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ABSTRACT 

The S t a t e  o f  Lou is iana  Department o f  T r a n s p o r t a t i o n  and Development 

(iaDOT0) i s  u n i q u e  i n  rnany ways which p e r t a i n  t o  rnovable b r idges :  i t  has 
i t s  o m  d e s i y n  s t a f f  which prepares t h e  c o n t r a c t  p lans  f o r  a l l  hu t  t h e  

l a r g e s t  movable b r i d q e  p r o j e c t s ;  i t  has i t s  own ~na in tenance s e c t i o n  which 

i s  r e s p o n s i b l e  f o r  t h e  up keep o f  a l l  o f  i t s  b r ioqe ;  and i t  has a  

p r e f e r e n c e  f o r  t h e  swing-span t ype  o f  movable b r i d g e  as opposed t o  t h e  
bascu le  o r  v e r t i c a l  l i f t .  T h i s  p re fe rence  i s  due t o  economics, 

a e s t h e t i c s ,  l o w  e leva t ions ,  t h e  f a c t  t h a t  most of our c r o s s i n g s  are over 
r e l a t i v e 1  y  na r row Strealns, and i n  l a r g e  p a r t  t o  t h e  success we have had 

w i t h  a  un ique c o n t r o l  system. Whi le  pe r fo rm ing  t h e  necessary f u n c t i o n s ,  
i t  i s  ab le  t o  be !maintained b y  men o f  o r d i n a r y  mechanical s k i l l .  T h i s  

systein has been i n  o p e r a t i o n  s i n c e  1962 when L o u i s i a n a  f i r s t  went t o  
h y d r a u l i c  o p e r a t i o n  of Swing b r i d g e s  and has remained r e l a t i v e l y  

unchanqed i n  concept and des ign from t h a t  tirne. T h i s  has q i v e n  t h e  s t a t e  
t h e  r e l i a b i l i t y  and c o n t i n u i t y  which i s  so necessary i n  t h e  t r a i n i n g  of 

va in tenance  pe rsone l .  We p resen t  t h i s  paper i n  t h e  e x p e c t a t i o n  t h a t  

t h e r e  a r e  those  o u t s i d e  of our  s t a t e  who w i l l  have an i n t e r e s t  i n  t h i s  

t y p e  o f  b r i d g e  o p e r a t i o n .  

We s h a l l  f i r s t  desc r ibe  the  o p e r a t i o n  o f  t h e  b r i d q e  c o n t r o l  system and 
then  sna lyze  i t  through the  use o f  a u t ~ i r ~ d t i c  c o n t r o l  theory .  The system 

w i l l  t hen  be exa~ri ined froin t h e  po i r t t s  of v iew o f  f a h p i c a t i o n ,  maintenance 

and r e l i a b i l i t y .  

OPERATION 

The reader  i s  asked t o  r e f e r  t o  f i q u r e s  1 and 2  a t  t h e  end o f  t h e  

r e p o r t .  F i g u r e  no. 1 i s  a copy o f  a  t y p i c a l  LaDOTD c o n t r a c t  drawing 

showinc; t h e  span d r i v e r  and c o n t r o l  equipirient l o c a t i o n s  on t h e  c e n t e r  

p i e r .  F i g u r e  no. 2  i s  a p h y s i c a l  schei i iat ic  o f  t h e  system o p e r a t i o n .  Tne 
span d r i v e  and c o n t r o l  sys te~n  opera te  a u t o i a a t i c a l l y  by  s i g n a l  from t h e  

o p e r a t o r .  T h i s  s i q n a l  beq ins  t h e  b r i o q e  ~novernent a l d  s e l e c t s  the  amount 

(degrees)  o f  swing. The c o n t r o l  systern a u t o l n a t i c a l l  y  acce le ra tes ,  

r o t a t e s  an0 dece le ra tes  t h e  b r i d g e  b r i n g i n g  i t  s l o w l y  i n t o  t h e  s e l e c t e d  

p o s i t i o n .  T h i s  o p e r a t i o n  i s  accompl ished s i m p l y  th rough  t h e  use o f  a 
d i f f e r e n t i a l .  A s e c t i o n  th rough  t h e  d i f t e r e n t i a l  u n i t  i s  shown i n  f i q u r e  

3. The c o n t r o l  s i g n a l  o u t p u t  f rom t h e  qearinotor c ranks  i n t o  t h e  cam a  
c e r t a i n  degree O f  t u r n s  as pre-determined b y  a  l i m ; t  s w i t c h  a t  t h e  same 

t i m e  p u t t i n q  the  punp l e v e r  on s t r o k e  and lnoving t h e  b r i d g ? .  The b r i d g e  
mot ion  th rough  t h e  r a c k  f o l l o w e r  then  s u b t r a c t s  o u t  t h e  t u r n s  u n t i l  t h e  

pump r e t u r n s  t o  n e u t r a l  t h u s  s t o p p i n g  b r i d g e  m3t ion.  A c c e l e r a t i o n  and 
D d e c e l e r a t i o n  are accoinpi ished b y  a ramping groove on t h e  cam. T h i s  

c o n t r o l  system i s  n o n l i n e a r  and uses no semi-conbuctors.  C o n t r o l  i s  
isan ipu la ted through gears, leve-s,  a  cam, s q u i r r e l  cage motors, r o t j r y  
l imit s w i t c h  and h y d r a u l i c  c y l i n d e r s .  Components a r e  r e l i a b l e ,  e a s i l y  
ma in ta ined  and r e a d i l y  a v a i l a b l e .  

D 



SYMBOLS 

K i  = l i n e a r  q a i n  
1 

N i  = n o n j i n e a r  d e s c r i b i n g  f u n c t i o n  

Q,,,,, = t~iaxiinuin pump f l o w  

Dl1 = dn , d i f f e r e n t i a t i o n  w i t h  respec t  t o  t ime  
1 xn 

El = ar igular  d isplaceinent ,  deg. 

= cosnponent number, see f i q u r e s  1 & 3 

I Subsc r ip ts  

q ~ n  - yearii:otor 

c  - cairi 

b 1 - puiiip c o n t r o l  l e v e r  

p  - span pump 

c y l  - span h y d r a u l i c  c y l i n d e r s  

b 
s - span 

C - feedback 

cb - counterba lance 

D 
o  - s e t  p o i n t  f o r  coinponent 



THEORY 

A t y p i c a l  swing span c o n t r o l  systern l a y o u t  i s  shown i n  F i g u r e  1. An 
unders tand ing  o f  soirie c o n t r o l  t h e o r y  i s  assuined i n  i t s  d n a l y i i s .  C i r c l e d  
nuttihers i n  t e x t  r e f e r  t o  coritponents i n  f i y u r e s  1 & 2. 

The c o n t r o l  systein i s  coinposed o f  e l e c t r i c a l ,  isechanical  and h y d r a u l i c  
coiriponents. The e lec  t r i c a l  coinponents t ransrni  t the  c s ! i t r o l  s i g n a l  and c o n s i s t  

o f  a  gearmotor, brake, and r o t a r y  l i r n i t  swi tch .  A d i f f e r e n t i a l  i s  used as t h e  
sumler,  feedback i s  b y  a  r a c k  gear and t h e  e r r o r  s i g n a l  i s  b y  l i n k a g e  r o d .  
These a re  t h e  r l~echan ica l  u n i t s .  The h y d r a u l i c s  p r o v i d e  t h e  musc le  and speed 
y a r i a t i o n s  t o  move t h e  movable span b y  means o f  a  v a r i a b l e  volume pump, 

coun te rba iance  values, and h y d r a u l i c  c y l i n d e r s .  

A b l o c k  diagrai i i  of t h e  c o n t r o l  s y s t e ! ~  i s  shown i n  F i g u r e  4. The r e v e r s i b l e  

e l e c t r i c  gearinotor , @ , trans i r l i t s  t h e  c o n t r o l  s i g n a l ,  which i s  t h e  angu la r  
d i  i p ?  aceirient o f  t h e  e l e c t r i c  inotor. T h i s  s i g n a l  i s  slidnged p r o p o r t i o n a l  1 y  b y  

t h e  gearinotor gear r a t i o  (Kgtn) . The angu lar  d i s p l  aceraent o f  t h e  gearmotor 
o u t p u t  s h a f t  (0gm) i s  t r a n s f i i t t e d  b y  l i n e  s h a f t  t o  t h e  r o t a r y  l i m i t  sw i t ch ,  a. The l i r i t i t  s w i t c h  c o n t a c t s  a re  s e t  t o  t u r n  o f f  t h e  gearinotor a t  a  
predetermined angu i3r  d isplacement.  A m i t e r  gearse t  i s  used a t  t h e  r o t a r y  l i i n i t  
s w i t c h  t o  change t h e  r o t a t i o n  v e c t o r  and t o  i n s u r e  t h a t  t h e  angu lar  d isplacelnent  
o f  t h e  qedroiotor out.put s h a f t  does no t  exceed t h e  l i m i t s  o f  t h e  l i m i t  sw i t ch .  A 

motor rnounteo brake on t h e  qearmotor p r e v e n t s  a  s i g n d l  froiri b e i n g  t r a n s r n i t t e d  
i n t o  the  gearmotor.  

The s i g n a l  (Bg'il) i s  t rans in i  t l e d  b y  rnechanical 1 i n e  s h a f t i n g  f ro in  t h e  geartnotor 
t o  a  i n i t e r  gearset .  The systerii cons tan t ,  Kmg, i s  1 s i n c e  t h e  r n i t e r  gear r a t i o  
i s  1:l.  The s i g n a l  i s  now i n p u t e d  i n t o  t h e  d i f f e r e n t i 3 1 ,  t h e  mechanical  
coinpdrator. The o t h e r  i n p u t  i n t o  t h e  d i f f e r e n t j a l  i s  frorn t h e  feedback 
subsysteln t o  be d e t a i l e d  l a t e r .  The e r r o r  s i g n a l ,  o r  t h e  d i f f e r e n c e  between t h e  
i n p u t  s i g n a l  and t h e  feedback s i g n a l ,  i s  t h e  angu lar  r o t a t i o n  o f  t h e  cam ( 0 c ) .  
Refer t o  F i g u r e  4 f o r  l o c a t i o n  o f  6c on t h e  b l o c k  diagram. The c o n t r o l  system, 
t o  t h i s  p o i n t ,  i s  a co inb inat ion o f  p r o p o r t i o n a l  systetn cons tan ts .  

The next  component i n  t h e  systein i n t r o d u c e s  t h e  f i r s t  n o n l i n e a r i t y .  The 
component i s  t n e  l l n k a g e  between t h e  caln ano t h e  pump (see  f i g u r e  3 ) .  Ana lyz ing  
t h e  l i n k a g e  geometry r e s u l t s  i n  t h e  pump ang le  as an i n v e r s e  s i n e  f u n c t i o n  o f  
t h e  cain ang le ,  The matherriat ical exp ress ion  would be: 



The n o n l i n e a r i t y  i n  t h e  SySteln i s  hand led as a  v a r i a b l e  gain,  t h e r e f o r e ,  t h e  
c o n t r o l  system e q u a t i o n s  a re  handled accord ing ly .  The pump f l o w  i s  p r o p o r t i o n a l  
t o  t h e  angu lar  d isp lace inent  of t h e  pump l e v e r .  The p o r p o r t i o n a l  g a i n  ( K p ) i s  * 
Opi~iax . 
I y n o r i ~ s g  t h e  sccorrd suinner and proceeding t o  t i l e  nex t  component, t he  
cc?unterbalance va lves ,  @ . These va lves are n o n l i n e a r  because t h e y  a re  an 
on-of f  element. Fo r  t h e  rrioiiient, assuiile t h e  v a l v e  i s  on (Np-1) and h y d r a u l i c  

f l u i d  can f i o w  th rough  it. Therefore, t h e  counterba lance g 3 i n  i s  one. The 
i l y d r a u l i c  c y l i n d e r s ,  @ , are t h e  systeii i i n t e q r a t o r s .  R e f e r r i n g  t o  F i g u r e  1, 
t h e  h y d r a u l i c  c y l i n d e r s  a re  l a i d  o u t  as two f o u r  b a r  systems shar ing  a  coinmon 
l i n k .  S p e c i f i c a i i y ,  t h e  f o u r  b a r  systern i s  t h e  t h i r d  j n v e r s i o n  o f  t h e  s l i d e r  

crank ineihanism. N o n l i n e a r i t i e s  i n  t h e  g a i n  ( N c y l )  r e s u l t s  f rom t h e  geometry o f  
s l i d e r  c rank i inkage.  The n o n l i n e a r i t i e s  can be v i s u a l i z e d  e a s i l y .  R e f e r r i n g  
t o  F i g u r e  1, when t h e  span i s  c losed, a  movement o f  one i n c h  i n  t h e  c y l i n d e r  r o d  
t u r p s  t h e  s p ~  a  r e l a t i v e l y  1arge angle.  T h i s  i s  oncause a  sir ial l  coinponent o f  
t h i s  r o t a r y  movement i s  a c t i n q  i n  t h e  d i r e c t l o n  o f  t h e  c y l i n d e r .  However, when 
t h e  c y l i n d e r  r o d s  a re  no r i i a l  t o  the  span ino~ient  arin, 3n i n c h  inoveinent i s  f u l l y  
e f f e c t i v e  on t h e  rnornent arm. Therefore,  one would expect  t h e  d e s c r i b i n g  
f u n c t i o n  t o  resei i ib le a Ll i t ?  shape w i t h  t h e  bot to in  o f  t h e  U a t  a ininimum when t h e  

mctvahle span has moved ha l fway.  T h i s  i s  e x a c t l y  what happens. 

Recappiny, t h e  gear motor i n p u t s  a  s i g n a l  i n t o  t h e  d i f f e r e n t i a l  u n i t .  The 
s i g n a l  i s  t r3nsformeS by  gears and l e v e r s  t o  a  v a r i a b l e  h y d r a u l i c  f l o w  r a t e .  
T h i s  v a r i a b l e  f i o w  i s  i n t e g r 3 t e d  b y  t h e  h y d r a u l i c  c y l i n d e r s  r e s u l t i n g  i n  
r!;oveinent o f  t h e  inou3ble c y l i n d e r s  r e s u i t i n g  i n  rnovernent o f  t h e  movable s p m .  
F o l l o w i n g  t h i s  s i g n a l  p a t h  on F i g u r e  4, one t r a c e s  t n e  f o r w a r d  f e e d i n g  o f  t h e  

s i g n a l ,  o r  " f e e d  f o r w a r d  s i g n a l " .  

There are two feedback s i g n a l  paths  shown i n  F i g u r e  4. The f i r s t  i s  t r a n s m i t t e d  
th rough  t h e  r a c k  , 0, and p i n i o n  a t  t h e  bottorn o f  t h e  d i f f e r e n t i a l  u n i t ,  0. 
T h i s  produces a n o n l i n e a r  g a i n  ( N r ) .  The second i s  i n t e r n a l  t o  t h e  h y d r a u l i c s  
as a  coun te rba lance  va lve,  @ . T h i s  pa th  i s  l a b e l e d  by  t h e  n o n l i n e a r  g a i n  
1 i N c y l .  

Re fe r  t o  F i g u r e s  1 and 2 t o  t r a c e  t h e  f i r s t  feedback s i g n a l  path .  The movable 

span i s  a t tached  t o  t h e  r a c k  gear,@, b y  a  r o d  p i v o t e d  a t  b o t h  ends. The r a c k  
movement d r i v e s  t h e  p i n i o n  mounted a t  t h e  bot tom o f  t h e  d i f f e r e n t i a l  u n i t  ( see  
f i g u r e  3 ) .  The angu lar  d isplacei i lent  o f  t h e  r a c k  p i n i o n  i s  t r a n s m i t t e d  b y  
v e r t i c a l  s h a f t  t o  a  i n i t e r  gear i n  t h e  cam. The ang l i la r  d isp lacement  o f  t h i s  
n i i t e r  gear s u b t r a c t s  f rom t h e  3ngu l3r  s i g n a l  o f  t h e  gear reducer ,  t h u s  
eo inp le t ing  one c o n t r o l  c i r c u i t .  Th is  feedback l o o p  p r o v i d e s  span p o s i t i o n  
sensing b y  r e t u r n i n g  a compat ib le  s i g n a l  t o  t h e  d i f f e r e n t i a l  u n i t .  

R e f e r r i n g  t o  F i g u r e  4, t h e  f i r s t  feedback l o o p  may be expressed as: 



L e t  A = numerator ,  KgmKmqKcNlKpNcbNcyl, degrees and 

B = KrNrKcNlKpNcbNcyl, min. 

T I , ~  rdnqe o f  A, due t o  t h e  n o n - l i n e a r i t i e s  Nc, Ncb alld Ncyl  i s  between . I 35  and .159. 
The ra l iqe  o f  t i l e  t i ~ ~ i e  constant ,  B, i s  . I 7 3  niiri < B <.222. See f i q u r e  7. 

An f x t t i r n a l  d i s t u r b a r l c e  i s  i r i t rud f i ced  i n t o  the sy i tc i l i  a t  t p o i  i r i u i c d t e d  i n  Fiqur i .  

4 t o  r e p r e s e n t  t h e  iivovinq s p m  react . inq t o  a wind load .  F i g u r e  5 i s  Lhc c o n t r o l  

schemat ic o f  t h i s  s i g n a l  path.  The d i s t u r b a n c e  i s  a d d i t i v e  i f  t h e  wind i s  b lo ih ing i n  
d i r e c t i o n  o f  h r i d q e  rnoveinent and n e g a t i v e  i f  aqa ins t  i t .  Reducing t h e  c t ~ a r a c t e r i s t i c  

e q u a t i o n  and a p p l y i n g  the r o o t  l o c u s  method o f  ana lys i s ,  an i n s t a b i l i t y  i s  p r e d i c t e d .  

Indeed, t h i s  i s  what h3ppens. Observing t h e  b r i d g e  i n  w ind gusts,  t h e  span responds i n  

an o s c i l l a t o r y  o r  h u n t i n g  manner as t h e  span i s  brought  t o  t h e  c l o s e d  p o s i t i o n .  T h i s  

, d i ve rgence  i s  caused by t h e  gust i i i ipulse i n p u t  coup led w i t h  t h e  i n e r t i a l  p r o p e r t i e s  of 

t h e  span t o  move i n  t h e  d i r e c t i o n  o f  movement. 

A second feedback l o o p  i s  adaed t o  coun te r  t h i s  i n s t a b i l i t y .  T h i s  second feedback l o o p  

i s  enployed as an i n t e r n a l  feedback path .  The i n t e r n a l  feedback m o d i f i e s  the  system as  
I shown i n  F i g u r e  4 and 6 .  The p h y s i c a l  e7e::ient used i s  a  coun te rba lance  va lve,  . The 

v a l v e  riiounts i n  t h e  r e t u r n  l i n e  f ro in  t h e  span c y l i n d e r s .  E s s e n t i a l l y ,  t h i s  v a l v e  
gpera tes  as an on-of f  va l ve .  F low th rouqh  t h e  v3 lve  i s  o f f  u n t i l  t i l e  f l u i d ,  d i s p l a c e d  

froin t h e  spar1 c y l i r i d e r s ,  oht.ains a  s p e c i f i e d  pressure.  A t  t h i s  pressure,  t h e  v a l v e  

3 i l o w s  f l u i d  t o  pass. Ttius, t h e  r e s i s t i n q  p ressure  in3i i- i tainea or1 t t ie  span c y l i n d e r s  

p r e v e n t s  wind loads  f ro in c a r r y i n g  the  rilovahle span past  it, p roper  p o s i t i o n .  

The second feedolick l o o p  i r t ~ d i f i e s  t h e  ~ q u a t i o n s  of the c o n t r o l  SyStmi ti1 t h j i  f i n a l  for111: 

( K a ~ ~ i K ~ ~ i : ~ N l i c ~ A ' ' l )  - 0gm + E 

b 
8s = [(KrNrKcNltipNcbNcyi + Neb) + D 

F i g u r e  7 p l o t s  systef:lS ga ins  versus systein r o o t  l o c i  f o r  t h e  c o n t r o l  System w i t h  and 

w i t h o u t  i n t e r n a l  feedback. The e f f e c t  o f  t i le  i n t e r n a l  Geeaback s h i f t s  t h e  system one 

u n i t  i n  t h e  n e q a t i v e  d i r e c t i o n  r e s u l t i n g  i n  a  more s t a b l e  system. 

b 
The swing span b r i d g e  c o n t r o l  systein i s  a  s t a b l e ,  auto i f la t ic ,  l o w  t e c h n o l o q i c a l  f i r s t  

o r d e r  system. The systeic min imizes t h e  niiinber of feedback p3t l i s  which inakes i t  s imple .  
Components o f  t h e  systern are r e a d i l y  a v a i l a b l e  c o t n i i ~ e r c i a l l y  o r  a re  r e a d i l y  f a b r i c a t e d  b y  

3 inachine shop. Accuracy i s  w i t h i n  7.2 arc  in inutes.  R e p e a t a b i l i t y  t o  one arc  m i n u t e .  

) The systein i s  t o l e r a n t  of inar ine env i ronments  and t e i n p e r a t i r e  ano r e s i s t a n t  t o  h i g h  winds 

and gusts .  



FABRICATION 

The swing span c o n t r o l  systein coinponents are f a b r i c a t e d  b y  i i ~echan ica l  and 

h y d r a u l i c  s u b c o n t r a c t o r s .  The mechanical subcon t rac to r  shop f a b r i c a t e s  t h e  

d i f f e r e n t i a l  systein, coliiponent bases, o p e r a t i n g  l i n k a q e s  arid s u p p l i e s  t h e  qear 

i i iotor arid b o l  t i n q  hardware. The hydrau l  i c  subcon t rac to r  shop f d b r i c a t e s  t h e  

puiitp urr i t ,  count.erbalanci? v a l v e  r r 3 n i f o i d  and r e l i e f  va l ve  t i tar i i fo ld.  These 

co!iiponents a r c  sh ipped t o  t h e  c o n s t r u c t i o n  s i t e  and asseiiibled i n t o  a co~r ip le te  
o p e r a t i n q  systein by  t h e  general  c o n t r a c t o r .  

The d i f f e r e n t i a l  system c o n s i s t s  of a  housing,  rack ,  r a c k  p i n i o n ,  cain s h a f t ,  

d i - f f e r e n t i a l  gear  set ,  motor gear se t ,  p i l l o w  b locks ,  b a l l  bear i r igs  and need le  

bear ings .  The hous ing coinbines a  cas t  i r o n  bot to in f r a ~ n e  upon which i s  s tacked  

i t e e l  weldments. The bottorn frame b o l t s  t o  t h e  p i v o t  p i e r ,  ac ts  as a  gu ide f o r  

t h e  feedback r a c k  gear and suppor ts  t h e  welded d i f f e r e n t i a l  housing.  The welded 
upper hous ing co r i ta ins  the  d i f f e r e n t i a l  assembly, suppor ts  t h e  s i g n a l  i n p u t  

s h a f t  and sep i i ra tes  t h e  d i f f e r e n t i  a1 asseinbl y f rom d i r e c t  env i ronmenta l  

c o n t a c t .  Co i i~~ i ie rc ia? i te ins  f o r  t h e  d i f f e r e n t i a l  suninling u n i t  are b a l l  and need le  

bear ings,  p i l l o w  b?ocks,  i n i t e r  gear s e t  and b o l t i n g  hardware. A11 o t h e r  i tems 
are machined. Machin ing processes used a re  t u r n i n g ,  d r i l l i n g ,  reaining, b o r i n g ,  

p lann ing ,  m i l l i n q  and gear c u t t i n g .  Exanples o f  i n a t e r i a l s  used a re  ASTM A-48, 
C 7 .  30, ASTN A-108, A I S I  1018, 102C and 1045, ASTk: A-322, A I S I  4140, ASTM A-36, 

ASTN A-276, A I S I  Type 303 and 304, and ASTM 8-22 A l l o y s  863 and 905. These 
m a t e r i a l s  a re  r e a d i l y  a v a i l a b l e  and r e a s o n a b l y  p r i c e d .  

The ge3ririotor and l i i r i i t  sw i t ch  bases a re  s t e e l  weldirents. M a t e r i a l  used a re  

ASTM A-36 and A-500, G r .  A o r  B. The qeari i iotor and r o t a r y  l i i n i t  s w i t c h  a re  

co in i~ ierc ia l  i t tuns. 

Opera t inq  l ? n k a g e s  a re  f a b r i c a t e d  f rom c o l d  f i n i s h e d  carbon s t e e l ,  ASTM A-108, 

A I S I  1013 and 1137. Cominercial i tems such as r o d  ends, t u r n  buck les ,  and l o c k  
n u t s  a re  a v a i l a b l e  f rom any conven ient  source.  

The h y d r a u l i c  cornponsnt group c o n s i s t s  o f  a  punip u n i t ,  counterba lance m a n i f o l d ,  
r e l i e f  v a l v e  m a n i f o l d  and h y d r a u l i c  c y l i n d e r s .  An e l e c t r i c  motor,  v a r i a b l e  

d is? lacement  pomp and r e s e r v o i r  inake up t h e  pump u n i t .  Pump f l o w  i s  v a r i e d  b y  
l i n k 3 g e  between t h e  pump servo l e v e r  and t h e  d i f f e r e n t i a l  l e v e r .  The pump u n i t  

i s  assembled and t e s t e d  i n  t h e  shop, v e r i f i e o ,  then shipped t o  t h e  c o n s t r u c t i o n  

s i t e .  

The counterba lance and r e l i e f  va lves,  p i p i n g  and f l a n g e s  a re  s u p p l i e a  frorn any 
number o f  h y d r a u l i c  s u p p l i e r s .  P ipe  i s  used i n  l i e c  of t u b i n g  due t o  p i p e ' s  

d u r a b i l i t y  t o  r3ugh hand l ing .  The coinponents a re  f a b r i c a t e d  i n t o  t h e i r  
r e s p e c t i v e  m a n i f o l d s  and t e s t e d  i n  t h e  h y d r a u l i c  s u b c o n t r a c t o r ' s  f a c i l i t i e s .  

A f t e r  v a l i d a t i o n  i n  t h i s  shop, t h e  m a n i f o l d  assemblies, a iong  w i t h  t h e  h y d r a u l i c  
c y l i n d e r s ,  are forwarded t o  t h e  b r i d q e  s i t e  a t  any conbenient  t i ~ n e .  

I n  sum:nary, cmponen ts  used i n  t h e  swing span c o n t r o l  system a re  r e a o i l y  
a v a i l a b l e  e a s i l y  f a b r i c a t e d  f rom coininon m a t e r i a l s .  



MAINTENANCE AND RELIABILITY 

Maintenance o f  t h e  swing span c o n t r o l  systeiri i s  t h e  r e s p o n s i b i l i t y  o f  t h e  B r i d g e  

Maintenance S e c t i o n  of LaDOTD. Mdintenance work i s  perforined b y  work crews, 
I l o c a t e d  .in d i s t r i c t s  around t h e  s t a t e ,  and b y  a  s ta tew ide  crew, superv i sed  b y  

eng ineers  o r  E n g i n e e r s - i n - T r a i n i n g .  Elaintenance on ~nechanica l  and h y d r a u l i c  
systems perfor ined b y  crews, t h e  m a j o r i t y  o f  which have no formal  n iach in i s t ,  

i n i l l w r i q h t ,  o r  h y d r a u l i c  journeyinan t r a i n i n g .  E l e c t r i c a l  maintenance i s  
perfor ined b y  crews w i t h  l i m i t e d  e l e c t r i c a l  t r a i n i n g .  Therefore,  t o  m in im ize  

I h a v i n g  t o  draw on e x t e r n a l  c o n s u l t a n t s  f o r  inaintenance o f  t h e  swinq span c o n t r o l  

systeiii, t h e  c o r i t r o i  sys te~n  coiliponerits are designed t o  be i n t u i t i v e .  T h i s  a l l ows  

l i r i ~ i t e d  s k i l l e d  workers t o  q u i c k l y  d e t e r i ~ i i n e  f a u l t s  and make r e p a i r s .  

Downtiine and c o s t  are reduced b y  drawinq on a v j i l a b l e  personnei  f o r  i n s p e c t i o n s  
b 

o f  r e p o r t e d  breakdowns. Hours would he l o s t  shou ld  the  Departinent reques t  a  

c o n s u l t a n t  t o  t r a v e l  t o  b r i d y e  t o  deteri i l i r i? t h e  cause o f  a i r ia l fu r ic t ion .  

A v a i l a b l e  rnairitenance personnel  can he a t  the  s i y h t  q u i c k l y  and a re  capable  o f  

d e t e r m i n i n g  inost causes of system f a i l u r e s .  Should s t 3 t e  3 f  t h e  a r t  e l e c t r o n i c s  

b be used, f r a g i l e  e l e c t r o n i c  d i a g n o s t i c  equipinent would have t o  be t ranspor ted ,  

a t  a d d i t i o n a l  cos t ,  t o  t h e  b r i d y e .  I n  some cases, c o n t r o l  system p a r t s  would 

have t o  be rercoved frorn t h e  b r i d g e  and t r a n s p o r t e d  f o r  shop t e s t i n g .  A 
conven ient  inachine shop can f a b r i c a t e  any new p ~ t .  The s o p h i s t i c a t e d  

e l e c t r o n i c s  (nay r e q u i r e  replacement o f  a c a r d  o r  a p r i ~ t e d  c i r c u i t  board  f o r  t h e  

b f a i l u r e  o f  one component on t h a t  board.  A a d i t i o n a l l y ,  vendors c a n ' t  guarantee 
t h a t  a  p 3 r t i c u i a r  p r i n t e d  c i r c u i t  board w i l l  be a v a i l a b l e  i o  f i v e  o r  t e n  years  

f ro in i n s t a l  1  a t i o n  which iileans the  systein would have t o  be complete)  y 
r e h a b i l i t a t e d  i n  cdse o f  f a i l u r e .  

b Disasseri ibly and adjustir ier i ts t o  t h e  c o n t r o l  system a re  raade w i t h  common t o o l  s. 

The l i m i t s  o f  t h e  swing span a re  s e t  i n  t h e  r o t a r y  l i j n i t  s w i t c h .  Removing cap 
screws, loosen i r ig  l o c k  nu ts ,  addinq, removinq o r  s h i f t i n g  ad.just!nent shims a r e  

made w i t h  a handfu l  o f  wrenches, p l i e r s  and sc rewdr i ve rs .  M3ving p a r t s  a re  
p rov ided  w i t h  e a s i l y  a c c e s s i b l e  l u b r i c a t i o n  p o i n t s .  Areas s u s c e p t i b l e  t o  

B v i b r a t i o n  are b o l t e d  w i t h  p r e v a i l i n g  t o r q u e  nu ts .  E l e c t r i c a l  connect ions a re  
made i n  e a s i l y  s e r v i c e a b l e  j u n c t i o n  o r  dev ice  boxes. A l l  e i e c t r i c a l  conductors  

a re  marked w i t h  easy t o  read  inarkers.  C o n t i n u i t y  and v o l t a g e  t e s t s  a re  made 
w i t h  3 p o r t a b l e  vol t -ohin meter .  H y d r a u l i c  o i l  f i l t e r s  a re  a c c e s s i b l e  f o r  easy 

D rep lacement .  O i l  r e s e r v o i r  f i l l e r  necks a re  c o n v e n i e n t l y  l o c a t e d  f o r  o i l  
r e p i  3celnent. Large access doors i n  t h e  r e s e r v o i r  a1 l o w  maintenance crews t o  mop 

t h e  i n s i d e  as r e q u i r e d .  



R e l i a b i l i t y  of t h e  swing span c o n t r o l  system has been v e r y  good. T h i s  des ign  
has been used f o r  25 years.  S t a t i s t i c a l  a n a l y s i s  of t h e  systein i s  no t  a v a i l a b l e  

s i n c e  t h e r e  has been o n l y  fou r  f a i l u r e s .  One f a i l u r e  was t h e  c y l i n d e r  p i s t o n  
sea ls .  T h i s  f a i l u r e  was caused b y  f l u i d  conta i r i ina t iun.  Sand and water i n  t h e  

f l u i d  p i t t e d  and eroded t h e  sea ls  and c y l i n d e r  bore.  T h i s  f a i l u r e  c o u l d  have 
been p reven ted  b y  changing t h e  10 year  o l d  f l u i d .  Two f a i l u r e s  were caused b y  

inar ine vesse l  impacts.  One impact knocked t h e  movable span o f f  i t s  p i v o t  o n t o  
the  c y l i n d e r s  and pump u n i t .  The second impact bo t to~ned  t h e  c y l i n d e r s .  One 

c y l i n d e r  r o d  end was s t r i p p e d  o f f ,  t h e  o t h e r  c y l i n d e r  had t h e  r o d  buck le .  The 
f o u r t h  f a i l u r e  was caused b y  h i q h  water f l o o d i n g  t h e  systern. The systein 

coinponents were f lushed, r e f u r b i s h e d  and r e t u r n e d  t o  se rv i ce .  

I 
T h i s  systern o r  v a r i a n t s  t h e r e  o f ,  has been used s i n c e  1962 w i t h  o n l y  one f a i l u r e  

no t  caused by  e x t e r n a l  fo rces .  Frequency o f  o p e r a t i o n  v a r i e s  f ro in 1982 
openinqs/inonth t o  6  openinqs!:nonth. The Dep3rtlrient 1s proud o f  t h e  s k i n 9  span 

c o n t r o l  sys tem 's  m 3 i n t a i n a b i l  i t y  and r e 1  i a b i l  i t y  reco rd .  
I 
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