
 
 

                                                         
  

 

NEWSLETTER 
Welcome to the 2017 Fall issue of the 
newsletter. This one is coming late but it is full 
of fantastic technical presentations and a bio on 
a Calgary Start-up company. 
 
Look inside to learn about the Canadian 
aviation and the Avro ARROW. 
 

 
 

 
 
This edition also features an article on the 
Athabasca Glacier.   

 
Get an in-depth look at how the Glacier has 
changed over time and the stunning images 
that accompany it.   
 
 



 
 

                                                         
  

Message from the Acting Chairman 
Nigel Shrive 
 
I hope everyone had a relaxing and enjoyable 
summer – all that sunshine! The talks this fall 
will be on the latest knowledge on the THAI 
process for extracting oil from the oilsands, on 
the Pinecreek sewage treatment plant and all 
the research going on there, and on climate 
change. Your executive hopes these will be of 
interest to members.  
 
Indeed, the executive met over the summer to 
discuss our purpose and whether we were 
providing the sorts of activities that you, the 
members would like. The Institutions are 
learned societies, so our prime enterprise is to 
provide opportunity to learn about the 
engineering relevant and of interest to 
members, mainly local. This we try to provide 
through the technical talks, and the topics cover 
the range of technology encompassed by the 
Institutions participating in the group, and 
topics of general interest. However, the 
executive would very much like to hear from 
members as to other things we could organize – 
we have for example, taken an active role in the 
“Present Around The World” competition 
sponsored by the IET. This competition 
challenges young people to make a 
presentation on a technical issue in 10 minutes.  
 
Winners locally then compete regionally and 
then internationally in the UK. We were pleased 
that the winner of PATW in 2015 was from 
Calgary! The local winner in Calgary this year 
was Gideon Mentie from Brooks, studying 
engineering at the University of Calgary, we are 
excited to see how he will progresses. We try to 
run a competition every year in Edmonton as 
we have some support there and would 
appreciate members in Saskatoon and Regina 
helping us establish local competitions in those 
cities. Please volunteer (judge, organizer) for 
any of the locations – contact anyone on the 
executive – thanks! It is a great way to meet 

young engineers and get them excited about 
international horizons.  
 
If you have ideas on what other 
services/activities the executive could organize, 
please do contact one of us. You joined an 
Institution for a reason and you pay your 
membership fees – we would love to see you at 
the meetings. 
 
Nigel Shrive 

 
Technical Presentations 
 
Avro Arrow II- Scale Replica 
February 22nd, 2017 
 
Paul Gies, Vice-President, Avro Museum 
 
Avro 2000 Project History 

The project to recreate the famous Avro Arrow 

high performance military interceptor is the 

brainchild of the Avro Museum, a volunteer 

organisation dedicated to preserving and 

presenting the accomplishments of A.V. Roe 

Canada as a world leader in the early age of jet 

aircraft.  

The Avro Museum ( see www.avromuseum 

.com), has exhaustively researched the history 

of the A.V.Roe Canada company and its 

accomplishments, and the men and women 

who made possible the creation of famous 

airplanes conceived at the dawn of jet aviation. 

The goal of the Avro Museum is to preserve the 

A.V. Roe Canada story and to build a flying 

piloted replica of the Avro Arrow so that 

Canadians might see it fly once again.  



 
 

                                                         
  

 

Figure 1: Avro Arrow 

The headquarters of Avro Museum has moved 

from its long-time home in Ogden, Calgary to 

our Springbank Airport hangar located at Unit 

20, 229 Avro Lane, Calgary, Alberta, Canada. 

From The Avro Museum’s hangar, the 

construction of a 60% scale piloted replica of 

the Arrow is well underway. 

All are welcome to visit the hangar during one 

of our public open houses, held on the second 

Sunday of each month between 12pm - 3pm. 

The Avro Museum started in 1997, when a 

group of volunteers came together with the 

intent of building a piloted replica of the Avro 

Arrow. In due course, an Alberta society was 

formed and registered as Arrow 2000 Project. 

The organization was also registered as a 

charitable, non-profit organization with 

Revenue Canada.  Their goal was to build a 

piloted replica of the CF-105 Avro Arrow within 

the constraints of Canadian legislation 

restricting recreational aircraft.   

The replica will be powered by two Pratt and 

Whitney turbo-fan jet turbine engines and is 

designed to cruise at 300 knots air speed at a 

maximum altitude of 30,000 feet. All design 

work has been conducted in Imperial units as 

was the original plane. A full specification sheet 

for the replica is appended to this article. 

Initial research for the replica aircraft project 

took some 8 years and resulted in the group 

receiving a multitude of Avro historical technical 

documents and media references.  In honor of 

this growing collection, the name of the 

organization was changed to A. V. Roe Canada 

Aviation Museum Association (Avro Museum). 

 

Figure 2: Avro Historical Document 

Museum volunteers have preserved the Avro 

Arrow story with an extensive Avro timeline.  

This saga details the events leading up to the 

politically motivated demise of the CF 105 (see 

http://www.avromuseum.com/uploads/1/8/3/

9/18390559/avro_timeline_sorted_by_date. 

pdf)  

 

The volunteer team continues to raise the funds 

necessary for the Arrow II replica aircraft 

project itself.  Construction of a 60% scale, 

piloted replica of Canada’s Avro Arrow began in 

October 2007 at Hanger 20 at Springbank 

Airport, west of Calgary and volunteer work is 

ongoing.  The research and design work is 

completed as well as a flight simulator and the 

prototype fuselage has been constructed.  Work 

is now underway on the wings in a larger 

hangar of sufficient size to accommodate the 

entire replica and project offices. (Hangar no 

29). 

A.V.Roe Canada –some historical facts 

http://www.avromuseum.com/uploads/1/8/3/9/18390559/avro_timeline_sorted_by_date.%20pdf
http://www.avromuseum.com/uploads/1/8/3/9/18390559/avro_timeline_sorted_by_date.%20pdf
http://www.avromuseum.com/uploads/1/8/3/9/18390559/avro_timeline_sorted_by_date.%20pdf


 
 

                                                         
  

A.V. Roe had a long history of aircraft 

manufacture in Great Britain prior to coming to 

Canada in December 1945 to take advantage of 

the trained aviation labour force left 

unemployed with shut down of aircraft 

production at the conclusion of World War Two. 

A.V. Roe Canada Ltd was a subsidiary of the 

Hawker Siddeley Group of Great Britain, which 

retained 60% ownership. 

The company grew to be the third largest 

employer in Canada by 1959, employing some 

14,300 people at the time of the cancellation of 

the Arrow.  

The human tragedy in the demise of the Arrow 

was the plight of employees who confident in 

the future of A.V. Roe, invested heavily in the 

company only to lose everything when the 

Arrow program was suddenly terminated. 

Avro Aircraft that built the Jetliner, Canuck and 

Arrow aircraft, and Orenda Engines that built 

the Chinook, Orenda and Iroquois engines, were 

but two of twelve different companies that 

made up A.V. Roe Canada in 1959. 

The company took over the Victory Aircraft 

Plant at Malton, Ontario where Canada built the 

Lancaster bomber during World War Two – now 

the site of Pearson International Airport. 

 

Figure 3: Victory Aircraft Plant 

 

Figure 4: Avro Aircraft 

A.V. Roe Canada Ltd. assets were sold for 16.2 

million dollars in July 1962 - following the Feb 

1959 termination of the Arrow and Iroquois 

programs by the Government. 

Crawford Gordon, the flamboyant president of 

A.V. Roe resigned his position July 2, 1959 only 

to die alone and destitute some years later in 

New York. 

Fred Smye vice-president of A.V. Roe at the age 

of 32 years, resigned his position in frustration 

following the Arrow cancellation, retired to 

Portugal, and never to set foot in Canada again 



 
 

                                                         
  

and was never involved in another aircraft 

project. 

At the time of the cancellation of the Arrow, 

A.V.Roe Canada was also working on the first jet 

propelled civilian passenger airliner.  This 

project was deferred at the request of the 

Canadian government in favour of an urgently 

needed supersonic interceptor to interdict the 

growing menace of the growing Russian bomber 

fleet able to deliver nuclear weapons over the 

Arctic pole. The honour of producing the first jet 

liner subsequently went to the British de 

Havilland company, maker of the Comet DH 106 

jet aircraft.  

Conceived in 1945, with the support of the 

Canadian Government, the Avro C102 Jetliner 

was designed to satisfy a Trans Canada Airlines 

(TCA) specification for a new transport aircraft.  

Avro’s new Jetliner was designed as an inter-city 

regional jet, with a top speed in excess of 500 

mph and a service altitude of 35,000 ft.  

Avro’s Jetliner flew for the first time on August 

10, 1949. 

Canada’s Jetliner was the first jet transport in 

North America and second in the world by only 

13 days to Britain’s ill-fated de Havilland Comet 

which, following a series of fatal crashes, 

required a total redesign before re-entering 

service in 1958. 

 

 

Figure 5: Advertising poster 1 



 
 

                                                         
  

 

Figure 6: Subsonic Canuck 

The Arrow’s supposed replacement was the 

unsuccessful Bomarc missile.   

With the cancellation of the Arrow 

program, and the replacement Bomarc 

Missile System still failing in testing, Canada 

was left essentially defenseless for two and 

half years during the height of the Cold War 

with Russia. 

The Avro Arrow CF-105 was not the first jet 

fighter produced by A.V.Roe Canada.  The 

company designed and built the CF-100 Canuck 

which first flew in January 1950.  

The CF100 Canuck was the first Canadian 

designed military fighter aircraft to go into 

production – 692 were built. 

Canuck fighter squadrons served NATO from 

1956 to 1962. 

The Canadian Government chose to keep the 

aging subsonic Canuck even as it terminated 

production of the supersonic Arrow interceptor 

in 1959. 

The A.V.Roe CF-105 – the Arrow 

The Arrow supersonic interceptor was Canada’s 

response to the Cold War threat of Russia 

attacking the North American continent over 

the Canadian Arctic. 

In April 1953, the RCAF issued Specification AIR 

7-3 for an all-weather military aircraft capable 

of Mach 1.5 at 50.000 ft. – it was the most 

demanding specification in the world and 

international aircraft manufacturers said it 

simply couldn’t be done – Avro Canada 

accepted the challenge. 

Launching into simultaneous programs to 

develop working prototypes and create a 

production line before the concept was proven, 

Avro Canada proceeded to flying production 

models within five years – an unmatched 

stupendous achievement.  

 

Figure 7: A.V.Roe 

 

 



 
 

                                                         
  

 

Figure 8: A.V.Roe Factory 

  

Figure 9: A.V.Roe Exhibition 

The specification required an aircraft that could 

operate in 100 degrees Fahrenheit above or 

below zero.  Avro had to resort to strong light-

weight materials like titanium previously 

unused in aviation and discover ways to work, 

form and mould this material.  

The Arrow could go from an idle on the runway 

to an in-flight cruise speed of Mach 0.92 in just 

90 seconds. The Arrow, flying at a subsonic 

cruise of Mach 0.92 had a projected range of 

some 750 miles compared to the 350 miles of 

the Bomarc missiles that were supposed to 

replace it as Canada’s defence against intruding 

bombers. 

 

Figure 10: Bomarc Missile 

Operating from it’s own hangar, the Arrow 

could be completely refueled and re-armed for 

take off in less than six minutes. All munitions 

were carried internally. The weapons bay on an 

Arrow was larger than the bomb bay on a World 

War Two B-17 bomber. It was unique in concept 

being modularised to permit rapid re-

armament.  

The Arrow’s computerized flight control and 

weapons systems made it the world’s first fly-

by-wire aircraft. The two flight computers on 

the CF-105 were analog devices. 

Avro publicly unveiled its CF 105 Avro Arrow in 

a rollout ceremony at Malton Plant on Oct 4, 

1957 – the same day Russia successfully 

launched its very first Sputnik satellite into 



 
 

                                                         
  

space, greatly increasing Cold War tensions.      

 

Figure 11: Avro Exhibition 2 

 

Figure 12: Arrow RL 

Canada’s first Arrow, RL 201 flew for the first 

time on March 25, 1958. 

Built at a time when aircraft typically could only 

break the sound barrier speed of Mach 1.0 in a 

dive - the Arrow RL 201 broke the sound barrier 

in a steep climb on only it’s third flight on April 

3, 1958. 

 

Figure 13: Arrow RL in flight 

 

Figure 14: Arrow RL taking off 

While the first Arrow to fly broke the sound 

barrier on only its third flight – the second 

Arrow, on its second flight – the third Arrow 

broke the sound barrier on its maiden flight. 

These feats stand as strong testament to the 

outstanding achievements in design, 

engineering and manufacturing at Avro Canada. 

The first Mk 1 Arrows had a climb rate of 38,450 

ft/minute – the estimated rate of climb for the 

more powerful Iroquois engine- powered Mk 2 

aircraft was 44,500 ft/minute.  Although there 

were five test aircraft, no two Arrows were ever 

in the air at one time as Avro only had one 

telemetry flight test recording system. 

 



 
 

                                                         
  

 

Figure 15: Arrow RL after taking off 

 

Figure 16: Arrow RL model 

Designed to fly Mach 1.5, the Mk 1 test aircraft 

RL 202 was recorded at Mach 1.98 on Nov 11, 

1958. The World Encyclopedia of Aircraft lists 

the Canadian Avro Arrow as a Mach 2.4 aircraft. 

Test pilots report that the prototypes routinely 

flew at Mach 2.5 but were recorded at 1.98 to 

comply with the DOD specification. 

 

 

Figure 17: Arrow RL drawing 

 

Figure 18: Arrow RL in space 

A large aircraft, the 100,000 hp required for the 

Arrow to fly supersonic, consumed a quarter 

ton or one hundred gallons of fuel per minute; 

definitely a gas-guzzler. Empty, the Arrow 

weighed 48,821 pounds – with full internal fuel, 

some 68,664 pounds. 

The Arrow carried 19,849 pounds or 2,544 gals 

of fuel that was being constantly pumped thru 

fourteen separate tanks to preserve the balance 

of the aircraft in flight. 



 
 

                                                         
  

The first five MK 1 Arrows had Pratt & Whitney 

J75 engines with each having a dry thrust of 

12,500 lbs of “dry” and some 19,250 lbs of 

“wet” thrust with afterburner. 

 

Figure 19: Arrow Mk 

Testing the Arrow Mk 1 Orenda engine on a 

loaned US B-47 bomber. 

The Mk 2 Arrows with the Canadian Iroquois 

engines would have had 19,250 lbs of “dry” 

thrust and 26,000 lbs of “wet” or afterburner 

thrust.  

 

The Iroquois would go from idle to full dry 

thrust in just 2.8 seconds or to full afterburner 

26,000 lb thrust in only 4.5 seconds after 

opening the throttle. 

Black Friday for the Arrow was– Feb 20, 1959.  

At the recommendation of a Defense Minister 

who had come to believe manned interceptors 

were obsolete in the age of missiles, the entire 

Arrow and Iroquois engine programs were 

cancelled by the Canadian Government. 

Canceling the Arrow program instantly put 

14,300 Avro employees out of work along with 

a similar number employed by the program’s 

650 subcontractors. 

“In a subsequent memo dated March 26 1959, 

RCAF Air Marshall Hugh Campbell 

recommended to the Defense Minister that all 

Arrow airframes, engines, engineering and test 

data be reduced to scrap to avoid the 

embarrassment of such material ever being put 

on public display.” 

“The Canadian Armament Research & 

Development Establishment, in a report 

published two years after the aircraft were 

destroyed, reported that the Avro Arrow had 

met 95% of its specification in only 72 hours of 

test flights.” 

 

Figure 20: Arrow parking 

 

Figure 21: Arrow Mark 1 

 



 
 

                                                         
  

 

 

Figure 22: Arrow RL 201 

The Arrow 2000 project - The Avro Arrow II 

 

Figure 23: Arrow museum drawing 

 

 

 

 

SPECIFICATIONS 

 
Figure 24: Avro Arrow II 

Avro Arrow II Dimensions  
60% scale of the original aircraft  
Length: 46.7ft  
Height: 12.7ft  
Wing - span: 30.0ft Chord (avg): 18.1ft Area: 
441sq/ft  
Sweep: 61.5degrees Wheel base: 18ft-5ins  
 
Performance  
Max range: 1535NM  
Min takeoff field length: 1000ft  
Min landing field length: 800ft  
“G” load: +10/-8  
Max climb rate: 12,000ft/min  
Best angle of climb: 47 degrees  
Glide ratio: 12:1  
Max altitude (non-RVSM): 28,000ft  
Time: T.O. to cruise@28,000ft: 5min,50sec  
 
Speeds  
Takeoff: 90kts  

Best rate climb: 200kts  

Max cruise (TAS): 500kts (.92mach)  

Gear operation: 150kts Gear extended: 175kts  

Best range cruise: 300kts @ 28,000ft  

Final approach: 120kts Threshold: 85kts Stall: 

61kts 



 
 

                                                         
  

The following data is derived from simulation 
testing.  
 
General aircraft specifications  
Fuselage construction: Fiberglass  
Wing and fin: Carbon fiber  
Fuel tanks: Composite  
Flight controls: fly by wire  
Instruments: Touch screen/autopilot  
Lighting: LED  
 
Weights  
Empty wt: 5500lbs Max ramp wt: 8,300lbs  
Max Takeoff wt: 8,200lbs  
Useful load: 2,800lbs  
Max landing wt: 8,200lbs  
Typical demonstration takeoff wt: 6,300lbs  
 
Powerplant  
Two Pratt and Whitney JT-15D-4 Turbo fans  
2500lbs thrust each  
Thrust to wt ratio: .62 to 1  
FF @ 300kt cruise @ 28,000ft: 242lbs/hr/side  
Max fuel flow: 1360PPH 
 Max 5mins at 100% thrust  
 

 

Figure 25: A screenshot of Arrow II in the X-
Plane flight simulator softwar 

 
Arrow II  
Replica Avro Arrow Project Fabrication Plan  
 

Arrow II is an amateur built, 2/3 scale, piloted, 

high performance reproduction of the original 

CF-105. Over eight years of research were 

required to duplicate the proven aerodynamic 

shape of the aircraft before commencing 

construction under Canadian Recreational 

Aircraft legislation.   

 Figure 26: Arrow II replica side view 

 

Figure 27: Arrow II replicate top view 

While original aerodynamics have been 

paramount in the design of the replica, 

everything beneath the final paint layer has 

required innovative composite construction 

with graphite layered material, structural re-

design and labour intensive mold fabrication. 

The following graphic design plan also outlines 

the construction process. 

Simulator 

Construction of a computerized flight simulator 

started in 2009. Based on five separate 

computer modules supporting three 42” plasma 



 
 

                                                         
  

screens, this simulator is being used to evaluate 

aerodynamic design, structural integrity and 

flight performance as well as being used analyze 

the flight envelope and to train flight crews.   

Fuselage Fabrication  
 
This aircraft is a composite structure comprised 
of the forward (cockpit) section and middle 
(nacelle) section external shell structures and 
internal duct components. The aft (engine) 
section to be built later is but a pair of 
removable access panels covering engines 
affixed to wing spar structures. This phase 
requires extensive fabrication of individual 
molds for composite unit parts. 
 

 
Test - Fuel Tank  
 
A group of six small cubes representing 
miniature fuel tanks were constructed from 
aircraft grade foam and lined with various 
sealers. Once cured, the tanks were filled with 
jet fuel and set aside to test their long term 
ability to contain fuel without deterioration – 
the test tanks have been stored full of fuel since 
2007. This testing is ongoing.  
 
Test - Wing Spar  
 
Multiple test sections of various spar structural 
designs have been built for testing using various 
combinations of materials. Sections of these 
designs will be tested to destruction prior to a 
completed spar unit undergoing design limit 
testing. 

 
While original aerodynamics have been 
paramount in the design of the replica, 
everything beneath the final paint layer has 
required innovative composite construction 
with graphite layered material, structural re-
design and labour intensive mold fabrication. 
The following graphic design plan also outlines 
the construction process. 
 
Test Wing Skin  
Wing skin design is evolving thru evaluation of 
test sections comprised of various combinations 
of composite materials. Designs will be tested 
to wing load G-force specification. 
 

 
Landing Gear Fabrication 
  
Development of landing gear involves 
engineering a new concept for this replica 
aircraft. The gear will be tested in accordance 
with operating parameters for the replica 
aircraft’s size, weight and general configuration. 
 

 
 
Fin / Rudder  
 
A vital control element of aircraft design, the fin 
and rudder assembly is simple in outward 
appearance, but it does come under 
considerable stress in that it hosts a multitude 



 
 

                                                         
  

of structural and mechanical components 
necessary to proper control of the aircraft. 

 
 
Inner Wing  
The wing is the primary structure of the Arrow 

design, as it is the source of support for the 

weight/stresses associated with fuel load, 

engines, fin/rudder, main landing, the fuselage, 

and by extension the nose landing gear. 

Duplicating the original wing’s thin super-sonic 

3.75% airfoil section, requires that this 

composite structure be extremely strong in 

design and tested to operating parameters for 

all that it supports. 

 

Outer Wing  
An extension of the tapered inner wing airfoil / 

plan form, the composite outer wing panel 

becomes ever thinner. While beyond the 

structural stresses imposed by the main landing 

gear, it must, despite its thin airfoil section, 

have the integral strength to support its share 

of the aircraft wing loads and control loads. 

 

Cockpit Mockup  
The purpose of building a replica cockpit is two 

fold; it will be used to locate equipment and 

controls within the confines of the interior walls 

of the cockpit / canopy and subsequently tested 

in use with the flight simulator to evaluate the 

aircraft’s design. 

 

Cockpit Fabrication  
Basically a transfer of the mock-up design into 

the actual aircraft, the cockpit becomes the 

most complex area of the aircraft. Controlling 

every aspect of unit operation and flight, 

internal installations range from the comfort of 

seat positions, to the view, accessibility and 

functionality of all instruments / controls. 

 



 
 

                                                         
  

Engine Installation and Testing  
While the Replica Arrow is large enough to 

accept a variety of turbofan engines.  As the 

aircraft is by design intended for dramatic 

public demonstration of Canada’s iconic Avro 

Arrow jet, power must approximate the original 

aircraft’s 1:1 thrust-weight ratio - for the replica 

the Avro Museum was able to acquire two Pratt 

& Whitney JT-15D-4 Turbo Fans with a 

combined  static thrust of 5000 lbs. 

 

Our Arrow II project is progressing nicely. The 

spars are in place and connected and the first of 

the wing ribs have been fit and tacked in place. 

We’re looking forward to easier progress now 

that the wing’s basic frame is established. The 

next step will be molds for the wing skins and 

the fabrication of fuel tanks. 

 

Figure 28: Arrow II is finally showing its huge 
delta wing shape 

Visitors to the recent open house were 

impressed with the sight of all the black carbon 

wing spars resting in their jigs.  

 

Figure 29: Avro assembly I 

 

Figure 30: Avro assembly II 

 

 

Figure 31: Avro assembly III 



 
 

                                                         
  

The spars are currently being trial fitted for 

proper size and bevel of the end joints. The 

spars will come out one last time to have center 

sections reinforced, landing gear rotation hard 

points installed, along with various mounting 

brackets for fuel tanks and flight controls. 

 
Figure 32: Spars I 

 
Figure 33: Spars II 

he test was one of elastic deformation under 

static load.  The model was supported at the 

main landing gear pivots while subjected to a 

point load of 182 lb weight at the centre point 

between simulated sides of the fuselage. 

This model sustained the equivalent of 30 g’s 

with minimal deflection, suggesting that the 

full=scale carbon spar will withstand well in 

excess of the 10 g design requirement. 

 

 

 

 

 

Figure 34: Avro assembly IV 

 

Figure 35: Avro assembly V 

 

Figure 36: Avro assembly VI 



 
 

                                                         
  

 

Figure 37: Avro assembly VII 

The currently anticipated completion date for 

the working Arrow replica is in 2020.   

Bear in mind that the project is entirely 

dependent on volunteer labour and on-going 

fund-raining for materials and equipment and 

as such has to have a flexible time-line. 

 

See the linked video at 

http://www.avromuseum.com/project-

updates for a quick time lapse video of our 

recent build night. 

 

PROJECT STATUS –estimated overall completion 50% 

     

ITEM % 
Material 

% 
Concept 

% 
Design 

% 
Fabrication 

Fuselage 70 75 75 70 

Engine bays 20 40 10   0 

Cockpit 
Mockup 

100 90 50 45 

Cockpit 10 70 60 20 

Nose gear   0 70 30   0 

Main gear 
mockup 

100 100 100 100 

Main gear 70 100 95   0 

Main test 
spar 

100 100 100 100 

Inner wing 80 80 70 40 

Outer wing 80 80 75 5570 

Fin/rudder 70 60 70 50 

Flight 
controls 

  0 90 40   0 

Systems:     

Avionics   0 90 80 10 

Electrical   0 80 70   0 

Electro-
Hydraulic 

50 85 70   0 

Fuel   0 80 70   0 

Simulator Setup and systems -100%; Flight testing -
50%; Avionics-10% 

Manuals Test program- 90%; Flight 50%; Pilot- 80% 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.avromuseum.com/project-updates
http://www.avromuseum.com/project-updates


 
 

                                                         
  

Induction Bends for CSA Z662 Pipeline 
Applications 
March 8th, 2017 
 
Roy Baguley, P.Eng 
 
Our March Technical presentation was related 

to a technology that is used in pipelines all 

through Canada.  If a pipeline design requires a 

change of direction the straight lengths of 

pipeline material will be formed into the desired 

long radius bend.  

Roy’s presentation explained the induction 

bending process, discussed the relevant 

industry standards, reviewed basic metallurgy 

concepts associated with bend manufacture, 

introduced the idea of a bending procedure 

specification, procedure qualification record 

including essential variables and highlighted an 

awareness of potential pitfalls during bend 

specification or manufacture. 

The four parts of the machine used in the 

bending process were explained, it consists of a 

fixed frame with rollers to hold the pipe to be 

bent, an adjustable radius bending arm to form 

the bend, an induction coil mounted to heat a 

small section of the pipe to be bent to very high 

temperatures and a pushing device mounted on 

the frame to move the pipe in the axial 

direction with enough force to plastically 

deform the induction heated band creating a 

smooth, uniform and continuous bend having 

the radius and angle specified by the purchaser. 

Induction bending is intuitively simple but the 

presentation showed the sophisticated 

technology needed to obtain the desired bend 

strength, toughness and dimensional 

characteristics.  The presentation highlighted 

the technical challenges of bending high 

strength materials with a yield strength of more 

than 414 MPa, a material often chosen to be 

used in modern pipelines. 

A highlight of the presentation was the 

craftsmanship and knowledge that is required 

to produce these high quality bends, the 

interior of the pipe to be formed is often 

supported by wooden braces manually 

hammered into position, the operator positions 

heating torches and cooling water sprays onto 

the pipe after it is formed to control the cooling 

to maximize the original material 

characteristics, finally a sample bend from every 

batch is inspected and tested to prove the bend 

integrity. 

Why have our Canadian Rocky Mountain 
Glaciers and Arctic Ice Receded? 
April 12th, 2017 
 
Kurt Hansen, P.Eng 

Athabasca Glacier 1913 and 2012 

Kurt Hansen gave a fascinating presentation on 
Western Canadas Artic ice, mountain glaciers 
and long-term weather changes for the Rocky 
Mountains. These changes where based on 14 
Canadian stations with long-term records going 
back to the 1890s and early 1900s. 

Trend analyses where specific to seasonal 
precipitation and average temperature 
variables (using historic daily data publically 
available from Environment Canada web site, as 
well as monthly homogenized temperature and 
adjusted precipitation data). 
 

Figure 38: Glacier over time 



 
 

                                                         
  

Kurt showed that indicators of climate change 
trends are developed for the warm and cold 
weather seasons respectively (approximately 
April through September and October through 
March for the Rocky Mountain stations). 
 
The major finding was that cold period snowfall 
has been declining slightly in the Rocky 
Mountains, but not enough to explain the 
receding of glaciers, which is due to increasing 
warm period temperatures. 
 
The conclusion and reflection form the 
presentation showed that:- 
 
1. Snow and temperature weather record data 

(over the last 100 years) show that the 
temperature budget trend is the major 
cause of reduced cold period snowfall (and 
reduced snow accumulation) in the 
Canadian Rocky Mountains. N. of 53 
latitude snowfall increases have occurred, 
but not enough to accumulate and 
counteract the increasing temperature 
budget trend. These trends are attributed 
to more frequently intruding Pacific Ocean 
weather systems over time (versus the 
frequency of Arctic weather system 
intrusions) 
 

2. Proxy temperature data show the same 
trend since about 1700 AD (and the 
opposite trend for the previous 650 years: 
1150-1700 AD), within an approximate 
30,000-year completed inter-glacial 
warming period (out of 50,000 years) 

 
3. We know minimal about recent and near-

future long-term climate changes regardless 
of the current scientific efforts to single out 
the effect of anthropogenic GHG emissions 
and land use changes. Temperature trends 
on the prairies show only two periods of 
significant warming trend – most recent one 
being 1970-1988 and the other period (prior 
to 1905), with limited temporal and spatial 

coverage. Precipitation changes follows the 
same patterns 
 

4. The 1930s were characterized by the largest 
summer temperature increase for over a 
century. The summer precipitation was 
actually in a period of increase. 
 

 

Runway Systems and the Modern Field 
Electrical Centre 
May 10th, 2017 
 
Derrick Stableford, MIET, LCGI, EngTech, CET. 
Electrical, Instrumentation and Controls 
Designer Associated Engineering 
 

An airport runway is complex mixture of 
different electrical systems designed to get an 
aircraft from the air to the gate- its like the 
doorman moving you from your conveyance 
across to the door of the hotel, where you are 
offloaded. 
 
These systems include the approach lighting, 
where the pilots run the rabbit- follow in the 

Figure 40: Glacier 1942 

Figure 39: Glacier marker from 1942 



 
 

                                                         
  

flashing strobing lights designed to get their 
attention from miles out. 
 
In approach there are a number of systems such 
as the PAPI, A PAPI is a visual system of 
approach and localizer antenna array gives an 
electronic radio mesh in the sky where an 
aircraft can precisely tell where they are in 
relation to the runway, even if they cannot see 
it, which are designed to bring in an aircraft 
safely, and without harm in a number of 
different conditions. These systems are only 
seen by the pilots in their approach. 
 
Runway lighting is the most obvious system, 
and is an internationally agreed upon method of 
lighting all runways in the world. It incorporates 
lighting control for stop bars, and taxiway 
routing directions for pilots so that they can get 
to the gate without meeting other aircraft on 
their routes, or having runway incursions which 
add to everyone’s paperwork for the day- so is 
generally unwanted.   
 
Runway lighting is a series high voltage 
installation, with the voltages varying between 
5 KV and 10 KV in a number of stages depending 
on conditions 
 
All these systems are under the control of 
NAVCanada up in the tower. 
 
When an airport is expecting poor weather, 
they will generally run on generator power, and 
fallback to grid, so that the systems are 
supported in place without break. 
 
YYC, has over 5000 LED fixtures, with over 50km 
of cable in the new runway expansion, fed from 
a new Field Electrical Centre, or FEC- this is the 
beating heart of the airside systems. 
 
 
 
 
 
 

Cellular Wireless Evolution and the Path to 5G 
June 14th, 2017 
 
Dr. Kevin Murray, IET, Director of Engineering at 
QUALCOMM Engineering Services Group (ESG) 
Kevin gave a presentation reviewing the 

evolution of wireless technology from its 

inception in the 80’s to today’s ultra-fast 4G 

networks devices and Frequency Division 

Multiple Access beyond to 5G.   

Cellular networks today are enormous in scope 

supporting nearly 5 billion subscribers and over 

8 billion unique connections. Driven by 

subscriber behavior and the availability of ever 

more sophisticated devices, data rather than 

voice now dominates wireless. For example, 

smartphone penetration now tops 65% of the 

population in developed countries and there 

has been a 40x increase in the amount of data 

transferred in the six years through the end of 

2016.  

To keep up with ever increasing demand, 

cellular technology has evolved significantly 

from the simple first generation (1G) systems 

utilizing simple Frequency Division Multiple 

Access (FDMA) to carry a voice call over a 

narrow band frequency channel. Digital voice 

enhanced capacity and enabled Time Division 

Multiple Access (TDMA) to be introduced 

enabling voice networks to significantly increase 

the number of simultaneous calls in the same 

bandwidth. Code Division Multiple Access 

(CDMA) enhanced voice capacity further with 

the introduction of a cellular access scheme 

allowing the efficient use of a larger bandwidth 

for not only voice but also data transmissions of 

various data rates. In CDMA, multiple 

simultaneous transmissions are possible over a 

single channel using orthogonal spreading 

codes. Higher rate transmissions coexist with 

lower rate (or voice) transmissions through the 

variation of the spreading factor associated with 

the code assigned to each user. 



 
 

                                                         
  

As 3G networks were deployed, data traffic 

continued to grow and it became apparent that 

the usage pattern was shifting from voice 

centric towards data centric devices. This 

necessitated the development of a new access 

scheme for the next, fourth generation 

networks and beyond. The key requirements 

were high spectral efficiency and ease of 

scalability. For this purpose, Orthogonal 

Frequency Division Multiple Access (OFDMA) 

was chosen. Here a large number of orthogonal, 

closely spaced tones are employed resulting in a 

highly spectral efficient system that is easily 

scalable and resistance to multipath fading.  

 Modulation Methods 

OFDMA is the basis of Long Term Evolution 

(LTE), the 4th Generation system employed by 

cellular operators worldwide. LTE offers many 

advantages over its predecessors enabling high 

data rates with low latency.  It can be deployed 

in a flexible manner across many bandwidths. 

LTE is standardized by the collaboration 

between groups of telecommunications 

associations named 3rd Generation Partnership 

project (3GPP) and the first release of the 

technology enabled data rates up to 300Mbps 

for the downlink and 75MBps in the uplink.  

A key aspect of improving data rate in LTE is the 
use of Multiple Input-Multiple Output (MIMO) 
technology. Using multiple antennas on the 
transmitter and receiver, significant spectral 
efficiency improvements can be gained through 
the effective utilization of the multipath 
(signals reaching the receiving antenna by 
multiple paths) rich radio channel. 
Theoretically, gains as high as the number of 
antennas employed at each end of the radio link 
can be attained. Initially, LTE offered up to 4x4 
MIMO allowing the transmissions of four 
parallel streams of data in the downlink 
direction, but all utilizing the same single set of 
resources. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41: Modulation Methods 
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Later releases of the standard increased the 

maximum rank offered in the downlink 

direction to up to 8 and also introduce MIMO in 

the uplink direction too. 

Higher order modulation is also another key 

aspect of LTE that enables higher spectral 

efficiency. Legacy cellular systems relied on 

either Binary Phase-Shift Keying (BPSK) or 

Quadrature Phase-Shift Keying (QPSK) 

modulation offering the transmission of 1 or 2 

information bits per modulation symbol 

respectively. In LTE, 64QAM (Quadrature 

Amplitude Modulation) and later 256QAM are 

offered enabling the transmission of 6 and 8 

information bits per modulation symbol when 

channel conditions allow. 

Further evolution of LTE has focused on the 

effective use of fragmented spectrum. As 

previous generation systems are 

decommissioned, network operators have 

available to them multiple spectrum assets 

across multiple frequency bands. So-called 

Carrier Aggregation (CA) enables these 

disparate frequency blocks to aggregated 

together to transmit data to a single user 

simultaneously. Two benefits of this are not 

only the increased individual user throughput, 

but also the capacity gain from the network 

perspective due to trunking efficiency. The 

applicability of CA is further enhanced by the 

ability to utilize unlicensed spectrum at 5GHz 

that is typically used for WiFi as a component 

carrier in a mode known as Licensed Assisted 

Access (LAA). 

The features described above are all available in 

today’s deployed 4G networks. An additional 

component of Kevin’s presentation focused on 

the evolution of 4G towards the Fifth 

Generation (5G). With 5G, additional 

applications for cellular wireless are envisioned.  

As with 4G, further enhancing mobile 

broadband performance plays a key role with 

the prospect of even faster, lower latency, 

multi-gigabit connections. Applications such as 

the streaming of 4k video and virtual reality will 

be possible at a lower cost per bit. 5G will 

additionally enable new mission-critical 

services. Up to this point, a wireless cellular 

connection is highly reliable, but still unsuitable 

for fail-safe or mission critical applications. With 

5G, applications such as drone control, 

autonomous cars and highly secure connections 

will be supported.  

Finally, 5G will support the progression of the 
so-called Internet-of-Things (IoT) by providing 
high quality of service wireless communication 
channels. It is estimated that by 2020 there will 
be approximately 25 billion connected devices 
covering a diverse array of IoT applications such 
as smart cities, smart homes, wearables, 
transport and distribution tracking, etc. This will 
require different and novel approaches 
compared to those currently applied in 
provisioning cellular networks. 
 

 

 

 

 

Figure 43: Dr. Kevin Murray 



 
 

                                                         
  

 

FREDsence Technology 

Calgary Based Startup by our very own Emily 

Hicks 

Do you really know what’s in your water? 

Chances are you have no idea and that’s 

because even though water is so vital to our 

lives and to virtually every industry on earth, we 

don’t have a lot of good ways to know what’s in 

our water. The majority of water monitoring 

occurs in offsite analytical labs. This means if 

you want to measure what’s in a water sample, 

you have to package it up, ship it to an 

analytical lab, and then wait- sometimes up to 

ten business days to get your results.  This can 

be a big problem when dealing with highly toxic 

compounds such as arsenic.  

FREDsense Technologies is a Calgary-based 
startup developing portable devices for 
measuring contaminants in water. FREDsense 
engineers bacteria to be able to detect specific 
contaminants of interest, and then in response 
produce electricity. That electricity is measured 
on a handheld device, which converts the 
measurement into concentration of the  

 
 
 
 
 
 
contaminant of interest. Using this technology, 
the FRED system can measure a variety of 
contaminants directly in the field within a 
couple hours. The system is extremely easy to 
operate and requires very little sample 
preparation making it highly accessible. 

 

 
Figure 44: Fred System Technology 

FREDsense was founded in 2014 by a group of 

students and graduates from the university of 

Calgary. Originally working out of a kitchen, the 

team cobbled together a functioning lab for 

<$2000 until they could win enough money 

from business plan and pitch competitions to 

move into a 100 sqft lab space. Passionate 

about DIY science, they have been able to turn a 

little into a lot over the last 3 years. 
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Figure 45: FREDsence Lab 

 

Figure 46: FREDsence Team 

Since the early days, the team has gone on to 

win a number of awards for the technology and 

the business case, had the opportunity to work 

out of the NASA Ames Centre in California as 

part of the prestigious Singularity University 

accelerator and has been featured in Tech 

Crunch and Inc. Today FREDsense has seven full 

time employees, a 2000 sqft lab space and is 

about to launch several pilots of the technology 

in 2017. For more information or to get in 

touch, check out www.fredsense.com 

 

 

Figure 47: Emily and Rob from the FREDsence team 
receving their award 

Scientific breakthroughs of 2017  
 
1. Reversing Paralysis 1 
Scientists around the world have made 
significant progress in reversing paralysis in live 
human subjects and animals by placing 
electrical devices in their brains that bridge the 
broken communication gap.  
 
2. How much is a look worth?2 
Scientists in China have developed a technology 
that allows you to pay with your face. Face++ is 
a new company out of Beijing that is working 
with the facial mapping and recognition 
software.  

 
3. Bitumen Pellets 
A University of Calgary professor had developed 
a way to transport bitumen in a solid form 
potentially reducing the risks associated with 
liquid transfer and taking advantage of the 

                                                           
1 Antonio Regalado. MIT Technology Review. 
Reversing Paralysis. 2017. Available at 
https://www.technologyreview.com/s/603492/10-
breakthrough-technologies-2017-reversing-
paralysis/ 
2 Knight Will. MIT Technology Review. Paying with 
your face. 2017. Available at 
https://www.technologyreview.com/s/603494/10-
breakthrough-technologies-2017-paying-with-your-
face/ 

http://www.fredsense.com/


 
 

                                                         
  

increased rail capacity from the decrease of coal 
usage. 3 
 

Just for Fun…How an Architect can 
ruin an Engineers day…Built this they 
said 
 

 
Figure 48: Engineered Building. Fake or real? 

 

                                                           
3 Michael Platt. Pipeline pain relief on horizon with 
spill-resistant bitumen. Schulich School of 
Engineering. 2017 Available at 
http://www.ucalgary.ca/utoday/issue/2017-09-
06/pipeline-pain-relief-horizon-spill-resistant-
bitumen?mkt_tok=eyJpIjoiTnpBM09EVXhPRGN6TlRC
ayIsInQiOiI3NGxHdUZPS0FzREdkM1RDRFM4empWU
lwvZlY4akJheEtcL1ZUazhVb2xvbWUxaWlBelBQeGVL
UmVYUkx3N2Nmek83NFJFanBTdWhxamdCUHJVZW
8xOGp5cVpuU3ZFY2Q5TjhsMjhHczVhelFwQTUxdzZT
azNpSEcyTUVkZ2Rwa3RKIn0%3D 
 

 
Figure 49: Engineering design 

 
 
 
 

 

 

 

 

 

 

 

 

 
 

 

 

 



 
 

                                                         
  

Annual General Meeting 2017 
 
The 2017 AGM was held on February 8th at the Canadian Danish Club and the following members were 
elected for positions. All always we encourage all members to participate, vote, or volunteer for 
positions on the executive.   
 

POSITION 
EXECUTIVE 

OFFICER 

UK 
INSTITUTION 

CONTACT 

Executive 
Officers 

 
  

Chairman Nigel Shrive ICE Chairman@cpgce.org  

Vice-Chairman Steve Nevin IMechE/IET ViceChairman@cpgce.org  

Past Chairman 
 

 
PastChairman@cpgce.org  

Treasurer Mario Micallef ICE Treasurer@cpgce.org  

Secretary Rick Marshall IMechE Secretary@cpgce.org  

 
   

Executive 
Members 

 
  

Deputy Treasurer Emily Hicks IET Deputytreasurer@cpgce.org  

Webmaster Rick Marshall IMechE Webmaster@cpgce.org  

Awards  Emily Hicks IET Awards@cpgce.org  

Newsletter Mia Jovic IET Newsletter@cpgce.org  

Membership 
Niamh Ní 
Chróinín 

ICE Membership@cpgce.org  

Communication, 
Marketing & 
Outreach 

Niamh Ní 
Chróinín 

ICE Communication@cpgce.org  

Technical 
Presentations 

Vacant 
 

Presentations@cpgce.org  

AGM Mario Micallef ICE AGM@cpgce.org  

Technical Arun Kumar IMarEST Technical 
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Technical Bob Salt IMechE Technical 

Technical David Dean IET Technical 

Technical 
Derrick 
Stableford 

IET Technical 

Technical Oluseyi Smith IET Technical 

Technical 
Niamh Ní 
Chróinín 

ICE  Technical 

Technical Richard Coldbeck IET Technical 

Technical Ron Wong IStructE Technical 

 
   

Sponsoring UK Institution Liaison 
Members 

 
 

Institution of Civil 
Engineers 
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Chróinín 
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Bob Salt IMechE IMechE@cpgce.org  

Institution of 
Structural 
Engineers 

Ron Wong IStructE IStructE@cpgce.org  

 

Acknowledgements 
 
The Editor would like to express their gratitude 
to everyone who submitted a story, wrote an 
abstract for the newsletter, and sent a joke in. If 
you have a story you would like to see included, 
please contact Mia Jović at  
editor_newsletter@cpgce.org.  
 

mailto:ICE@cpgce.org
mailto:IET@cpgce.org
mailto:IMechE@cpgce.org
mailto:IStructE@cpgce.org
mailto:editor_newsletter@cpgce.org

