
1 



The	
  Great	
  Lakes	
  
St.	
  Lawrence	
  Seaway	
  System	
  

Claude	
  Fontaine	
  P.Eng.	
  	
  



The	
  Great	
  Lakes	
  
St.	
  Lawrence	
  Seaway	
  Profile	
  

Section	
  
7 Locks	
  

Lake Superior	
  
El. 183.5 m	
  

Welland Canal	
  
8 Locks	
  

Lakes Michigan	
  
& Huron	
  
El. 176.3 m	
  

Lake Ontario	
  
El. 75.0 m	
  

Montreal	
  

Lake Erie	
  
El. 174.3 m	
  

"Soo" Locks	
  
Montreal-Lake Ontario	
  

SEA  LEVEL	
  



REPLACEMENT	
  OF	
  MOTORS	
  
AND	
  STARTER	
  PANELS	
  IN	
  
BRIDGES	
  AND	
  LOCKS	
  

By	
  Claude	
  Fontaine	
  P.Eng.	
  
2015-­‐02-­‐10	
  

Saint Lawrence Seaway 
Management Corporation 



Presenta:on	
  plan	
  
•  Seaway	
  structures	
  	
  
•  Project	
  objec:ves	
  
•  Project	
  challenges	
  and	
  strategies	
  

– Electric	
  
– Mechanic	
  
– Safety	
  
– Budget	
  

•  Project	
  improvements 	
  	
  
•  Lessons	
  learned	
  
•  Conclusion	
  



Seaway	
  	
  
structures	
  



Seaway	
  Structures	
  

•  Bridges	
  
Bascule	
  Bridges	
  	
  LiGing	
  Bridges	
  	
  



Seaway	
  Structures	
  
•  Locks	
  

Ship	
  arrestors	
  

Gates	
  

Valves	
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Project	
  objec:ves	
  
•  Replace	
  the	
  main	
  motors	
  and	
  the	
  starter	
  
panels	
  on	
  ship	
  arrestors,	
  gates,	
  valves	
  and	
  
bridges.	
  	
  	
  

Bridge	
  
wound	
  	
  
rotor	
  
motor	
  

Lock	
  
wound	
  	
  
rotor	
  
motor	
  

Starter	
  panel	
  

SoG	
  starter	
  



•  Replace	
  the	
  external	
  rotor	
  resistances	
  and	
  all	
  
the	
  cabling	
  associated	
  to	
  that	
  change.	
  

Bridge	
  wound	
  
rotor	
  resistances	
  	
  	
  	
  

Lock	
  wound	
  
rotor	
  resistances	
  	
  	
  	
  

Project	
  objec:ves	
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Project	
  challenges	
  and	
  strategies	
  
•  Electric	
  

– Make	
  a	
  study	
  
•  Define	
  the	
  torque	
  requirements	
  and	
  the	
  mechanical	
  
limits	
  

	
  
	
  
	
  

	
  



Project	
  challenges	
  and	
  strategies	
  

•  Electric	
  
– Make	
  a	
  study	
  

•  Select	
  the	
  best	
  value	
  for	
  the	
  motor	
  and	
  the	
  drive	
  

	
  
	
  

	
  

Marathon	
  motor	
  (Bleu	
  Max)	
  with	
  Avtron	
  encoder	
  
-­‐	
  Class	
  H	
  insula:on	
  (195ºC)	
  
-­‐	
  200	
  %	
  of	
  the	
  rated	
  value	
  (1	
  min.)	
  
-­‐	
  Vector	
  duty	
  
-­‐	
  Speed	
  ra:o	
  2000:1	
  (0,8	
  to	
  1750	
  rpm)	
  
-­‐	
  Bearing	
  life	
  :me	
  (100k	
  hours)	
  
-­‐	
  Squirrel	
  cage	
  
	
  

ABB	
  (ACS800)	
  drive	
  
-­‐	
  Master/slave	
  and	
  individual	
  control	
  
-­‐	
  High	
  peak	
  current	
  (200%,	
  10	
  sec.)	
  
-­‐	
  Precise	
  speed	
  (0,01%)	
  and	
  torque	
  loop	
  (±1%)	
  
-­‐	
  Brake	
  control	
  
	
  	
  
	
  



Project	
  challenges	
  and	
  strategies	
  
•  Electric	
  

– Make	
  a	
  study	
  
•  Define	
  the	
  control	
  strategy	
  	
  

– Speed	
  control	
  by	
  the	
  drive	
  
– Brakes	
  control	
  by	
  the	
  drive	
  
– PLC	
  supervise	
  the	
  drive	
  	
  
– Ethernet	
  communica:on	
  	
  

•  Define	
  the	
  safety	
  requirement	
  
– Overspeed	
  detec:on	
  
– Communica:on	
  lost	
  detec:on	
  
– Emergency	
  device	
  selec:ons	
   Safety	
  

Overspeed	
  relay	
  Safety	
  Contactor	
  



Project	
  challenges	
  and	
  strategies	
  
•  Electric	
  
-­‐	
  Make	
  a	
  study	
  

•  Control	
  	
  
	
  	
  	
  	
  	
  	
  	
  strategy	
  	
  

•  Safety	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  requirement	
  	
  

	
  

	
  



Project	
  challenges	
  and	
  strategies	
  
•  Electric	
  
-­‐	
  Make	
  a	
  study	
  

•  Ethernet	
  	
  
communica:on	
  

	
  



Project	
  challenges	
  and	
  strategies	
  
•  Mechanic	
  

– Design	
  a	
  standard	
  transi:on	
  base	
  incorpora:ng	
  
the	
  service	
  brake	
  and	
  improve	
  the	
  protec:on	
  

	
  

Lock	
  motor	
  transi:on	
  base	
  and	
  brake	
  assembly	
  



Project	
  challenges	
  and	
  strategies	
  
•  Mechanic	
  

– Design	
  a	
  standard	
  transi:on	
  base	
  incorpora:ng	
  
the	
  service	
  brake	
  and	
  the	
  posi:on	
  detector	
  
	
  

Bridge	
  motor	
  transi:on	
  base	
  and	
  brake	
  assembly	
  Brake	
  posi:on	
  detector	
  



Project	
  challenges	
  and	
  strategies	
  
•  Mechanic	
  

– Use	
  the	
  same	
  motor	
  couplings	
  
	
  



Project	
  challenges	
  and	
  strategies	
  
•  Safety	
  

– Op:mize	
  the	
  security	
  and	
  work	
  sequence	
  to	
  the	
  
worksite	
  
	
  

Bridges	
  7A	
  and	
  7B	
  equipment	
  rail	
  transporta:on	
  



Project	
  challenges	
  and	
  strategies	
  
•  Safety	
  

– Op:mize	
  the	
  security	
  and	
  work	
  sequence	
  to	
  the	
  
worksite	
  
	
  

Bridge	
  equipment	
  transporta:on	
  security	
  



Project	
  challenges	
  and	
  strategies	
  
•  Safety	
  

– Op:mize	
  the	
  security	
  and	
  work	
  sequence	
  to	
  the	
  
worksite	
  
	
  

Bridge	
  machine	
  room	
  conges:on	
  	
  



Project	
  challenges	
  and	
  strategies	
  
•  Budget	
  

Maisonneuve	
  region	
  budget	
  

Structure	
  	
   Contract	
   Material	
   Engineering	
   Total	
  

LiGing	
  bridge	
  (one	
  (1)	
  175hp	
  motor)	
   190	
  000	
  $	
   245	
  000	
  $	
   158	
  000	
  $	
   593	
  000	
  $	
  

LiGing	
  bridge	
  (two	
  (2)	
  175hp	
  motors)	
   286	
  000	
  $	
   220	
  000	
  $	
   125	
  000	
  $	
   631	
  000	
  $	
  

Bascule	
  bridge	
  (one	
  (1)	
  75hp	
  motor)	
   239	
  000	
  $	
   120	
  000	
  $	
   127	
  000	
  $	
   486	
  000	
  $	
  

Note	
  :	
  The	
  engineering	
  
include	
  the	
  worksite	
  
inspec:on	
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Project	
  improvement	
  
•  Befer	
  speed,	
  torque	
  and	
  braking	
  control	
  

	
  

Torque	
  
(G-­‐pound)	
  

Speed	
  
(rpm)	
  

Max	
  motor	
  
torque	
  

Nominal	
  
torque	
  

Nominal	
  
speed	
  

Motor	
  torque	
  
curve	
  

Motor	
  torque	
  
curve	
  with	
  drive	
  
control	
  

Constant	
  torque	
  
capacity	
  over	
  	
  
the	
  en:re	
  speed	
  
range	
  



Project	
  improvement	
  
•  Befer	
  speed,	
  torque	
  and	
  braking	
  control	
  

	
  



Project	
  improvement	
  
•  Reduce	
  mechanical	
  stress	
  and	
  vibra:on	
  	
  

	
  

Speed	
  	
  
(rpm)	
  

	
  
Time	
  (sec)	
  

Nominal	
  
speed	
  	
  
(600	
  rpm)	
  

Approach	
  
speed	
  	
  
(100	
  rpm)	
  

Decelera:on	
  	
  
(8	
  sec.)	
  braking	
  
resistors	
  involved	
  

Accelera:on	
  
(12	
  sec.)	
  



Project	
  improvement	
  
•  Provide	
  sta:s:c	
  performance	
  for	
  comparison	
  
(Historian)	
  	
  

	
  

Bridge	
  moving	
  up	
  

Bridge	
  moving	
  
down	
  



Lessons	
  learned	
  



Lessons	
  learned	
  
•  Make	
  mechanical	
  and	
  electrical	
  prepara:on,	
  
inspec:on	
  and	
  verifica:on	
  prior	
  to	
  the	
  
installa:on	
  	
  

•  Select	
  the	
  right	
  components	
  and	
  the	
  right	
  
installa:on	
  for	
  noise	
  immunity	
  	
  

	
  

	
  

Vessel	
  
Radar	
  
protec:on	
  



Lesson	
  learned	
  
•  Using	
  drive	
  integrator	
  service	
  on	
  start-­‐up	
  	
  
•  The	
  learning	
  curve	
  of	
  the	
  first	
  installa:on	
  is	
  
one	
  year	
  

•  Repeatable	
  adjustment	
  	
  
•  Proceed	
  with	
  drive	
  training	
  every	
  year	
  to	
  keep	
  
the	
  knowledge	
  and	
  the	
  efficiency	
  

•  Install	
  vibra:on	
  protec:on	
  



Conclusion	
  



Conclusion	
  
•  The	
  drive	
  increases	
  
the	
  performance	
  
and	
  the	
  flexibly	
  

•  Selec:ng	
  the	
  right	
  
strategy	
  and	
  
design	
  pays	
  off	
  	
  

(study,	
  engineering	
  
one	
  (1)	
  year	
  	
  before	
  
installa:on)	
  



ANY	
  
QUESTIONS	
  ?	
  



ST-­‐LAMBERT	
  LOCK	
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