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“Two New Hydraulic Systems
For Florida Bridges”

Michael Hanley
Circuit Engineering, Inc.

This paper 15 a follow-up to "Modern Moveable Bridges n the

United States” paper presented by Jim Phillips with Parsons Brinckerhotf
Details for the hydraulic systems of two particuiar Florida bridges will be
discussed in detail. Their hydraulic drive machinery is somewhat unique
compared to other bridges in the area

Perhaps the most desirable characteristic of hydraulic drive machinery for
the State of Florida DOT is it's ability to provide drive redundancy. This
feature makes an already reliabie drive system even more attractive for
really very minimal cost increase. In addition, the flexibility of designing
with standard hydraulic components allows creative soiutions to
application problems for both new and existing bridges.

The Seabreeze Bridge in Daytona, Florida was a good example of such
creative design using the flexibility of hydraulic muscle. Here was a
situation of an older existing bridge with very little machinery space and no
time for lengthy solutions. The crippled Hopkins Frame machinery had the
bridge operation down to an absolute minimum,

Designers for the project wanted to apply the torque directly to the rack
pinions without the drive stresses being transferred back into the mounting
frame. The concept of a torque arm mounted hydraulic motor was adopted.
From there, the next step was to select hydraulic motors capable of



transmitting the required torque which could also fit into the extremely
confined space requirements dictated by the location of the existing racks.

The power requirement at each pinion was for 33,300 foot pounds of toraue
at an infinitely variable O-3rpm. Good smooth low speed performance of the
hydraulic motor was imperative since the creep speeds of the drive pinion
can be as low as 1/20 of anrpm. Even with the addition of a planetary
gearbox to reduce size, weight, and brake size, the motor must have minimal
torque rippie with excellent slow speed capability. The drive package
chosen to meet all requirements was a hollow shaft - shrink disc planetary
speed reducer with a radial piston - cam curve design hydraulic motor ( See
figure 1). A multipie disc spring applied hydraulically released brake was
an integral part 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 hp. electric motor/hydraulic pump groups were
chosen to enhance system redundancy. An axial piston - pressure
compensated hydraulic pump with horsepower limiting control was selected.
This horsepower 1imiting control assures maximum bridge speed under
varying load conditions with no possibility of exceeding the maximum rated
current draw of the electric motor. Either one of the motor/pump groups 15
capable of operating the span at near full speed.

The control valving was comprised of a singie proporticnal directional
control valve and one set of filter, counterbalance, relief, and anti-
cavitation valves. il was decided that redundant valves was unnecessary
for several reasons. These valves have an excellent frack record and are
small, light weight, and inexpensive items readlly available from numerous
manufacturers. The increased complication associated with dual redundant
valving could not be justified here.

This entire valve system was incorporated into a single steel manifold
which greatly reduced the space requirements. A unique feature of the
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valving was a simple flow control valve to release the brakes. Whenever
there is sufficient pressure to operate the drive system, flufd flows through
the check valve 1o release the brakes. Upon loss of sufficient pressure
(300psi./min.) the flow control meters out fluid thereby gradually setting
the spring applied brakes. This was a very simple and reliable method of
actuating the thrustor brakes.

The entire hydrautic system consisted of five modules which could be
mounted within the new machinery frame and shop tested prior to
instaliation under the bridge. These modules consisted of the two
motor/gearbox/brake combinations, the two electric motor/pump groups,
and the valve manifoid/reservoir module. Each of these moduies are small
enough to be removed for maintenance without the need for major lifting
equipment. Normal maintenance items are located at a convenient height
and location on the front of the machinery frame. This entire "Hydraframe”
design could prove Lo be an economical solution to the problems being
encountered on the many aging "Hepking Frame” machinery drive systems in

existence today.

The next project of interest was the Lansing Island Bridge in Satellite
Beach, Florida. Due to the special design considerations already detailed in
Jim Phillip's paper, this span was unbalanced and extremely tip heavy. At
first thought, one might consider this as cause for some special hydraulic
circuitry to handle the overrunning loads. In actuality, there was no need
for anything to be different from a standard hydraulic circuit to operate a
fully balanced leaf design. The demands on the hydraulic counterbalance
valves in this Tip heavy span design are very much like certain wind load
conditions on a balanced leaf design. The hydraulic counterbaiance valve
must respond to this increased load by providing the necessary back
pressure to smoothly lower the span. A non-adjustable hydraulically
dampened counterbalance valve with good flow metering capability was
chosen (See figure 2),
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The power unit construction for the Lansing island Bridge was of a standard
free-standing type. A look at the hydraulic schematics (See figure 3 & 4)
shows it to be very similar to that of the Seabreeze Bridge previously
mentioned. The only real difference other than horsepower and component
size is the brake circuitry.

In a hydraulic motor design a conventional disc-type brake is essential
since you cannot rely on the hydraulic motor pistons to adequately hold the
bridge under load for any length of time, Conversely with the hydraulic
cylinder drives it is extremely reliable to hold the bridge under load with
only the fiuid Jocked behind the cylinder piston. This can be accomplished
quite easily with only a pilot operated check valve. This valve was
incorporated into a smali manifoid block which was then hard piped directly
to the hydraulic cylinder. Now each cylinder has it's own integral brake so

to speak. This made it extremely easy to meet the requirement of being able

to lower this span without power. A small hand operated needle valve was
fitted behind the pilot operated check valve allowing the trapped fluid to be
bled back to the tank slowly. This brake release function worked extremely
well, even to the extent that the most inexperienced personne! could
smoothly fower the bridge in case of emergency.

wether youre considering a new design or rehabilitation, hydraulic
operating machinery has proven itself to be areliable drive alternative for
movable bridges. The flexibility of design and ability to have redundant
systems makes it the drive of chofce for aimost ati bridge drive problems.
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