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DEDICATION 

T h i s  p a p e r  and t h e  paper t i t l e d  "Data A q u i s i t i o n  System f o r  Movable 
B r i d g e s w  a r e  ded ica ted  t o  t h e  f o l l o w i n g :  

The B r i d g e  Design D i v i s i o n  o f  t h e  Wisconsin Department o f  T r a n s p o r t a t i o n  
and t h e  C i t y  Engineer o f  Manitowoc, Wisconsin f o r  t h e i r  con f idence  i n  
H a z e l e t  + Erda l  t o  des ign  a comp le te ly  new "Sta te-o f - the-Ar t "  h y d r a u l i c a l l y  
opera ted  system f o r  t h e i r  new Chicago-type R o l l i n g  L i f t  B r i d g e  t o  c a r r y  
1 0 t h  S t r e e t  over  t h e  Manitowoc R i v e r  i n  Manitowoc, Wisc. 

The B r i d g e  Design D i v i s i o n  o f  t h e  Ind iana  Department o f  Highways f o r  
t h i e r  cond i fence  i n  Haze le t  + Erda l  t o  a l s o  p r o v i d e  a s i m i l a r  des ign  f o r  
t h e i r  t w o  new Chicago t y p e  R o l l i n g  L i f t  Bascule Br idges  t o  c a r r y  
I n d i a n a p o l i s  Blvd. and Dickey Road over  t h e  Ind iana  Harbor cana l  i n  Eas t  
Chicago, Indiana. 



S U M R Y  OF HYDRAULIC SYSTEMS DESIGNED BY HAZELET + ERDAl 

A paper t i t l e d ,  "The Development o f  t h e  H y d r a u l i c  Systems Designed fro in 1965 
t o  t h e  Sta te-o f - the-Ar t  H y d r a u l i c  Systems o f  Today" was p resen ted  a t  t h e  
F i r s t  B i e n n i a l  Movable Br idge  Symposium. The f o u r  b a s i c  HST c o n f i g u r a t i o n s  
f o r  h y d r o s t a t i c  t ransmiss ion  a r e  shown on t h e  n e x t  page. 

The f i r s t  f o u r  were o p e n - c i r c u i t  open-loop h y d r a u l i c  systems, which 
r e q u i r e d  t h e  o p e r a t o r  t o  manual ly  m o n i t o r  t h e  speed o f  t h e  moving leaves  
and t o  c o n t r o l  t h e  a c c e l e r a t i o n  and dece le ra t ion .  

The f i f t h  and s i x t h  b r i d g e s  i n  S t .  Joseph and St. C l a i r ,  Mich igan were 
c l o s e d - c i r c u i t  open-loop h y d r a u l i c  systems, which a l s o  r e q u i r e d  t h e  
o p e r a t o r  t o  manual ly  mon i to r  t h e  speed o f  t h e  moving l e a v e s  and t o  c o n t r o l  
t h e  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 .  

The t h r e e  h y d r a u l i c a l l y  operated b r i d g e s  t h a t  have been des igned two o f  
which have now been const ruc ted.  They a r e  c l o s e d  c i r c u i t ,  c losed- ioop 
h y d r a u l i c  systems. A f t e r  t h e  o p e r a t o r  has manual ly  lowered t h e  t r a f f i c  
gates and c l e a r e d  t h e  b r i d g e  o f  pedes t r ians ,  they  have pushbu t ton  automat ic  
opera t ion .  Pushbutton o p e r a t i o n  has been made p r a c t i c a l  by  t h e  a p p l i c a t i o n  
o f  s t a t e  o f  t h e  a r t  equipment. 

The shear l o c k s  used a t  t h e  c e n t e r  o f  t h e  span on t h e  r o l l i n g  l i f t  b r i d g e s  
have no moving p a r t s :  Therefore,  t h e y  must be engaged b e f o r e  t h e  moving 
leaves a r e  f u l l y  c l o s e d  and s l i d e  i n t o  p l a c e  as b o t h  l e a v e s  s i m u l t a n e o u s l y  
reach t h e  f u l l y  c l o s e d  p o s i t i o n .  Automat ic o p e r a t i o n  r e q u i r e s  t h a t  
cont inuous p r e c i s e  i n d i c a t i o n  o f  t h e  l o c a t i o n  o f  each l e a f  must be i n p u t  
t o  t h e  Programmable Log ic  C o n t r o l  (PLC). The PLC i s  programmed t o  make 
a l l  necessary ad jus tment  i n  i t s '  o u t p u t  t o  t h e  moving leaves  t o  b r i n g  them 
t o g e t h e r  a t  t h e  f u l l y  c l o s e d  p o s i t i o n .  The r e a r  l o c k s  a r e  then  d r i v e n ,  
t h e  brakes a r e  s e t  and t h e  t r a f f i c  gates r a i s e d  a u t o m a t i c a l l y .  The 
o p e r a t o r  must t u r n  t h e  c o n t r o l  s w i t c h  t o  OFF. 

f l a .  hyd 





DEVELOPMENT OF THE HYDRAULIC SYSTEMS AND DESIGN SPECIFICATIONS 

The first two bridges were designed with no mention of hydrduiic operation 
of movable bridges in either AASHTO Movable Bridge SpeciP:cations or in 
AREA Manual, Chapter 15, Part 6 Movable Bridges. The Joint industrial 
Conference (JIC) Specifications were used as a guide along with mach 
research and meetings with manufacturers. 

The 1970 Edition of AASHTO Movable Bridge Specifications included a 
paragraph on hydraulic pressure limits and rating of equipment: thjs 
Paragraph 2-5.18 Power Hydraulic Systeiiis i s  co~ied hereinafter for your 
reference. 

The next four bridges ware designed after continued research and w i t h  the - helpful manufacturers' representatives, !he pcobleins that came up becuase 
of the Contractor's lack of understanding of the application of the 
systems to movable bridges indicated that a Go:nprehensive Specifi:at;on 
for the design, fabrication and construction was needed, 

As a member of AREA Committee 15, the author, stated at a meting that vte 
had four highway bridges and two railroad bridges i n  operation, but the 
word hydraulic was not even mentioned in Chapter 15 Specifications. You 
know the response, the author was asked to take on the task of writing the 
specifications needed w i t h  the Movable Bridges subco:;icnittee reviewing and 
developing the final draft for vote of approval of the full committee. 
After three years of continued research and the help of my associates, the 
specifications were approved and included in the 1984 Edition. A copy of 
Articles 6.4.8.1 "'Allowable Systein Pressures" and 6,4,8.2 "Pressure Ratings 
for Hydraulic Components" are copied hereinafter for your reference, This 
is only a very small portion of the total specifications covering Hydraulic 
Systems. 

During the development of the AREA specifications an in-house study was 
made to see how large a rolling lift bridge could be econcmical!y operated 
by hydraulic cylinders. The longest single leaf rolijng lift railroad 
bridge i n  the U.S. would have taken tremendous cylinders that would make it 
completely out of the question. Therefore, the prob:em o+ developing a 
system that could economically be used on any size bridge needed to be 
solved. 

As the results of Hazelet + Erdalk extensive research, a system *as 
developed which would utilize the latest state of the art equipment used in 
industry but not yet applied to movable bridges, A layout of one-half of 
the hydraulic drive for one leaf is shown on Page The system was 
presented to the Wisconsin Department of Transportation, their Green Bay 
District and the City Engineer of Manitowoc, Wisconsin, who all gave their 
approval to use this new untested system to operate the new 10th Street 
Bridge carrying US 10 (Southbound) over the Manitowoc River in Manitowoc, 
Wisconsin. 
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DEVELOPMENT OF THE HYDRAULIC SYSTEMS AND DESIGM SPECIFICATIONS (Cont.) 

AREA M U A L  FOR RAILMAY ENGINEERING STEEL STRUCTURES - 1984 EDITION 

6.4.8 - H y d r a u l i c  Systems and Components 

6 . 4 . 8 2  A l lowab le  System Pressures 

(a)  The h y d r a u l i c  system s h a l l  be designed and h y d r a u l i c  components 
p r o p o r t i o n e d  such t h a t  t h e  inaxfmum a l l o w a b l e  system p ressures  s h a l l  n o t  
exceed t h e  f o l l o w i n g ,  excep t  as o the rw ise  p e r m i t t e d  by p r i o r  w r i t t e n  
approva l  o f  t h e  Company. 

Normal Operat iona l ,  I000 p s i  
Opera t iona l  a g a i n s t  maxiinum s p e c i f i e d  loads. 2000 p s i  
Ho ld ing  a g a i n s t  maximum s p e c i f i e d  wind loads. 3000 p s i  

(b)  Normal o p e r a t i o n  s h a l l  be d e f i n e d  as o p e r a t j o n  a g a i n s t  C o n d i t i o n  A 
loads s p e c i f i e d  i n  A r t .  6.3.6. Opera t ion  a g a i n s t  maximum s p e c i f i e d  l o a d s  
s h a l l  be d e f i n e d  as o p e r a t i o n  a g a i n s t  C o n d i t i o n  6 & C l o a d s  s p e c i f i e d  i n  
A r t .  6.3.6. Ho ld ing  a g a i n s t  maximum s p e c i f i e d  wind loads  s h a l l  be d e f i n e d  
as h o l d i n g  t h e  movable span i n  t h e  f u l l y  open p o s i t i o n ,  s t a t i c  c o n d i t i o n ,  
a g a i n s t  t h e  loads s p e c i f i e d  i n  A r t .  6,3,6 (e), 

6.4.8.2 Pressure R a t i n g  f o r  H y d r a u l i c  Coinponents 

(a)  Miniinum work ing p ressure  r a t i n g s  f o r  h y d r a u l i c  components s h a l l  
be as f o l l o w s ,  except  as o t h e r w i s e  p e r m i t t e d  by p r i o r  w r i t t e n  approva l  o f  
t h e  Company, 

Pipe, t u b i n g  and t h e i r  f i t t i n g s :  3000 p s i  
F l e x i b l e  hose and hose f i t t i n g s :  

For p ressure  l i n e s  5000 p s i  
For d r a i n  l i n e s  2000 p s i  

Cy l inder ,  pumps, va lves  and a l l  o t h e r  components:3000 p s i  

(b)  Working p ressure  r a t i n g  s h a l l  be d e f i n e d  as t h e  maximum 
cont inuous o p e r a t i n g  p ressure  f o r  t h e  component. For p ipe ,  tub ing ,  
f l e x i b l e  hose and f i t t i n g  t h e  work ing p ressure  r a t i n g s  a r e  equal  t o  t h e  
b u r s t  p ressure  r a t i n g  d i v i d e d  by a  minimum f a c t o r  o f  s a f e t y  o f  4. For  
c y l i n d e r s  t h e  work ing  pressure r a t i n g  s h a l l  be equal  t o  t h e  MFPA 
t h e o r e t i c a l  s t a t i c  f a i l u r e  p ressure  r a t i n g  as r e q u i r e d  by A r t .  6.5.37.17 
d i v i d e d  by a  minimum f a c t o r  o f  s a f e t y  o f  3.33. For  pumps, va lves  and 
o t h e r  components t h e  work ing  p ressure  r a t i n g  i s  equal  t o  t h e  maximum 
a l l o w a b l e  peak ( i n t e r m i t t e n t )  p ressure  r a t i n g  d i v i d e d  b y  a  minimu-n f a c t o r  
o f  s a f e t y  o f  1.5. 

( c )  The minimum f a c t o r s  o f  s a f e t y  des igna ted  i n  paragraph ( b )  a p p l y  
t o  system hav ing  l i g h t  t o  moderate o p e r a t i n g  shock loads  d u r i n g  o p e r a t i o n  
r e s u l t i n g  i n  s h o r t  d u r a t i o n  peak system p ressures  no g r e a t e r  than  two 
t imes t h e  a l l o w a b l e  maximum o p e r a t i n g  p r e s s u r e  a g a i n s t  C o n d i t i o n s  B o r  C 
loads, whichever i s  g r e a t e r .  For systems hav ing  h i g h e r  shock ?oads 
pressures,  t h e  f a c t o r s  o f  s a f e t y  s h a l l  be inc reased  p r o p o r t i o n a l l y .  
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DEVELOPMENT OF THE HYDRAULIC SYSTEMS AND DESIGN SPECIFICATIONS (Cont.) 

U.S. 10 (EASTBOUND) OVER THE MANITOWOC RIVER 
TN THF - . . . . . - 

CITY OF MANITOWOC, WISCONSIN 
(SHOWN IN ELEVATION ON PREVIOUS PAGE.) 

Double Leaf Rolling Lift Bascule Bridge Providing I20 Ft. Clear Channel at 
O+/- Skew. 

The design is a closed-circuit closed-loop hydraulic system. 

Each leaf is operated by two independent hydraulic power units each driving 
a low speed high torque (LSHT) fluid motor coupled to a drive pinion and a 
hydraulically operated disc brake. This pinion is part of two sets of open 
gear train and delivers the power to the rack pinion. All of the above 
equipment is on the moving leaf. The two systems are coupled together and 
are symmetrical about the centerline of the leaf. If a problem developes 
in one of the systems it automatically shuts itself down and the leaf is 
operated by the functioning system. The LSHT :notor of the disabled system 
is placed in a freewheeling mode and turns with the shaft. 

Each Hydaulic Power Unit consists of an L shaped reservoir on a base that 
supports a 30 HP Squirrel cage induction motor driving a variable 
displacement, overcenter for reversing flow, piston type pump with an 
integral charge pump and an electrically actuated pump servo controller 
mounted on the pump. The power unit also includes the flexible coupling 
with guard, manifold(s), valves, piping between power unit components, 
filters and all other required accessories. 

Double Leaf Rolling Lift Bascule Bridge Providing 68 Ft. Clear Channel at 
Oo Skew. 

The design of the hydraulic system is bascially the sdine as the U.S. 1;) 
Bridge over the Manitowoc River except for the size and capacity of the 
equipment. 

STATE ROUTE 912 OVER THE INDIANA HARBOR CANAL 
IN THE 

CITY OF EAST CHICAGO, INDIANA 

Double Leaf Rolling Lift Bascule Bridge Providing ??5 ,5 '  Clear Channel at 
3+/- -30' Skew. 

The design of the hydraulic system is basically the same as the U.S. 10 
Bridge over the Manitowoc River except for the size and capacity of the 
equipment. 



DEVELOPMENT OF THE HYDRAULIC CIRCUIT 

1. Basic Hydraulic Closed Circuit (Closed Loop Feedback is added on 
Plate 9.) with a variable volume piston pump driven by a 1800 RPM 
synchronous electric motor is shown on Plate 1. The swash plate can 
be varied in both direction to reverse the flow in the closed 
circuit. The hydraulic motor which drives the moving leaf will 
turn in either direction at the speed determined by the voluine of 
flow of hydraulic fluid from the pump. When a 9xoving leaf has an 
overhauling force (due to a wind load and/or out of balance load) 
that tries to drive the moving leaf faster will cause the hydraulic 
motor to act a hydraulic pump, The oil will be forced through the 
piston pump which in turn will act as a hydraulic motor and drive 
the electric motor faster than sychronous speed. At speeds greater 
than synchronous speed, the motor will act as a generator which will 
supply power back into the electrical power source, The restraining 
force of the electric motor will vary with the magnitude of the 
speed above synchronous speed. This is called regenerative braking. 

2. While the hydraulic fluid is being pumped around through the loop, a 
small amount of fluid seeps out thru the seals into the outer casing 
of the hydraulic pump and hydraulic motor. A drain is provided from 
each housing back to a reservoir. To make up for this lost hydraulic 
fluid a constant volume charge pump is provided that will provide 
hydraulic fluid which will maintain a minimum pressure in the loop as 
shown on plate 2. This pressure is equal to the pressure relief valve 
setting in the charge pump circuit. All excess fluid pumped by the 
charge pump will flow back into the reservoir over the pressure 
relief valve. The pistons in the pump also need this back pressure 
during the time the piston is returning from the pressure stroke. 

The charge pump i s  on a common shaft with the electric motor and 
variable piston pump. Therefore the electric motor must also have 
the capacity to not only drive the variable piston pump, but also 
the constant volume charge pump. 

3. In order to protect the variable piston pump from contamination 
picked up in the loop, motor, or from the reservoir, filters have 
been added on each side of the loop and i n  the intake line to the 
charge pump as shown on plate 3. The hydraulic fluid in the loop 
will only pass through the filter on the return side going to the 
pump. On the pressure side leaving the pump, the hydraulic f!uid 
will flow through the by pass check valve and bypass the filter. 
The check valve in line with the filter will allow flow in only one 
direction through the filters. 

The fluid from the resevoir is filtered before :t is pumped into the 
circuit. If the differential pressure (pressure drop) across the 
filter exceeds the spring value in the by-pass check valve the 
portion of fluid flow not needed to maintain this differential 
pressure will flow thru the check valve. 



DEVELOPMENT OF THE HYDRAULIC CIRCUIT 

4. The AASHTO des ign  s p e c i f i c a t i o n s  r e q u i r e s  t h a t  t h e  enoving l e a f  
s h o u l d  be capable  o f  o p e r a t i n g  a g a i n s t  a  h o r i z o n t a l  w ind l o a d  o f  10 
pounds p e r  square feet .  The p ressure  r e q u i r e d  by t h e  h y d r a u l i c  
power u n i t  t o  d r i v e  t h e  moving l e a f  a g a i n s t  t h i s  l o a d  must be below 
t h e  maximum pressure t h a t  i s  a l l owed  t o  be deveioped i n  t h e  c i r c u i t .  
Crossover r e l i e f  va lves  a r e  p laced  across t h e  h y d r a u l i c  motor as 
shown by h e a v i e r  l i n e s  on t h e  p l a t e  4. They shou ld  be s e t  t o  
p r o v i d e  t h e  p ressure  r e q u i r e d  f o r  t h e  moving l e a f  t o  opera te  a g a i n s t  
t h e  des ign  load. 

5. Remote Con t ro l  o f  t h e  Swash P l a t e s  must be p r o v i d e d  i n  o r d e r  f o r  one 
o p e r a t o r  t o  be a b l e  t o  c o n t r o l  t h e  f o u r  h y d r a u l i c  power u n i t s  i n  t h e  
two machinery rooms, one on each s i d e  o f  t h e  channel. On ly  f i v e  i n p u t  
s i g n a l s  w i l l  be s e n t  t o  each o f  t h e  f o u r  servo c o n t r o l  u n i t s .  They 
a r e  

1. Raise F u l l  Speed 
2. Raise Creep Speed 
3. Stop 
4. Lower Creep Speed 
5. Lower F u l l  Speed 

When a  change i n  s i g n a l  i s  s e n t  t o  t h e  servo, i t  w i l l  a c c e l e r a t e  o r  
d e c e l e r a t e  t o  t h e  new cominand speed. A change fro i l l  r a i s e  t o  lower  
o r  v i s e  versa cannot be made w i t h o u t  f i r s t  go ing  t h r 3  stop. Each o f  
t h e  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  ramps shou ld  be s e p a r a t e l y  
a d j u s t a b l e .  The se rvo  c o n t r o l s  a r e  s e n t  d i r e c t ; y  t o  t h e  se rvo  
c o n t r o l  u n i t s  ad jacen t  t o  t h e  v a r i a b l e  p i s t o n  pumps. A speed 
feedback i s  s e n t  back f rom a  tachometer f o r  t h e  se rvo  t o  compare 
w i t h  t h e  command. Automat ic  ad jus tment  o f  t h e  c o n t r o l s  w i l l  
synchron ize t h e  i n p u t  speed t o  t h e  o u t p u t  feedback speed. I f  an 
e r o t i c  feedback o r  no feedback i s  r e c e i v e d  t h e  se rvo  immed ia te ly  
sends o u t  a  "servo m a l f u n c t i o n "  s i g n a l .  T h i s  s i g n a l  w i l l  d rop  o u t  
t h a t  power u n i t  on t h e  l e a f  and p l a c e  t h e  h y d r a u l i c  l o o p  i n  a f r e e  
wheel ing mode. See n e x t  i t e m  f o r  d e s c r i p t i o n  o f  f r e e  wheel ing.  
T h i s  w i l l  enab le  t h e  LSHT h y d r a u l i c  motor t o  r o t a t e  w i t h  t h e  
h y d r a u l i c  f l u i d  f l o w i n g  around t h e  l o o p  formed by t h e  f r e e  whee l ing  
v a l v e  and t h e  LSHT motor. 

6. There a r e  t imes  when t h e  LSHT h y d r a u l i c  motor shou ld  be a b l e  t o  
r o t a t e  w i t h o u t  h y d r a u l i c  p ressure  be ing  a p p l i e d  t o  motor. T h i s  i s  
accomplished by p l a c i n g  a  two p o s i t i o n  f l o w  c o n t r o l  v a l v e  ac ross  t h e  
LSHT h y d r a u l i c  motor. The v a l v e  i s  c o n t r o l l e d  by d s o l e n o i d  wh ich  
must be a c t i v a t e d  t o  c l o s e  t h e  v a l v e  and 2ake i t  n u n - e f f e c t i # e  i n  
t h e  c i r c u i t .  When t h e  s o l e n o i d  i s  n o t  a c t i v a t e d ,  t h e  s p r i n g  w i l l  
r e t u r n  t h e  v a l v e  t o  t h e  open p o s i t i o n .  T h i s  arrdngement i s  f a i l  
s a f e  w i t h  t h e  h y d r a u l i c a l l y  r e l e a s e d  mechanical  brake, where t h e  
un load ing v a l v e  s o l e n o i d  must be a c t i v a t e d  t o  a l l o w  t h e  h y d r a u l i c  
pump t o  develope t h e  p ressure  need t o  r e l e a s e  t h e  brake. When power 
i s  l a s t  t h e  un load ing  v a l v e  w i l l  a u t o m a t i c a l l y  open and s e t  t h e  
brake. 
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7. I n  t h e  event  o f  a  se rvo  m a l u f u n c t i o n  on b o t h  power u n i t s  on a  l e a f .  
t h e  b r i d g e  speed and d i r e c t i o n  would have t o  manual ly  opera ted  a t  t h e  
power u n i t s .  To a v o i d  t h e  n e c e s s i t y  o f  any manual c o n t r o l s  i n  t h e  
machinery  room, t h e  swash p l a t e  must be mechan ica l l y  h e l d  a t  a  creep 
speed s e t t i n g  i n  t h e  Raise D i r e c t i o n .  The speed o f  t h e  b r i d g e  w i l l  be 
c o n s t a n t  a t  a  c reep  speed when t h e  e l e c t r i c  motor i s  s t a r t e d  f rom t h e  
c o n t r o l  console, A  low v o l t a g e  s t a r t e r  i s  be ing  used t o  reduce t h e  
i n - r u s h  o f  c u r r e n t  t o  t h e  motor  s i n c e  i t  i s  be ing  s t a r t e d  under load. 
The change i n  d i r e c t i o n  i s  accomplished w i t h  t h e  use o f  a three-way 
v a l v e  shown on p l a t e  7. A p p l y i n g  power t o  t h e  Raise o r  Lower 
so leno id ,  t h e  spool  w i l l  s h i f t  and determine t h e  d i r e c t i o n .  When no 
power i s  app l ied,  t h e  s p r i n g s  w i l l  c e n t e r  t h e  spoon and "Block" t h e  
f l o w  o f  o i l  t o  t h e  h y d r a u l i c  motor. The spoon completes t h e  l o o p  on 
t h e  pump s i d e  so t h a t  t h e  f l u i d  can c o n t i n u e  t o  c i r c u l a t e  t h r o u g h  t h e  
pump. The h y d r a u l i c  motor s i d e  i s  b locked  t o  a p p l y  t h e  " h y d r a u l i c  
brakes"  a t  t h e  v a l u e  o f  t h e  c rossover  p ressure  r e l i e f  va lves.  When we 
do n o t  want t h e  h y d r a u l i c  brakes a p p l i e d  we d e a c t i v a t e  t h e  f reewhee l  
v a l v e  and t h e  moving l e a f  can " f reewheel "  o r  d r i f t  s u b j e c t  o n l y  t o  
e x t e r i o r  forces.  

8. Some h y d r a u l i c  motors  need c o o l i n g  by means o f  c i r c u l a t i n g  o i l  t h r o u g h  
t h e  o u t e r  casing.  T h i s  a l s o  p r o v i d e s  a  means o f  g e t t i n g  any f l u i d  
t h a t  has leaked  pass t h e  s e a l s  f rom t h e  i n t e r i o r  p ressure  chambers o f  
t h e  motor back t o  t h e  r e s e r v o i r .  T h i s  i s  accompl ished w i t h  a  scnall 
t h r e e  p o s i t i o n  v a l v e  across t h e  pump p o r t i o n  o f  t h e  l o o p  and a  
p r e s s u r e  r e l i e f  v a l v e  t h a t  w i l l  m a i n t a i n  t h e  low p ressure  s i d e  o f  t h e  
l o o p  a t  i t s  s e t t i n g .  These va lves  a r e  shown on P l a t e  8. The h i g h  
p ressure  s i d e  o f  t h e  loop  a p p l i e s  t h e  h i g h e r  p r e s s u r e  th rough  the  
i n t e r n a l  p i l o t  l i n e  t o  s h i f t  t h e  spool. The r e t u r n  l i n e  f rom t h e  LSHT 
motor  t o  t h e  r e s e r v o i r  has a  30 p s i  check v a l v e  t o  m a i n t a i n  30 p s i  
minimum pressure  i n  t h e  casing.  A 65 ps?  check v a l v e  across t h e  
c a s i n g  w i l l  bypass t h e  f l u i d  if t h e  p ressure  d rop  exceeds 35 p s i .  A  
branch c i r c u i t  o f f  t h e  motor c o o l i n g  and/or f l u s h i n g  l i n e  p r o v i d e s  
make-up f l u i d  t o  t h e  low p ressure  s i d e  o f  t h e  motor  l o o p  when t h e  
b l o c k i n g  v a l v e  i s  centered.  The two p o s i t i o n  va lve,  as shown on P l a t e  
8, i s  c o n t r o l l e d  by a  p i l o t  l i n e  f rom t h e  h i g h  p r e s s u r e  s i d e  o f  t h e  
motor loop. 

9. The equipment added t o  P l a t e  9 i s  d e s c r i b e d  i n  t h e  paper t i t l e d  "Data 
A c q u i s i t i o n  System f o r  Movable Br idges"  be ing  p resen ted  b y  t h e  same 
author. 

10. The h y d r a u l i c  power u n i t  shown on P l a t e  70 i s  p r o v i d e d  f o r  each o f  t h e  
f o u r  brakes. There a r e  two main p o r t i o n s  o f  t h e  c i r c u i t .  The e l e c t r i c  
motor d r i v e n  pump developes p ressure  up t 3  t h e  s e t t i n g  o f  t h e  p r e s s u r e  
r e l i e f  v a l v e  which must be h i g h  enough t o  r e l e a s e  t h e  brake. T h a t  
l oop  i s  shown b l o c k e d  by t h e  two-way va lve .  When t h e  s o l e n o i d  i s  
a c t i v a t e d  t o  s h i f t  t h e  spool ,  t h e  1.000 p s i  p r e s s u r e  i s  a p p l i e d  t~ t h e  
brake t o  r e l e a s e  it. The p ressure  s w i t c h  o n l y  i n d i c a t e s  t h a t  a 
minimum pressure  o f  750 p s i  i s  a v a i l a b l e  t o  r e l e a s e  t h e  brake. When 
t h e  s o l e n o i d  i s  deac t i va ted ,  t h e  "Unloading Valve" b l o c k s  t h e  p r e s s u r e  
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from the motor and unloads the pressure on the brake back to the 
reservoir allowing the brake to set. This is Fail safe because the 
brake will set if power is lost. In the event of some other 
malfunction in the circuit the brake can be manually released, 

11. The completed hydraulic circuit for one power unit including the low 
speed-high-torque-hydraulic motor and the mechanicaliy applied- 
hydraulically released brake i s  shown on Plate 11. There are a total 
of four of these complete u n i t s  required for the bridge, two on each 
moving leaf, In the event of a malfuiiciton in any portion of one 
power unit on a leaf the b?ocking valve and the free wheeling valve 
are deactivated allowing the hydraulic motor to rotate with the gear 
train while the other power unit drives t he  inoving leaf. 

12. A "Key to Hydraulic Equipment" "with the quantity 3 f  each item required 
for one double leaf bascule bridge is g iven  on Plate 12. 

13. A "Description of Hydraulic Operation" of the two moving leaves i s  
given on Plate 13. There are two programmable logic controllers (PLC) 
used, one to control the operation of the bridge and the other ds a 
standby. The word logic has beep added to the name because the 
designation of PC is now used for personal compcters. 

fla, hyd 



HYDRAULIC SYSIEH RETROFIT OF EXISTING BRIDGES 

Each b r i d g e  t o  be r e c o n d i t i o n e d  c o u l d  be r e t r o f i t t e d  w i t h  f o u r  h y d r a u l i c  
d r i v e s  - one d r i v e  t o  opera te  each r a c k  p i n i o n .  Each h y d r a u l i c  d r i v e  would 
be a  comb ina t ion  hydrau l ic -mechanica l  system c o n s i s t i n g  o f  a  h y d r a u l i c  
power u n i t ,  low speed h i g h  to rque  (LSHT) f l u i d  motor  and a  h y d r a u l i c a l l y  
opera ted  brake. The LSHT motor would be coupled t o  one o f  t h e  p i l i o n s  o f  
t h e  e x i s t i n g  open gear t r a i n ,  p r o v i d i n g  t h a t  t h e  e x i s t i n g  g e a r i n g  i s  i n  
good enough c o n d i t i o n  t o  j u s t i f y  reuse. Otherwise, s u i t a b l e  new g e a r i n g  
would have t o  be provided. A t  some b r i d g e s  a  speed reducer  may have t o  
a l s o  be p r o v i d e d  i f  t h e  e x i s t i n g  open g e a r i n g  does n o t  have t h e  r e q u i r e d  
amount o f  gear r e d u c t i o n .  I f  speed reducers  a r e  r e q u i r e d  e i t h e r  LSHT 
motors  o r  conven t iona l  f l u i d  motors c o u l d  be used. 

Two LSHT motors would n o r m a l l y  d r i v e  each b r i d g e  l e a f  b u t  one LSHT motor  
c o u l d  d r i v e  each l e a f  i f  necessary. Two h y d r a u l i c a l l y  opera ted  brakes 
would be p r o v i d e d  as p a r k i n g  (machinery)  brakes f o r  each l e a f .  Motor 
brakes would  n o t  be needed because each h y d r a u l i c  d r i v e  would  p r o v i d e  
dynamic- regenerat ive  b r a k i n g  a c t i o n  d u r i n g  l e a f  d e c e l e r a t i o n ,  The p a r k i n g  
brakes would be s e t  a f t e r  t h e  b r i d g e  comes t o  r e s t  t o  a s s i s t  i n  h o l d i n g  
a g a i n s t  maximum wind loads o r  can be used as emergency s t o p p i n g  brakes, i f  
necessary. t o  b r i n g  t h e  b r i d g e  t o  a  s t o p  f a s t e r  than  dynamic- regenerat ive  
b r a k i n g  a c t i o n  can p rov ide .  The r e s u l t  would be much lowar  shock loads on 
t h e  machinery and s t r u c t u r e  d u r i n g  normal o p e r a t i o n  and t h e  problem o f  
a d j u s t i n g  brake t i m e  de lays  f o r  sequenced brake s e t t ~ n g  would be 
e l  i ~ n i n a t e d .  

C o n t r o j s  f o r  t h e  h y d r a u l i c  system would be s o l i d - s t a t e  p r o p o r t i o n d l  
e l e c t r o - h y d r a u l i c  se rvo  v a l v e  t y p e  c o n t r o l .  The c o n t r o l s  would p r o v i d e  
pre-set  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  o f  t h e  b r i d g e  leaves. The r a t e  o f  
a c c e l e r a t i o n  a n d l o r  d e c e l e r a t i o n  can be a d j u s t e d  t o  s u i t  b r i d g e  c o n d i t i o n s .  
E i t h e r  automat ic  pushbut tons and/or manual j o y s t i c k s  c o u l d  be p rov ided  a t  
t h e  o p e r a t o r \  console.  The e x i s t i n g  o p e r a t o r "  conso le  a t  each b r i d g e  
would r e q u i r e  m inor  m o d i f i c a t i o n s ,  which c o u l d  most l i k e l y  be done i n  p l a c e  
a t  t h e  br idge, t o  accommodate t h e  h y d r a u l i c  c o n t r o l  systems. Motor 
c o n t r o l s  would have t o  be m o d i f i e d  o r  rep laced,  depending on t h e i r  t y p e  and 
c o n d i t i o n ,  t o  opera te  t h e  e l e c t r i c  motors  which d r i v s  t h e  pumps o f  t h e  
h y d r a u l i c  power u n i t s .  The new o r  r e v i s e d  motor c o n t r o l s  would be s i m p l e r  
than  t h e  e x i s t i n g  arrangements because t h e  e l e c t r i c  n o t o r s  would be NEMA B 
S q u i r r e l  Cage t y p e  AC motors  r e q u i r i n g  o n l y  one d i r e c t i o n  o f  r o t a t i o n .  The 
h y d r a u l i c  c i r c u i t r y  would p r o v i d e  t h e  necessary f l u i d  f l o w  d i r e c t i o n  t o  
open o r  c l o s e  t h e  b r i d g e  leaves. 

The c o s t  t o  r e t r o f i t  a  b r i d g e  w i t h  h y d r a u l i c  d r i v e  wsu ld  be approx imate ly  
$500,000 p e r  b r idge .  T h i s  c o s t  i s  an average amount which would vary  
depending on t h e  amount o f  work which may be r e q u i r e d  a t  t h e  br idge.  

f l a. hyd 
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KEY QUANTITY DESCRIPTION 
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(I) 4 RESERVOIR Niti ACCESSORIES 

( 2 )  4 SUCTION LINE FILTER WITh 8V'LSS 

(3 )  4 'VACUUM SWITCH 

( 4  48 SHUT-OFF 'VkLVE 

( 5 )  4 ELECTRIC MOTOR 

(6) 4 VIIRIABLE PUMP WITH INTERKPL CbA?GE 

73 (7) 4 CHARGE PRESSURE RELIEF 'Vt-':E ,-- 
ir -+ 18) 4 ELLCTRICALL' OPERATED SESIO . L . E  m 

- 9 4 FLOW CONTROL ',YALVE 
N 

(:C) 2 4  CHECK VALVi  (5 PS I )  

( 1  8 RETURN l i N E  FiLTER W/PRtSSL?E 'JfE '.OiZ; 

( : 2 )  8 CIIFFERENTIAI PRESSURE 5:;: TC- 

( 5 )  4 DIRECTIONAL CONTROL '/~:'i.l ::-zrS. :-!:Ly) 

:4) 4 PRESSlJPE RELIEF VALVE 

( : 5 )  4 CHECK VALYE (65  P S I )  

j:6) 8 i!IGH PRESSURE GAIJGE 

:. .. \  
, , "CL!Ar l (X P R i S Y d K t  GAUGE , , 

Q L CHAi lGE PRESSliRE SW;TCH 

. ., 
2 ;  4 D:RLZTIONA!. CONTROL VAL';E :?-':: L.-.:t'f: 
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_ ,  .iir,i~. JESCRIPTION 
~ . ~~ .. ~ . -  

(20) 4 :J;i;C710N,4L CDNT9OL VALVE (2-?OS.,'S-&;'!: 

(22) 4 P ~ E S S .  TRANSDUCER (STAIN GAGE 

2 3  d 3;pECiIONAL CONTROL VALVE (2-POS.;'4-h;") 

(24)  8 I:G5 PRESSURE RELIEF VALVE 

(25) 4 C u E C  'VALVE (30 PSI )  

( 26 )  4 L%V SPEED HIGH TORQUE (LSHT) SOTO$ 

( i i )  ?Y?2AL?:C POWER UNIT  FOR BRAKE 
,, , T 1 ,  
i l l  ,r ThE FOLLOWING MANIFOLD 
?ICJ:.:E3 COMPONENTS: 

(28) 2 
-,--,,-- 
, , ~ i t ~  ,O!JAI CONTROL ilA!VE (2-P05.;:- A:'!) 

(29) 4 ':ESSi:FE RELIEF VALVE 

(36; Q : k E C k A L Y E  (5  PS;) 

{ .  t -,"-~,,., , . " . .~~  .,-u?t  W I T C H  

# + , \  . ,,J?: ., C - t -  -,  - c):F VAL '&  

( 3  4 ,:b,:+;t;; CY BRAKE 



D E S C R I P T i O N  OF H Y D R A U L I C  OPERATIOh! FUNCTIONAL DESCRlPllON 
OF MAJOR PRESSURE AND DIRECTIONAL CONTROL COMPONENTS 

3 i E  MOVING BRIDGE LEAVES ARE STOPPED BY PRESSING 
'I ioRMCi STOP- PUSiBUTTON. ALL SERVO VALVE (8) 
CONTROL COMMANOS M I L  BE INTERRUPTED AND BRIDGE 

CHARGE PRESSURE RELIEF VALVE: LIMITS MAXIMUM CHARGE PdMP 
OPERATING PRESSURE. PREVENTS DAMAGE TO PUMP SERVO CONlRO( 
SYSTEM. A. TO RAISE BRIDGE: L E A E S  Wl?: DECELERATE 7 0  STOP AT PRESET R A E  

I .  M E  ELECTRIC MOTORS (5) ARE STARE2 AND FLUID 
BEGINS TO CIRCULATE MROUGH LSHT MOTORS (26) TO 
PROVIDE CASE FLUSHING. 

2. EMERGENCY STOP. SERVO VALM: PROVIDES FLUID FLOW CONiROL FOR PUMP 
SWASHPLATE POSITIONING. THE MOVING BRIDGE LEAVES ARE STOPPED BY PRESSING 

'EMERGENCY STOP. PUSHBUTTON. 
2. OPERATOR PRESSES 'BRIDGE RAISE' PUSHBUTTON. 

3. EMERGENCY BRAKE ? O W  UNITS (27) ARE STARTED & 
DIRECTIONAL CONTROL VALVES (28) SHIFT. 

n PRESSURIZED FLUID RELEASES EMERGENCY BRAKES (33). 

DIRECTIONAL CONTROL VALM: OFTEN REFERRED TO AS A 'PURGE 
VALK'  OR "SHUTTLE VALVE'. ALLOWS GREATER VOLUME OF FLUID 
TO RECIRCULATE MROUGH RESERVOIR FOR GREATER COOLING AND 
LONGER FLUID LIFE. A L M  PERMITS MAKE-UP FLUID TO JOIN LSHT 
MOTOR RETURN FLOW TO PREVENT CAVITATION. 

1. mc BLOCKING VALVE (19) SOLENOIDS WILL 
3EENERGIZE AND IHE VALVES WILL SHIFT, BLOCKING 
FLOW OF hMRAULIC  FLUID. DIRECTION CONTROL 
VALVE (23) SOLENOIDS WILL DEENERGIZE ALLOWING 
?iE LSHT MOTORS (26) TO FREEWHEEL. THE 4 DIRECTIONAL CONTROL VALVES (19) AND (23) SHIFl  

--I TO PERMIT FLUID FLOW TO LSHT MOTORS (261. 
PRESSURE RELIEF VhIVE: PROVIDES SUFFICIENT BACK PRESSURE 
TOR LSHT MOTOR MAKE-UP FLUID. 

. . 
'Ci 

5. SERVO 'JALVES (8) SHIFT TO PROVlDl CWTROL 

2 
PRESSURE 10 PUMP (6)  SWASHPLATE POSITION 

LA ACTJ'3AToRS. 
2. POlvER TO THE ELECTRIC MOTORS (5) WILL BE 

INTERRUPTED AND N E  ELECTRIC MOTORS AND 
W M P S  (6) WILL DECELERATE TO A STOP. 

DIRECTIONAL CONTROL VALVE: OFTEN REFERRED TO AS A 'BLOCKING 
VALVE'. ISOLATES PUMP FROM LSHT MOTOR TO PREVENT CREEP AND 
PERMITS REVERSAL OF FLUID FLOW TO LSHT MOTOR I N  M E  E'IENT OF 
SERVO CONTROL FAILURE TO PERMIT EMERGENCY W E R A I I O N  WIIHOL!T 
SERVOS, 

6. PUMP SWASHPLATES ARE POSITlONED TO PRODUCE THE 
CORRECT PUMP (6) OUTPUT VOLUME AND FLOW 
DIRECTION. EMEQGENCY (NON-PC1 OPERATION MTH S E W S .  

OPERATO? RAISES AN3 LOWERS BRIDGES !.EAVES A i  
;ARIAB,E REDUCED SPEED USING POTENTIQME?ERS, ONE 
:OR i h C h  LEAF, TO CONTROL PUMP SERVO VALVES. 
i n ? A I I I ; C  CIRCUIT OPERATION I S  SIMILAR TO NORMAL 
:?E?:.131i. EMERGENCY BRAKES (33) AND REAR LOCKS 
("<C: SiiOhV) U U S I  BE O P E ~ ~ A I E U  Wllk EMERGENCY 
co~ im5 :s .  

7 DIRECTIONAL CONTROL VkiVES ($3 )  AND (20) SHIFT 
SUE TO INCREASING PILOT (SYSTEM) PRESSURE. 
CASE fiUSHING R R M I G H  LSHT MOTORS (26) CEASES 

DIRECTIONAL CONTROL VALM: ALLOWS AU'IOMATIC LSHT MOTOR CASE 
FI!JSHING W E N  ELECTRIC MOTORS ARE STARTED. FLUSHING REMOVES 
3EBZlS FROM MOTOR CASES AND PROVIDES MOTOR WARM-UP AT VERY 8. LSHT MOTORS (26) BEGIN TO ROTATE AND ACCELERATE 

dWDCE LEAVES !O Fur: SPEED. 

9. 3EmR?I FLIJIU FROM LStiT MOTORS (26) COMBINES ,,,.-, 
tr; ir IUAKE-UP Fi.iiID FROM CHARGE PdMPS AND PASSES 

LOW AMBIENT TEMPERATURES. 

D;RECTIONAL CONTROL VA1.E. REMOMS PRESSWE FROM LSHT MOTOR 
MAIN LINES TO PERMIT CASE FLiSHING AT START-UP AND PERMITS 
FREEF'WEELING OF LSHT MOTOR I F  HWRAULIC D R I M  I S  
INOPERATI'&. 

;riROUGH DIREC!IONAL CONTROL V A L E 5  (19). REiURN 
LINE FILTERS (11) AND BACK TO PUMPS (6). ?d?i? (b ]  WASHPLATES ARE PHYSICAI.?Y HELD 

SEE SPECIAL WROVISIONS. 
8. '2 ;.OWR DR!DGE: 

SAM: AS -0 RAISE RR1L)GF EXCEPT OPERATOR PRFSSES 
PRESSURE RELIEF VALM: LIMITS MAXIMUM SYSEM PRESSURE AT 
:.SIC MOTORS. VALVES CAN BE ADJIISTED TO 3000  P S I  MAXIMUM, I F  
NECESSARY, '10 PERMIT BRIDGE OPERATION AGAINST H I M E R  THAN 
NORMAL WIND LOADS I F  ONE HWRAULIC D R I M  I S  INOPERABLE ON 
Oh;: OR BOTH LEAVES. 

'BR.: ' -  ; ~ J U L  ,. W R '  PUSHBUTTON. PUMP (6) SWASHPILATES 
;?E ~OSiT lONED TO PRODUCE REVERSE FLUID FLOW W I C ?  
C;JE.L .SHT MOTORS (26) TO ROTATE I N  OPPOSITE 
i:RC::::4. 

:, .L.vTRIC~i. POlvZfl LOSS WILL DE-ENERGIZE M E  A , "' 

i.i:-?ICA. CONTROI. CIRCUIT AN3 STOP THE MOVING 
i i  , E j  i k  :HE SAME MANNEII AS EMERGENCY STOP. 


