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ABSTRACl 

Th is  paper o u t l i n e s  a  p ro to type 
p r e d i c t i v e  maintenance program f o r  a  
t r unn ion  type  bascule movable b r idge 
By app ly ing  c u r r e n t  t ransducer tech- 
nology and computers, there  i s  every 
reason t o  b e l i e v e  unplanned t r a f f i c  
i n t e r r u p t i o n  and maintenance costs 
can be reduced. 

Current  b r idge  maintenance 
methodology f a 1  1s shor t  o f  systems 
now being used i n  o ther  i n d u s t r i e s .  
Hardware and bas ic  concepts being 
app l i ed  have been used success fu l l y  
f o r  years i n  t h e  o i l ,  petrochemical,  
p u l p  and paper, power generat ion, 
and o ther  i n d u s t r i e s .  

Discussed are the transducers 
u t i l i z e d ,  as w e l l  as the var ious 
measured p o i n t s  and t h e i r  i n te rac -  
t i o n  w i t h  t he  br idge operat ion.  
A d d i t i o n a l l y ,  t he  use o f  a  computer 

1 and personnel are reviewed. 

INTRODUCTION 

The h i s t o r y  o f  movable br idges 
dates t o  t he  medieval pe r i od  o f  
cas t l es  w i t h  moats. Today, movable 

1 br idge  design encompasses th ree  gen- - 
era1 groups -- swing span, v e r t i c a l  
l i ft, and bascule. Bascule b r idges  - 
can be f u r t h e r  d i v i d e d  i n t o  t h ree  
bas ic  types -- t runn ion ,  r o l l i n g  
l i f t  ( o r  Scherzer), and heel-  

) 
- 
trunn ion  ( o r  Strauss).  

This  paper deals  w i t h  i n s t r u -  
menting one s ide  o f  a  doub le - lea f  
bascule design (F ig.  1) w i t h  empha- 
s i s  on the mechanical aspects. 

Safe, o rde r l y ,  and r e l i a b l e  
1 br idge  operat ion i s  very c r i t i c a l  t o  

departments and organ iza t ions  res- 
pons ib le  f o r  opera t ing  them. I n  
a d d i t i o n  t o  the opera t iona l  and 
maintenance considerat ions,  t he re  i s  

I 
the h igh  emotional impact on the  
community. I n t e r r u p t i o n  o f  se rv i ce  

F igure  1. Operat ing components o f  
I a double- leaf  bascule b r idge .  

w i l l  adversely impact e i t h e r  water 
o r  roadway t r a f f i c ,  and i n  some 
cases, both. Hence, b r i dge  opera- 
t i o n  i s  no t  s o l e l y  one o f  f i n a n c i a l  
considerat ions.  

Maintenance p rac t i ces  i n  gener- 
a l  cover two areas -- l u b r i c a t i o n  
and balancing. Both, f o r  t he  most 
p a r t ,  are handled on a  scheduled 
basis .  Per iod ic  b r i dge  i nspec t i on  
r e s u l t s  i n  a  maintenance r e p a i r  
l i s t ,  t h a t  i s  handled separate ly  
from the  r o u t i n e  l u b r i c a t i o n  and 
balancing. Use o f  p r e d i c t i v e  main- 
tenance methods can prov ide  d a i l y  
records o f  a  b r i d g e ' s  mechanical 
cond i t ion ,  thereby t rend ing  changes 
i n  i t s  cond i t ion .  The t rend  i n f o r -  
mation can be used t o  enhance a l l  
e x i s t i n g  programs. L u b r i c a t i o n  and 
inspec t ion  scheduies can be o p t i -  
mized and balancing need on l y  be 
performed when requ i red .  Mechanical 
problems r e q u i r i n g  spec ia l  a t t en -  
t i o n ,  which may adversely  impact 
t r a f f i c ,  can o f t e n  be determined 
before reaching a  c r i s i s  l e v e l .  

The opera t ing  methods used by 
the  i n d i v i d u a l  operators can a f f e c t  
t he  mechanical c o n d i t i o n  o f  t he  
br idge.  With most c o n t r o l  systems, 
the operator  has s i g n i f i c a n t  f l e x i -  
b i l i t y  i n  the ac tua l  opening/c los ing 
process. Powered/non-powered c los -  
ings,  as w e l l  as t he  f i n a l  c losed 
c o n d i t i o n  o f  t he  b rak ing  mechanism, 
a f f ec t  mechanical wear p o i n t s .  
In fo rmat ion  d e p i c t i n g  t h i s  a c t i v i t y  
may prov ide  i n s i g h t  i n t o  f u t u r e  con- 
t r o l  system schemes. 

Considering the  above, a  p ro to -  
type system has been designed t o  
evaluate the f e a s i b i l i t y  o f  app ly ing  
cu r ren t  t ransducer technology a long 
w i t h  p r e d i c t i v e  maintenance methods 
on movable b r idges .  The pro to type 
design incorpora tes  what might  be 
viewed as an excessive number o f  
t ransducers ; however, the data 
acqui red through t h e  pro to type sys- 
tem may reduce the  q u a n t i t y  needed. 

To document t h e  worn c o n d i t i o n  
o f  a  b r i dge  needing refurb ishment ,  
data was acqui red p r i o r  t o  t he  com- 
mencement o f  rework. Transducers, 
which were tempora r i l y  mounted t o  
f a c i l i t a t e  t h i s  data a c q u i s i t i o n ,  
p rov ided the  bas i s  f o r  the data p re-  
sented i n  t h i s  paper. It i s  f e l t  
t h a t  t h i s  data w i l l  prove i nva luab le  



i n  comparison t o  t h a t  from reworked 
machinery. 

F i n a l l y ,  a  standard personal 
computer u s i n g  standard software i s  
being used f o r  data record ing and 
data rev iew.  Since the a lgor i thms 
and parameters needed as a bas is  f o r  
the P.M. system are unknown, t h i s  
was considered the most prudent 
approach. The pro to type system i s  
being i n s t a l  l e d  i n  conjunct ion w i t h  
refurb ishment  work. The system w i l l  
be opera t iona l  f o r  one year.  A t  the 
end o f  t h e  t r i a l  per iod,  system con- 
cepts a long w i t h  transducers and 
hardware w i l l  be evaluated. A 
de termina t ion  w i l l  be made as t o  t he  
f e a s i b i l i t y  and j u s t i f i c a t i o n  o f  an 
i n s t a l l a t i o n .  

This  design i s  being i n s t a l l e d  
through a refurbishment p r o j e c t  by 
the Sta te  o f  F l o r i d a ' s  Department o f  
T ranspor ta t ion  - Bureau o f  St ruc-  
t u res ,  Precons t ruc t ion  and Design. 
The p a r t i c u l a r  b r idge  i s  loca ted  
east  o f  Dania, F lo r i da ,  over t he  
I n t e r c o a s t a l  Waterway. 

SYSTEM OVERVIEW 

MEASUREMENTS BEING MADE - INPUTS 

Motion 

* Midspan - 2 Po in ts  
* L i ve  Load - 2 Po in ts  
* P i l l o w  Blocks - 12 Po in ts  
* Gearbox - 1 Po in t  
* Dr i ve  Motors - 2 Po in ts  
* Trunnion Bearings - 4 Po in ts  

P o s i t i o n  

* Midspan - 2 Po in ts  
* L i ve  Load - 2 Po in ts  
r P i l l o w  Blocks - 12 Points  
* Trunnion Bearings - 4 Po in ts  

Other 

e Torque i n  Dr ive  - 2 Po in ts  
Shaf t  

e Current i n  D r i ve  - 2 Points  
Motor 

* T r a f f i c  Count - 2 
D i rec t i ons  

* Pressure i n  Bu f fe r  - 2 Po in ts  
Cyl inder  (? )  ( S t i l l  
be ing evaluated) 

OPERATIONAL CONSIDERATIONS 

* Variance i n  Openings and Closings 
* Variances by Operators 

DATA COLLECTOR 

r High Speed Logger 
e Personal Computer f o r  Storage 

DATA REDUCER 

* Personal Computer w i t h  Standard 
Software 
- Alarm L i m i t  Comparisons 
- Trends 
- Data Cor re la t i on  

PERSONNEL INTERFACE 

D I S C U S S I O N  

MID-SPAN MOTION 

The parameter most no t iceab le  
t o  the general p u b l i c  i s  t h a t  o f  t he  
r e l a t i v e  l e a f - t o - l e a f  motion a t  t he  
mid-span as veh i c le  t r a f f i c  passes 
over a br idge.  I n  a d d i t i o n  t o  t he  
general annoyance o f  a  severe bump, 
there  i s  the p o s s i b i l i t y  o f  a  s a f e t y  
hazard should t he  r e l a t i v e  motion 
become excessive. 

Changes i n  t h i s  r e l a t i v e  mot ion 
can r e s u l t  from wear i n  t he  l o c k  bar  
assembly, changes i n  the balance 
s t a t e  o f  t h e  br idge,  as w e l l  as t he  
f i n a l  load ing  o r  wrap-up o f  t he  sys- 
tem a t  t he  c los ing .  Also, a c t i v a -  
t i o n  o f  t h e  span l o c k  d r i v e  system 
too  e a r l y  can r e s u l t  i n  severe 
damage and/or loss  o f  t he  socket 
receptac le.  To measure t h i s  motion, 
a  noncontact p r o x i m i t y  probe w i l l  be 
mounted i n  the socket o f  each span 
l o c k  assembly. (NOTE: Operat ional  
theory  o f  t he  p r o x i m i t y  probe i s  
inc luded a t  t he  end o f  t h i s  paper 
a long w i t h  o the r  transducers r e f e r -  
enced i n  t h i s  paper.)  

From t h i s  transducer,  bo th  t h e  
r e l a t i v e  motion as w e l l  as the pos i -  
t i o n  o f  t he  bar  i n  t he  socket w i l l  
be measured. The ampl i tude o f  t he  
r e l a t i v e  motion between t h e  two 
leaves w i l l  be a problem s e v e r i t y  
i n d i c a t o r .  P o s i t i o n  o f  t he  bar  i n  
the socket w i l l  p rov ide  some ind i ca -  
t i o n  o f  bar  and/or bushing wear 
(F igure 2 dep i c t s  a convent ional  
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l ock  bar assembly). The two mea- R0ADWP.V -- M0VI)BIE SPAN 

I 

surements then w i l l  p rov ide a basis  
f o r  determin inq when ad.iustments 
need t o  be made on the  ipan l ock  
assemblies. 

For data a c q u i s i t i o n  p r i o r  t o  
refurbishment,  p rox im i t y  probes were 
mounted on top  o f  the br idge t o  
observe the l e a f - t o - l e a f  r e l a t i v e  
motion. Amp1 i tudes were co r re la ted  
w i t h  the s i z e  o f  vehic les ranging 
from compacts t o  busses. 

Both the  mid-span and l i v e  load 
shoe motion data are presented on 
P l o t  1. Two operat ional  modes are  
included. One r e f l e c t s  a response 
w i t h  gear ing wrap-up and the  o ther  

b 
w i t h  no wrap-up. Wrap-up r e f e r s  t o  
a cond i t i on  t h a t  occurs when the  
br idge i s  lowered t o  contac t  the  
l i v e  load shoe w i t h  motor torque 
maintained before apply ing the  
brake. A c losed br idge w i t h  wrap- 
up i s  genera l l y  p re fer red ,  as i t  
tends t o  assure a more p o s i t i v e  
contact  a t  the  l i v e  load shoe area. 

CONNECTING ROO 

L-cY-3  

Figure 2. A convent ional 
l ock  bar  assembly. 

I n t e r e s t i n g l y ,  there  was gen- 
e r a l l y  more motion a t  the  mid-span 
i n  the  wrap-up cond i t i on .  Values 
ranged from 30-460 m i l s  (1 mil = 
0.001 inch) w i t h  wrap-up t o  115-220 
m i l s  w i thout  wrap-up. The response 
was s i g n i f i c a n t l y  d i f f e r e n t  i n  
p a t t e r n  w i t h  the  l a r g e r  veh ic les  as 
w e l l  as w i t h  t h e  two modes. The non 
wrap-up mode response was t y p i c a l  o f  



resonant elements w i t h  t he  charac- 
t e r i s t i c a l l y  log-decrement decay 
pa t te rn .  The wrap-up mode tended t o  
r e f l e c t  a  dampened response. 

The l i m i t e d  t e s t  data conf irms 
the  responsiveness o f  the p rox im i t y  
probe t o  t h e  mid-span motion. Due 
t o  t he  probe mounting, t he  dc compo- 
nent had no r e a l  s i gn i f i cance  i n  
r e l a t i o n  t o  p ro to type system. 
Hence, dc in fo rmat ion  i s  no t  pro-  
vided. 

LIVE-LOAD SHOE 

I n  a normal "b r idge  closedi' 
mode, t h e r e  should be continuous 
contac t  o f  the l i v e - l o a d  shoe w i t h  
the s t r i k e  p l a t e  (Fig. 3) .  Lack o f  
continuous contact  may r e s u l t  from 
changes i n  the b r i d g e ' s  balance con- 
d i t i o n .  lock-bar  problems, t he  f i n a l  

SPAN GjRDER 

Figure 3. S t r i k e  p l a t e  and load shoe. 

PILLOW BLOCK BEARINGS 

load ing  o r  wrap-up o f  t he  system a t  
c l os ing ,  . . . . These problems are The d r i v e  mechanism on the 

very s i m i l a r  t o  those noted i n  t he  Dania, F l o r i d a ,  b r idge  i s  o f  the 
mid-span motion d iscussion above. A Hopkins Dr ive  design (F ig.  4). Com- 
noncontact p rox im i t y  probe wi 11 be ponents cons i s t  o f  dual d r i v e  motors 
mounted a t  each l i v e - l o a d  p o s i t i o n  i n p u t t i n g  t o  a double reduc t ion  
t o  measure any motion occur r ing  o r  gearbox w i t h  two a d d i t i o n a l  ex te rna l  

t o  de tec t  any wear between the shoe reduc t ion  stages. The ex te rna l  

and p l a t e .  With many br idges oper- reduc t ion  gear ing i s  supported by 
a t i n g  i n  s a l t  water environments, s i x  (6) p i l l o w  b lock  bearings -- 
corros ion/eros ion i s  a l so  a problem th ree  (3) on each s ide  o f  t he  gear- 

a t  the contac t  po in t s .  box. C y l i n d r i c a i  s leeve i n s e r t s  
Test data was acquired from w i t h  s p i r a l  l u b r i c a t i o n  grooves pro-  

transducers a t  bo th  load  p o i n t s  and v ide  the journa l  supports.  As the  

under d i f f e r e n t  c l o s i n g  cond i t ions .  journa ls  r o t a t e  w i t h i n  t he  con- 

On t h i s  p a r t i c u l a r  b r idge ,  s t r a i n t s  o f  t he  bearings, they a re  
there  i s  always motion a t  t he  l i v e -  f r e e  t o  move o r  v i b r a t e ,  as w e l l  as 

load shoe w i t h  t r a f f i c  cross ing.  e x h i b i t  changes i n  t h e i r  r e l a t i v e  

L i t t l e  var iance i n  the amp1 i tudes p o s i t i o n  w i t h i n  t he  bear ing  c l e a r -  

between the two modes was detected. ances (Fig. 5). Both the  fo rces  

The amplitudes ranged from 1.5-12 t r ansmi t t ed  through the  gearing, as 

m i l s .  As w i t h  the mid-span data, w e l l  as the bear ing clearances, w i l l  

the response pa t te rns  d i f f e r e d  be- a f f e c t  these two parameters. To 

tween the  two modes. However, t h e  document bo th  the mot ion and pos i -  

resonant/dampened c h a r a c t e r i s t i c s  t i o n  changes, two noncontact proxim- 

were opposite t h a t  o f  t he  mid-span i t y  probes w i l l  be mounted i n  t h e  

response. Note the resonant char- top h a l f  o f  each p i l l o w  b lock  bear- 

a c t e r i s t i c  o f  the data i n  t he  wrap- i n g  a t  a  90' o r i e n t a t i o n  t o  one 

up cond i t ion .  another. 

Good data was obta ined from t h e  P l o t  2 dep i c t s  data from normal 

probes a t  the l i v e - l o a d  shoe. Both opening/closing cyc les.  To eva lua te  
the dc and ac component should prove da ta  consistency, t h ree  runs (open- 

meaningful. ings /c los ings)  were made. Each da ta  
r u n  s t a r t s  and ends w i t h  t he  b r i dge  
i n  a c losed p o s i t i o n  -- See the  
bottom t r a c e  f o r  t he  b r i dge  opening 
angle. Transducer data f o r  each r u n  
cons i s t s  o f  t he  dc o f f s e t  and ac 
motion w i t h  t he  ac mot ion a m p l i f i e d  

5 



I on t h e  f a r  r i g h t .  Ail t h r e e  para- 
meters a re  p l o t t e d  aga ins t  time. 

All runs ,  p a r t i c u l a r l y  the  dc 
o f f s e t  d a t a ,  r e f l e c t  t h e  same 
p a t t e r n  i n d i c a t i n g  s h a f t  t o  bearing 
motion i s  repea table .  Note par- 

1 t i c u l a r l y ,  t h e  beginning and end 
poin ts  of each run, frequency 
p a t t e r n  of t h e  opening and c los ing  
cycles  and a  couple of unique 
responses near  the  f u l l  opening and 
near the  c los ing .  The ac motion 

I i nd ica t e s  a  l o t  of high frequency 
a c t i v i t y  r equ i r ing  f u r t h e r  i nves t i -  
ga t ion .  Various gear mesh frequen- 
c i e s  a r e  l i k e l y  causes of the  high 
frequency a c t i v i t y .  

The predominant frequency in 
b t h e  dc o f f s e t  s i g n a l s  i s  15.64 cpm, 

which i s  t h e  running speed of the  
s h a f t .  Some o r  a l l  of t h i s  motion 
may represent  runout ,  which could be 
something 1 i ke an egg-shaped t a r g e t  
a rea .  

b O n  P lo t  3 ,  t h e  opening and 
c los ing  dc o f f s e t  data  va r i e s  
g rea t ly .  This i s  qu i t e  d i f f e r e n t  
from t h e  da ta  on Plo t  2. Both p l o t s  

. . *. . .  a . . . . "*" . ... , : 
Figure 4. Eievation of Hopkins Drive. 

Figure 5. Typical s leeve  bearing.  





are from probes observing the gear- 
box output shaft bearing; however, 
one is from a "top" probe and one is 
from a "bottom" probe. 

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

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

1 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 

1 bearing problems and financial con- 
siderations dictated the elimination 
of bearing measurements on this pro- 
ject. However, a velocity trans- 
ducer will be incorporated to mea- 
sure the casing motion, which is 

1 expected to reflect to some degree 
the gearboxes' general condition. 
Gear mesh frequencies at the maximum 
drive motor speeds of 860 rpm are 
12,900 cpm and 1,408 cpm. Both 
frequencies fall within the fre- 

B quency response of the velocity 
transducer. 

lNPUT 
SHAFT 
860 RPM 

Figure 6. Plan view of the offset 
herringbone reducer. 

For most of the opening/closing 
cycle, the gearbox vibration ampli- 
tude was just below 0.1 inches/ 
second (ips). At the start of the 
opening/closing cycle, ampl itudes 
spiked to 0.6-0.8 ips. Near the end 
of the closing cycle, one spike 
reached 2.2 ips. 

Amplitudes of 0.1 are quite 
typical of those found on industrial 
gearboxes. The spike ampl i tudes are 
to the high side, particularly 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 vibration 
characteristics. Motor bearings are 
of the rolling element type, prcvid- 
ing good energy transfer from the 
rotating element to the casing. 
Velocity coils have been used suc- 
cessfully in similar applications 
for years. 

Test data amplitudes varied 
from a nominal 0.1-0.2 ips level 
with spikes to 1.3 ips. Amplitude 
levels and general patterns are 
typical of those found on similar 
motors. See Plot 5 for test 
results. 

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 loads on the bearings 
and supports. Additionally, lubri- 
cation condition will also affect 
bearing wear 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 quite interesting. Two pre- 
sentation formats are presented. 
One is 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 t o  t h e  e a s t ,  while da ta  from 
t h e  south bearing ind ica t e s  motion 
almost s t r a i g h t  down. An expiana- 
t i o n  of t h i s  ac t ion  cannot be given. 
L i t t l e  a c  motion was detected.  

Trending the trunnion bearing 
da ta  over t h e  durat ion of t h i s  pro- 
j e c t  should prove qu i t e  in t e re s t ing .  
The proximity probes may provide 
unique i n s i g h t s  i n t o  t h e  operat ion 
of t h i s  c r i t i c a l  bearing. 

f a l l i n g  off t h e  br idge ,  . . . a r e  but  
a  few examples. Idea l ly ,  t h e  
balance places t h e  bridge i n  a  some- 
what leaf  heavy mode; however, t h e r e  
seems t o  be no real  s tandards.  Many 
baiance jobs a r e  handled on a  t r i a l  
and e r r o r  bas is .  The Flor ida  
Department of Transportat ion i n  con- 
junction with t h e  Universi ty of 
F lor ida ,  have developed a computer- 
ized balance system u t i i i z i n g  s t r a i n  
gages on the  d r ive  s h a f t s .  Figure 8 
dep ic t s  t h r e e  curves of torque 
versus opening angle. Curve #1 i s  
considered unacceptable because of 
the  h igh  torque requirement, and 
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Figure 7. Trunnion assemb:ies. 

A s tandard maintenance program 
i s  pe r iod ica l ly  checking t h e  balance 
condition of t h e  bridge,  Many 
th ings  can cause t h e  balance condi- 
t i o n  t o  change. Point wear, t r a s h  
co l l ec t inq  on the  br idce ,  items 

left  unlocked. Curve #2 Ss 
genera l ly  considered ideal  with max- 
imum torque a t  one-half t h e  opening 
angle o r  approximately 35-40'. 

Two ( 2 )  s t r a i n  gages wi l l  be 
i n s t a l i e d  on each f i n a l  d r ive  s h a f t  
t o  monitor t h e  torque and, conse- 
quent ly ,  bajance condit ion of t h e  
bridge. 



Dur ing the  opening cyc le ,  the 
torque remained posi L ive  ( torque 
requ i red  t o  open) w i t h  an average 
value o f  75 k l b - f t .  Amplitudes dur- 
i n g  the  c l o s i n g  cyc le  were very 
c lose t o  zero, go ing s l i g h t l y  nega- 
t i v e  near t he  c los ing .  Averaging 
these two s igna l s  would r e s u l t  i n  a  
f a i r l y  f l a t  curve  w i t h  an ampl i tude 
o f  30-40 k l b - f t ,  which i s  c lose  t o  
an i d e a l  balance. 

Mon i to r i ng  o f  t h i s  parameter 
should enhance the e x i s t i n g  balance 
program. As noted prev ious ly ,  t he  
experience f o r  i n t e r p r e t i n g  t h i s  
data e x i s t s  w i t h i n  t he  F l o r i d a  
Department o f  Transpor tat ion.  

D R I V E  MOTOR C U R R E N l  

Less than optimum cond i t ions  i n  
the t runn ion  bear ing,  caused by such 
th ings  as i n s u f f i c i e n t  l u b r i c a t i o n  
and misal ignment,  may no t  be re -  
f l e c t e d  i n  t he  t runn ion  bear ing  
transducers. The torque and d r i v e  
motor cu r ren ts  w i l l  be measured. 
They may be a  b e t t e r  i n d i c a t o r  o f  
t he  bear ing  cond i t ion .  

D r i ve  motor cu r ren ts  from the 
n o r t h  and south motors are i n d i c a t e d  
by the second and t h i r d  data l i n e s  
on P l o t  7. The response curves are 
as one would expect w i t h  opening/ 
c l o s i n g  cyc le  values o f  140 amps. 
Spikes up t o  400 amps occurred dur- 
i n g  s t a r t  cyc les.  

Variance i n  the response 
p a t t e r n  may vary from one b r i dge  
tender t o  the next.  Data o f  t h i s  
nature was no t  acqui red du r i ng  the 
t e s t .  

BUFFER C Y L I N D E R  P R E S S U R E  

N o t  a l l  bascuie br idges a re  
equipped w i t h  b u f f e r  cy l i nde rs ,  
which perhaps r e f l e c t s  t he  b e l i e f  by 
some t h a t  t h e i r  need i s  quest ion-  
able. I n  concept, t he  p i s t o n  r o d  
drops, p u l l i n g  a i r  i n t o  the c y l i n d e r  
through a  check va lve  as the  span 
opens. Upon c los ing ,  t he  end o f  t he  
p i s t o n  rod  contacts  a  s t r i k e  p l a t e ,  
f o r c ing  the  p i s t o n  i n t o  t he  c y l i n -  
der ,  compressing the  a i r .  A i r  e x i t -  
i n g  the  c y l i n d e r  i s  c o n t r o l l e d  by a  
simple globe valve. The b u f f e r  



cyl inder  system, through a i r  pres- 
s u r e ,  then absorbs shock during the 
f i n a l  s t a g e s  of t h e  c los ing  cycle 
(Fig.  9). Since t h e  opera tor  can 
control  t h e  r a t e  of span descent ,  
some variance in t h e  pressure pulsa- 
t i o n  i s  expected. A determination 
t o  include t h i s  parameter in  the 
prototype system has not been made. 

A matching problem between the  
sensor and power supply r e su l t ed  in 
an un iden t i f i ab le  s c a l e  f o r  the  
cy l inder  pressure amplitude. The 
response of t h e  s i g n a l s ,  however, 
i s  presented on Plo t  7. As 
expected, t h e  only a c t i v i t y  i s  near 
the  end of the  c los ing  cycle.  Add- 
i t i o n a l  da ta  i s  needed For thorough 
eva lua t ion  of t h i s  parameter 's  use- 
fu lness .  

TRAFFIC COUNl  

Since the  roadway t r a f f i c  i s  
expected t o  have some e f f e c t  on 
bridge nea r ,  t h e  number of vehicles  
crossing i n  both d i r e c t i o n s  wi l l  be 
recorded. Although t h e  number of 
bridge openings/closings w i  1 l a3 so 
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Figure 8. Examples of AVT versus THETA. 
(I) Unacc~ptable  because of 
negative to-que a t  t h e t a  = 0.  
( 2 )  Near optimal (3)  Acceptable 
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Figure 9. Buffer arrangement 
of double-leaf bascule.  



impact wear, automatic recording is 
not planned. Water traffic is rela- 
tively light, requiring few openings 
and the entry can be made manually 
with little effort. 

DATA COLLECTOR 

This component of the system 
consists of two (2) major items. 
The first is a multiplexer/voitmeter 
that is computer controllable. It 
will be located under the bridge in 
an appropriate lockable, weather- 
proof enclosure. All transducer 
outputs will be connected to this 
unit in appropriate fashion. Th is  
unit will be connected to the con- 
trolling computer (the second item) 
via an RS-232 communications link. 
The controlling computer will con- 
sist of an I E M  PC-XT mainframe, CRT 
and keyboard; which will be located 
in the control house with an un- 
interruptable power supply. Special 
software is being developed to 
interface the data acquisition unit 
and the controlling computer. 

A system alarm will "awake and 
initialize' the data acquiring rou- 
tine. This will occur once a day at 
a defined time. At the next bridge 
operation, data will be gathered 
from all the appropriate transducers 
at one (I) 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 LQ 
the bridge controller for timing 
purposes. 

The traffic counts, peak span 
lock-bar motion and peak live load 
shoe movement will he 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 will be 
retrieved from the control 1 ing con- 
puter. This will be accomplished by 
transferring the data from hard disk 
to floppy disk. 

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

ing with Symphony software, the P.M. 
system will have all of the capabil- 
ities of a state-of-the-art spread 
sheet. The information can be 
manipulated in various ways for 
presentation purposes, al lowing 
interpretation for further system 
definition. Trends and alarm levels 
will ail be handled through the data 
reducer system. 

TRANSDUCER INPUTS OTHER INPUTS - 12 Piiiow BIccX Bearings .Z  ballkc Inputs 
4 bannlon Besi;ngr -4 Conisct Closuiss 
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2 Live Leads Bridge Open 
2 Motor Curisnii Bridge Closing - 2 Motor VibiSlienr Bridge Closed - i Gear Box Vsrarnonr - 2 Stis~n Gays 
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Figure 10. System block diagram. 

Figure I?.. Output of the 
proximitor i s  a d,c. voltage 
which varies as the gap dis- 
tance varies, t h u s  providing 
the average gap distance 
from the probe tip to target 
surface, plus the vibration 
excursion level in both 
frequency and amplitude of the 
observed motion. 



PERSONNEL INTERFACE 

At the bridge, no system inter- 
action with the bridge operators 
will be needed. The system will run 
automatically, incl uding auto re- 
starts on loss of power. Monthly 
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 idio- 
syncrasies via his/her interface 
with the control system nay have an 
effect on the data and transducer 
response patterns. Therefore, 
trend data will have to be given due 
consideration far this aspect of the 
operation. Test data was not ac- 
quired in an attempt to depict this. 

TRANSDUCERS 

The noncontacting 
probe uses the eddy curren 
ple to measure the gap between the 
probe tip and the target (Fig. 10). 
Output 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 the 
probe. The second is a dc compo- 
nent, representing the average 
distance between the target and the 
probe. This allows use of the 
transducer to measure both vibration 
Jac component) and position (dc 
component). The frequency response 
of 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 Vdc out- 
put signals proportional to a pre- 
determine 

The i s  used 
for measuring casing motion. Output 
from the device is a voltage propor- 

tional to the relative motion be- 
tween a magnetic field and a coil of 
wire. Depending on the particular 
design, either the coil of wire or 
the magnet i s  rigidly mounted to the 
base and the other is suspended as 
an inertial element. General pre- 
ference is to rigidly mount the 
coi 1. 

Frequency response limitation 
for the velocity transducer is 300 
cpm (5 liz) to 120,000 cpm (2 kHz) 
with the response curve having a 
roll off characteristic on both the 
low and high side. At maximum motor 
speed, the velocity coil will detect 
the input speed to the gearbox, both 
gear mesh frequencies and the motor/ 
rolling element bearing Frequencies. 

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

used are standard 
two-element Chevron@ units with 
appropriate amp1 ification. Torsion- 
al shear strain is measured by 
mounting gages on the final drive 
shaft. The motor current 
transducers are of the transformer 
type, which are mounted around the 
input power lines to the motor. 
Quartz el eaent 
with an interna IC am~lifier were -~ . .. - 
utilized. The units have a maximum 
range of 1,000 psi with a sensitiv- 
ity o f  5 mV/psi. 
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Figure 12. Proximity measurement 
system for vibration monitoring 
and machinery malfunction diagnosis, 
has linear output generated by 
Proximitar as a Function of gap 
size; and this i s  key to system 
performance capabilities. 



REFERENCES 

From data acqui red p r i o r  t o  the  
refurbishment work, the transducer 
s e l e c t i o n  and a p p l i c a t i o n  seem rea- 
sonable. The data i s  considered 

1 usefu l  f o r  several reasons: 

r Provide t h e  bas is  f o r  estab- 
l i s h i n g  alarms i n  the  Data 
Reducer System. 

e Enhance t h e  software develop- 
I ment work. 

r Provide a basis  f o r  comparison 
t o  reworked machinery. 

r Ind ica tes  data sampling ra tes  
o f  approximately oneeisecond 
w i l l  p rov ide  the  r e s o l u t i o n  
i n i t i a l l y  needed. 

Evaluat ion o f  the  data i s  be- 
yond the  scope o f  t h i s  paper. Wow- 
ever, when accomplished and compared 

I 
t o  t h a t  o f  reworked machinery, a 
b e t t e r  understanding o f  the  mechani- 
c a l  aspects o f  a t runn ion  bascule 
b r i dge  i s  expected. 

A f t e r  running the  system f o r  
one year, a l l  data w i l l  be corre-  

1 
l a t e d  and used t o  evaluate a l l  
aspects o f  the  design. A determina- 
t i o n  w i l l  be made as t o  t h e  usefu l -  
ness o f  the design, weighing the  
r e s u l t s  obtained against  costs o f  an 
i n d u s t r i a l  system. 

I 

1, Jackson, C. - The Pr-act ical  
V ib ra t i on  Primer, Gu l f  Publ ish- 
i n g  Company, 1979. 

2. U.S. Department o f  Transporta- 
t i o n ,  Federal Highway Admi n- 

3. srlalvern, . E. , Lu, S. Y. , 
Jenkins, 0.  A. - Handbook o f  

Procedures, U n i v e r s i t y  of  
F l o r i d a ,  Engineering Sciences 
Dept. , 1982, 

4. Beot ly ,  Donald E. - P rox im i t y  
Measurement f o r  Engine System 
Pro tec t i on  and Ma l func t i on  
Diagnosis, D iese l  and Gas Sur- 

March 1972. 

I 
Figure 13. Typical  probe t o  t a r g e t  
gaps are  50-60 m i l s .  



Glenn Poch6 i s  the Regional Manager of Mechanical Engineering Services (MES) 

for  Bently Nevada Corporation. He oversees the MES engineers and gives support 

t o  the sales  representatives w i t h i n  his region. 

Poch6 joined Bently Nevada Corporation in 1972 as a sa les  representative. 

In 1983 he was promoted t o  Regional Manager. In 1984 he was promoted t o  his 

present position. He worked for  Union Carbide pr ior  t o  joining Bently Nevada. 

Poch6 graduated from La Mar University in Beaumont, Texas, in 1966 w i t h  a 

Bachelor of Science Degree in Mechanical Engineering. 

Bently Nevada Corporation manufactures electronic systems tha t  monitor 

rotating machinery. Bently Nevada's products and services are sold worldwide. 


