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"Two New Hydraulic Systems 
For Florida Bridges" 

Michael Hanley 
Circuit Engineering, Inc. 

Thls paper 1s a follow-up to "Modern Moveable Brldges i n  the 
United States" Paper presented by J lm Phil l ips w i t h  Parsons Brinckerhoif 
Detai ls f o r  the hydraulic Systems of two  part icular Florida bridges w i l l  be 
discussed i n  detail. Their hydraulic drive machinery i s  somewhat unique @ compared t o  other bridges i n  the area. 

Perhaps the most desirable characterist ic of hydraulic drive machinery for  
the State of Florida DOT is  i t ' s  ab i l i ty  to  provide drive redundancy. This 
feature makes an already reliaDie arlve system even more at t ract ive for  
real ly very minimal cost increase, In addition, the f lex ib i l i t y  of designing 
w i t h  standard hydraulic components al lows creative solutlons to  
application problems for both new and exist ing bridges. 

The Seabreeze Bridge in  Daytona, Florida was a good example of such 
creative design using the f lex ib i l i t y  of hydraulic muscle, Here was a 
situation of an older exist ing bridge w i t h  very l i t t l e  machinery space and no 
t ime for  lengthy solutlons. The crlppled HOpKinS Frame macninery haa the 
bridge operation down to  an absolute minlmuin. 

Designers for  the project  wanted t o  apply the torque direct ly to  the rack 
pinions without the drive stresses belnq transferred back into the mciuntlfig 
frame The concept of a torque arm mounted hydraulic motor was adooted 
From there, the next step was to  select hydraulic motors capable of 



t ransmi t t ing the required torque which could also f i t  into the extremely 
confined space requirements dictated by the location of the exist ing racks. 

The power requirement at  each pinion was for 33,300 foot pounds of torque 
a t  an in f in i te ly  variable 0-3rpm. Good smooth low speea performance of tne 
hydraulic motor  was imperative since the creep speeds of the dr lve pinion 
can be as l ow  as 1/20 of an rpm. Even w i t h  the additlon of a planetary 
gearbox to  reduce Size, weight, and brake size, the motor must have minimal 
torque r ipp le  w i t h  excellent slow speed capability. The drive package 
chosen to  meet a l l  requirements was a hollow shaft - shrink disc planetary 
speed reducer w i t h  a radial Piston - cam curve design hydraulic motor ( See 
f igure 1 ). A mul t ip le  disc spring applied hydraulically released brake was 
an integral par t  of the entire assembly. Each of these assemblies was 
capable of operating the bridge completely independent of the other. 

Once the hydraulic motors were chosen, the pumps and valves could be 
properly sized. TWO 10 h.p. e lectr ic motor/hydraulic pump groups were 
chosen to  enhance system redundancy. An axial piston - pressure 
compensated hydraulic Pump w i t h  horsepower l im i t ing  control was selected. 
This horsepower l im i t ing  control assures maximum bridge speed under 
varylng load COnaltlOnS w l t n  no possioi l l ty  of exceealng the maximum ratea 
current draw of the electr ic motor. Either one of the motor/pump groups i s  
capable of operating the span at  near fu l l  speed. 

The control valving was comprised of a single proportional directional 
control valve and one set of f i l te r ,  counterbalance, re l ie f ,  and ant i -  
cavitat ion valves. I t  was decided that redundant valves was unnecessary 
for  several reasons. These valves have an excel lent track record and art. 
small, l ight  weignt, and Inexpensive i tems readily available f rom numerous 
manufacturers. The increased compl icat~on associated w i t h  dual redundant 
valving could not be jus t i f i ed  here. 

This entire valve system was incorporated into a single steel  manifold 
which greatly reduced the space requirements. A unique feature of the 





valving was a simple f low control valve to  release the brakes. Whenever 
there i s  su f f i c ien t  pressure to operate the drive system, f lu id  f lows  through 
the check valve to  release the brakes. Upon loss of suf f ic ient  pressure 
(300psi./min.) the f low Control meters out f lu id  thereby gradually sett ing 
the sprlng applied brakes. This was a very simple and r e l i a ~ l e  method of 
actuating the thrustor brakes. 

The entire hydraulic System consisted of f ive modules which could be 
mounted w i t h i n  the new machinery frame and shop tested pr ior  t o  
instal lat ion under the bridge, These modules consisted of the t w o  
motor/gearbox/brake combinations, the two  electr ic motor/pump group:, 
and the valve manifold/reservoir module. Each of these modules are small 
enough to  be removed for maintenance wlthout the need for  major  l l f t i ng  
equipment. Normal maintenance items are located a t  a convenient helght 
and location on the front of the machinery frame. This ent i re "Hydraframe" 
design could prove to  be an economical solution to  the problems being 
encountered on the many aging "Hopkins Frame" machinery drive systems ifi 
existence today. 

The next project  of interest was the Lansing Island Bridge i n  Sate l l i te  
Beach, Florida. Due to  the special deslgn cons~aeratlons alreaay Getailea i n  
J im  Phil l ip 's paper, th is  span was unbalanced and extremely t i p  heavy. A t  
f i r s t  thought, one might consider th is  as cause for some special hydraulic 
c i rcu i t ry  to  handle the overrunning loads. In actual i ty, there was no need 
for  anything t o  be di f ferent from a standard hydraulic c i rcu i t  t o  operate a 
fu l l y  balanced leaf design. The demands on the hydraulic counterbalance 
valves i n  th is  t i p  heavy span design are very much l i ke  certain wind load 
conditions on a balanced leaf design. The hydraulic counterbalance valve 
must respond to th is  increased load by provldlng the necessary DaCK 
pressure to  smoothly lower the span. A non-adjustable hydraullcal ly 
dairipened counterbalance valve w l t h  good f low rneterlng capabil i t y  was 
chosen (See figure 2). 





The power u n i t  construction for  the Lansing Island Bridge was of a standard 
free-standing type. A look at  the hydraulic schematics '?~ee f igure 3 & 4) 
shows i t  t o  be very s imi lar  to  that of the Seabreeze Bridge previously 
mentioned. The only real  difference other than horsepower and component 
size i s  the brake Circuitry. 

In a hydraulic motor design a conventional disc-type brake i s  essential 
since you cannot re ly  on the hydraulic motor pistons to  adequately hold the 
bridge under load for  any length of time. Conversely w i t h  the hydraulic 
cylinder drives i t i s  extremely rel iable to  hold the bridge under load With 
only the f l u i d  locked behind the cylinder piston.. This can be accomplished 
quite easily w i t h  Only a p i lo t  operated check valve. This valve was 
incorporated into a small manlfoid  bloc^ Which was then hard piped direct ly 
to  the hydraulic cylinder. Now each cylinder has i t ' s  own integral brake so 
to  speak. This made it extremely easy to  meet the requirement of being able 
t o  lower th is  span without power. A small hand operated needle valve was 
f i t t ed  behind the Pi lot  operated check valve al lowing the trapped f lu id  to  be 
bled back to the tank slowiy. This brake release function worked extremely 
well ,  even t o  the extent that the most inexperienced personnel could 
smoothly lower the bridge in case of emergency. 

Wether you're considering a new design or rehabil i tat ion, hydraulic 
operating machinery has Proven i t se l f  to  be a rel iable drive alternative for 
movable bridges. The f lex ib i l i t y  of design and ab l l i t y  t o  have redundant 
systems makes i t  the drive of choice for  almost a l l  briage drive problems 








