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ABSTRACT

This paper outlines a prototype
predictive maintenance program for a
trunnion type bascule movable bridge
By applying current transducer tech-
nology and computers, there is every
reason to believe unplanned traffic
interruption and maintenance costs
can be reduced.

Current bridge  maintenance
methodology falls short of systems
now being used in other industries.
Hardware and basic concepts being
applied have been used successfully
for years in the o0il, petrochemical,
pulp and paper, power generation,
and other industries.

Discussed are the transducers
utilized, as well as the various
measured points and their interac-
tion with the bridge operation.
Additionally, the use of a computer
and personnel are reviewed.

INTRODUCTION

The history of movable bridges
dates to the medieval period of
castles with moats. Today, movable
bridge design encompasses three gen-
eral groups -~ swing span, vertical
1ift, and bascule. Bascule bridges
Can be further divided into three
basic types =- trunnion, rolling
1ift (or Scherzer), and heel-
trunnion (or Strauss).

This paper deals with instru-
menting one side of a double-leaf
bascule design (Fig. 1) with empha-
sis on the mechanical aspects.

Safe, orderly, and reliable
bridge operation is very critical to
departments and organizations res-
ponsible for operating them. In
addition to the operational and
maintenance considerations, there is
the high emotional impact on tihe
community. Interruption of service
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Figure 1. Operating components of
a double-leaf bascule bridge.

will adversely impact either water
or roadway traffic, and in some
cases, both. Hence, bridge opera-
tion is not solely one of financial
considerations.

Maintenance practices in gener-
al cover two areas =-- lubrication
and balancing. Both, for the most
part, are handied on a scheduled
basis. Periodic bridge inspection
results in a maintenance repair
1ist, that 1is handled separately
from the routine Tlubrication and
balancing. Use of predictive main-
tenance methods can provide daily
records of a bridge’'s mechanical
condition, thereby trending changes
in its condition. The trend infor-
mation can be used to enhance all
existing programs. Lubrication and
inspectien schedules can be opti-
mized and balancing need only be
performed when required. Mechanical
problems requiring special atten-
tion, which may adversely impact
traffic, can often be determined
before reaching a crisis Jevel.

The operating methods used by
the individual operators can affect
the mechanical condition of the
bridge. With most control systems,
the operator has significant flexi-
bility in the actual opening/cliosing
process. Powered/non-powered clos-
ings, as well as the final closed
condition of the braking mechanism,
affect mechanical wear points,
Information depicting this activity
may provide insight into future con-
trol system schemes.

Considering the above, a proto-
type system has been designed to
evaluate the feasibility of applying
current transducer technology along
with predictive maintenance methods
on movable bridges. The prototype
design incorporates what might be
viewed as an excessive number of
transdicers; however, the data
acquired through the prototype sys-
tem may reduce the quantity needed.

To document the worn copdition
of a bridge needing refurbishment,
data was acquired prior to the com-
mencement of rework. Transducers,
which were temporarily mounted Lo
facilitate this data acquisition,
provided the basis for the data pre-
sented in this paper. It is felt
that this data will prove invaiuable



in comparison to that from reworked
machinery.

Finally, a standard personal
computer using standard software is
being used for data recording and
data review. Since the algorithms
and parameters needed as a basis for
the P.M. system are unknown, this
was considered the most prudent
approach, The prototype system is
being installed in conjunction with
refurbishment work. The system will
be operational for one year. At the
end of the trial period, sysiem con-
cepts along with transducers and
hardware will be evaluated. A
determination will be made as to the
feasibility and justification of an
instailation.

This design is being installed
through a refurbishment project by
the State of Florida's Department of
Transportation - Bureau of Struc-
tures, Preconstruction and Design.
The particular bridge is Tlocated
east of Dania, Florida, over the
Intercoastal Waterway.

SYSTEM OVERVIEW
MEASUREMENTS BEING MADE - INPUTS

Motion

¢ Midspan - 2 Points

¢ {ijve lLoad - 2 Points

o Pillow Blocks - 12 Points

¢ (earbox - 1 Point

e [rive Motors - 2 Points

e Trunnion Bearings - 4 Points

Position

¢ Midspan - 2 Points

e |ive lLoad - 2 Points

e Pillow Blocks - 12 Points

e Trunnion Bearings - 4 Points

Other

¢ Torque in Drive - 2 Points
Shaft )

¢ Current in Drive - 2 Points
Motor

e Traffic Count - 2

Directions
e Pressure in Buffer - 2 Points

Cylinder (?) (Still
being evaluated)

OPERATIONAL CONSIDERATIONS

¢ Variance in Openings and Closings
¢ Variances by Operators

DATA COLLECTOR

e High Speed Logger
¢ Personal Computer for Storage

DATA REDUCER

® Personal Computer with Standard
Software
- Alarm Limit Comparisons
- Trends
- Data Correlation

PERSONNEL INTERFACE
DISCUSSTON
MID-SPAN MOTION

The parameter most noticeable
to the general public is that of the
relative Teaf-to-leaf motion at the
mid-span as vehicle traffic passes
over a bridge. In addition to the
general annoyance of a severe bump,
there is the possibility of a safety
hazard should the relative motion
become excessive.

Changes in this relative motion
can resuit from wear in the lock har
assembly, changes in the balance
state of the bridge, as well as the
final Joading or wrap-up of the sys-
tem at the closing. Alsc, activa-
tion of the span lock drive system
too early can result in severe
damage and/or Tloss of the socket
receptacle. To measure this motion,
a noncontact proximity probe will be
mounted in the socket of each span
lock assembly. (NOTE: Operational
theory of the proximity probe is
included at the end of this paper
along with other transducers refer-
enced in this paper.)

From this transducer, both the
relative motion as well as the posi-
tion of the bar in the socket will
be measured. The amplitude of the
retative mction between the two
leaves will be a procblem severity
indicator. Position of the bar in
the socket will provide some indica-
tion of bar and/or bushing wear
(Figure 2 depicts a conventional



lock bar assembly). The two mea-
surements then will provide a basis
for determining when adjustments
need to be made on the span lock
assemblies.

For data acquisition prior to
refurbishment, proximity probes were
mounted on top of the bridge to
observe the Tleaf-to-leaf relative
motion. Amplitudes were correlated
with the size of vehicles ranging
from compacts to busses.

Both the mid-span and live Toad
shoe motion data are presented on
Plot 1. Two operational modes are
included. One reflects a response
with gearing wrap-up and the cther
with no wrap~up. Wrap-up refers io
'a condition that occurs when the
bridge is Jlowered to contact the
live load shoe with motor torgue
maintained before applying the
brake. A closed bridge with wrap-
up is generally preferred, as it
tends to assure a more positive
contact at the live load shoe area.
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Figure 2. A conventional

lock bar assembly.

Interestingly, there was gen~
erally more motion at the mid-span
in the wrap-up condition. Values
ranged from 30-460 mils (1 mil =
0.001 inch) with wrap-up to 115-220
mils without wrap-up. The response
was significantiy different in
pattern with the larger vehicles as
well as with the two modes. The non
wrap-up mode response was typical of
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resonant elements with the charac-
teristically  log-decrement  decay
pattern. The wrap-up mode tended to
reflect a dampened response.

The Tlimited test data confirms
the responsiveness of the proximity
probe to the mid-span motion. Due
to the probe mounting, the dc compo-
nent had no real significance in
relation to prototype system.
Hence, dc information is not pro-
vided.

LIVE-LOAD SROE

In a normal! ‘"bridge closed"
mode, there should be continuous
contact of the live-load shoe with
the strike plate (Fig. 3. Lack of
continuous contact may result from
changes in the bridge's balance con-
dition, lock-bar problems, the final
toading or wrap-up of the system at
closing, . These problems are
very similar to those noted in the
mid-span motion discussion above. A
noncontact proximity probe will be
mounted at each live-load positien
to measure any motion occurring or
to detect any wear between the shoe
and plate. With many bridges oper-
ating in salt water environmenis,
corrosion/ercsion is alsc a problem
at the contact points.

Test data was acguired from
transducers at both Joad points and
under different closing conditions.

On this particular bridge,
there is always motion at the live-
load shoe with traffic crossing.
Little wvariance in the amplitudes
between the two modes was detected.
The amplitudes ranged from 1.5-12
mils. As with the mid-span data,
the response patterns differed be-
tween the iwo modes. However, the
resonant/dampened characteristics
were opposite that of the mid-span
response. Note the resonant char-
acteristic of the data in the wrap-
up condition.

Good data was obtained from the
probes at the live-load shoe. Both
the dc and ac component should prove
meaningful.
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PILLOW BLOCK BEARINGS

The drive mechanism on the
Dania, Florida, bridge is of the
Hopkins Drive design (Fig. 4). Com-
ponents consist of dual drive motors
inputting to a double reduction
gearbex with two additional external
reduction stages. The external
reduction gearing 1is supported by
six (&) pillow block bearings -~
three (3) on each side of the gear-
box. Cylindrical slieeve inserts
with spiral tubrication grooves pro-
vide the journal supports. As the
journals vrotate within the con-
straints of the bearings, they are
free to move or vibrate, as well as
exhibit changes in their relative
position within the bearing clear-
ances {Fig. B}, Both the forces
transmitted through the gearing, as
well as the bearing clearances, will
affect these two parameters. To
document both the motion and posi-
tion changes, two noncontact proxim-
ity probes will be mounted in the
top half of each piliow block bear-
ing at a 90° orientation to one
another.

Plot 2 depictis data from normal
opening/closing cycles. To evaluate
data consistency, three runs {(open-
ings/closings) were made. Each data
run starts and ends with the bridge
in a ciosed pesition -~ See the
botiom trace for the bridge opening
angle. Transducer data for each run
consists of the dc offset and ac
motion with the ac motion amplified



on the far right. All three para-

meters are plotted against time.

A1l runs, particularly the dc
offset data, reflect the same
pattern indicating shaft to bearing
motion 1is repeatable. Note par-
ticularly, the beginning and end
points of each run, frequency
pattern of the opening and closing
cycles and a couple of unigue

responses near the full opening and
near the closing. The ac motion
indicates a lot of high frequency
activity requiring further investi-
gation. Various gear mesh frequen-
cies are likely causes of the high
frequency activity.

The predominant frequency in
‘the dc offset signals is 15.64 cpm,
which is the running speed of tLhe
shaft. Some or all of this motion
may represent runoul, which could be
something like an egg-shaped target
area.

On Plot 3, the opening and
closing dc offset data varies
greatly. This is quite different
from the data on Plot 2. Both plots
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are from probes observing the gear-
box output shaft bearing; however,
cne is from a "top" probe and cne is
from a "bottom” probe.

Plot 4 is of data from a bear-
ing on the final drive shaft. Note
the substantially Jlower dc offset
frequency response and the varied
opening/clesing patiern.

These three plois, along with
data from the other nine probes,
indicate useful information will be
cbtainable from a sei of probes at
each of the Pillow Block Bearings.
The meaning of the ac/dc patterns,
frequency content, are stiil to
be resolved.

GEARBOX VIBRATION

With gearboxes, the two primary
areas of concern mechanically are
the bearings and gear teeth condi-
tion (Fig. 6). A history of minimal
bearing problems and financial con-
siderations dictated the elimination
of bearing measurements on this pro-
ject. However, a velociiy trans-
ducer will be incorporated 1o mea-
sure the casing motion, which is
expected to reflect ito some degree
the gearboxes' general condition.
Gear mesh freguencies at the maximum
drive motor speeds of 860 rpm are
12,900 c¢pm and 1,408 copm. Both
frequencies fall within the fre-
quency response of the velocity
transducer.
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Figure 6. Plan view of the offset
herringbone reducer.

For most of the opening/closing
cycle, the gearbox vibration ampii-
tude was just below 0.1 inches/
second {(ips}. At the start of the
epening/clesing cycle, amplitudes
spiked to 0.6-0.8 ips. MNear the end
of the closing cycle, one spike
reached 2.2 1ps.

Amplitudes of 0.1 are quite
typical of those found on industrial
gearboxes. The spike amplitudes ave
to the high side, particulariy the
2.2 ips figure. Gearbox vibration
monitoring appears beneficial based
on the data acquired.

MOTOR VIBRATION

As with the gearbox, a velocity
transducer will be used on each
motor to measure their vibratien
characteristics. Motor bearings are
of the rolling element Lype, provid-
ing good energy transfer from the
rotating element to the casing.
Velocity coils have been used suc-
cessfully 1in similar applications
for years.

Test data amplitudes varied
from a nominal 0.1-0.2 ips level
with spikes to 1.3 ips. Ampiitude
jevels and general patlerns are
typical of those found on similar
meiors, See Plot 5 for test
resuits.

TRUNNION BEARINGS

The two {2) trunnion bearings
support the weight of the entire
leaf (Fig. 7). Shaft misalignment
is of concern, since it greatly
affects the Jlocads on the bearings
and supports. Additionally, Tubri-
cation condition will also affect
bearing wsear and perhaps journal
motion in the bearing. As with
the pillow block bearings, two (2)
proximity probes will be mounted on
each bearing.

Test data, as shown on Plot 6,
proved guite interesting. Two pre-
sentation formats are presented.
Cne 1is identical to that of the
pillow block bearings with the ac/dc
components plotted against time.
The second is a polar presentation
of the dc information representing a
shaft centerline position change.
Data indicates the north shaft moved



up and to the east, while data from
the south bearing indicates motion
almost straight down. An explana-
tion of this action cannct be given.
Little ac motion was detected.

Trending the trunnion bearing
data over the duration of this pro-
ject should prove quite interesting.
The proximity probes may provide
unique finsights into the operation
of this critical bearing.

BOADWAY
& T 1 I T .1 I
o7 o
H: v i TRUMMIGH
TRUNRION i TRUNNION |
BEARIG ’ L - sEARING

| MECCENTRIC  secemTRIC

g BASCULL GIBDER  TRUNNION Gi?’.D“&ﬁ

HAC éACK
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TORQUE/BALANCE

A standard maintenance program
is periodically checking the balance
condition of the bridge. Many
things can cause the balance condi-
tion to change. Point wear, trash

collecting on the bridge, items

faliing off the bridge, . are but
a few examples. ideally, the
balance places the bridge in a some-
what Teaf heavy moede; however, there
seems to be no real standards. Many
balance jobs are handled on a trial
and error  basis, The Florida
Department of Transpertation in con-
junction with the University of
Florida, bhave developed a computer-
ized balance system utilizing strain
gages on the drive shafts. Figure 8
depicts three curves of torque
versus opening angle. Curve #1 is
considered unacceptable because of
the high torque reguirement, and
because of the negative value in the
closed position indicating the possi
bility of automatic span opening if
jeft untocked. Curve #2  is
generally considered jdeal with max-
imum torgue at one-half the opening
angle or  approximately  35-40°.

Two (2) strain gages will be
instalied on each final drive shaft
te menitor the torgue and, conse-
guently, balance condition of the
bridge.




During the opening cycle, the
torgue remained positive (torgue
required to open) with an average
value of 75 klb-ft. Ampliitudes dur-
ing the closing cycle were very
close to zero, going slightly nega-
tive near the closing. Averaging
these two signals would result in a
fairly flat curve with an amplitude
of 30-40 kib-ft, which is close to
an ideal balance.

Monitering of this parameter
should enhance the existing balance
program. As noted previously, the
experience for interpreting this
data exists within the Florida
Department of Transportation.

DRIVE MOTOR CURRENT

Less than optimum conditions in
the trunnion bearing, caused by such
things as insufficient Tlubricatien
and misalignment, may not be re-
flected in the trunnion bearing
transducers. The torgue and drive
motor currents will be measured.
They may be a better indicator of
the bearing condition.
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Drive motor currents from the
north and south motors are indicated
by the second and third data lines
on Pipt 7. The response curves are
as one would expect with opening/
closing cycle values of 140 amps.
Spikes up to 400 amps occurred dur-
ing start cycles.

Variance in the  response
pattern may vary from one bridge
tender to the next. Data of this
nature was not acguired during the
test.

BUFFER CYLINDER PRESSURE

Not all bascule bridges are
equipped with buffer cylinders,
which perhaps reflects the belief by
some that their need is question-
able. In concept, the piston rod
drops, pulling air into the cylinder
through a check valve as the span
opens. Upon clesing, the end of the
piston rod contacts a strike plate,
forcing the piston into the cylin-
der, compressing the air. Air exit-
ing the cylinder is controiled by a
simpie globe valve. The buffer
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cylinder system, through air pres-
sure, then absorbs shock during the
final stages of the closing cycie
(Fig. 9). Since the operalor can
control the rate of span descent,
some variance in the pressure pulsa-
tion is expected. A determination
tg include this parameter in the
prototype system has not been made.

A matching problem between the
sensor and power supply resulted in
an unidentifiable scale for the

cylinder pressure amplitude. The
response of the signals, however,
is presented on Plot 7. As

expected, the only activity is near
the end of the closing cycle. Add-
itional data is needed for thorough
evaluation of this parameter's use-
fulness.

TRAFFIC COUNT

Since the readway tiraffic is
expected to have some effect on
bridge wear, the number of vehicles
crossing in both directions will be
recorded. Although the number of
hridge openings/closings will aiso
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impact wear, automatic recording is
not planped. Water traffic is rela-
tively tight, requiring few openings
and the entry can be made manually
with Tittle effort.

DATA COLLECTOR

This component of the system
consists of two {2} major items.
The first is a multipiexer/voltmeter
that is compuier contrgilable. [t
will be located under the bridge in
an appropriate lockablie, weather-
progf enciosure. A1 transducer
outputs will be connected te this
unit in appropriate fashion. This
ynit will be connected to the con-
trolling computer (the second item)
vig an HS$-232 communications link.
The controlling computer will con-
sist of an IBM PC-XT mainframe, CRY
and keyboard; which will be located
in the control house with an un-
interruptable power supply. Special
software is being develioped to
interface the data acguisition unit
and the controiling computer.

A& system alarm will "awake and
initialize® the data acguiring rou-
tine. This will occcur once a day at
a defined time. AL the nexi bridge
operation, data will be gathered
from all the approprialte transducers
at one (1) second intervals by the
data acquisition unit, The time
interval is field changeable, should
the sample rate need to be changed.
The information will then be trans-
ferred to the computer for storage.
This acquisition will be linked to

the bridge controller for timing
purposes.
The traffic counis, peak span

leck-bar motion and peak live load
shoe movement will be a header for
the daily information file. Each of
these files will be structured and
stored to match the Lotus Symphony™
data structure. At least once a
month, the daily data files wiil be
retrieved from the controlling com-
puter, This will be accompiished by
transferring the data from hard disk
to floppy disk.

The data reducer consists of a
second remotely located IBM PC-UT
personal computer mainframe, along
with appropriate peripherals such as
printers, exira storage,... OUperal-

17

ing with Symphony software, ithe P.M.
system will have all of the capabil-
ities of a siate-of-the-ari spread
sheet. The information can be
manipulated in various ways for
presentation purposes, allowing
interpretation for further system
definition. Trends and alarm levels
will ail be handied through the dala
reducer system.
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PERSONNEL INTERFACE

At the bridge, no system inter-
action with the bridge operators
will be needed. The system will run
automatically, including auto re-
starts on loss of power. Monthiy
data will have to be manually
retrieved and transported to the
data reducer. Virtually all person-
nel involvement is then limited to
the individuals associated with the
data reduction/correlation system.

The bridge operator’'s fddio-
syncrasies via his/her interface
with the control system may have an
effect on the data and transducer
response patierns, Therefore,
trend data will have to be given dus
consideration for this aspect of the

operatien. Test data was not ac-

guired in an atlempt to depici this,
TRANSDUCERS

The  noncontacting proximity

probe uses the eddy current princi-
ple to measure the gap between the
probe tip and the target (Fig. 10}.
Qutput from the transducer system is
a voltage proportional to the gap
change, which is linear over a fixed
range (Fig. 11;. The probe tip dia-
meter primarily governs the extent
of the transducer range. Typical
gaps are 50-60 mils (1 mil = 0.001
inches) (Fig. 12).

Two (2} output values are
available from the system. One is
an ac component which represents the
motion of the target relative to tha

probe. The second is a dc compo-
nent, representing the average
distance between the target and the
probe. This allows use of the

Lransducer to measure both vibration
{ac component) and position (dc
component). The frequency response
ef the system is from dc to 600,000
cpm, providing a practical range for
most applications of dc to 120,000
cpm. Hardware used in this project
incorporates additional electronics
along with the transducer to provide
two (2} conditioned 0 to 10 ¥Ydc out-
put signals proportional to a pre-
determined ac and dc range.

The velocity transducer is used

for measuring casing motion. Qutput
from the device is a voltage propor-

i3

tional to the relative motion be-
tween a magnetic field and 2 coil of
wire. Depending on the particular
design, either the coil of wire or
the magnet is rigidly mounted to the
base and the other s suspended as
an inertial element. General pre-
ference is to rigidly mount the
coil.

Freguency response limitation
for the velocity transducer is 300
cpm (5 Hz) to 120,000 cpm (2 kHz)
with the response curve having a
rell off characteristic on both the
Tow and high side. At maximum motor
speed, the velocity coil will detect
the input speed to the gearbox, both
gear mesn fTrequencies and the motor/
rolling element bearing freguencies.

A third vibration transducer is
that of the piezoelectric acceler-
ometer. Since it is primarily used
for obtaining high freguency infor-
mation, it s not being used on this
project. Mention of the unit is
made only for the sake of comple-
tion.

Strain gages used are standard
two~element Chevron® units with
appropriate amplification. Torsion-
al shear strain is measyred by
mounting gages on the final drive
shatt. The motor current
iransducers are of the transformer
type, which are mounted around the
input power lines to the motor.
Quartz element pressure transducers
with an internal IC amplifier were
utilized. The units have a maximum
range of 1,000 psi with a sensitiv-
ity of 5 mV/psi.
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Figure 1Z2. Proximity measurement

system for vibration monitoring

and machinery malfunction diagnosis,
has 1inear output generated by
Proximitor as a function of gap
size; and this is key to system
performance capabilities,



SUMMARY

From data acguired prior io the
refurbishment work, the transducer
selection and application seem rea-
sonable. The data 15 considered
useful for several reasons:

® Provide the basis for estab-
iishing alarme 1in the Data
Reducer System.

® Enhance the software deveiop~
ment work.

® Provide a basis for comparison
to reworked machinery.

® Indicates data sampling rates
of approximately once/second
will provide the resolution
initially needsd,

Evaluation of the data is bhe-
yond the scope of this paper. How-
ever, when accomplished and compared
to that of reworked machinery, a
better understanding of the mechani-
cal aspects of a trunnicn bascule
bridge is expected.

After running the system for
one year, all data will be corre-
jated and wused to evaluate all
aspects of the design. A determina-
tion wilt be made as to the useful-
ness of the design, weighing the
results obtained against costs of an
industrial system.

Figure 13. Typical probe to target
gaps are 50-60 mils.
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