
Pima County Sheriff Dept’s 2 primary aircraft are a vintage Helio Courier and its
newest addition, a Eurocopter AS350B3e AStar. Staff members at TUS (Intl,
Tucson AZ) are (L–R) Deputy Pat Mackin, Aviation Unit Commander
Sgt Jim Grisham, Maintenance Technician Bill Kincade, Chief
Training Pilot Sgt Chris Janes and Deputy ‘TJ’ Price.
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This year marks the 50th anni -
versary of the start of full-scale
production of the PT6. In one

form or another, this engine is used
on more than 130 different aircraft
types, both fixed and rotary-wing. It
has also been used to power railway
locomotives, 2 Indy cars, a Formula
One car and functions as an APU for
numerous large aircraft. More than
51,000 PT6 engines have been
shipped, and together they have
accumulated nearly 400 million
flight hours.

Genesis

Doug Millar was part of the team
responsible for the design of the
PT6’s power turbine. During WWII
Millar flew Douglas C47s over the
Hump into Burma, and after the war,
in 1952, he obtained his doctorate
from MIT.

After working with Elvie Smith
(later to be Pratt & Whitney’s presi-
dent) at Canada’s National Research
Council, he eventually joined Can -
ad ian Pratt & Whitney in Jan 1957
after convincing Smith to take a job
there. His first task was to support

the design of the JT12, which pow-
ered a variety of aircraft, including
the Canadair CL41 Tutor (the CT114
of RCAF Snowbird fame), the North
American Sabreliner and the Lock -
heed JetStar.

Millar joined Fernand Desrochers,
John Vrana, Elvie Smith, Jack Beau -
regard, Jim Rankin, Allan Newland,
Hugh Langshur, Richard Guthrie,
Arthur Goss and Pete Peterson in Jan
1958 to begin work on Design Study
4, or DS 4—the PT6’s initial designa-
tion. Gordon Hardy, Ken Ellsworth
and Fred Glasspoole joined the team
a little later.
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PAST & PRESENT

50 years of success for P&WC’s
PT6 plus a peek into the future
An overwhelming number of turboprop and helicopter OEMs have
built winning aircraft using this outstanding powerplant design.

Hawker Beechcraft King Air 350

Cutaway of a PT6 showing its unique design features, particu-
larly the reverse air flow arrangement to increase efficiency
and the folded combustor to reduce overall length and weight.

Pilatus PC12

By Mike Venables
Principal, TriLink Technologies Group

Daher-Socata TBM850
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The maximum theoretical power
that can be generated by a turbine
engine is governed by the overall
pressure ratio, the maximum temper-
ature entering the turbines and the
amount of air flowing through the
engine. Losses through a real engine,
including compressor and turbine
inefficiencies, eat away at that maxi-
mum. The diameter (which controls
the air flow) and weight of the
engine are set by the size of the air-
craft that will eventually use that
engine.

DS 4 was intended to produce 500
shaft horsepower (shp), measure no
more than 2 ft in diameter and
weigh about 300 lbs. These design
parameters imposed a few obstacles
that the team had to overcome, the
first of which involv ed the compres-
sor. To get the desired pressure ratio,
more than 3 axial compressor stages
were required and, with the maxi-
mum engine diameter set, the blade
size for the last stages would have
been ridiculously small. The clear-
ance gap at the blade tip would be a
significant percentage of the blade
length, destroying efficiencies. The
solution was to switch to a centrifu-
gal compressor after 3 axial stages.

The turbine design was even more
challenging. The decision to have a
“free turbine” (see below) had
already been made. Using classical
design, that would have meant a 2-
stage turbine to run the compressor
and another 2-stage turbine to power
the propeller (through a gearbox)—
but that was too heavy. Millar was
given the task of doing the job with
1 stage for each.

In front of each stage (or rotor),
there is a row of fixed or “stator”
blades whose function is to swirl the
incoming gases at the correct angle
to hit the spinning rotor blades. To

do the job with 1 stage for the power
turbine required a huge change in
the direction of swirl between the
exit of the compressor turbine and
the entrance of the power turbine,
destroying efficiency. The design
team's solution was to have the
power turbine rotate in the opposite
direction compared with the com-
pressor turbine. This resulted in effi-
ciencies for both turbines on the
order of 90%—an excellent out-
come.

As with most solutions, though,
this caused another challenge. The
shaft from the power turbine would
have to run inside the shaft connect-
ing the compressor and the com-
pressor turbine on its way to the
front of the engine to drive the pro-
peller. The compressor and its tur-
bine rotate at 37,000 rpm, while the
power turbine rotates at about
33,000 rpm. Fernand Desrochers,
who was responsible for stress and
vibration, was horrified. With the tur-
bines rotating in different directions,
the bearing between the 2 shafts
would have to run at 70,000 rpm—
an impossible task. The design team
suggested flipping the engine back to
front so that the power turbine shaft
could connect directly to the gear-
box at the rear (now the front) of the
engine. This further lightened the
engine, as the shaft from the power
turbine would be much shorter.

The first flight was in the nose of a
Beech 18 on May 30, 1961.

A final significant challenge arose
during icing tests. The engine was
very susceptible to icing as the
intake screen on the engine itself
could become almost totally block -
ed. Pete Peterson came up with the
idea for an inertial particle separator
(IPS), which was also described in a
previous article. (See Pro Pilot, Feb

2013, pp 84–88.) The reverse flow
arrangement of the PT6 allows for 2
small doors, as shown in the dia-
gram on p 74. When the pilot acti-
vates the IPS, the forward door clos-
es, diverting the air and forcing it to
make an abrupt 90° turn as it enters
the engine. Most, if not all, of the
supercooled water droplets cannot
make the turn and continue straight
on and out the back of the engine
through the aft door, which is now
open. The same is true for dust and
debris. This greatly reduces the
chance of foreign object damage
(FOD). For normal operations, the
front door is open and the aft door is
closed.

The 1st production PT6 was deliv-
ered to Beech on Dec 22, 1963. It
was installed in a new version of the
piston-powered Queen Air, to be
called the King Air. With approxi-
mately 7000 King Airs produced to
date, this represents 14,000 engines
in one aircraft family!

Design features:
Free turbine

On most smaller turboprop eng -
ines, the gearbox that drives the pro-
peller is connected to the main shaft
of the engine. This means that, when
starting the engine, the battery must
supply enough power to turn the
compressor, the turbines, the gear-
box and the propeller all at the same
time. This requires a lot of power,
which in turn means a larger and
heavier battery. The added inertia is
more likely to cause a slow start,
particularly in cold weather, which
will raise the internal temperatures
and cause increased thermal stress-
es. The PT6, on the other hand, has a
so-called “free” power turbine that
drives only the gearbox and the pro-
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Piper PA46 Meridian

Quest Kodiak

Cessna 208B Grand Caravan
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peller. This means that the starter
only has to drive the relatively light
“gas generator” consisting of the
compressor and the compressor tur-
bine. This results in faster starts that
put less stress on the engine, particu-
larly in cold weather.

There have been several medical
evacuations from the South Pole in
midwinter, when the temperature
can be as low as –90°F. The first 2
were successfully completed by
Twin Otters operated by Kenn Borek
Air. More recent missions have used
Basler DC3 conversions (again oper-
ated by Kenn Borek Air). The com-

mon factor of all these successful
missions has been the PT6 engine,
amply proving the cold weather
capabilities of the design.

Another feature of the free turbine
design is that it’s possible to stop the
propeller without shutting down the
gas generator. This means that a
commuter aircraft can stop the prop
to board passengers without shutting
down the engine, reducing the cycle
count and stress on the engine. On
the lighter side, I once spoke to a
pilot from northern Canada who had
upgraded to a PT6-powered aircraft.
His hobby was ridge soaring, and he

enjoyed the free turbine design
because he could feather the props
for soaring and still have cabin heat
from the gas generators.

Reverse flow

In addition to the reduced weight
and improved turbine efficiencies,
the reverse flow arrangement of the
PT6 has several practical advan-
tages. The main one is that the
power section can be removed from
an engine without actually removing
the engine from the aircraft. The
power section “unplugs,” leaving the
gas generator and all its accessories
(starter/generator, hydraulic pump,
fuel control, etc) on the wing. This
greatly simplifies engine mainte-
nance, hot section inspections, gear-
box overhauls (in the event of a prop
strike), etc.

Folded combustor

The only part of the PT6 where the
airflow direction is “normal,” ie,
front-to-back, is the combustor.
Folding the combustor reduces the
overall length of the engine. One
unplanned benefit is that, as the hot
gas leaves the combustor and is
reversed in the turbine entry duct,
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Inertial particle separator (IPS) system. When activated by the pilot, a small door forward of the
engine intake closes and another further aft opens (indicated by red circles). This forces the
intake air around a sharp bend and debris carries on out the back of the intake duct.

Bypass 
(icing)
position

Normal
position

Sikorsky S76B

Viking Twin Otter

Embraer EMB314 Super Tucano

Piaggio P180 Avanti II
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the centripetal forces stratify the tem-
perature distribution so that the tem-
perature varies from cooler at the
blade root to hotter at the blade
tip—exactly what is wanted for both
maximum efficiency and turbine
disk longevity.

PT6 future evolution

Millar left Pratt & Whitney in 1963
to become a professor at Carleton
University in Ottawa until his retire-
ment. (I had the good fortune to take
a number of Dr Millar’s turbo-
machinery courses as part of my
engineering degree.)

To understand the evolution of the
PT6 from that 1st version (in 1 or 2
aircraft) to the extensive family of
engines that it is today, I spoke to
Pratt & Whitney Canada VP General
Aviation Denis Parisien.

The 1st PT6 was flat rated to 500
shp because of concerns about the
ability of the gearbox to handle
more power and the temperature
limits imposed by the materials of
the day. Since then, tremendous
advances have been made in blade
materials, permitting much higher
temperatures. New machining meth-
ods have allowed the development
of blades with internal cooling
(allowing still higher temperatures)
and new gear technology has
allowed higher power gearboxes. All
of this has combined to allow cre-
ation of a PT6 that can produce
nearly 2000 shp, all within the same
engine diameter—a remarkable feat.

These higher temperatures and
improved manufacturing technolo-
gies have also improved the specific
fuel consumption (SFC)—which is
fuel flow divided by power—by up
to 20% and increased the power-to-
weight ratio by 40%.

Parisien highlighted the impressive
reliability record of the PT6. In my
first job, as a test engineer at Pratt &
Whitney, I saw at first hand the
extensive testing of proposed
enhancements. I recall one test that
involved alternating periods of
ground idle followed by slam accel-
erations to full power. This is very
hard on an engine. We were doing
this test in summer, so we were mys-
tified when, immediately following
one slam accel, the air of the test
cell filled with what looked like
snow. It turned out that a messenger
had been walking in front of the test
cell at the same moment the engine
went to full power, and the envelope
he’d been carrying was sucked out
of his hands. The envelope, and the
paychecks inside, was shredded
instantly!

As a practical example of this reli-
ability, only 2 single-engine aircraft
types are approved for commercial
night IFR operations in Canada—the
Cessna 208 Caravan and the Pilatus
PC12, both powered by PT6s.

The next 50 years

I asked Parisien about the next 50
years. Without actually giving away
the Crown jewels, he gave me
some insight. As he explained it,
Pratt & Whitney Canada has always
looked at new opportunities to
evolve the product line. Aircraft
manufacturers continue to ask the
company to develop PT6 engines
below 600 shp and above 2000
shp. Pratt & Whitney Canada is
open to considering both.
Traditional design approaches
would create challenges—not the
least of which is blade size and
clearances—as you reduce engine
size and try to maintain efficiency.

The R&D group has tackled these
challenges for nearly 50 years—this
is how the engine has grown from
600 shp to nearly 2000 shp. They
are constantly looking at ways to
improve the SFC. (Better SFC trans-
lates into better range and
endurance for the aircraft.)

The latest PT6—the PT6A-140 for
the new Cessna Grand Caravan
EX—has 5% better SFC than the
previous model. Interestingly,
although Pratt & Whitney Canada
has developed some PT6 engines in
the military trainer market with
electronic controls, most PT6 cus-
tomers have found the PT6 easy to
start, operate and adjust the rugged
hydromechanical controls and so
have not been so eager to move to
electronics. Reducing pilot work-
load is another priority. To that end,
P&WC is considering introducing a
FADEC on selected PT6 engines
going forward. 

Pratt & Whitney Canada spends
some $400 million a year on R&D
and a significant portion is spent on
reducing the CO2 footprint.
Combined with its efforts to improve
efficiency, Pratt & Whitney is dedi-
cated to reducing the impact of avia-
tion on the environment. With PT6
fleet total flying hours approaching
400 million—nearly 10 times the
nearest competitor—that positive
impact is significant.

Mike Venables is an
aviation consultant
and freelance writer.
The principal at
TriLink Technologies
Group, Venables has
been involved in the
aerospace industry for

more than 40 years, including aero
engine, airframe, avionics and simulator
manufacturers.
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