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INTPODUCTION L-- 

It seems that for a very long time drawbridges were 
designed and constructed using traditional techniques which 
changed very little. However, with the current technological 
boom, particularly in the field of computers and computer 
control, design techniques are changing. Designers, 
contractors and maintenance personnel need to be aware of 
these advances. 

PAST DESIGNS ------ 

Past designs in the State of Florida used wound-rotor 
motors and drum controllers to switch resistance banks. 
Equipment tended to be of the heavy duty construction 
prevalent at the time, capable of withstanding excessive 
overloads and abuses. This equipment was not specifically 
designed for bridge application. Good and reliable operation 
depended in large part upon the bridge operator. 

Control desks tended to be laid out in a symmetrical 
manner which "looked good", but did not assist the operator. 
In one extreme case, the desk was designed to fill up one 
entire wall of the control house - approximately ten feet. 
Unfortunately, the control equipment on the desk was spread 
out to fill up the desk top with the result that the operator 
had to walk back and forth along the desk to complete 
operations. Figure 1 shows a more typical layout with 
operating devices and indicating lights on the front, 
horizontal section and indicating devices on the rear sloping 
section. 
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Figure 1 .  Typical control desk layout. 

Control panels tended to be large free-standing structures, 
front and rear accessible, loaded with contactors, relays, 
timers, fuses and "miles" of wiring. Figures 2 and 3 
illustrate examples of this. Electricians are familiar with 
this type of installation where all components and wiring can 
be seen and are comfortable trouble-shooting problems. In 
general, faulty equipment can be readily replaced with 
equivalent components, although some of the more specialized 
items are no longer available and can only be obtained by 
cannibalizing from other bridges. These panels contain many 
hazardous items of live equipment, such as knife switches, and 
require a large area, which on some bridges, is at a premium. 
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F i g u r e  2 .  F i g u r e  3 .  
I n s i d e  t y p i c a l  f r e e - s t a n d i n g  c o n t r o l  p a n e l .  

A s  you c a n  s e e  f rom f i g u r e s  2 and  3 ,  t h e r e  i s  no s p a c e  
a v a i l a b l e  w i t h i n  t h e  p a n e l s  f o r  a d d i t i o n a l  e q u i p m e n t  o r  f u t u r e  
e x p a n s i o n .  Most o l d e r  b r i d g e s  h a v e  had a d - d i t i o n a l  e q u i p m e n t  
i n s t a l l e d  o v e r  t h e  y e a r s ,  some p l a n n e d  and  some added  q u i c k l y  
d u r i n g  a  breakdown s i t u a t i o n ,  t h i s  r e s u l t s  i n  a d d i t i o n a l  
p a n e l s  and  e n c l o s u r e s  s p r e a d  o u t  h a p h a z a r d l y .  Good r e c o r d  
d r a w i n g s  a r e  n o t  k e p t  and m a i n t e n a n c e  c a n  o n l y  b e  c a r r i e d  o u t  
p r o p e r l y  and q u i c k l y  by t h e  o n e  o r  two e l e c t r i c i a n s  who a r e  
f a m i l i a r  w i t h  t h a t  p a r t i c u l a r  b r i d g e .  

Codes and  s t a n d a r d s  f o r  e l e c t r i c a l '  i n s t a l l a t i o n s  on 
b r i d g e s  a r e  b a s e d  on o u t d a t e d  and s u p e r s e d e d  e q u i p m e n t  and  
p r a c t i c e s .  They a r e  e x p l i c i t  i n  o n l y  a  v e r y  n a r r o w  l i m i t e d  
a r e a ,  p r o v i d i n g  o n l y  t h e  b r o a d e s t  g e n e r a l  g u i d e l i n e s  f o r  
d e s i g n  e n g i n e e r s .  F o r  e x a m p l e ,  t h e  F l o r i d a  D e p a r t m e n t  o f  
T r a n s p o r t a t i o n  S t a n d a r d  S p e c i f i c a t i o n s  f o r  Road and B r i d g e  
C o n s t r u c t i o n  h a s  o n l y  12-1/2 p a g e s  o u t  o f  a  t o t a l  o f  750 p a g e s  
d e v o t e d  t o  b r i d g e  e l e c t r i c s .  I t  r e q u i r e s  t h e  main o p e r a t i n g  
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motors to be crane-type wound-rotor induction motors. Each 
designer must therefore provide substantial speclfications of 
their own, with the result that every bridge has a different 
installation. Proper State Standards not only do not exist on 
paper, but do not exist on bridges either. 

PRESENT DESIGN 

Present bridge design is in a state of flux as the 
transition is made from traditional systems and modern 
equipment is installed, e.g., wound rotor motors and drum 
controllers are replaced with squirrel cage motors, and solid 
state variable speed drives and electro-mechanical relays are 
replaced with programmable controllers. However, much of the 
equipment is unproven in the harsh corrosive atmosphere within 
the bridges. 

The question which needs to be asked at this time is why 
change? Existing systems have been installed in hundreds of 
bridges for many, many years; and have proved that they can 
go the job. Why do we need to change now? Is the use of new 
equipment and systems being made just to be trendy or 
fashionable? 

The simple answer to these questions is that changes are 
being made to improve the system - to make it better. 
Existing systens are not perfect, they do have faults and 
inadequacies. We can look at each and every component and see 
where faults occur and where improvements can be made. Then we 
can look at the system as a whole and improve the integration 
of the components. An example of this is with the fully 
closed limit switch mounted under the main bridge girder, It 
is usually a heavy duty, plunger type limit switch, mounted in 
a cast iron enclosure with rubber seals. One of the main 
faults is that the crossarm inside breaks. It doesn't happen 
very often, but it happens consistently. The designer now has 
two choices to make. ?!otify the manufacturer of the problem, 
assume that they uill make corrections and continue to specify 
the equipment, or change and look elsewhere to a different 
manufacturer or different system, such as proximity switches. 

This example points to another important factor - 
maintenance personnel should keep good records of bridge 
repair work. If possible, records for work on all bridges 
should be kept at a central location where trends can be 
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noticed. In any case, manufacturers should be notified of all 
failures of their equipment so that they can make corrections. 

Designers are flooded with an ever-increasing choice of 
new equipment to use. Every time a new item is installed, a 
certain amount of risk is involved - will it work?, will it 
last?, what will happen if it fails? It seems that each new 
bridge has some "experimental" equipment associated with it. 
Once the decision is made to incorporate some item of new 
technology in the bridge, it is very difficult to know where 
to stop-short of converting the whole bridge. 

A few individual manufacturers who have provided bridge 
equipment for years, and who are aware of technological 
advances, are carrying out their own experiments and 
development projects in order to retain their sales positions. 
For example, one traffic gate manufacturer has responded to 
the request for improved gates and has developed a new 
operating system. Another manufacturer o f  variable speed 
drives is willing to install one of their drives on a 
little-used urban bridge, where proper testing and evaluation 
can be made. If successful, the installation could be used to 
train maintenance personnel for future installations. Once 
again, however, the pressure to improve bridge installations 
prevents this testing from happening because there is not 
enough time. Instead, the installation is to be made on a 
high-use, suburban bridge with the additional pressuresof 
satisfying contractural requirements for performance and 
schedule. It will be difficult to make a thorough analysis at 
that stage. 

An additional problem is, by then, other bridges will have 
been designed with the same system specified and the first 
bridge will have to be made to work one way or another. This 
points out a major difficulty facing designers - that the 
period between design and actual installation and bridge 
operation can take many years. Should the designer wait for 
actual test results, or continue designing with new equipment? 

FUTURE D E S I U  - 

Almost every item of equipment on the bridges is under- 
gcing changes as more examples of modern technology are in- 
corporated. 
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T r a f f i c  and p e d e s t r i a n  s a f e t y  g a t e s  a r e  b e i n g  d e v e l o p e d  
t h a t  c o u l d  o p e r a t e  u s i n g  h y d r a u l i c  d r i v e  s y s t e m s  and b e  s o l a r  
powered.  

L e a f  o p e r a t i o n  now c a n  i n c l u d e  h y d r a u l i c  s y s t e m s .  A s  w e l l  
a s  o p e r a t i n g  t h e  l e a v e s ,  t h e  h y d r a u l i c  s y s t e m  c a n  a l s o  o p e r a t e  
t h e  l e a f  l o c k s  and  r e s i s t a n c e  b a r r i e r ,  i f  p r e s e n t .  The 
c o n t r o l  s y s t e m  i s  v e r y  d i f f e r e n t  t h a n  t h a t  n o r m a l l y  u s e d .  
Speed c o n t r o l  d u r i n g  a c c e l e r a t i o n  and d e c e l e r a t i o n  c a n  b e  
r e a d i l y  p r o v i d e d  u s i n g  a d j u s t a b l e  s o l i d  s t a t e  ramp 
c o n t r o l l e r s .  A j oy  s t i c k  on t h e  c o n t r o l  d e s k  c a n  b e  u s e d  by 
t h e  o p e r a t o r  t o  s l o w  t h e s e  r a t e s  i f  d e s i r e d .  

Span l o c k s  c a u s e  p r o b l e m s  a s  t h e  l o c k  b a r  w e a r s ,  a l l o w i n g  
movement be tween  t h e  l e a v e s .  T a p e r e d  l o c k s  a r e  b e i n g  deve-  
l o p e d  t o  p r e v e n t  t h e  n e e d  f o r  c o n s t a n t  sh im a d j u s t m e n t .  The  
l o c k  b a r  w i l l  b e  d r i v e n  f u r t h e r  a s  t h e  r e c e p t a c l e  w e a r s .  Con- 
t r o l  s e n s o r s  t h a t  c a n  c o n t i n u e  t o  f u n c t i o n  c o r r e c t l y  d u r i n g  
t h i s  i n c r e a s e d  t r a v e l ,  w i t h o u t  r e q u i r i n g  manual  a d j u s t m e n t ,  
need  t o  b e  i n s t a l l e d  t o  g i v e  p o s i t i v e  i n d i c a t i o n  o f  f u l l  
t r a v e l .  

N a v i g a t i o n  l i g h t s ,  b o t h  f e n d e r  mounted and  s u s p e n d e d  n o s e  
l i g h t s ,  a r e  now a v a i l a b l e  a s  a  u n i t  w i t h  s ix  l amps  i n  a s y s t e m  
which  w i l l  a u t o m a t i c a l l y  r o t a t e  a s  a  lamp b u r n s  o u t .  T h i s  
w i l l  p r o l o n g  t h e  t i m e  be tween  r e - l a m p i n g .  S w i t c h i n g  o f f  t h e  
r e d  n o s e  mounted l i g h t ,  and  s w i t c h i n g  on t h e  g r e e n  a t  t h e  
f u l l y  open  p o s i t i o n ,  c a n  b e  a c c o m p l i s h e d  by a  s w i t c h  w i t h i n  
t h e  u n i t  and  s a v e  c o n t r o l  w i r i n g  f rom t h e  r o t a t i n g  cam s w i t c h  
on t h e  t r u n n i o n .  S o l a r  powered l i g h t s  a r e  b e i n g  d e v e l o p e d .  

Leaf p o s i t i o n  s e n s o r s  and  i n d i c a t o r s  a r e  a l s o  b e i n g  
c h a n g e d .  i n  t h e  p a s t ,  a  s y n c h r o  t r a n s m i t t e r  was u s e d  t o  d r i v e  
a  p o s i t i o n  i n d i c a t o r  on t h e  c o n t r o l  d e s k .  The i n d i c a t o r s  w e r e  
l a r g e ,  e x p e n s i v e  and a  l o n g  d e l i v e r y  i t e m .  I e s t i m a t e  t h a t  
n i n e  o u t  o f  e v e r y  t e n  s y s t e m s  o f  t h i s  t y p e  t h a t  I h a v e  s e e n  
have  n o t  been  w o r k i n g .  O t h e r  c r i t i c a l  l o c a t i o n s  o f  t h e  l e a f  - 
f u l l y  down, n e a r l y  down, n e a r l y  open and  f u l l y  open a r e  
i n d i c a t e d  by l amps  on t h e  c o n t r o l  d e s k .  Wi th  t h e  e x c e p t i o n  of  
t h e  f u l l y  down l i m i t  s w i t c h  d i s c u s s e d  e a r l i e r ,  t h e s e  p o s i t i o n s  
a r e  o b t a i n e d  w i t h  a  r o t a t i n g  cam l i m i t  s w i t c h  d r i v e n  o f f  t h e  
t r u n n i o n .  A f t e r  t h e  i n i t i a l  s e t t i n g  u p ,  t h e s e  do  n o t  n o r m a l l y  
c a u s e  p r o b l e m s .  

Both of  t h e s e  c a n  b e  r e p l a c e d  by a  s i n g l e  u n i t  e n c o d e r  
f e e d i n g  i n t o  a  programmable  c o n t r o l l e r .  L e a f  p o s i t i o n  on  t h e  
c o n t r o l  d e s k  c a n  b e  i n d i c a t e d  w i t h  a  LED b a r  g r a p h  d e v i c e .  
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S i g n a l s  f rom t h e  e n c o d e r  c a n  b e  u s e d  f o r  c o n t r o l  p u r p o s e s  and  
t h e  p rogrammable  c o n t r o l l e r  c a n  a l s o  d o  a  p o s i t i o n  d i v i d e d  by 
t ime c a l c u l a t i o n  t o  c h e c k  t h e  s p e e d  o f  t h e  l e a f .  
A l t e r n a t i v e l y ,  a  s y n c h r o  t r a n s m i t t e r  f e e d i n g  t h r o u g h  a  
s y n c h r o / d i g i t a l  c o n v e r t e r  c a n  d r i v e  t h e  LED b a r g r a p h s .  

A n o t h e r  example  o f  a  d i f f e r e n t  t y p e  o f  s e n s o r  t h a t  may b e  
u s e d  f o r  l e a f  p o s i t i o n  i s  p o s i t i o n / d i s p l a c e m e n t  t r a n s d u c e r  
shown i n  f i g u r e  4 .  The body o f  t h e  t r a n s d u c e r  would b e  f i x e d  
t o  t h e  c o n c r e t e  s t r u c t u r e  o f  t h e  b r i d g e  a n d  t h e  s t a i n l e s s  
s t e e l  c a b l e  a t t a c h e d  t o  t h e  u n d e r s i d e  o f  t h e  main b r i d g e  
g i r d e r .  The t r a n s d u c e r  p r o d u c e s  an  e l e c t r i c a l  s i g n a l  
p r o p o r t i o n a l  t o  t h e  l i n e a r  e x t e n s i o n  o f  t h e  c a b l e .  

F i g u r e  4 .  Example o f  a l t e r n a t e  t y p e  o f  t r a n s d u c e r .  

7. 
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An available output voltage of 25 volts AC or DC can overcome 
many of the noise problems associated with lower voltage 
systems. An underwater unit is available. This is not a 
perfect application for this unit because the movement of the 
leaf where the cable would be attached is an arc, not purely 
linear. However, detailed accuracy is not required over the 
major portion of the leaf movement and the major advantage 
offered by this unit with its1 ease of installation may make 
its use beneficial. 

The use of modular motor control centers has many 
advantages over the old style control panels. On 
rehabilitation projects, where access is a problem, modular 
units are sometimes all that will fit. They also offer 
flexibility for future expansion by simply adding more units. 
They can accommodate variable speed drives, dynamic breaking 
systems, panelboards, and transformers as well as motor 
starters. 

The installation and use of programmable controllers 
represents the most radical and far reaching of all 
developments in bridge control systems. They provide many 
options and a degree of automatic control which was previously 
not availawe and leave the designer with many choices to make 
regarding how far to go. They also bring with them their own 
particular problems and inadequacies and it may take years 
before all the bugs are worked out. It is important to 
remember that programmable controllers are an electronic 
device, susceptible to damage from lightning strikes and 
proper protection must be provided on the I/O1s. 

Theoretically, there is no reason why bridge operation 
cannot be entirely automatic in a manner similar to railroad 
crossings. The control equipment and systems presently 
available could readily accommodate automatic operations. The 
difficulty in practice is sensing boat traffic, both as it is 
approaching the bridge and as it is passing through the 
channel. There may be one boat or many, and they may be 
travelling in opposite directions at different speeds. The 
use of radar or closed circuit television systems is a 
possibility but their general use has not been studied and it 
is doubted that the operator serving this function will be 
replaced in the near future. 

After deciding to open and close the leaves however, the 
remainder of t h e  bridge operation can now be performed 
automatically and reliably. All that is needed on the control 
desk is a raise button, a lower button and an emergency stop 
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button. The operator would be totally unaware of each 
sequence taking place apart from those he can see occuring, 
e.g., traffic gates being lowered. The only control feature 
available to him should something go wrong would be the 
emergency stop button. 

Obviously this is not a practical system. The operator 
and maintenance personnel need to know at what stage the 
sequence was when faults occur and the operator needs to be 
able to by-pass faults and at least return the bridge to 
normal position if possible. Other control devices and 
indicators are needed on the control desk. 

It is also desirable that certain functions during the 
operating sequence be carried out manually as part of the 
normal "automaticw operation. For example lowering the 
traffic safety gates in an area where vehicles tend to run the 
gates, or driving the span locks after the leaves are lowered 
and may be bouncing. 

The programmable controller can also be used to drive an 
alpha-numeric display mounted on the control desk to serve two 
functions. First, it can advise each operation as the 
sequence progresses and prompt the operator for manual input 
when required. This can occur in both automatic and manual or 
step mode. Secondly, the &splay can show error messages and 
prompt the operator for corrective actions. The control desk 
layout thus becomes as that shown in figure 5. Note that the 
simplified bridge outline ties all the controls together. 
This diagram is for a two leaf bridge but can be easily 
modified for a single leaf or for four leaves. This layout 
forms the "automatic" section of the control desk. 

It is probably not wise however, to rely solely on the 
programmable controller and automatic operation. If a fault 
occurs, or if an item of equipment is temporarily out of 
service for repair, the operator has to perform manually at 
least by-pass operations. Also, there are other items such as 
voltmeter, ammeter, lighting switches, etc. which, while not 
essential for basic bridge operation, are desirable for 
maintenance personnel and the operator's ease of access. All 
of these items can be grouped together on a separate section 
of the control desk under the general heading of manual or 
diagnostic section. Figure 6 shows a typical arrangement. 
Notice that the basic layout of the bridge controls are 
similar to that of the automatic section shown in figure 5, 
and contrast this layout to that of figure 1. Manual 
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operation can be selected through a selector switch mounted in 
this section. 

If desired, a third section for communications can be 
added, incorporating a telephone handset and keypad, selector 
buttons for telephone or intercom, intercom call button, 
speaker phone for hands-free operation and possibly a marine 
radio. Figure 7 shows a layout of this type. 

Each of the three sections described above need only be 
approximately two feet square with a sloping top and having 
normal desk height. For a retrofit project, the three 
sections can be shipped individually and assembled within the 
control house, although mounting a programmable controllor 
within the control desk would make it desirable to ship the 
two control sections joined as one unit. Figure 8 shows a 
typical assembled desk. 

CONCLUSION 

The use of programmable controllers will continue to grow 
as will the functions' they serve. At present, a number of 
functions of the programmable controller are duplicated by 
variable speed drives and there should be an effort made to 
integrate these units. There are many other uses that can be 
made of the programmable controller in the future but present 
applications need to be evaluated first. 

As described above, a good portion of the control system 
and components can be replaced with newer equipment. The 
future will answer the questions of which items can perform 
reliably and are worth keeping and which items should be 
discarded. 


