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T h i s  p a p e r  w i l l  g i v e  an  o u e r u i e w  o f  t h e  d i f f e r e n t  t y p e s  o f  

mouab le  b r i d g e s  and e l e c t r i c a l - t y p e  b r i d g e  c o n t r o l s ,  and  w i l l  

discuss i n  d e t a i l  t h e  d e s i g n  e x p e r i e n c e s  a s s o c i a t e d  w i t h  

r e t r o f i t t i n g  a n  e x i s t i n g  b r i d g e  w i t h  a  new d r i u e  and  c o n t r o l  

s y s t e m .  

INTRODUCTION 

Highway and  r a i l w a y  rnouable b r i d g e s  c a n  be  b r o k e n  down i n t o  

t h r e e  b a s i c  t y p e s  o f  s t r u c t u r e s  - Swing ,  B a s c u l e  and  V e r t i c a l  

L i f t  . 

Sw ing  B r i d g e  

The s w i n g  b r i d g e  t u r n s  h o r i z o n t a l l y  a b o u t  a  c e n t r a l  p i u o t .  

The t u r n  i s  u s u a l l y  9 0  d e g r e e s  f r o m  t h e  c l o s e d  t o  open  p o s i t i o n  

w i t h  t h e  span  p a r a l l e l  t o  t h e  wa te rway  i n  t h e  open  p o s i t i o n .  

( F i g u r e s  1 and 2 ) .  

B a s c u l e  B r i d g e  

The b a s c u l e  b r i d g e  p i u o t s  a b o u t  one end as  t h e  o t h e r  end  

r a i s e s  u p  and o u t  o f  t h e  way t o  c l e a r  w a t e r  t r a f f i c .  T h e r e  a r e  

s i n g l e  l e a f  a n d  d o u b l e  l e a f  b a s c u l e  b r i d g e s .  B a s c u l e  b r i d g e s  

a r e  c l a s s i f i e d  i n t o  t w o  t y p e s  - t r u n n i o n  a n d  r o l l i n g  l i f t  

( S c h e r e z e r ) .  



FIGURE I 
SWING BRIDGE 



F I G U R E  2 

B A L A N C E  W H E E L S  A N D  R A C K  
ON CENTER BEARING SWING S P A N  



The t r u n n i o n - t y p e  ( C h i c a g o  t r u n n i o n )  b a s c u l e  b r i d g e  has  a  

s t a t i o n a r y  t r u n n i o n .  T h i s  b r i d g e  c o n s i s t s  o f  a  f o r w a r d  l e a f  

and  a  r e a r  c o u n t e r w e i g h t  arm w h i c h  r o t a t e s  a b o u t  t h e  t r u n n i o n .  

The o p e r a t i n g  m a c h i n e r y  i s  mounted on a  s t a t i o n a r y  p l a t f o r m  o r  

i n  w h a t  i s  u s u a l l y  c a l l e d  t h e  b r i d g e  m a c h i n e r y  room, l o c a t e d  

b e l o w  t h e  b r i d g e .  T h i s  m a c h i n e r y  d r i u e s  t h e  span t h r o u g h  a  

r a c k  and  p i n i o n  a r r a n g e m e n t .  The r a c k  i s  i n  t h e  f o r m  o f  a  90 

d e g r e e  a r c .  ( F i g u r e s  3 ,  4 and 5 ) .  

The r o l l i n g  l i f t  t y p e  ( S c h e r e z e r )  has t h e  b r i d g e  r o l l  b a c k  

o n  a  t r a c k  a s  t h e  o p p o s i t e  end r i s e s .  The m a c h i n e r y  p l a t f o r m  

t i l t s  a l o n g  w i t h  t h e  b r i d g e .  ( F i g u r e  6 )  

V e r t i c a l  L i f t  B r i d g e  

The u e r t i c a l  l i f t  b r i d g e  i s  r a i s e d  h o r i z o n t a l l y  f r o m  b o t h  

e n d s .  The ends r i d e  u p  t o w e r s  t o  a  h e i g h t  s u f f i c i e n t  t o  c l e a r  

w a t e r  t r a f f i c .  T h e r e  a r e  t w o  t y p e s  o f  u e r t i c a l  l i f t  b r i d g e s  - 
t h e  span d r i v e  b r i d g e  and t h e  t o w e r  d r i v e  b r i d g e .  

The span d r i v e  b r i d g e  has t h e  o p e r a t i n g  m a c h i n e r y  l o c a t e d  

o n  t h e  span  i t s e l f .  Th rough  l i n e  s h a f t i n g ,  a  s i n g l e  m o t o r  c a n  

n o r m a l l y  d r i v e  b o t h  ends o f  t h e  b r i d g e .  

The t o w e r  d r i v e  b r i d g e  has  t h e  o p e r a t i n g  m a c h i n e r y  l o c a t e d  

i n  t h e  end t o w e r s .  D u p l i c a t e  s e t s  i n  each  t o w e r  r a i s e  and  

l o w e r  t h e  b r i d g e  s p a n .  

C o n t r o l  Systems 

There  a r e  t w o  t y p e s  o f  c o n t r o l  sys tems  - H y d r a u l i c  and  

E l e c t r i c a l .  B o t h  sys tems  can be  d e s i g n e d  f o r  m a n u a l  o r  

s e m i - a u t o m a t i c  o p e r a t i o n .  



F I G U R E  3 B A S C U L E  BRIDGE 



FIGURE 4 TWIN L E A F  BASCULE 
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FIGURE 5 TRUNNION BASCULE BRIDGE 



FIGURE 6 ROLLING- L I F T  BASCULE BRIDGE 



TYPICAL PROCEDURE TO INSTALL A NEW CONTROL SYSTEM ON AN 

EXIST ING BRIDGE 

In recent years many bridges constructed in the first half 

of the 20th century haue been rehabilitated to provide 

state-of-the-art control and driue systems. 

One such project recently completed by Enuirodyne 

Engineers, Inc. (EEI) was the Clark Street Bridge ouer the 

Chicago Riuer in downtown Chicago, Illinois. The renouation 

project took almost five years from start to finish. The Clark 

Street Bridge was originally constructed in 1931. This double 

leaf bascule bridge was rehabilitated with new driue motors and 

control systems. Each leaf is operated by two 100 HP DC 

motors. The two motors are connected in series and controlled 

by a DC regeneratiue controller. A second redundant controller 

is prouided for each leaf. 

EEI was authorized to proceed with the project in Nouember, 

1980. After obtaining record documents, a thorough inspection 

of the existing equipment was made in January, 1981. 

An eualuation of auailable systems and technologies was 

made as they related to the existing bridge's mechanical and 

electrical equipment and the possibility of using the existing 

equipment in the rehabilitated design. 

In July, 1981 the Final comprehensiue report was issued to 

the City of Chicago Department of Public Works summarizing the 

results of EEI's inspection, alternatives for rehabilitating 

the drives and control systems complete with cost analysis, and 

EEI's recommendation for which alternatiue should be selected. 



b s h o r t  p e r i o d  o f  d i s c u s s i o n  w i t h  t h e  C i t y  on E E I ' s  

recommendat ion t h e n  commenced, c u l m i n a t i n g  i n  t h e  a u t h o r i z a t i o n  

t o  p roceed  w i t h  t h e  d e s i g n  o f  t h e  recommended system i n  A p r i l ,  

1982. 

The d e s i g n  o f  t h e  new c o n t r o l  and d r i v e  system was c l o s e l y  

c o o r d i n a t e d  w i t h  t h e  C i t y  and t h e  d e s i g n  package was i s s u e d  f o r  

c o n s t r u c t i o n  i n  t h e  s p r i n g  o f  1984. The e n g i n e e r i n g  p o r t i o n  

was comple ted  w i t h i n  n i n e  months.  

I n  t h e  f a l l  o f  1985, c o n s t r u c t i o n  was s u b s t a n t i a l l y  

completed w i t h  m ino r  f i n a l  punch l i s t  i t e m s  s t i l l  t o  be 

comple ted .  

Throughout  t h e  c o n s t r u c t i o n  phase, t h e r e  was c o n t i n u i n g  

c o o p e r a t i o n  between t h e  C i t y .  t h e  Genera l  C o n t r a c t o r .  t h e  

E l e c t r i c a l  S u b c o n t r a c t o r ,  t h e  C o n t r o l  System S u p p l i e r ,  t h e  

D r i v e  System S u p p l i e r  and E E I  t o  ensure t h e  b e s t  a v a i l a b l e  

t echno logy  was i n c o r p o r a t e d  f o r  t h i s  p r o j e c t .  



SELECTING A DRIVE SYSTEM 

l h e  ma jo r  d i s c u s s i o n  t o  be made i n  r e h a b i l i t a t i n g  t h e  

b r i d g e  was what t y p e  o f  D r i v e  system shou ld  be i n s t a l l e d  b o t h  

AC and DC systems were cons ide red .  

BPPLICATION OF DC DRIUES FOR BRIDGE OPERBTION 

The r e g e n e r a t i v e  DC d r i v e  has been found  t o  be i d e a l l y  

s u i t e d  f o r  v a r i a b l e  t o r q u e  a p p l i c a t i o n  such as t h a t  encountered  

i n  movable b r i d g e s .  The t o r q u e  r e g u l a t i o n  i s  t h r o u g h  c u r r e n t  

r e g u l a t e d  power wh ich  r e s u l t s  i n  smooth s t a b l e  machine 

o p e r a t i o n .  The r e g e n e r a t i u e  system p r o v i d e s  t h e  a b i l i t y  t o  

h o l d  back d u r i n g  c o n d i t i o n s  o f  severe l o a d ,  such as h i g h  w inds  

o r  heavy r a i n s .  S t a b l e  o p e r a t i o n  i s  m a i n t a i n e d  t h r o u g h  t h e  

e n t i r e  speed range,  f u l l  speed opening t o  f u l l  speed c l o s i n g  

e i t h e r  m o t o r i n g  o r  h o l d i n g  back a t  any b r i d g e  p o s i t i o n  d u r i n g  

any c y c l e .  

DC r e g e n e r a t i v e  d r i v e s  a l l o w  t h e  motor  t o  a c t  as b rakes  

when l o w e r i n g  t h e  b r i d g e ,  r e d u c i n g  wear on t h e  s e r v i c e  and 

emergency mechan ica l  b rakes  w h i l e  p r o v i d i n g  t h e  most  e f f i c i e n t  

use o f  power a v a i l a b l e  w i t h  a d j u s t a b l e  speed d r i v e s .  

One t y p e  o f  system i s  t h e  p a t e n t e d  f a s t  response f o u r  

quadran t  r e c t i f i e r  c o n t r o l  system as manufac tu red  by t h e  

L o u i s - A l l i s  Company. 

A c l osed  l o o p  a rmature  c u r r e n t  r e g u l a t o r  i s  used as t h e  

Fundamental b u i l d i n g  b l o c k  t o  c o n t r o l  t o r q u e  t o  t h e  motor  

s h a f t .  I n  b r i d g e  a p p l i c a t i o n s ,  t h i s  i s  coup led  w i t h  a  p o s i t i o n  

i n d i c a t i o n  s i g n a l  f r o m  l i m i t  sw i t ches  o r  a  s e l s y n  i n d i c a t o r  t o  

c o n t r o l  speed. 



f iPPL ICATION OF I\C DRIVES FOR BRIDGE OPERATOR 

An a l t e r n a t i u e  t o  DC d r i u e s  i s  t h e  u t i l i z a t i o n  of an  AC 

wound- ro to r  motor w i t h  a  power r a t e d  t h y r i s t o r  c o n t r o l  sys tem.  

A wound-rotor motor p rou ides  t h e  a b i l i t y  t o  modify t h e  

r o t o r  r e s i s t a n c e  from o u t s i d e  t h e  motor w h i l e  i t  i s  r u n n i n g ,  

t h u s  changing t h e  m o t o r ' s  c h a r a c t e r i s t i c s .  Th i s  i s  p o s s i b l e  

because t h e  r o t o r  l oops  a r e  a c t u a l  windings of copper  w i r e  

l ayed  i n  s l o t s  i n  t h e  r o t o r ' s  magnet ic  s t e e l .  The ends of t h e  

w i r e s  of  each winding a r e  connected t o  copper s l i p  r i n g s  p laced  

a round ,  b u t  i n s u l a t e d  from t h e  r o t o r  s h a f t .  These smooth,  

unsegmented r i n g s  a r e  c o n t a c t e d  by brushes  e n a b l i n g  t h e  

connec t ion  of e x t e r n a l  r e s i s t o r s  t o  t h e  r o t o r  w i n d i n g s .  Each 

d i f f e r e n t  u a l u e  of  r o t o r  r e s i s t a n c e  causes  a  d i f f e r e n t  speed 

u s .  t o r q u e  c h a r a c t e r i s t i c .  The optimum r e s i s t o r s  f o r  s t a r t i n g  

t h e  p a r t i c u l a r  b r i d g e  l o a d  can be chosen.  a l l o w i n g  t h e  e n g i n e e r  

t o  s e l e c t  t o r q u e  c h a r a c t e r i s t i c s  n o t  normally  a u a i l a b l e .  Much 

of t h e  motor h e a t  i s  d i s s i p a t e d  i n  t h e s e  e x t e r n a l  r e s i s t o r s ,  

r e s u l t i n g  i n  a  c o o l e r  o p e r a t i n g  motor .  

The span speed i s  r e g u l a t e d  th rough  t h e  a c t i o n  of  g a t i n g  

a m p l i f i e r s  and l i n e  t h y r i s t o r s ,  By means of  c o n t r o l l e d  

p r o p o r t i o n a l  g a t i n g  of t h e  l i n e  t h y r i s t o r s ,  t h e  AC d r i u e  motor 

i s  o b l i g e d  t o  run  a t  sub-synchronous s p e e d .  By u s i n g  an  image 

s e t  of t h y r i s t o r s  and g a t e s ,  s t a t i c  r e u e r s i n g  of t h e  d r i u e  i s  

a s s u r r e d  w i t h o u t  t h e  u se  of  r e u e r s i n g  c o n t a c t o r s .  

A DC permanent magnet t achometer  t o g e t h e r  w i t h  a  p o s i t i o n  

i n d i c a t i o n  s i g n a l  from l i m i t  s w i t c h e s  o r  a  s e l s y n  i n d i c a t o r .  

One of t h e  most p u b l i c i z e d  f e a t u r e s  of t h e  t h y r i s t o r  d r i u e  

i s  t h e  so -ca l l ed  "ramp f u n c t i o n " .  T h i s  i s  s imply  a  

prede te rmined  program f o r  motor s p e e d .  An e l e c t r o n i c  c i r c u i t  



s t a r t s  t h e  motors  and a p p l i e s  t o r q u e  as r e q u i r e d  t o  i n c r e a s e  

speed l i n e a r l y  f r o m  ze ro  t o  r u n n i n g  speed ouer  some 

p r e s p e c i f i e d  t i m e  p e r i o d .  T h i s  i s  t h e  "ramp u p " .  Then t h e  

curuc  i s  f l a t ,  i n d i c a t i n g  c o n s t a n t  r u n n i n g  speed. Near t h e  end 

of t r a v e l ,  t h e  motors  a r e  l i n e a r l y  d e c e l e r a t e d  t o  e i t h e r  ze ro  

( b r i d g e  f u l l  open) o r  some s low c r a w l  speed ( b r i d g e  s e a t i n g ) ,  

a p p l y i n g  coun te r - t o rque  th rough  e l e c t r o n i c  motor  r e u e r s i n g  as 

necessary  t o  f o r c e  t h e  motor  t o  f o l l o w  t h i s  preprogrammed "ramp 

down". One t y p e  o f  system t h a t  we used was t h e  C lass  22-6501 

C o n t r o l l e r  n ~ a n u f a c t u r e d  by t h e  Westinghouse E l e c t r i c  

C o r p o r a t i o n .  

T h i s  system was used on t h e  Columbus D r i u e  B r i d g e  ouer  t h e  

Chicago R i u e r  i n  Chicago, I l l i n o i s .  The Columbus D r i u e  B r i d g e  

i s  t h e  l o n g e s t  d rawbr idge  i n  Chicago.  Designed i n  t h e  "Chicago 

s t y l e " ,  i t  i s  a  doub le  l e a f  t r u n n i o n  bascu le  b r i d g e .  Euen 

though each movable l e a f  weighs 6 . 3  m i l l i o n  pounds, i t  can be 

r a i s e d  o r  l owered  w i t h  o n l y  one 150 H P  motor  under  abnormal  

o p e r a t i o n .  There a r e  two 150 H P  motors  wh i ch  o p e r a t e  each l e a f .  

Each motor  i s  c o n t r o l l e d  by an 6C t h y r i s t o r  d r i u e  and each 

i s  backed up w i t h  a  magnet ic  c o n t r o l l e r .  The b r i d g e  i s  a l s o  

equipped w i t h  two 40 horsepower emergency motors  f o r  each l e a f  

wh i ch  a r e  c o n t r o l l e d  by magnet ic  c o n t r o l l e r s .  

The C i t y  o f  Chicago,  Department o f  P u b l i c  Works s e l e c t e d  a 

DC r e g e n e r a t i v e  d r i u e  system f o r  t h e  C l a r k  S t r e e t  B r i d g e  

p r o j e c t .  



OPERATIONdL SEQUENCE FOR BRIDGE OPERATION 

The open ing  and c l o s i n g  o f  most b r i d g e s  i s  accompl ished 

u t i l i z i n g  a  manual c o n t r o l  scheme o r  a  semi-automat ic  c o n t r o l  

scheme and one o p e r a t o r .  F u l l y  au toma t i c  o p e r a t i o n  and remote 

o p e r a t i o n  a r e  u s u a l l y  n o t  recommended f o r  most a p p l i c a t i o n s  f o r  

s a f e t y  r e a s o n s .  A normal  sequence o f  o p e r a t i o n  i s  as f o l l o w s :  

The b r i d g e  o p e r a t o r  checks t r a f f i c ,  ene rg i zes  t h e  

t r a f f i c  s i g n a l s  and l o w e r s  t h e  t r a f f i c  g a t e s .  

The b r i d g e  o p e r a t o r  v e r i f i e s  t h a t  t h e  b r i d g e  i s  f r e e  

f r o m  t r a f f i c  and l owers  t h e  u e h i c l e  b a r r i e r s  i f  t h e  

b r i d g e  i s  so equipped.  

The b r i d g e  o p e r a t o r  p u l l s  t h e  span l o c k s .  

The b r i d g e  o p e r a t o r  r e l e a s e s  t h e  machinery  b rakes .  

The b r i d g e  o p e r a t o r  r a i s e s  t h e  b r i d g e .  The motor  

( s e r u i c e )  b rake  i s  u s u a l l y  i n t e r l o c k e d  w i t h  t h e  

o p e r a t i n g  c i r c u i t i n g  t o  a u t o m a t i c a l l y  r e l e a s e  when t h e  

b r i d g e  d r i u e  i s  e n e r g i z e d .  1 

The span w i l l  a u t o m a t i c a l l y  a c c e l e r a t e  t o  t o p  speed and 

a u t o m a t i c a l l y  d e c e l e r a t e  t o  s t o p  a t  t h e  open p o s i t i o n  

f o r  semi-automat ic c o n t r o l .  

I n  t h e  manual c o n t r o l  scheme, t h e  o p e r a t o r  de te rm ines  

t h e  l e a f  speed, a c c e l e r a t e s  and d e c e l e r a t e s  t h e  l e a f ,  

and s tops  a t  t h e  open p o s i t i o n .  L i m i t  s w i t c h e s  a r e  

a l s o  p r o u i d e d  t o  p reuen t  ouer  t r a u e l  o f  each l e a f .  

The b r i d g e  o p e r a t o r  s e t s  t h e  machinery  b r a k e s .  

When t h e  wa te r  t r a f f i c  i s  c l e a r  and t h e  b r i d g e  i s  t o  be 

c losed ,  t h e  b r i d g e  o p e r a t o r  reue rses  t h e  above o p e r a t i o n .  

F i n a l  s e a t i n g  o f  t h e  b r i d g e  i s  done by t h e  b r i d g e  o p e r a t o r  

a f t e r  t h e  b r i d g e  i s  s topped i n  t h e  n e a r l y  c l o s e d  p o s i t i o n .  



Electrical interlocking to prevent operation of a step, 

unless the preuious step has been completed, should be provided 

for the control scheme to ensure the proper manual procedure is 

followed. 

Some electrical interlocks may require bypass switches to 

allow operations when a preuious step has not been correctly 

completed, or for maintenance purposes. These bypasses should 

always be key operated to prevent their use in "normal" 

operation. 

A semi-automatic control scheme was installed on the Clark 

Street project. The controls include a secondary control 

console in the south leaf bridge house to control the south 

leaf as well as the main control console in the north leaf 

bridge house which controls both leafs. 



DESIGN AND CONSTRUCTION EXPERIENCE 

It is extremely important that the Design documents place 

the responsibility for supplying the total driue and control 

system to the electrical subcontractor for the bridge. This is 

to alleuiate many problems which haue arisen in recent years 

when the driue system is supplied through the mechanical 

subcontractor and the bridge control system is supplied through 

the General Contractor. On one of our bridges, the General 
Contractor purchased the bridge control system from a control 

panel manufacturer who bought the electrical and electronic 

components from a control manufacturer, The General Contractor 

then hired an electrical subcontractor to install the system. 

We feel that these problems were avoided in the Clark 

Street Bridge renouation by preparing the electrical 

specification to entrust sole responsibility for the Driue, 

Control system and installation to the Electrical 

Subcontractor. The City,of Chicago rennouation contract for 

this bridge was still with one General Contractor. 

This paper has presented a brief oueruiew of bridge 

control. The consulting engineer must work closely with the 

owner to ensure that the bridge control system can be operated 

and maintained within the capabilities of the owner's engineers 

and maintenance personnel. 
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