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Although each  owner and d e s i g n e r  have t h e i r  own cr i ter ia  
f o r  d e s i g n  of t h e  e lectr ical  c o n t r o l  c i r c u i t  f o r  a 
movable b r i d g e ,  t h e r e  a r e  c e r t a i n  approaches  which 
s h o u l d  be examined so t h a t  improved o p e r a t i o n a l  
pe r fo rmance  can  be expec ted .  T h i s  improvement c a n  be 
a c h i e v e d  th rough  a  re -examinat ion  of t h e  human 
e n g i n e e r i n g  f a c t o r s  r e q u i r e d  t o  o p e r a t e  a b r i d g e ,  a 
tho rough  knowledge of t h e  components s e l e c t e d ,  new 
p r o d u c t s  t h a t  are a p p l i c a b l e  t o  b r i d g e  d e s i g n ,  and a 
follow up  f o r  ma in tenance  f u n c t i o n s .  

There  a r e  many p h i l o s o p h i e s  i n  use  today  f o r  how a 
b r i d g e  o p e r a t o r  s h o u l d  c o n t r o l  a movable b r i d g e .  A t  one 
end  of  t h e  spec t rum w e  have  a manual sys t em whereby an 
o p e r a t o r  moves a drum s w i t c h  and p r e s s e s  a p u s h b u t t o n  
f o r  e v e r y  f u n c t i o n ,  t h rough  t h e  o p p o s i t e  end of  t h e  
s p e c t r u m  whereby a l l  he d o e s  i s  push one b u t t o n  to  s t a r t  
a comple te  c o n t r o l  c i r c u i t .  I n  a  similar view an 
o p e r a t o r  may have no p i l o t  l i g h t s  f o r  r e a d o u t  f u n c t i o n s  
o r  more t h a n  s i x t y  lamps which g i v e  t h e  s t a t u s  of  e v e r y  
c i r c u i t .  

It i s  n o t  o u r  g o a l  t o  s a y  which approach  is b e t t e r .  
R a t h e r  w e  would l i k e  t h e  owners and d e s i g n e r s  i n v o l v e d  
t o  examine what i s  r e q u i r e d  from an o p e r a t o r ' s  p o i n t  of 
view. Far  t o o  o f t e n  i n  ou r  q u e s t  f o r  a b e t t e r  sys t em 
d e s i g n  w e  i g n o r e  t h e  p e o p l e  who must o p e r a t e  t h e  b r i d g e  
and t h o s e  who must  m a i n t a i n  it. What i n f o r m a t i o n  d o e s  
t h e  b r i d g e  o p e r a t o r  need t o  pe r fo rm i ts  f u n c t i o n ?  Is 
t h i s  i n f o r m a t i o n  p r e s e n t e d  i n  a l o g i c a l  manner? Does 
t h e  o p e r a t o r  have a d d i t i o n a l  f u n c t i o n s  s u c h  as 
main tenance  or t r a f f i c  c o n t r o l ?  P rope r  d e s i g n  s h o u l d  
s t a r t  w i t h  t h e  ope ra to r - -no t  end  w i t h  him. 

Each u s e r  h a s  d i f f e r e n t  f u n c t i o n s  f o r  t h e  b r i d g e  
o p e r a t o r  which may be set by un ion  work r u l e s ,  o p e r a t o r  
t r a i n i n g  and o p e r a t o r  r e s p o n s i b i l i t i e s .  I n  some 
l o c a t i o n s  o p e r a t o r s  a r e  p e r m i t t e d  t o  u s e  bypass  
s w i t c h e s ,  i n  o t h e r s  t h e y  canno t .  I n  some s i t u a t i o n s  t h e  
o p e r a t o r  is e x p e c t e d  t o  pe r fo rm c e r t a i n  ma in tenance  
f u n c t i o n s  such  as g r e a s i n g ,  c l e a n u p  and repair of parts 
and i n  o t h e r  l o c a t i o n s  it is o u t s i d e  t h e i r  j u r i s d i c t i o n .  
Be fo re  any d e s i g n  is i n i t i a t e d  t h e  d e s i g n e r  must  be 
f a m i l i a r  w i t h  what t h e  o p e r a t o r s  r o l e  is. 

The n e x t  s t e p  i n v o l v e s  t h e  s c i e n c e  of  human 
e n g i n e e r i n g .  What is t h e  p h y s i c a l  l a y o u t  of t h e  
c o n t r o l  desk?  D o  t h e  c o n t r o l s  o p e r a t e  f rom a  l e f t  t o  



r i g h t  sequence or  a r e  they s c a t t e r e d  on t h e  desk top? 
A r e  t h e  i n d i c a t o r s  o r  readouts  p l a i n l y  on t h e  desk top? 
Are t h e  i n d i c a t o r s  o r  readouts  p l a i n l y  readable  not only 
a t  n i g h t ,  bu t  a l s o  a t  midday when s u n l i g h t  has t h e  
a b i l i t y  t o  wash ou t  any p i l o t  l i g h t  on a  desk? Are the  
nameplates not  only uniform i n  location--top o r  bottom 
of t h e  c o n t r o l l e d  device--but a l s o  a s  t o  in format iona l  
c o n t e n t  such a s  on bypass switches?  What does t h e  
o p e r a t o r  need t o  know i n  order  t o  perform h i s  func t ion?  
Again we a r e  involved with  d i f f e r e n c t  ph i losophies  i n  
b r idge  opera t ion .  

Let u s  examine these  ph i losophies .  A major one is c o s t .  
With t%e need f o r  br idge r e h a b i l i t a t i o n ,  t h e  owner is  
faced with t h e  prospect  of having t o  upgrade many 
f a c i l i t i e s  and y e t  not have t h e  funding t o  cover them 
a l l .  A n a t u r a l  tendency is  t h e r e f o r e  t o  e l i m i n a t e  a s  
many i tems from a  p r o j e c t  a s  poss ib le .  Who can say t h a t  
a  brake r e l e a s e d  p i l o t  is e s s e n t i a l  t o  b r idge  opera t ion .  
It may o r  may not  be. Y e t  t h i s  tendency may g ive  the  
owner p o t e n t i a l  problems down the  road from an 
o p e r a t i o n a l  and maintenance po in t  of view. There is 
always a  t r a d e  of f  involved. Y e t  before  a  dec i s ion  can 
be made, t h e  owner and des igner  must know t h e  system and 
i ts  p o t e n t i a l  problems. 

Another philosophy is t h e  way the  movable br idge  i s  
a c t u a l l y  con t ro l l ed .  We have cons t ruc ted  a  c o n t r o l  desk 
where t h e r e  was one "up" but ton and one "down" but ton.  
Every sequence performed a f t e r  t h a t  was done 
au tomat ica l ly  through l i m i t  swi tches ,  t imer s  and r e l a y s .  
The s i m p l i c i t y  of t he  o p e r a t o r ' s  func t ion  was o f f s e t  by 
the  complexity of c o n t r o l  c i r c u i t  whereby it became a 
major t a sk  t o  maintain.  A d i f f e r e n t  approach is t h a t  
where t h e r e  are pushbuttons f o r  every func t ion  such as 
t r a f f i c  g a t e s ,  b a r r i e r  g a t e s ,  t a i l  l ocks  and brake 
r e l ea se .  This p a r t i c u l a r  c o n t r o l  desk had s i x t y  f o u r  
pushbuttons which had t o  be used every t i m e  f o r  b r idge  
operat ion.  Both Bridges w e r e  double l e a f  Bascule 
type. 

I n d i c a t o r s  a r e  another a r e a  t h a t  needs examination. 
While some desks  look l i k e  a Christmas tree, o t h e r s  are 
t o t a l l y  devoid of any information.  From p i l o t  l i g h t s  t o  
span p o s i t i o n  i n d i c a t o r s ,  an i n d i c a t o r ' s  primary purpose 
is feedback t o  l e t  t h e  ope ra to r  know what is happening. 
The more informat ion provided,  t h e  e a s i e r  it is t o  
ope ra t e  and mainta in  t h e  br idge.  A l l  p i l o t s  should be 
s e l e c t e d  s o  t h a t  they can be used i n  a  master  push t o  
test type c i r c u i t  s o  t h a t  t h e  b r idge  o p e r a t o r  can 



d e p r e s s  one but ton t o  test a l l  t he  lamps on t h e  c o n t r o l  
desk.  Somewhere t h e r e  has t o  be a common meeting ground 
f o r  des ign  and a p p l i c a t i o n .  The r e s u l t s  of good des ign  
p r a c t i c e  should be a system t h a t  is easy t o  mainta in  and 
g i v e s  t h e  ope ra to r  t h e  proper t o o l s  t o  e f f i c i e n t l y  
o p e r a t e  t he  system. 

The use r  o r  des igner  w i l l  normally spec i fy  t h e  types  of 
equipment used on a movable bridge.  In  reviewing t h e s e  
s p e c i f i c a t i o n s  w e  must no t  only be aware of t h e  des ign  
l i m i t a t i o n s  t h a t  t h e  manufacturers impose, bu t  a l s o  i n  
how t h e  equipment under cons idera t ion  must be appl ied .  
~t t imes  a c o n t r a c t o r  may propose a c e r t a i n  dev ice  a s  
equa l  t o  one t h a t  is s p e c i f i e d .  The ques t ion  is not  
t h a t  it is as good o r  it is made by a r epu tab le  
manufacturer  bu t  w i l l  it work i n  t he  p a r t i c u l a r  
a p p l i c a t i o n  s p e c i f i e d .  This problem can be seen f o r  
example i n  l i m i t  swi tches  where a s tandard  o i l t i t e  l i m i t  
sw i t ch  may be proposed t o  r ep l ace  a r a i l r o a d  type  l i m i t  
sw i t ch  such a s  t h e  U-5. Even though t h e  r a i l r o a d  swi tch  
is more expensive by a f a c t o r  of f i v e ,  i t s  des ign  both 
from a mechanical and e l e c t r i c a l  p o i n t  of view is f a r  
s u p e r i o r  i n  c e r t a i n  a p p l i c a t i o n s .  I ts  u s e f u l  l i f e  of 
f o r t y  t o  f i f t y  y e a r s  w i l l  more than o f f s e t  its o r i g i n a l  
d i f f e r e n c e  i n  p r i c e .  

C e r t a i n  o the r  dev ices  such a s  t h r u s t o r  opera ted  brakes  
should be app l i ed  wi th  des ign  and o p e r a t i o n a l  
l i m i t a t i o n s  i n  mind. For example on a Ro l l i ng  Bascule 
Bridge the  mounting of t h e  t h r u s t o r  brake is c r i t i c a l .  
The 8" brake can have no more than a maximum of f i f t e e n  
degrees  off  of h o r i z o n t a l  f o r  proper  opera t ion .  The 
l a r g e r  brakes can go up t o  a maximum of f o r t y  f i v e  
degrees.  Any brake t h a t  is mounted outdoors  should be 
i n  a Nema 4 w a t e r t i g h t  enc losure  i n  accordance wi th  
manufacturer ' s  recommendations. It should a l s o  have 
space h e a t e r s ,  s h a f t  s e a l s  and co r ros ion  r e s i s t a n t  
f i t t i n g s .  Since t h e  motor t h a t  c o n t r o l s  t h e  t h r u s t o r  is 
not  b u i l t  t o  N e m a  s t anda rds ,  it is more s u c c e p t i b l e  t o  
vo l t age  v a r i a t i o n s .  

The s w i f t l y  changing technology t h a t  is sweeping o t h e r  
i n d u s t r i e s  is now a f f e c t i n g  t h e  br idge  indus t ry .  
Cur ren t  approaches a r e  r a p i d l y  becoming o b s o l e t e  and new 
technology from o t h e r  f i e l d s  such a s  t h e  steel and 
automotive i n d u s t r y  make a v a i l a b l e  new devices  f o r  our 
indus t ry .  Among t h e s e  dev ices  a r e  programmable 
c o n t r o l l e r s ,  s o l i d  s t a t e  l i m i t  sw i t ches ,  p o s i t i o n  
encoders, g raphic  d i s p l a y s  and f i b e r o p t i c s  f o r  use  i n  
submarine cable .  



right sequence or are they scattered on the desk top? 
Are the indicators or readouts plainly on the desk top? 
Are the indicators or readouts plainly readable not only 
at night, but also at midday when sunlight has the 
ability to wash out any pilot light on a desk? Are the 
nameplates not only uniform in location--top or bottom 
of the controlled device--but also as to informational 
content such as on bypass switches? What does the 
operator need to know in order to perform his function? 
Again we are involved with differenct philosophies in 
bridge operation. 

Let us examine these philosophies. A major one is cost. 
With ehe need for bridge rehabilitation, the owner is 
faced with the prospect of having to upgrade many 
facilities and yet not have the funding to cover them 
all. A natural tendency is therefore to eliminate as 
many items from a project as possible. Who can say that 
a brake released pilot is essential to bridge operation. 
It may or may not be. Yet this tendency may give the 
owner potential problems down the road from an 
operational and maintenance point of view. There is 
always a trade off involved. Yet before a decision can 
be made, the owner and designer must know the system and 
its potential problems. 

Another philosophy is the way the movable bridge is 
actually controlled. We have constructed a controI. desk 
where there was one "up" button and one "down" button. 
Every sequence performed after that was done 
automatically through limit switches, timers and relays. 
The simplicity of the operator's function was offset by 
the complexity of control circuit whereby it became a 
major task to maintain. A different approach is that 
where there are pushbuttons for every function such as 
traffic gates, barrier gates, tail locks and brake 
release. This particular control desk had sixty four 
pushbuttons which had to be used every time for bridge 
operation. Both Bridges were double leaf Bascule 
type. 

Indicators are another area that needs examination. 
While some desks look like a Christmas tree, others are 
totally devoid of any information. From pilot lights to 
span position indicators, an indicator's primary purpose 
is feedback to let the operator know what is happening. 
The more information provided, the easier it is to 
operate and maintain the bridge. All pilots should be 
selected so that they can be used in a master push to 
test type circuit so that the bridge operator can 
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No other advancement in our field has the impact that 
a programmable controller has. The programmable 
controller is a replacement for relays, timers, 
i.nstrument loops and counters. It gives the designer 
the flexibility to design a circuit without regard to 
how many contacts are available on a relay, or how many 
wires are available in a submarine cable or how much 
floor space is available in a renovation project. The 
programmable controller can take various inputs such as 
limit switches, speed signals, or 4-20 M.A. current 
loops and process this information internally to arrive 
at an output sequence. The program for the programmable 
controller is normally written in ladder logic with the 
important ability of being able to be changed either in 
the field at the bridge location or in a remote office 
where the program can be either transmitted by modem 
over telephone wires to the project site, or loaded onto 
a disk which is loaded manually at the site. 

This flexibility for change is a tremendous benefit 
since modifications to the system logic, in most cases, 
can be made without changing field wiring. If an 
operational problem should develop after a bridge is in 
use, the designer or system manufacturer can review the 
circuitry in his office and have the opportunity to make 
corrections or improvements to the circuit. 

Another benefit of the programmable controller is that 
during the installation phase when not all the equipment 
is available for operation, the programmable controller 
can be temporarily loaded for a preliminary stage of 
operation using the equipment that is avaiable. As 
additional equipment becomes available, the program can 
be modified to include this equipment. This can 
continue in stages until all of the equipment is in 
place and operable and the final program is in place and 
running. - 

The state of the art in programmable controllers today 
allows the user to access most major manufacturers using 
an IBM MS-DOS compatible computer which is normally 
available in most offices. Various vendors have 
software available which emulate a terminal that is 
compatable with General Electric, Westinghouse, Square 
D, Allen Bradley and other major manufacturers. 

All of this sounds great. However there are some 
application considerations which must be thought of. 



While there is a definite application in bridge control 
systems, the designer must recognize a few drawbacks and 
compensate for them. Programmable controllers are 
environment sensitive both from an atmospheric as well 
as electrical point of view. Most programmable 
controllers have limited operational temperature ranges 
as well as preferred humidity ranges as determined by 
the individual manufacturer. In addition from an 
electrical point of view, the designer must consider 
lightning projection, electrical noise, proper 
grounding, the physical limitations of proximity to 
other electical devices and redundancy. These devices 
are noise sensitive and therefore a surge on the line 
from lightning can knock out the central processor. In 
the same sense arcing from motor brushes, contactor 
opening and closings and poor grounding can cause 
considerable harm. 

Many experienced maintenance personnel can jury rig an 
electro-mechanical device to make it work on a temporary 
basis. However this is extremely difficult to do on a 
programmable controller. We believe that it is good 
engineering practice to have either a redundant 
controller that can be transferred into the circuit or a 
simple electro-mechanical bypass system that can be used 
while the original device is being repaired. 

As part of the design package, the designer should also 
include a modem for communciations with the 
programmablle controller. This device allows the 
program to be monitored or changed from a remote 
location which gives tremendous flexibility for bridge 
operation. In addition to a modem, the designer should 
also specify the inclusion of a documentation package. 
This package as a minimum should include ladder diagram 
printouts, rung addresses, English contact description, 
cross-referenced relay number and contact closures and 
English comments for sub systems or circuits. 

The purpose of this package is to give the maintenance 
person a roadmap to how the programmable controller is 
functioning. Since every manufacturer has a different 
approach to how his controller functions, this 
documentation package is important for a thorough 
understanding of how the system operates. 

Another device that has application to our industry is 
the solid state limit switch. This limit would replace 
the conventional span limit switch that normally has 



eight to ten contacts. The solid state limit switch is 
in reality an absolute position encoder connnected to a 
solid state matrix board. 

The contact position settings are dialed into the matrix 
Board so that adjustment for contact opening and closing 
is done from the control house rather than from the 
bridge leaf. The benefits of this device are that it 
eliminates half of conductors normally needed for 
control, the settings are more accurate than those made 
with a conventional switch and adjustment is more 
convenient. If a programmable controller is being used, 
then an absolute position encoder is all that is needed 
for span control and indication. 

One of the highest cost compenents of a bridge 
rehabilitation is the cost of replacing the submarine 
cable. The technology is now available whereby data 
transmission in the form of digital signals can be 
multiplexed and distributed using fiber optic cables. 
Instead of the usual submarine cable that has three or 
more power conductors along with a possible hundred 
control conductors, we can replace it with one having 
the same power conductors and only a few fiberoptic 
conductors. Not only would the cost of the submarine 

, cable be reduced, but other problems such as turning 
radius and terminal cabinet dimensions would be 
eliminated. 

While fiber optic cable is in use today, it will be 
another year before the input and output convertors are 
reliable enough for bridge application. It is a device 
that is worth considering today since considerable 
economy can be realized by standardization of submarine 
cables. This cable could be purchased by the user and 
stored in a central location. At the time of 
installation, the owner could disburse a precut exact 
length to a contractor for a particular bridge. -Not 
only would there be a cost reduction by eliminating 
individual set up charges, but buying in larger 
quantities would also have a reduction in unit price per 
foot prices. 

one of the major components of any bridge system is a 
proper maintenance program. Yet it is a component that 
is overlooked. The maintenance function can be broken 
down into two functions; emergency repair and 
preventative maintenance. Emergency repair has a goal 
of repairing the bridge as quickly as possible in order 



to get it running again. In order for this to happen 
many items must come together. These items include the 
availability of replacement parts, system documentation 
and proper training. The electrical installation on 
most movable bridges costs in excess of one half million 
dollars. Not to spend an additional ten thousand 
dollars for parts and training is being penny wise and 
pound foolish. 

In looking at the design of control systems for movable 
bridges, the designer should incorporate certain items 
which would aid the maintenance personnel in the 
performance of their job. For example, these items 
would include neon indicators placed in parallel with 
the relay coil, check sum circuits that would localize a 
problem or fault to a subsystem, or a separate 
diagnostic system that would monitor the control system. 
If copying machines and automobiles can include 
diagnostic indicators, why not bridge systems! The 
technology is available for appliation. It is just a 
matter of applying it. 

There are now or soon to be available devices that will 
lower the installed and operating costs of a movable 
bridge as well as increasing the reliability of the 
system. Balanced against these savings will be the need 
for adequate training and documentation. For 
maintenance personnel. This training and documentation 
must be very complete to be effective. It must not be 
limited to just a description of each device from a 
mechanical standpoint, but should also include a 
complete system description on a functional basis. This 
should not be a couple of pages on the operation of the 
bridge but should be an item description of the entire 
system. 

The user is purchasing a system. This type of 
documentation is only available if there is one source 
that is supplying this equipment as a system. When the 
parts of system are purchase separately, it is then up 
to the electrical contractor to supply the system 
documentation as he becomes the system supplier. In 
most cases this is a hit or miss proposition. 

Training sessions that involve at least three days are 
mandatory. As our control systems get more complex it 
is necessary to review these systems with the 
appropriate people. Too often the contents of an 
operation and operation and maintenance manual are not 



enough. The systems supplier should have a training 
course that covers operator training, maintenance 
training, diagnostic functions, and schedules for 
performance of routine functions. However, you will not 
receive this type of training unless it is specified in 
detail in the project specifications. 

When the system supplier holds these operator and 
maintenance courses, also have him videotape them for 
future reference. It does not have to be a Hollywood 
production. Just set up the camera and let it roll. 
These videotapes are invaluable for future use. As 
there is a conti-nual turnover of personnel and to have a 
ready-made training course for a particular bridge can 
aid in the training of replacements. 

In closing there are a number of ways of increasing 
operational performance. Many of them do not add to the 
project cost. It is the responsibility of everyone from 
the owner, designer, system manufacturer and contractor 
to try and achieve this goal. 


