Hubbell Industrial Controls, Inc.

Movable Bridge

Control Recommendations

by Ronald W, Hughes

Several different options
are available to control the
operation of movable
bridge structures. The type
of control chosen and it’s
implementation are deter-
mined to a large degree by
the mechanical and struc-
tural features of the
bridge, and the number
and location of the drive
motors. Bridge structures
are defined by one of three
main classifications, and
the control systems re-
quired to operate these
structures can be designed
as single or coordinated
multiple controls.



Mechanical Classification

The three bridge classifications are Swing, Bascule and Vertical Lift. The numbar and placement of the drive motors
and the mechanical arrangement of the motor and gearing system further subdivides the three classifications,

Swing Bridge

The Swing bridge is a center supported span that rotates
horizontally. The mechanical drive arrangement will con-
sist of a large main span gear driven by several smaller
pinion gears. Multiple pinion gears are used to distribute
the driving torgue and to eliminate lateral reaction loads
on the main gear bearing. Figures 1 and 2 show two typi-
calmotor and gear arrangements.

The gearing arrangement of figure 1 shaws multiple ma-
tors with independent gear reduction for each motor, Each
motor must operate concurrently in order to maintain
balanced driving loads on the main gear. The motors will
operate at the same speed and are mechanically tied
through the main and pinion gear arrangament.

The gearing arrangement of figure 2 is more complax
and incorporates intermediate gearing ahead of the final
pinion reduction. This arrangement allows the motors
to ba sized to oparate concurrently with shared loads ar
individually in 2 main/ auxiliary fashion while producing
balanced driving loads on the main gear. The motors
will operate al the same spead and are mechanically
tied through the intermediate gearing in a shared load
system. Load sharing and matched operational speeds
are not a factor in a main [ auxiliary system when the
motors are operated singly.

Swing Bridge Motor and Gearing Schematic
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Bascule Bridge

The Bascule bridge is characlerized by a single leaf or
multiple leaves that pivot up from the shore end. Each
leaf can be operated by one of the mechanical arrange-
ments shown in figures 3, 4, or 5. The common shaft
arrangerment shown in figure 3 provides balanced driving
torgues to the final trunnion gear reduction located on
cach side of the leaf, and allows the motors to be sized
to operate concurrently with shared loads, or Individu-
ally in @ main / auxiliary fashion. The motors will operate
at the same speead and are mechanically tied through
the intermediate gearing in a shared load system, while,
once again, load sharing
and malched operational
speeds are not a factor In
a main [ auxiliary system
when the motors are oper-
ated singly.

The intermediate shafl sys- i
tem shown in figure 4 uses - £
two motors of the same wusion |||
size, one located on each L
side of the leaf. Each mo- |
tor drives a final trunnian .
gear reduction located with
the motor. An intermediate
speed shaft connects the
two final gear reducers to

DA SH8TT

The mechanical system shown in figure 5 is termed the
Chicagn Style arrangement. With this system, two mo-
tars of the same size are used to drive the final trunnion
gear reduction located with the motor on each side of
the leaf. There is no intermadiate shaft connecting both
sides to distribute and equalize the driving tarques. Both
motors must operate with shared loads because a single
motor can not operate this leaf without producing a twist-
ing mornent in the structure.

Bascule Bridge

Motor and Gearing Schematics
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provide differential ar bal-
ancing torgues from one
side of the leaf to the other.
This arrangement, as with
the common shait arrange-
ment of figure 3, allows the
mokars to be sized to oper-
ate concurrently with
shared loads or individually
in a main / auxiliary fash-
lon. The motors will oper-
ate at the same speed and
are mechanically tied
through the intermediate
shaft in a shared load sys-
tem. Load sharing and
matched operational
speeds are not a factor in
a main / auxiliary system
when the motors are oper-
ated singly.
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Vertical Lift Bridge

The Vertical Lift bridge is characterized by a harizontal
span that is supported by towers at each end. The span
is raised vertically between the end towers. Two basic
types of mechanical arrangements are used to operate
the Vertical Lift bridge. These are the Span Drive and

main / auxiliary system when the motors are operatad
singly.

The Tower Drive shown in figure 7 uses two driving mo-
tors of the same size, one in each tower. Each tower
lifts it's end of the span independently. Since the drive

Vertical Lift Bridge
Motor and Gearing Schematic
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Tower Drive and are shown in figures 6 and 7. The Span
Urive shown 1in figure § uses wo motors of the same
size in a common central location an the span. Thase
motors are connected to a single intermeadiate gear ar-
rangement, and a commen shattthen transmits balanced
torques to each side for the final cable drum reduction.
This arrangemeant also allows the molors o be sized to
operate concurrently with shared loads or individually in
amain f auxiliary fashion. The motors will operate at the
same spead and are mechanically tied through the in-
termediate gearing in a shared load system. Load shar-
ing and matched operational speeds are nota factorina

Paps

motors in each tower are not mechanically tied asin the
other bridge gearing arrangerr ents, single motor opera-
tion as a main [ auxiliary sysem is nof possible. The
motors must operate at the same speed in a shared
load fashion due to the mecha vical nature of the bridge,
Two additional motors are of en employed in a power
synchro-ie configuration which enables balancing and
differential torques fo be shared tower to tower to pre-
vent skewing and jamming of the span,
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Control Options

(xeneral

The type of control chosen will be defined by the me-
chanical attributes of the specific bridge type as de-
scribed above, or by the special control requirsments
unigue to a given installation. In general, however, the
control systems for movable bridges will be designed to
operate the drive mo-

tors singly, as in a BoR
main/ auxilliary appli-
caticn, or concur-
rently in a load shar- {

ing arrangement. :
These control options il
can be provided by e
one of four basic sys- I

tems. 'L\Q

Simplex Control |
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This design is charac-
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Duplex Control

This design is characlerized by multiple motors con-
nected to a single control system with a commion speed
feedback tachometer and curmrent transformer, This sys-
tem can be used when multiple motors must operate in
ashared Ioad arrangement. The single common control
is designed to supply the
total power requirements of
muliiple motors. The mofar
secondary resistors are ad-
justed to balance the load
sharing between motors. The
bleck diagram outlining this
control system is shown in
figure 9.
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Any multiple motor arrange-
ment with the exception of
the Tawer Drive Vertical Lift
bridge can be opearaled sal-

terized by a single ﬁlx P isfactorily from a Duplex con-
cantrol system with a S i {/} '\\"‘5“;.- trol. The operation of the
speed feedback ta- Fiogre “"' Duplex control is identical to
3 i fere § :

chometer and a cur- Sirmmtes Consrol the Simplex control pre-
rent transformer dedi- - ’ santed above and can be
cated to a single me- used to simplify the opera-
lor. The set-upand op- ach /| tion of multiple motor ar-
eration of this system RURER® | - - :.f:”m 1] rangerments when alternate
is simple as no speed B T S back-up bridge operating
or load sharing coor- Sl schemes arein place.
dination between mul- )
tiple motars is re- w ra "{ —

Lri I 3 i - --l BACHTCIE : -
E-,o[g: Inn:g?tljtlplei s \‘T{ | Master / Slave Control
auxilliary applications Q.& : This design is characterized
where the motors are - by multiple motars con-
to be operated indi- seEEn nected to multiple control
vidually, a separate - systems with individual cur-
dedicated control sys-  ————— o P rent transformers and shar-
tem will be used for — i J ing acommon system speed
eachmotor, Theblock  L—— —— ‘ = feedback tachometer. This
diagram autlining this Fipgre 9 system can be used when

confral aystem s
shown in figure 8.

Mechanical arrangements that can be operated satis-
factarily from an adequately s zed single motor are can-
didates for Simplex control. Such arrangements are
Swing bridges with intermedi: de gearing, figure 2, Bas-
cule bridges with intermediate gearing or intermediate
shafts, figures 3 and 4, and the Span Drive Vertical Lift
bricdge wilh intermeadiate gearing, figure 6. All of the above
configurations have the capability of operating with a
single main maotar. The second auxilliary cantrol and
malor are specified as a back-up system,

Daplex Conteal

multiple motors must oper-
atein a shared load armange-
ment and the control is to supply dynamic current limit-
ing for each motor. The supervising speed regulation func-
tion is provided by the master control with an auxilliary
speed error signal supplied to the slave contral. The block
diagram outlining this control system is shown in figure
10,

As with the Duplex control described above, any mul-
tiple motor arrangement with the exception of the Tower
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Drive Vertical Lift bridge can be operaled satisfactarily
fram a Master / Slave control. The operation and set-
up of the Master / Slave system is sightly more in
volved than the previously described controls due to
the added complexity of the Slave contral. When the
motor sizing and mechanical arangement permit, the
Master / Slave system can operate the bridge with a
control power section orindividual motor dissabled, thus
providing a built in back-up capability,

e, r

.
T R

| o . N

ArimrA

> = ‘]_ml Aot ;
eh 2 N —
Figure 10

Mrster Slave Control

Master / Master Contral

This design is charactarized by several individual con-
tro' systems, each with a speed feedback tachometer
amd a current transformer dedicated to a single motor
al oomulliple molor anrangement, The combined sys-
ter 1 will share a comman speed reference or ramp sig-
nal provided by one of the control units. This feature
siniplifies the system to system speed coordination
rec uirement. The block diagrarm outlining this control
sytdem is shown in figure 11,

Due to the individual speed regulating capabilities of
this combined system, it is not recommended for ar-
rangements whers the molors are mechanically linked.
In mechanically linked multiple motor applications
where a span neutral loading condition can exist, the

individual controls of this system can end up fighting far
control. This action results in additional loading on the
motors and mechanical system.

This system can be usaed when multiple motors muslt
operate in a shared load arrangement and the controlled
motors are nat mechanically linked, such as the Tower
Drive Vertical Lift bridge. The unique control capabhilities
of this system parmit dynamic skew contrel between
the individual controls.
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Summary

Several options are available for the control of movabla
bridge structures. The choice and suitability of the indi-
vidual options will depend upon the mechanical nature
ofthe bridge, and the number and placement of the driv-
ing motors. Single motor operation requirements will be
best met with a simple Simplex control. Mechanically
linked, multiple motors operating in a load sharing ar-

rangement can be satisfactorily operated by a Duplex
control ar a Master / Slave system if individual motor
current control is required. The Tower Drive Vertical Lift
bridge is best operated with a Master f Master control
system using a shared common speed reference ramp.
The table shown in figure 12 presents available contral
options by bridge type.

Bridge Control Summary

Swing Bascile Wertical Lift
e . Shgk T (e "
Cuonlrol Type Mator D-::;It[ ]1h+1;té:ur Motar Mﬁt&hhﬁ}ﬁj Ml’élt;nMjuml Span Drivey %:::tr
Main £ Ak S Main / A e HER
Smngle Simyplex X
Clontral Duplex X X x x
: Master /
Mule z X X X
HH Slave X
Control mlasier X
Master
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