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Introduction 

When Louis Cloutier joined IREQ2 in the late 1960s, Hydro-Québec was in the 
midst of planning for its James Bay complex. In the case of overhead power 
transmission lines, a voltage of 1000 kV or more was considered, which would 
have required the use of six or eight conductor bundles rather than the traditional 
four-conductor bundles already used at 735 KV, in order to satisfy the 
environmental criteria (audible noise and corona effect) in addition to reducing 
the number of lines required. Nothing was known at that time about the vibratory 

behaviour of these multiple conductor bundles under the influence of the 
wind. Already a rather unknown vibratory phenomenon had appeared on existing 

lines using four-conductor bundles and it had proved problematical. This 
phenomenon, first called subspan oscillations, revealed to be one of the modes 
of an aeroelastic instability  phenomenon which manifest themselves under the 
action of wind when one or several sub- conductors of the bundle lie in the 
immediate wake of one or more sub-conductors located upstream. 

 

Research groups 
3
 

It is in this context that Louis Cloutier, in close association with the engineers of 
the Hydro-Québec "Service Études et Normalisation" launched the first research 
program in the Americas specifically focused on this phenomenon of oscillations 
of conductor bundles under the effect of wind. This was to mark the beginning of 

an exciting and fruitful adventure for dozens of researchers, engineers and 
technicians from Quebec. 

                                                 
1
 The cover page shows Louis Cloutier under the model of a tower of the future Magdalen Islands 

Test Line. In medallion, Louis 40 years later. 
 
2
 IREQ : Institut de Recherche  d’Hydro-Québec  (Hydro-Québec research division) 

 
3
 It should be noted that other people have done research in mechanics and dynamic of overhead  

lines in Quebec during the period covered here, including Ghyslaine McClure at McGill University. 
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The aim of this first program was to understand the phenomenon, to identify all 
the factors contributing to it, to measure and predict their intensity and 
consequences and to recommend preventive measures. 

Among other Louis'  initiatives, this IREQ / HQ nascent research team joined 
forces with a team of the National Research Council's Aerodynamics Laboratory 
to carry out studies on two-dimensional models of suspended conductor bundles 
mounted in a subsonic wind tunnel. 

It was also decided at that time to establish a full scale test line, in a natural 
environment, well-instrumented and with a continuous presence of observers, 
which was established in the Magdalen Islands because of the abundance of 
high winds over there. 

At the end of 1974, Louis left the IREQ team, now led by the author of these 
lines. That team was to gradually broaden its field of research to cover the entire 
spectrum of conductor vibrations, i.e. wake-induced oscillations of bundled 
conductors, Aeolian vibrations of conductors used in solo as well as in a bundle 
and to a lesser extent galloping. In doing so, it was necessary to open up to 
several subfields such as wind power transmitted to the conductors in various 
modes of Aeolian vibrations as well as self-damping and fatigue of the stranded 
conductors. 

For his part, Louis then joined Roctest Ltd, where he was quick to launch the 
development of a device to perform the digitized measurement of Aeolian 
vibrations of conductors on live lines as well as the logging and storage of data, 
all in situ. Among other innovations, the TVM-90 recorder used a revolutionary 

measurement method being simply clamped to the conductor rather than being 
inconveniently attached  under the suspension clamps in order to measure the 
amplitude of bending locally at the clamp exit.  

Later, in 1983, after joining the Department of Mechanical Engineering at Laval 
University, Louis again launched another research project in collaboration with 
IREQ, one devoted to the fatigue of stranded electric conductors. This led to the 

formation of a group, together with Professors Alain Cardou and Sylvain 
Goudreau, eventually called GREMCA ("Groupe de Recherche sur la Mécanique 
des Conducteurs Aériens"), dedicated as the name suggests to the entire 
mechanics of overhead conductors. This group has been active until recently. It 
must be said that Louis never lost interest in the subject afterwards even though 
he occupied the leading roles of department head and dean of the Faculty of 
Science and Engineering. 

Later in the late 1980s, the IREQ / HQ group teamed up with a team from the 
Aerodynamics Laboratory of the Department of Mechanical Engineering at the 
Université de Sherbrooke, led by Professor André Laneville, to conduct wind 
tunnel studies in relation to Aeolian vibrations of single conductors as well as 
bundled ones. 



Lastly, in 2004, Louis was to become the first holder of the NSERC Hydro-
Québec TransÉnergie Chair on electric power transmission lines, located at the 
Université de Sherbrooke.  He would be succeeded by Professor Frédéric 
Légeron and, later, by Professor Sébastien Langlois, with the Chair being 
successively renamed Chair and Group Hydro-Québec / RTE (Electricity 
Transmission Network) on structures and mechanics of power lines, its mandate 
remaining practically the same. Here, he beneficial partnership between Hydro-

Québec and RTE of France in the financing of this group should be highlighted 

 

The Nature of Research 

All these groups and teams devoted themselves to research and development of 
any kind, be it theoretical research, modeling, experimental research in both 
indoor and outdoor laboratories, in particularly measurement of stranded 
conductors self-damping, laboratory and field evaluation of conductor  vibration 
and oscillation control systems and fatigue tests of these conductors. Finally, with 
the help of industrial partners, they will undertake the development of anti-
vibration devices and methods of application of these devices. 

This chapter could include the assessment of performance of commercial anti-
vibration systems under established protocols. 

 

Specialized laboratories 

The aforementioned research has led to the design and construction of several 
specialized laboratories, including: 

 The Magdalen Islands Test Line   (Figs E-1 and E-2 in Appendix E), 

mentioned above, which was in continuous operation from 1973 to 1993. 

 The  Varennes Test Line (Fig. I-3), commissioned   in 1993 and still 
in operation actually. 

 The indoor conductor self-damping test bench at IREQ. 

 The conductor fatigue test benches at Laval University (Fig. 4-E). 

Establishing and operating such laboratories as these test lines in a natural 
environment, equipped with dozens of sensors of all kinds, represented a 
colossal challenge. It should be noted here that up to now, they are among the 
rare such facilities in the world not to have become "white elephants", which says 
a lot about the determination, dedication and perseverance of the people who 
imagined, defended, implemented and operated them. 

 

 



Achievements 

Achievements resulting from research carried out under Louis Cloutier’s 
initiatives are countless. First to be mentioned is the highly specialized training 
offered by the department of Mechanical Engineering of University Laval and the 
departments of Mechanical Engineering and Civil Engineering of University of 
Sherbrooke which led concretely to several PhD and master’s theses. In many 
cases, IREQ contributed to the training of these young researchers in addition to 
their owns. 

With respect to physical products, one should not forget the development of 
Hydro-Québec/IREQ's star product, the quad spacer-damper (Figure E-5), along 
with the development of its protocol of use on lines, followed by the adaptation of 
this technology to double and triple spacer-dampers. Initially used in the late 
1970s, these anti-vibration devices now equip Hydro-Québec's high-voltage lines 
by hundreds of thousands. When one adds the spacers sold and installed 
elsewhere in Canada, but also in Argentina, India, Bangladesh, the United 
Kingdom, Peru, United States and China, one is certainly close to a 
million. Importantly, this has resulted in the creation of several dozen jobs in 

Quebec. 

One should also add the development of the PAVICA recorder (Fig. 6-E) by 
IREQ, a lighter and improved instrument for the measurement and analysis 
of Aeolian vibrations in situ. Succeeding the TVM-90 mentioned above, this 
device has been manufactured and marketed by the Quebec firm Roctest Ltd. It 
has been sold and used in more than 25 countries around the world. 

On the same topic, mention should be made of the development of Hydro-
Québec vibration dampers, a product using the same patented articulation 
technology as the spacer-dampers, which are now an integral part of all new 
Hydro-Québec transmission lines, as well as the old ones when they are 
upgraded. These dampers are also used elsewhere on several other lines. 

At this point, we would like to highlight the contribution of several Quebec SMEs 
in the development, manufacture and marketing of all these anti-vibration 
devices, such as FL Electromechanics, PEFCO, Lyster Die Casting, Eastern Die 
Cast and Hélix Uniformé. Abroad, Dynalab (Argentina), TAG Corp. (India) and 

Dulmison (UK). The relationship with these industries has gone well beyond the 

simple customer-supplier relationship often taking the form of a true partnership. 

Large-scale test programs for foreign companies include an extensive evaluation 
of spacer-dampers at the Magdalen Islands Test Line in 1981/82. These tests 
were performed on a continuous basis during a six months period, on behalf of 
the Argentine company Hidronor for use on a 750 kV line to link Patagonia to 
Buenos Aires. 

On the same experimental line, an eight-month continuous study was conducted 
on behalf of American Electric Power in order to determine the wind-induced 



vibrational behavior of a 12-conductor bundle (Figs. E-7 and E-8) planned for 
power transmission at 1200-1500 kV. 

There are too many spin-offs to mention all, but we cannot ignore the valuable 
support provided by several researchers and engineers to Quebec consulting 
engineering firms thanks to their expertise acquired in the various research 
projects carried out. 

 

Publications 
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Not the least of the achievements, the publications of these various groups and 
research teams number in the hundreds. They are listed in Appendices A, B, C 

and D, depending on whether they emanated from the IREQ/Hydro-Québec, 
GREMCA, Mechanical Engineering (Université de Sherbrooke) teams or the 
HQ/RTE Chair. In each of these lists, they are grouped together according to 
whether they relate to books, articles in scientific and technical journals, 
conference articles, reports, theses and dissertations. 

Among other leading publications is the famous "Orange Book", a book 
published by the American research granting agency Electrical Power Research 
Institute (EPRI), generally regarded as the "bible" in the field. Entitled: "EPRI 

Transmission Line Reference Book: Wind-Induced Conductor Motion. Second 

edition ", it was written by several co-authors in the following way: 

 G. Diana, U. Cosmai, A. Laneville, A. Manenti D. Hearnshaw, K. Papailiou, 
Chapter 2:''Aeolian Vibration'', 158 p. 

 L. Cloutier, S. Goudreau, A. Cardou, Chapter 3: '' Fatigue of Overhead 

Conductors '', 56 p. 

 JL Lillien, D. Havard, P. Van Dyke, Chapter 4: '' Galloping 

Conductors '', 130 p. 

 C. Hardy, M. St. Louis, U. Cosmai, C.Rawlins, Chapter 5: ''Bundle 

Conductor Oscillations'', 79 p. 

 J. Wang, C. Pon, T. Gillepsie, Chapter 6. “Overhead Fiber Optic Cables”, 

40 p. 

 A. Goel, M. Farzaneh, D. Havard, F. Legeron, JL Lillien, J. Wang, Chapter 

7: '' Other Motions '', 64 p. 

It should be noted that the 21 co-authors are of at least six different nationalities, 
but most of all, nine were Quebecers or New-Quebecers, all of whom had been 
involved in the research teams mentioned above. 

As part of the dissemination of knowledge, mention should be made of the 
tutorials relating to the work of CIGRE Working Group B2.11. These are listed in 

Appendix F. It will be noted that of the 41 tutorials presented until March 2014, 21 
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dealt with subjects studied in working groups chaired either by Louis Cloutier or 
by the author of these lines, namely:  

 The survey on the state of the art regarding spacers and spacer 
dampers. 

 The fatigue endurance of conductor-clamp systems. 

 The safe design tension of overhead conductors with respect to 
Aeolian vibrations 

This unequivocally underlines the interest shown everywhere for these subjects  
developed within CIGRE under impetus of Quebecers. 

 

Involvement in special technical committees 

Participation of Quebec researchers and engineers in national and international 
technical committees is widely acknowledged. This involvement began with Louis 
at the national level in the former Working Group CEA E&O (Canadian Electrical 
Association, Engineering & Operating). It continued at the national level by the 
commitment of the author of these lines for a dozen years in the former Working 
Group "CEA R&D Conductor Dynamics" through which several funded research 
projects have been defined and granted to two of the aforementioned teams. 

As regards IEEE, mention should be made of the active involvement of both 
Louis and the author of these lines in a committee which came up with a revised 
standard for the measurement of on-line Aeolian vibrations: IEEE Standard 1368-
2006, "IEEE Guide for Aeolian Vibration Field Measurements of Overhead 
Conductors", June 6. 

But it was certainly within CIGRE that Louis was the most diligent. It should be 
noted that he acted as leader for three Task Forces, namely: 

 TF B2.11.05, "State-of-the-Art Survey on Spacers and Spacer-
Dampers" 

 TF B2.11.07, "Fatigue Endurance Capability of Conductor/Clamp 
Systems - Update of Present Knowledge" 

 WG B2.30, "Engineering Guidelines Relating to Fatigue Endurance 
Capability of Conductor/Clamp Systems" 

Each time, the work was crowned either by an article published in Electra or by a 
thematic brochure according to the new CIGRE policy. 

We find Louis also as an active member of several CIGRE subgroups related to  
Working Group "B2.11 - Mechanical Behavior of Conductors and Accessories."  

In each group, either in collaboration with him or otherwise, one finds a number 
of Quebecers, including André Laneville, Sébastien Langlois, André Leblond, 



Frédéric Légeron, Simon Prud'homme, Michel St-Louis, Jean-Philippe Paradis, 
Pierre Van Dyke as well as the author of these lines. 

 

Distinctions 

In terms of distinctions, let's first point out that Louis was named Eminent 
Member of CIGRE in 2006, a title given to long-standing members for their 
loyalty and their contribution to the technical work of the Association. 

It should also be noted that in 1990 the IREQ / HQ team was honored as a 
recipient of the MICA-Research Award from the Quebec Electronics Industry 
Council for the development of the PAVICA device, which arose, it should be 
recalled, from the TVM-90 device, whose development had been launched by 
Louis while working at Roctest Ltd. 

 
It should also be noted that this same expanded team was the recipient of Hydro-
Québec's “Reconnaissance Quart de siècle” Award for the 25th anniversary of 
IREQ in 1995 for all of their work in R & D aimed at controlling wind-induced 
vibrations of overhead lines. 
  
Also worthy of mention is this very tangible sign of interest on the part of the 
members of the Study Committee  B2 of CIGRÉ "Overhead Lines" with regard to 
the publications of Task Force B2.11.07 "Safe Conductor Design Tension with 

Respect To Aeolian Vibrations"; a group of which Louis was a member and which 

the author of these lines had the privilege of leading. A 2010 survey of SC B2 
members revealed that the resulting Electra article and the corresponding 
thematic brochure on the subject were respectively the first out of seven and the 
third out of ten of the most mentioned. 
 

 
Conclusion 

How to conclude this text without paying tribute, unfortunately posthumously, to 
our friend Louis Cloutier, the undisputed pioneer and most active promoter of 
research in the mechanics and dynamics of power transmission lines in Quebec. 
Thanks to its many initiatives, starting with the launch of the first research team in 
this field at IREQ in the late 1960s, followed by the launch of a team that was to 
become GREMCA at Université Laval and finally by taking charge of the Chair at 
the Université de Sherbrooke, he has enabled us to advance science and 
technology considerably in our field and he has led us to the highest levels, both 
nationally and internationally. 

At the same time, Louis would have certainly liked it, why not pay tribute to 
ourselves whether we are or have been researchers, engineers, technicians, 
student-researchers or manufacturers associated with one or other of the 
components of this vast network which, thanks to our determination, talent and 
efforts, have been together with him the artisans of this great success. 



Besides, one of the finest compliments that has been given to us was by the late, 
great Chuck Rawlins, who said he often drew inspiration from our work to lead 
his own. 

A thousand thanks Louis! Rest in peace and be proud of what you have 
accomplished, because we all are! 
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IREQ / HYDRO-QUÉBEC 
 

DIRECTORY OF PUBLICATIONS   

 
DIRECTORY OF BOOKS 

 

1. Lilien, J.L., D. Havard and P. Van Dyke, 2009 ‘Galloping Conductors, Chapter 3 of 

EPRI Transmission Line Reference Book: "Wind-Induced Conductor Motion: 

Second Edition". EPRI. Palo Alto, CA. 140 p. 

2. Hardy, C. M. St-Louis, U. Cosmai and C. Rawlins, 2009, "Bundle Conductor 

Oscillations", Chapter 4 of EPRI Transmission Line Reference Book: Wind-Induced 

Conductor Motion: Second Edition. EPRI. Palo Alto, CA. 79 p. 

3. Farzaneh, M., Volat C., and Leblond, A., 2008, ''Atmospheric Icing of Power 

Networks”, Chapter 6 “'Anti-icing and De-icing Techniques for Overhead Lines”, 

ISBN 978-1-4020-8530-7, M. Farzaneh, ed., 40 p. 

4. Leblond, A. and Lindsey, K.E., 2014, ''Overhead Lines'', CIGRE Green Book, 

Chapter 16 “Maintenance”, ISBN 978-2-85873-284-5, 42 p. 

 

DIRECTORY OF SCIENTIFIC AND TECHNICAL PAPERS  

1. Cardou, A., Leblond, A. and Cloutier, L., 1993, “Suspension Clamp and ACSR 

Electrical Conductor Contact Conditions”, J. Energy Engrg., ASCE, 119(1), April, 

pp. 19-31. 

2. CIGRÉ Task Force B2.11.01, 1998, (G. Diana convenor + several co-authors 

including C. Hardy and L. Cloutier), “Modelling of Aeolian Vibrations of a Single 

Conductor plus Damper: Assessment of the Technology”, Electra No. 181, 

December, pp. 52-69. 

3. CIGRÉ Task Force 22.11.04, 1999, (C. Hardy convenor + several co-authors 

including L. Cloutier), “Safe Design Tension with Respect to Aeolian Vibrations. 

Part 1: Single Unprotected Conductors”, Electra No. 186, October. pp. 52-67. 

4. CIGRÉ Task Force 22.11.03, 2000, (T. Smart convenor + several co-authors 

including M. St-Louis), ''Guide to Fittings for Optical Cables on Transmission Lines. 

Part 2A-Testing Procedures. Optical Ground Wire Fittings and Optical Phase 

Conductor Fittings', Electra No. 188, February, pp. 43-53. 

 



5. CIGRÉ Working Group 22.11, 2000, (M. Wolf convenor + several co-authors 

including M. St-Louis and P. Van Dyke), ''Review of Galloping Control Methods'', 

Electra No. 191, August, pp. 45-61. 

6. CIGRÉ Task Force 22.11.04, 2001, (C. Hardy convenor + several co-authors 

including A. Leblond and L. Cloutier), “Safe Design Tension with Respect to 

Aeolian Vibrations. Part 2: Damped Single Conductors”, Electra No. 198, October 

pp. 28-43. 

7. CIGRÉ Working Group B2.31, 2003, (LJ. Cloutier convenor + several co-authors 

including M. St-Louis) "State of the Art Survey on Spacers and Spacer Dampers'', 

Electra No. 209, August, pp. 14-27. 

8. CIGRÉ Task Force 22.11.04, 2005, (C. Hardy convenor + several co-authors 

including A. Leblond and L. Cloutier), “Overhead Conductor Safe Design Tension 

with Respect to Aeolian Vibrations. Part 3: Bundled Conductor Lines”, Electra No. 

220, June pp. 48-59. 

9. CIGRÉ Task Force B2.11.01, 2005, (G. Diana convenor + several co-authors 

including C. Hardy, A. Leblond , A. Laneville and L. Cloutier), “Modelling of 

Aeolian Vibrations of a Single Conductor plus Damper: Assessment of the 

Technology”, Electra No. 223, December, pp. 28-36. 

10. CIGRÉ Working Group B2.31, 2011, (G. Diana convenor; + several co-authors 

including A. Leblond, C. Hardy, L. Cloutier and A. Laneville) "Modelling of Aeolian 

Vibration of Single Conductors Strung at Relatively High Tensile Load. Application 

to HV & UHV Lines", Electra No. 256, June, pp. 34-40. 

11. CIGRÉ Working Group B2.46, 2015, (G. Diana convenor; + several co-authors 

including A. Leblond, J. P. Paradis, C. Hardy, and P. Van Dyke) "Wind-Induced 

Conductor Motions on Bundled Conductors (Excluding Galloping). Part A- Aeolian 

Vibrations. Part B-Subspan Oscillations'', CIGRÉ Science & Engineering, N°2, June, 

pp. 46-62. 

12. Hardy, C. & P. Bourdon, 1980, "The Influence of Spacer Dynamic Properties in the 

Control of Bundle Conductor Motion", IEEE Transactions on Power Apparatus and 

Systems, Vol. PAS-99, N
o
 2, pp. 790-99. 

13. Hardy, C. & P. Van Dyke, 1995, "Field Observations on Wind-Induced Conductor 

Motions", Journal of Fluids and Structures, Vol. 9, pp. 43-60. 

14. Hardy, C., Noiseux, D., Leblond, A., Brunelle, J. & Van Dyke, P., 1996, “Modelling 

of Single Conductor-Damper System Response”, Contract No. 372T823, Canadian 

Electricity Association, July. 

15. Foata, M. et Noiseux, D., 1991 "Computer Analysis of the Effects of Asymmetries of 

a Two Conductor Bundle upon its Aeolian Vibration", IEEE Transactions on Power 

Delivery, volume 6, no 3, 1991, p. 1132–1138. 



16. M. Iordanescu, C. Hardy & J. Nourry, 1987, "Structural Analysis and Testing of HV 

Busbar Assemblies with Rigid Conductors under Short-Circuit Conditions", IEEE 

Trans. on Power Delivery, Vol. PWRD-2, No. 4, Oct. 

17. Lanteigne, J. (1985) Theoretical estimation of the response of helically armored 

cables to tension, torsion, and bending. Transactions of the ASME, Journal of 

Applied Mechanics, volume 52, no 2, pp. 423–32. 

18. Leblond, A., L. Cloutier, C. Hardy & L. Cheng, 1995, "A Model on Self-Damping of 

Stranded Cables in Random Transverse Vibrations", Canadian Acoustics, 23(3), pp. 

31-32. 

19. Leblond, A. & C. Hardy, 2005 “Unifying Calculation of Vortex-Induced Vibration of 

Overhead Conductors”, Journal of Wind and Structures, Vol. 8, No. 2, pp. 79-88. 

20. D.U. Noiseux, C. Hardy & S. Houle, 1987, "Statistical Methods Applied to Aeolian 

Vibrations of Conductors", Journal of Sound and Vibration, Vol. 113(2), 8 March, 

245-255 (1987). 

21. Noiseux, D. U., Houle, S. et Beauchemin, R. (1988), "Transformation of Wind 

Tunnel Data on Aeolian Vibrations for Application to Random Conductor Vibrations 

in a Turbulent Wind, IEEE Transactions on Power Delivery, Volume 3, no 1, p. 265–

271. 

22. Noiseux, D. U. (1992) "Similarity Laws of the Internal Damping of Stranded Cables 

in Transverse Vibrations". IEEE Transactions on Power Delivery, Volume 7, no 3, p. 

1574–1581. 

23. M. St-Louis, C. Hardy, J.-P. Bellerive et J.-G. Gagné, 1990, "Les Entretoises pour 

Faisceaux ultiples : l'Expérience d'Hydro-Québec", Revue Générale de l'Électricité, 

No. 11, décembre, pp. 52-59. 

24. Tsui, Y.T., 1975, "Two-Dimensional Stability Analysis of a Circular Conductor in 

the Vicinity of Another", IEEE Paper A75-576-9. 

25. P. Van Dyke, C. Hardy, M. St-Louis & J.L. Gardes, 1997, "Comparative Field Tests 

of Various Practices for the Control of Wind-Induced Conductor Motion", IEEE 

Transactions on Power Delivery, Vol. 12, No. 2. April 1997. 

 

DIRECTORY OF CONFERENCE PAPERS 

1. Angelini, J., C. Hardy. M. Gaudry, & E. Ghannoum 1998, "Increasing the Ampacity 

of Overhead Lines Using Homogeneous Compact Conductors", Power Delivery 

Europe Conference, London, U.K., 27-29 Oct. 

2. Bourdon, P., J. Brunelle & C. Hardy, 1985, "Dynamic Characteristics of 



Transmission Line Dampers and Spacer-Dampers", Canadian Electrical Association 

Conductor Vibration Workshop, March 1985, Montréal. 

3. Bourdon, P., J. Brunelle & C. Hardy 1986, "The Application of Experimental Modal 

Analysis to Transmission Line Hardware", 4
th

 International Modal Analysis Conf., 

Los Angeles, CA, February. 

4. Bourdon, P., P. Van Dyke & C. Hardy 1993, "Field Tests of the Vibration 

Characteristics of Two Types of OPGW", CEA Eng. & Oper. Division Meeting, 

Montréal, 28 March-2 April. 

5. Bourdon, P., J. Brunelle & C. Hardy, 1986, "The Application of Experimental Modal 

Analysis to Transmission Line Hardware", 4
th

 International Modal Analysis Conf., 

Los Angeles, CA, February 1986. 

6. Cardou, A., Leblond, A., Goudreau, S. and Cloutier, L., 1993, “Overhead Electrical 

Conductors Bending Fatigue at Suspension Clamps:  A Fretting Fatigue Problem”, 

Int’l Conf. Fretting Fatigue, Sheffield, U.K., 19-22 April. 

7. Cardou, A., C. Dalpé & C. Hardy 1997, "Fretting Fatigue of the Drake ACSR 

Electrical Conductor under Cyclic Bending at Suspension Clamp", Proceedings of 

the International Symposium on Fretting, Chengdu, China, 13-16 Nov. 

8. Cloutier, L.J., C. Hardy & J. Brunelle 1974, "The Magdalene Islands Test Line: a 

Research Tool for the Studies of Bundle Conductor Dynamics", IEEE Summer 

Power Meeting, Paper n
o
 C74 370-3, Anaheim, California. 

9. Cloutier, L.J., J. Brunelle & C. Hardy 1979, "Enregistreur de vibrations pour lignes 

de transport", Can. Congress of Applied Mechanics, Mai 1979, Sherbrooke. 

10. Cloutier, L.J., C. Dalpé, A. Cardou, C. Hardy & S. Goudreau, 1999, ‘’Studies of 

Conductor Vibration Fatigue Test, Flexural Stiffness and Fretting Behaviour’’, 

Proceedings of the Third International Symposium on Cable Dynamics, Trondheim, 

Norway, 17-19 August, pp.197-202. 

11. Foata, M., C. Hardy, M. St-Louis & J. Brunelle, 1988, "Modelling of Conductor 

Vibrations and Application to the Grondines 450 kV River Crossing", CEA Eng. & 

Oper. Div. Transactions, Vol. 28 (1988/1989). 

12. Goudreau, S., Jolicoeur, C., Cardou, A., Cloutier, L. & Leblond, A., 2003, 

“Palmgren-Miner Law Application to Overhead Conductor Fatigue Prediction”, 

Proc. of the 5
th

 Int. Symposium on Cable Dynamics, 15-18 September, Santa 

Margherita Ligure (Italy), pp. 501-508. 

13. Hardy, C. & P. Bourdon, 1979, "The Influence of Spacer Dynamic Properties in the 

Control of Bundle Conductor Motion", IEEE/PES Summer Meeting, Paper n
o
 F79 

733-7, Vancouver, C.-B., July. 



14. Hardy, C, A. Watts, J. Brunelle & L.-J. Cloutier, 1975, "Research on the Dynamics 

of Bundled Conductors at the Hydro-Québec Institute of Research", CEA 

Engineering & Operating Division Transactions, Vol. 14, Part 4. 

15. Hardy, C, L.J. Cloutier & J. Brunelle, 1981, "A Novel Approach to Aeolian 

Vibration Measurement", Canadian Electrical Association International Symposium 

on Overhead Conductor Dynamics, Toronto, June. 

16. Hardy, C, "Research and Development in the Field of HV Transmission Lines at 

Hydro-Québec", 1982 Conference of the Power Engineer Association, C.E.A., New 

Delhi, India, 9 March. 

17. Hardy, C, 1984, "Hydro-Québec's Method for Evaluating the Performance of Spacer-
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APPENDIX E 

 

Fig. E-1.  Magdalen Islands Test Line 

 



 

 

 

 

Fig. E-2.  Magdalen Islands Test Line control and instrumentation room 

 

 

 

 

 

 



 

                                    Fig. E-3.  Varennes Test Line 

 

 

          Fig. E-4. Université Laval conductor-clamp fatigue test benches 



 

                       Fig. E-5. Hydro-Québec quad spacer-damper 

 

 

             Fig. E-6.  PAVICA Aeolian Vibrations sensor-analyser-recorder 

 



 

 

Fig. E-7.  A 12-conductor bundle mounted at the Magadalen Island Test Line using 

a pivotable suspension for a study carried out on behalf of American Electric Power.  

 



 

   

                Fig. E-8. Photo en gros plan du faisceau de 12 conducteurs montré à la Fig. E-7.  

                      [Crédit: Serge Houle, ing., M.Sc.A., MBA, alors ingénieur résident 

 

NB: This beautiful photo taken by Serge Houle in 1979 has a long history having been used to 

illustrate the annual reports of IREQ, Hydro-Québec and the Canadian Electrical Association 

and CIGRÉ Electra magazine  It was also used for a time as a background for Hydro-Québec's 

pay checks and as a cover page for a promotional brochure of the Quebec Ministry of Industry 

and Commerce translated into several languages and widely distributed abroad. 
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