions – that occur throughout both the 
typical flight profile and the certified op-
erating envelope for the engine. Careful 
control of influencing parts – parts other 
than the LLP that establish the bound-
ary conditions for LLP operation – is an 
integral part of life management since 
design changes to influencing parts can 
change the boundary conditions used to 
establish life limits. Instrumented engine 
testing is required to validate boundary 
conditions.

As an example, consider the inter-
actions between a high-pressure turbine 
disk (LLP) and a turbine blade (influ-
encing part) installed in the disk. Dur-
ing normal operation, the disk can oper-
ate at temperatures above 1000F (538C) 
while rotating at 25,000 rpm.

A typical turbine blade pulls on 
the disk with 25,000 pounds of force – 
a force equivalent to the weight of five 
full size pick-up trucks hanging from 
the disk. A disk operating with 70 to 80 
blades installed is exposed to more than 

1,500,000 pounds of force during opera-
tion. “Minor” changes to the blade de-
sign can reduce the life of the disk post 
by as much as 50 percent.

Likewise, cooling air used to extend 
the life of turbine blades also impacts 
disk life. Turbine blade cooling air is 
introduced through the bottom of the 
blade where the blade sits in the disk. 
(The cooling air is typically at a tempera-
ture greater than 1200F/649C).

The cooling air sweeps across cer-
tain features of the disk prior to entering 
the blade. Changes in either the temper-
ature of the cooling air or the amount of 
cooling air delivered to the blades can 
result in changes to thermal stresses on 
the disk resulting in significant reduc-
tion of the life capability. Blade cooling 
flow changes as minimal as 0.5 percent 
can yield a 20 percent reduction in life of 
related disk features.

Regulatory Requirements for LLP

Current United States Federal Aviation 
Administration (FAA) requirements for 
managing turbine engine LLP integrity 

Above: Example of the variation in temperatures and stresses as a function of location on LLP at a specific set of boundary conditions.
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are contained in 14 CFR 33.70 and amplified in Advisory Cir-
cular (AC) 33.70-1. Both the rule and the AC highlight the 
importance of understanding and assessing the actual oper-
ating configuration of LLP, not just evaluating the LLP itself. 
An Engineering Plan is required that ensures the operating 
conditions for an LLP “including the effects of other engine 
parts influencing these parameters are sufficiently well known 
and predictable, so that the operating limitations can be estab-
lished and maintained for each engine life-limited part.”

In addition to an engineering plan, § 33.70 requires a 
manufacturing plan and a service management plan. AC 
33.70-1 states that: “These three plans form a closed-loop sys-
tem that links the assumptions made in the engineering plan, 
to how the part is manufactured, and to how the part is main-
tained in service. Engineering, manufacturing, and service 
management must function as an integrated system and rec-
ognize the effects of actions in one area on the entire system.”

Maintaining Life Limits

To maintain the link between boundary condition assump-
tions and actual LLP operating configurations, Original 
Equipment Manufacturers (OEMs) employ strict part num-

ber control systems. Individual part numbers reflect specific 
design features and performance attributes. These control sys-
tems are consistent with the FAA requirement that all parts, 
components and products manufactured under a production 
certificate conform to the type design and that changes to en-
gine configurations do not affect airworthiness.

Over the life of the engine, OEMs introduce component 
level design changes, new repair schemes and technology up-
grades to influencing parts. OEM part number control sys-
tems define which parts can operate together ensuring that 
published Airworthiness Limitations remain valid. In this 
way, each defined operating configuration for a given LLP 
links back to a detailed life assessment as required in § 33.70. 
Together, an OEM’s configuration control system and FAA-
approved lifing methodology combine to ensure that the FAA 
requirement of a “closed-loop system” linking engineering as-
sumptions to service management is achieved.

Impact of Maintenance Decisions

Airworthiness Limitations published by an OEM are based 
on system level engineering analysis of LLP operating in con-
figurations defined by the OEM. Likewise, the service man-

Above:  Assessing the potential impact of an influencing part design change – as well as multiple design changes introduced simulta-
neously to the same LLP operating configuration – requires detailed knowledge of engine level system interactions.
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agement plans issued by an OEM assume that the LLP will 
always be operated in configurations defined by the OEM. 
When performing maintenance, operators have many differ-
ent options, including OEM parts, FAA Parts Manufacturer 
Approval (PMA) parts and owner produced parts – as well as 
OEM and third-party repairs. Each option represents an FAA 
approved approach for replacing or repairing parts. However, 
design changes – intended and unintended – that can impact 
LLP boundary conditions may be introduced when parts are 

manufactured or repaired without the involvement of the 
OEM. As highlighted earlier in this paper, seemingly small 
changes to an influencing part can have an unexpected sig-
nificant impact on LLP.

Assessing the potential impact of an influencing part de-
sign change – as well as multiple design changes introduced 
simultaneously to the same LLP operating configuration – re-
quires detailed knowledge of engine level system interactions 
and how these design changes impact LLP boundary condi-

Above:  Example of design changes introduced to a LLP influencing part by a third party repair. Design changes include the size and 
openings of where cooling air exits the part and the distribution of air from the two cooling circuits inside the part.

Above:  Schematic of a high pressure turbine disk with blades 
installed.
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tions. Operation of LLP with third-party 
parts and repairs creates LLP operating 
configurations that – though FAA ap-
proved – are configurations that the en-
gine manufacturer has not and, in fact, 
cannot assess with its FAA approved lif-
ing methodology.

Under existing FAA rules, PMA 
parts (14 CFR 21.303) and third-party 
repairs (14 CFR 43.13) are approved at 
the part level without a requirement for 
the PMA or third-party repair source to 
perform a life assessment of influenced 
LLP using an FAA approved lifing meth-
odology. Likewise, the maintenance pro-
vider installing third-party parts in the 
engine is not required to perform a life 
assessment of influenced LLP using a 
FAA approved lifing methodology, even 
when multiple third- party influencing 
parts are installed in the same system.

Documenting LLP Operating
Configurations

In response to the clear recognition of 
the importance of “other engine parts” 
that influence the operating parameters 
of LLP in § 33.70, GE worked with the 
FAA to add a table that identifies the 
influencing parts incorporated in GE’s 
FAA approved lifing methodology for 
each LLP. GE recommends that opera-
tors document the operating configu-
ration of LLP over their life, including 
installed influencing parts.

Understanding the operating con-
figuration history for each LLP helps 
the operator know whether GE has valid 
engineering data to provide technical 
support for the LLP or if the operator 
needs to engage one or more part/repair 
providers and/or the FAA for technical 
support of the LLP.

Like the FAA, the European Avia-
tion Safety Agency rules and guidance 
material recognize the importance of 
managing influencing parts and any 
changes to these parts in the service 
management of LLP. EASA has specifi 
recommended that TC Holders add lan-
guage to the Airworthiness Limitations 
Section (ALS) of Engine Manuals high-
lighting the fact that introduction of in-
fluencing parts not approved or supplied 
by the TC holder may affect the LLP life 
limits published by the TC Holder.

Operators are ultimately responsible 
for the airworthiness of the products 
they operate – not the TC Holder, third 
parties providing replacement parts or 
repairs, or the FAA. Included in this re-
sponsibility is assessing potential cumu-
lative effects of design changes to LLP 
operating configurations created during 
maintenance. This task is much more 
complex than simply ensuring that spe-
cific parts are eligible for installation in a 
given engine type.

Operators must ensure that the ac-
tual LLP operating configurations – in-
cluding influencing parts that establish 
boundary conditions for LLP operation 

– are addressed by the Airworthiness 
Limitations published by the TC Holder. 
As part of this assessment, operators are 
cautioned that current FAA policy al-
lows third-party repair providers to re-
tain the original OEM part number fol-
lowing repair even when design changes 
that can impact LLP boundary condi-
tions are introduced by the repair.

Operator assessments must address 
the actual influencing part configura-
tion, not just the part number marked 
on a part.

(Jeff Conner is in the Chief Engineer’s 
Office, GE Aviation.)  n

EASA Recommendation

Wording as, or similar to, that shown below should be placed in the appropriate 
section of the ALS:

“The following airworthiness limitations have been substantiated based on 
engineering analysis that assumes this product will be operated and maintained 
using the procedures and inspections provided in the instructions for contin-
ued airworthiness supplied with this product by the Type Certificate holder, or 
its licensees. For Engine Critical Parts and parts that influence Engine Critical 
Parts, any repair, modification or maintenance procedures not approved by the 
Type Certificate holder, or its licensees, or any substitution of such parts not 
supplied by the Type Certificate holder, or its licensees, may materially affect 
these limits.”  n

Above:  Turbine engine LLP, such as high-energy rotating disks, shafts, and spools 
operate in extreme environments. Establishing the life limit for a given part requires a 
detailed understanding of the LLP.
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Raising the Bar

When the Beechcraft’s hot air ducts are exposed to abnormally high temps, things
begin to melt.

History of the flight

On the day of the occurrence, the flight crew reported for 
work at around 0800 to prepare the aircraft for the first 
leg of a three-leg flight. As the aircraft taxied for take-
off, passengers advised the pilots that the temperature in 
the cabin was too cold. The electric heater (ELEC HEAT) 
switch was selected to the maximum heat ground posi-
tion (GND MAX). A few minutes later, the cabin tem-
perature increased to a comfortable level, and the electric 
heater was switched off before take-off.

At 0907, the aircraft took off from Runway 24R at 
the Montréal/Saint-Hubert Airport (CYHU) and turned 

Where there’s smoke . . .

On February 21, 2012 the Pascan Aviation Inc. 
Beechcraft B100 (registration C-FLKS) oper-
ating as flight PSC123 departed the Montréal/

Saint-Hubert Airport, Quebec, at 0907 Eastern Standard 
Time on a chartered flight to Bagotville, Quebec, with 
two passengers and two flight crew members on board. 
During the climb out, through 15,400 feet above sea lev-
el, the flight crew noticed very light smoke in the cabin. 
At 0928, the flight crew declared an emergency and re-
quested a return to the Montréal/Saint-Hubert Airport. 
The aircraft touched down at 0951 on Runway 24R with 
emergency services in attendance. There were no injuries 
and there was no fire.
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Above:  Environmental control panel.
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right (northeast) towards Bagotville, Quebec. The pilot-in-
command (PIC) was the pilot flying (PF), while the second-
in-command (SIC) was the pilot not flying (PNF). During the 
climb, the cabin became too warm, so the flight crew moved 
the cabin temperature control knob (CABIN TEMP-INCR) 
from the middle position toward the lower position. As the 
temperature in the cabin remained high, the flight crew then 
moved the cabin temperature mode (CABIN TEMP MODE) 
switch from the AUTO to the OFF position, and the blower 
switch was set to the high (HIGH) position to cool the cabin.

Approximately 27 nautical miles (nm) north of CYHU, 
the flight crew noticed very light smoke, which was barely vis-
ible in the sunlight. There was no perceptible odor.

At 0918, at an altitude of 15,400 feet above sea level (asl), 
the flight crew requested a clearance from air traffic control 
(ATC) to level off at 17,000 feet asl. The flight crew members 
started the emergency checklist for smoke/fumes in the cabin, 
but chose not to don their oxygen masks. The flight crew, be-
lieving that the smoke source was the bleed air system, mo-
mentarily interrupted the checklist to contact the company’s 
maintenance department.

At 0920, the aircraft leveled at 17,000 feet asl, about 35 
nm from CYHU and 35 nm from the Trois-Rivières Airport 
(CYRQ). As the aircraft cabin was pressurized, the flight crew 
requested a descent. At 9,000 feet asl, both bleed air valve 
switches were moved to the ENVIR OFF position, and the 
smoke started to dissipate.

At 0928, the flight crew declared an emergency with ATC 
and requested to return to CYHU. At that time, the aircraft 
was 68 nm from CYHU and about 14 nm north of CYRQ. 
When the cabin’s pressure altitude reached 8,000 feet asl, the 
flight crew used the cabin dump switch to depressurize the 
aircraft, and the residual smoke cleared completely.

At 0933, the flight crew informed ATC that the No. 2 in-
verter was inoperative; one minute later, the SIC’s microphone 
button became inoperative. Because of the electrical nature of 
the problem, ATC advised that, in case of a loss of commu-
nication, PSC123 was cleared to proceed for an approach to 
Runway 24R at CYHU. The flight crew completed the inverter 
failure checklist and selected inverter No. 1, which operated 
normally. Because the SIC could not use his microphone, the 
crew switched roles: the SIC assumed PF duties, and the PIC 
became the PNF.

A visual approach was carried out, and the aircraft land-
ed uneventfully at 0951, with CYHU aircraft rescue and fire-
fighting (ARFF) services following the aircraft during the 
landing roll-out. Since there was no visible smoke, the flight 
crew taxied and parked the aircraft away from the company 
facility, escorted by ARFF.

Damage to aircraft

Three hot air duct sections carrying bleed air, located under 
the floor on the right side of the main cabin, were found melt-
ed, collapsed, and perforated. A de-icer pressure tube used for 
carrying air to the de-icing boots had also melted and col-
lapsed. The No. 2 inverter, located under the right-side cabin 
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floor, adjacent to the hot air ducts, had 
overheated, and its protection system 
had disconnected from the circuit dur-
ing the event without apparent damage.

General

Records indicate that the aircraft was 
certified and equipped in accordance 
with existing regulations and approved 
procedures.

On February 10, 2012, 11 days be-
fore this occurrence, a discrepancy was 
noted in the occurrence aircraft log 
book, which indicated that the right-
hand bleed air warning light had illu-
minated during take-off. After an inves-
tigation by the company’s maintenance 
department, a bleed air line was found 
disconnected in the aft cabin on the right 
side. A disconnection leads to a drop in 
pressure inside the tube, which triggers 
the warning light. 

On February 17, 2012, a discrep-
ancy was again noted in the log book, 
which indicated that the right-hand 
bleed failed when using de-icer boots. A 
bleed air line was found damaged; it was 
replaced, and the aircraft was returned Above:  Damaged hot air ducts as found on the occurrence aircraft.
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to service. There was no entry in the log 
book indicating that other components 
adjacent to the bleed air line (such as hot 
air ducts) had been checked.

Environmental system

The required air for pressurization, cool-
ing, heating, and surface de-icing is ob-
tained by bleeding air from the compres-
sor stage (P3) of each engine. The heat 
acquired from the bleed air may either 
be retained for cabin heating or dis-
sipated for cooling purposes as the air 
passes through the centre section of the 
fuselage. A flow control unit mounted 
on the forward side of the firewall in 
each engine nacelle regulates the mix-
ture of the engine bleed air with ambient 
air from the cowling intake to produce 
a total air flow of 14 pounds per min-
ute. The air from each flow control unit 
is routed through the firewall along the 
inboard side of each engine nacelle and 
inboard to the centre section, forward of 
the main spar.

The total hourly output of the bleed 
air heating system is 45,000 BTU. Dur-
ing extremely low temperatures or low 
power settings, additional heating is 
available from an electrical heater con-
taining eight elements, rated at 1000 
watts each. The maximum output of the 
electrical heater is 27,300 BTU during 
ground operation, with all heater ele-
ments operating.

Once airborne, four elements are 
available, for a total output of 13,650 
BTU. A bypass valve, located adjacent 
to the heat exchanger, allows the hot air 
to be routed around the heat exchanger 
and into the cabin hot air ducts to heat 
the cabin in cold weather. The bleed air 
line from the tee is routed forward, along 
the right side of the fuselage, to a heat 
plenum just aft of the electric heater, un-
der the floor of the nose compartment.

A hot air duct from the aft side of 
the heater plenum extends aft under the 
right-hand seat deck of the cabin and 
distributes the heated air through the 
floor outlets on each side of the cabin.

Environmental control panel of C-FLKS

An environmental control panel on the 
SIC’s side of the cockpit is provided for 

automatic or manual control. It contains 
a vent blower switch (VENT BLOWER), 
an electrical heat switch (ELEC HEAT), 
a cabin temperature control knob 
(CABIN TEMP), a cabin temperature 
mode knob (CABIN TEMP MODE), 
two bleed air valve switches (BLEED 
AIR VALVE) and a manual temperature 
switch (MANUAL TEMP).

The two BLEED AIR VALVE 
switches (left and right) are placarded 
OPEN (top), ENVIR OFF (centre), and 
INSTR & ENVIR OFF (bottom). Each 
switch is a three-position lever lock-type 
switch. It actuates an electric solenoid in 
the flow control units at the engines to 
bring warm, compressed air (bleed air) 
from the engines to the cabin.

The VENT BLOWER switch is 
placarded HIGH (top), LO (centre), and 
AUTO (bottom). The HIGH and LO 
positions allow for two speeds in man-
ual operation. In the AUTO position, 
the blower will run continuously at low 
speed unless the electric heat has been 
set to the ON position, in which case the 
vent blower will automatically go to the 
HIGH position.

The ELEC HEAT selector switch has 
three positions: GND MAX (top), 
NORM (centre), and OFF (bottom). 
This switch is a solenoid held in the 
GND MAX position when the aircraft is 
on the ground. The switch will automati-
cally drop down to the NORM position 
at take-off, when the landing gear safety 
switch is opened. It provides maximum 
electric heat from all eight elements of 
the electric heater for initial warm-up of 
the cabin.

If the switch is placed in the NORM 
position for warm-up, only four ele-
ments will be utilized. In this position, 
the operation of the four elements is 
automatic in conjunction with the cab-
in thermostat to supplement bleed air 
heating. The OFF position turns off all 
electric heat, and the cabin is heated only 
with the bleed air system.

The CABIN TEMP control knob, 
placarded INCR on top with an indi-
cator arrow, provides regulation of the 
temperature level when in automatic 
mode. A temperature sensing unit in the 
cabin, in conjunction with the control 
setting, initiates a heat or cool command 

Above:  Emergency procedure – SMOKE OR FUMES IN CABIN.
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to the temperature controller to achieve the desired cockpit 
and cabin environment. A CABIN TEMP MODE knob is 
placarded MAN HEAT, MAN COOL, OFF, and AUTO. In 
the MAN HEAT or MAN COOL positions, regulation of the 
cabin temperature is accomplished manually with the MAN-
UAL TEMP control switch. In AUTO mode, the temperature 
is selected with the cabin temperature knob. In the automatic 
mode, the motor-driven valves operate automatically, as regu-
lated by the controller.

A spring-loaded MANUAL TEMP switch is placarded 
MANUAL TEMP INCR (top) and DECR (bottom). This 
switch controls the motor-driven bypass valves downstream 
of the heat exchangers in the wing centre sections. In man-
ual mode, the valve opening is controlled manually by short 
touches on the switch to INCR or DECR, until the motor-
driven valve reaches the position for the desired temperature. 
Bleed air is bypassed around each heat exchanger.

Hawker Beechcraft caution message in maintenance manual

A caution message in section 21-40-00 of the Maintenance 
Manual informs maintenance personnel that the bleed air 
lines must be installed a minimum of 0.5 inches from any 
electrical wiring aft of the heat exchanger, and that there must 
be at least two inches of space between non-insulated bleed air 
lines and all electrical wiring forward of the heat exchanger. 
This minimum distance may be reduced to 0.5 inches if the 
bleed air lines are wrapped with industrial oven insulation.

Pneumatic de-icer boots system

Pneumatic de-icer boots on the wings and on the horizon-
tal and vertical empennage prevent the formation of ice dur-
ing flight. Air pressure is used to inflate the boots, and the 
vacuum is used to deflate them. Regulated bleed air pressure 
and vacuum are cycled to the pneumatic boots for the infla-
tion-deflation cycle. Ethylene-vinyl acetate (EVA) copolymer 
pressure tubes serve this purpose. They are routed under the 
right-side cabin floor, within inches from non-insulated bleed 
air lines and hot air ducts.

Tests and research

Several hot air ducts from the occurrence aircraft were sent 
to the TSB Laboratory for further examination to determine 
the cause of the damage. Tests were also conducted on the oc-
currence aircraft’s temperature control system to determine 
the temperatures that select components are exposed to under 
various operating conditions.

Based on the thermal damage observed, it is clear that 
the hot air ducts had been exposed to a range of temperatures 
from 185C to 200C, which is above the overheat protection 
system limits.

However, the investigation could not pinpoint which 
environmental system component had failed, or when the 
deforming, melting, bubbling, and perforating of the hot air 
ducts took place. The heat escaping from the perforated hot 
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air ducts likely caused the appear-
ance of light smoke in the cockpit and 
cabin.

If the hot air ducts were damaged 
before the aircraft was imported in 
2011, the damage should have been 
detected during the full phase inspec-
tion program. To properly check the 
air ducts, maintenance personnel 
must physically touch the ducts; oth-
erwise, because the ducts are covered 
with insulation, it could be difficult to 
detect any thermal deterioration or 
deformation. However, the inspec-
tion sheets were not available to in-
vestigators. Considering that similar 
air duct damage was found on three 
other company B100 aircraft, it is rea-
sonable to believe that inspections of 
the air ducts were not performed as 
per the maintenance inspection pro-
gram.

The examination of the thermal 
switch that protects the electric heat-
ing system showed that it was operat-
ing normally. Additionally, when the 
thermal switch was removed so that 
the temperature limitation control 
system was not in place, the measured 
temperature inside the hot air duct 
was insufficient to cause deflection, 
even with the bleed air and electrical 
heating operating at the full hot po-
sition. Therefore, a past failure of the 
switch could not have been the cause 
of the thermal damage observed on 
the air ducts. The atmospheric pres-
sure and the external temperature 
changes to which these hot air ducts 
are exposed during high-level flight 
(pressurized aircraft), as well as the 
effects of engine load, could not be 
examined and, consequently, are un-
known.

The highest temperature mea-
sured on the non-insulated bleed air 
line during ground tests, with the 
thermal switch removed, was 148C. 
Bleed air lines run under the right 
cabin floor and are located very close 
to the hot air ducts, which start to 
deflect at 145C. Therefore, in some 
cases, the integrity of the hot air ducts 
may be affected by hot air, caused 
by the proximity of the ducts to the 
non-insulated bleed air line. Con-
sidering that there were some envi-

ronmental system issues with the aircraft 
at least 11 days before the occurrence, it 
is likely that one or a combination of the 
above-mentioned defective components 
could have started to affect the hot air 
ducts’ integrity during this time. Also, in 
manual mode, the bypass valves can be 
driven fully closed, which can introduce 
bleed air hot enough to cause damage to 
air ducts. Therefore, if in the past, manual 
mode was used with the bypass valves fully 

closed, this could have introduced bleed 
air hot enough to cause the damage ob-
served to the air ducts of the occurrence 
aircraft and three others.

All heating and bleed air compo-
nents must be capable of resisting the 
highest operating temperatures encoun-
tered during any flight condition. The 
investigation determined that the Lexan 
90434 polycarbonate material used by the 
manufacturer of the occurrence aircraft’s 

Above:  Pascan Aviation Inc. Beechcraft B100 registration C-FLKS.
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hot air ducts did not resist the highest temperatures to which 
they may be exposed. Some Beechcraft airplanes examined 
during this investigation were manufactured entirely with 
phenolic hot air ducts, while others, like the four Beech B100 
aircraft operated by Pascan Aviation Inc., used Lexan 90434 
polycarbonate hot air ducts, which are more susceptible to 
damage caused by environmental heat exposure. As a result, 
the Lexan 90434 polycarbonate material used in this instance 
may not have been suitable. 

The maximum melting-point temperature reported for 
the de-icer tube material was 88C. Because the de-icer tube 
was installed close to the non-insulated bleed air line and per-
forated hot air duct, the surrounding temperature was higher 
than the material could sustain. In this case, the de-icer tube 
collapsed completely, and rendered the empennage de-icing 
system inoperative. As the aircraft was not operating in icing 
conditions, the risk of not having de-icing capability was very 
low. Nonetheless, the same flight in icing conditions could 
have affected the safety of the flight.

Findings as to causes and contributing factors

1. The heat generated by the non-insulated bleed air line af-
fected the integrity of the air ducts and the de-icer tube due to 
their proximity.
2. The hot air ducts were exposed to a temperature that caused 
thermal damage.
3. The material used to manufacture the hot air ducts does not 

resist the highest temperatures to which they may be exposed 
under operating conditions; consequently this material may 
not have been suitable for this purpose.
4. The air escaping from the perforated hot air ducts likely 
caused the appearance of light smoke in the cockpit and the 
cabin.

Other findings

1. The de-icer tube collapsed completely, rendering the em-
pennage de-icing system inoperative.
2. It is likely that the hot air duct inspections were not carried 
out in accordance with the maintenance inspection program.
3. It was not possible to determine if the hot air duct damage 
occurred during this event or if it was due to repeated over-
heating of the system and/or environmental exposure to heat.

Safety action taken

Pascan Aviation Inc. reminded its maintenance personnel to 
closely inspect the hot air ducts and under-floor bleed air line 
installation. As well, flight crews have been reminded to re-
port any problems relating to the bleed air and heating system.

(All the above are excerpts from the Transportation Safety 
Board’s investigation report into this occurrence. The Board au-
thorized the release of this report on July 31, 2014. It was of-
ficially released on September 23, 2014.)  n
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Floods in Quebec. Wild fires in British Columbia. Hurri-
canes in the United States and the Caribbean. Monsoon 
flooding in South Asia. Such natural disasters bring forth 

heroic efforts to protect, rescue and restore. In such efforts, heli-
copters offer unique advantages and capabilities. They are used 
as water bombers to fight forest fires. They are used for search 
and rescue, plucking people from locations unreachable by any 
other means. They are equipped with the most modern emer-
gency room equipment to not only transport patients to hos-
pitals but to be the hospital while in 
route. They deliver relief supplies and 
aid packages to remote regions where 
no airports or even roads exist. They 
can hover in place to allow sophisticat-
ed photographic equipment to record 
vast swathes of landscape for a variety 
of purposes.

At Pratt & Whitney Canada, we 
view helicopters in a very personal 
light. We have developed close re-
lationships with our customers and 
understand the myriad missions 
they fly; missions that often have a 
positive impact on human lives and 
community well-being. With these 
factors in mind, we consider our he-
licopter engines are built for a higher 
purpose because they power mis-
sions that change lives, save lives and simply endeavour to 
make the world a better place.

The evolution of engineering has enabled the technology 
of helicopter flight. Empathy, creativity and the desire to build 
a better world are often the drivers behind missions like those 
I mentioned above. 

Here’s a little history. When Igor Sikorsky débuted his 
VS-300 helicopter around 1940 it was largely met with indif-
ference. Few could see what possible application his ‘flying 
windmill’ could achieve. The fact the Second World War was 
just getting underway was part of the reason for the general 
disinterest. But that fact also meant the military establish-
ment was primed for new technology that could influence the 
war’s outcome and this sector alone ensured the future of 
vertical flight. The United States airforce was the first major 

customer of Sikorsky’s fledgling helicopters and by the Korean 
War (1950-1953) the exceptional value of the unique aircraft 
for purposes such as carrying wounded soldiers to rear-line 
hospitals (remember MASH?), transporting supplies and 
conducting recognizance.

My excitement and passion for the helicopter industry is 
fed by the fact that it’s a story still being written, these days 
largely in civil aviation. During the month of September 2017 
for example, one of our most innovative helicopter engines – 

the PT6C-67A – received certification from Transport Cana-
da. It will power Leonardo’s AW609 Tiltrotor that can take off 
and land vertically, and fly horizontally above adverse weather 
conditions at twice the speed and range of a helicopter.

Undoubtedly, some of the best minds in the business are 
even now conjuring entirely new missions for this aircraft 
given its unique operating characteristics.

Imagine if Sikorsky and other early inventors like him 
could see what the modern-day fruits of their labour have be-
come? I expect they would be astounded by the impact they’ve 
had.  Theirs is an admirable legacy and an unfolding story that 
still captivates us all.

(Irene Makris is Vice President Sales and Marketing at Pratt & 
Whitney Canada.)  n
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The ongoing evolution of helicopters is more than a technical matter. For at least one person, rotor-
craft development is a higher calling.

Helicopter flight: a higher purpose
and compassionate missions

BY IRENE MAKRIS

AMU-Section5.indd   4 1/31/18   8:05 PM



AMU-IBC-OBC.indd   1 1/31/18   8:06 PM



AMU-IBC-OBC.indd   2 1/31/18   8:06 PM




