


Bodies o f  w a t e r  have proved t o  be a  h inde rance  t o  t h e  l a n d  
t r a v e l s  o f  man s i n c e  t h e  beg inn ing  o f  t i m e .  E a r l y  man used 
l o g s  t o  c a r r y  h i s  p o s s e s s i o n s  and then  p rogres sed  t o  t h e  
rud imen ta ry  b o a t  and on t o  makesh i f t  f e r r i e s .  A s  h i s  modes 
of  t r a n s p o r t a t i o n  became more s o p h i s t i c a t e d ,  b r i d g e s  were 
b u i l t  i n  o r d e r  t o  a l low him the luxury  o f  u s i n g  h i s  c a r t  and 
wagon f o r  t h e  e n t i r e  journey.  I n  h i s  s e a r c h  f o r  s e c u r i t y ,  man 
d e v i s e d  t h e  c a s t l e  and i t s  moat. Along w i t h  t h e  moat came t h e  
d rawbr idge ,  t h e  f o r e f a t h e r  t o  o u r  modern day movable b r i d g e .  

In  t o d a y ' s  wor ld ,  t h e r e  a r e  thousands  o f  r i v e r s  and c a n a l s  
which a r e  t r a n s v e r s e d  w i t h  b r i d g e s  which must move o r  open i n  
some f a s h i o n  i n  o r d e r  t o  a l low n a v i g a t i o n  by w a t e r  v e s s e l s .  
Due t o  t h e  modern e n g i n e e r i n g  of  30 y e a r s  ago,  most o f  t h e s e  
b r i d g e s  a r e  s t i l l  i n  s e r v i c e  and it is  d o u b t f u l  t h a t  t h e  
s t r u c t u r e s  themselves  w i l l  "wear o u t "  a t  any t ime i n  t h e  n e a r  
f u t u r e .  However, t h e  mechanisms by which t h e s e  s t r u c t u r e s  a r e  
moved may have s u f f e r e d  a t  t h e  hands o f  Mother Na tu re ,  F a t h e r  
T i m e ,  and human misuse t o  t h e  p o i n t  t h a t  t h e y  must b e  upgraded. 
New b r i d g e s  a r e  a l s o  n e c e s s a r y  a s  t h e  p o p u l a t i o n  i n c r e a s e s  and 
moves t o  new l o c a t i o n s .  New s t r u c t u r e s  a r e  t h e r e f o r e  b e i n g  
des igned  u t i l i z i n g  t h e  newest  technology f o r  b o t h  c o n s t r u c t i o n  
and c o n t r o l .  

One p r e v a l e n t  method o f  c o n t r o l  s t i l l  i n  e x i s t e n c e  today  i s  t h e  
wound r o t o r  c o n t r o l .  I n  many c a s e s ,  it may have been i n s t i -  
t u t e d  o v e r  30 y e a r s  ago. Another u t i l i z e d  DC motors  powered 
from a c o n s t a n t  p o t e n t i a l  DC bus.  These systems g e n e r a l l y  
r e q u i r e  t h e  c o o r d i n a t e d  e f f o r t  o f  two o p e r a t o r s ,  one on each  
s i d e  of  t h e  waterway. Each o p e r a t o r  c o n t r o l s  t h e  r a i s i n g  and 
lower ing  o f  h i s  r e s p e c t i v e  span  w i t h  a  " s t r e e t c a r "  t y p e  drum 
s w i t c h  which i n s e r t s  s e r i e s  o r  a rma tu re  r e s i s t o r s  i n t o  t h e  
power i n p u t  of  t h e  motor t o  c o n t r o l  t h e  speed.  T h i s  r e q u i r e s  
a  preponderance o f  s k i l l  and a  l i t t l e  l uck  t o  g e t  t h e  l e a v e s  
moving a t  t h e  r i g h t  speed ,  a t  t h e  r i g h t  t ime .  I n  a d d i t i o n  t o  
t h e  drum s w i t c h ,  each  o p e r a t o r  h a s  a  c rank  hand le  on h i s  r i g h t  
t o  r e l e a s e  the'  emergency shoe  b r a k e .  

A l t e r n a t e  methods o f  c o n t r o l  have r e c e n t l y  been implemented t o  
meet t h e  demands o f  one-man o p e r a t i o n ,  p r e c i s e  speed  c o n t r o l  
under  windy c o n d i t i o n s ,  p r e c i s e  p o s i t i o n  c o n t r o l  a t  c l o s i n g ,  
and c a p a b i l i t y  of  o p e r a t i o n  v i a  te lephone/computer  and c losed-  
c i r c u i t  t e l e v i s i o n  from remote l o c a t i o n s .  

D e s i r a b l e  C h a r a c t e r i s t i c s  of  a  Br idge  Drive 

Louis  A l l i s  h a s  had p r e v i o u s  e x p e r i e n c e  a p p l y i n g  v a r i a b l e - s p e e d  
d r i v e s  t o  numerous b r i d g e s  a t  v a r i o u s  l o c a t i o n s  t h r o u g h o u t  t h e  
Uni ted  S t a t e s ,  such  a s  Wiscons in ,  Alabama, I l l i n o i s ,  and F l o r i d a  
We're c u r r e n t l y  working o n o n e  f o r  Ohio. Of c o u r s e ,  w h i l e  n o t  



a l l  t h e  r equ i r emen t s  were e x a c t l y  t h e  same f o r  t h e s e  jobs ,  a  
number o f  d e s i r e a b l e  c h a r a c t e r i s t i c s  a r e  a p p a r e n t :  

- S i n g l e  c o n t r o l  t h a t  i s  e a s i l y  adapted  f o r  mul t imotor  opera-  
t i o n  when t h e r e  a r e  two motors  p e r  l e a f .  

- I n h e r e n t  l oad  s h a r i n g  when two motors  a r e  used.  

- C a p a b i l i t y  of  o p e r a t i n g  w i t h  j u s t  one motor d u r i n g  emergency 
c o n d i t i o n s  when two motors a r e  normally used.  

- C o n t r o l l e d  a c c e l e r a t i o n  and d e c e l e r a t i o n .  

- Momentary o v e r l o a d  c a p a b i l i t y  d u r i n g  a c c e l e r a t i o n  ( s e e  
F igu re  f l  " T y p i c a l  Speed/Torque Curve" ) .  

- C o n t r o l l e d  b rak ing  o r  holdback c a p a b i l i t y  d u r i n g  d e c e l e r a t i o n  
( s e e  F i g u r e  # I ) .  

- E a s i l y  r e v e r s i b l e .  

- Smooth and r a p i d  to rque  c o n t r o l  d u r i n g  t r a n s i t i o n  from p o s i t i v e  
t o  n e g a t i v e  t o r q u e  i n  o r d e r  t o  reduce  t h e  p o s s i b i l i t y  o f  j a r r i n g  
t h e  d r i v e  t r a i n  o r  p h y s i c a l l y  having  t h e  b r i d g e  "bounce".  

- Speed c o n t r o l  i n t e r f a c e  from v a r i o u s  r e f e r e n c e s ,  such  a s  cam- 
o p e r a t e d  l i m i t  s w i t c h e s ,  manual speed  p o t s ,  h o i s t - t y p e  mas te r  
s w i t c h e s ,  programmable c o n t r o l s ,  t r a n s d u c e r s ,  e tc .  

- Power e f f i c i e n c y .  

- C o n t r o l l e d  speed  range .  

- Maintenance and r e l i a b i l i t y .  

- System t h a t  i s  w e l l  p r o t e c t e d  a g a i n s t  f a u l t  c o n d i t i o n s .  

- Diagnos t i c s  and t r o u b l e s h o o t i n g .  

- C o n t r o l l e r  s i z e  and e a s e  o f  i n s t a l l a t i o n .  I n  some i n s t a n c e s ,  
t h e r e  have been l i m i t a t i o n s  due t o  e x i s t i n g  s p a c e ,  door  s i z e s  
and s t a i r w e l l s .  

- L a s t ,  b u t  n o t  l e a s t ,  t o t a l  c o s t .  

Braking Methods 

Before d i s c u s s i n g  v a r i o u s  t y p e s  o f  v a r i a b l e - s p e e d  c o n t r o l l e r s  
a v a i l a b l e ,  a  number of  d e f i n i t i o n s  need t o  be reviewed.  
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P l u g g i n g  

The power l e a d s  t o  t h e  motor a r e  r econnec ted  s o  t h a t  t h e  o u t p u t  
t o r q u e  i s  r e v e r s e d .  T h i s  c r e a t e s  a  "slamming" e f f e c t ,  b o t h  
e l e c t r i c a l l y  and mechan ica l ly ,  t o  t h e  motor.  A s  a  g e n e r a l  r u l e ,  
motors  a r e  n o t  manufactured t o  w i t h s t a n d  t h e s e  abnormal f o r c e s  
u n l e s s  t h e  method of  b rak ing / s topp ing  a r e  s o  s t a t e d  p r i o r  t o  
b e i n g  o r d e r e d .  T h e r e f o r e ,  s p e c i a l  c o n s i d e r a t - i o n s  must be t a k e n  
i n  t h e  d e s i g n  and manufacture  o f  t h e  motor.  Th i s  must i n c l u d e  
c o n s i d e r a t i o n  f o r  e x c e s s i v e  h e a t i n g  caused  by t h e  ex t r eme ly  h i g h  
r e v e r s e  c u r r e n t s  i n t r o d u c e d  i n t o  t h e  wind ings ,  i. e.  , h i g h e r  c l a s s  
i n s u l a t i o n ,  more s t e e l  i n  t h e  r o t o r  and s t a t o r ,  h i g h  e f f i c i e n c y  
c o o l i n g .  A l so ,  t h e  windings must be s e c u r e d  wi th  e x t r a  precau-  
t i o n  t o  h e l p  a l l e v i a t e  e x c e s s i v e  movement o f  t h e  end t u r n s  a t  
t h e  moment o f  c u r r e n t  r e v e r s a l .  Th i s  method c a n n o t  be used  
where c o u n t e r t o r q u e  i s  needed a t  s t a n d s t i l l .  A s  t h e  speed  n e a r s  
z e r o ,  t h e  power supp ly  must be d i s c o n n e c t e d  i n  o r d e r  t o  avo id  
r e v e r s a l  o f  r o t a t i o n .  

Dynamic o r  R e s i s t i v e  Braking  

I n  g e n e r a l  terms, t h e  motor i s  d i s c o n n e c t e d  from t h e  power s o u r c e  
and means a r e  p rov ided  t o  e s t a b l i s h  f l u x ,  which w i l l  c ause  e m f ' s  
t o  be induced  i n t o  t h e  r o t o r .  Discharge  p a t h s  th rough  r e s i s t i v e  
banks a r e  a r r anged  s o  t h a t  c u r r e n t  f l ows ,  r e s u l t i n g  i n  l o s s  o f  
energy  and subsequen t  b r a k i n g  of  t h e  motor.  No b r a k i n g  i s  a v a i l -  
a b l e  a t  s t a n d s t i l l .  

I n  u s i n g  an AC motor ,  d i r e c t  c u r r e n t  i s  i n j e c t e d  i n t o  t h e  s t a t o r  
windings  a f t e r  it i s  d i s c o n n e c t e d  from t h e  power supp ly .  T h i s  
sets up a  s t a t i o n a r y  f i e l d ,  i n d u c i n g  e m f ' s  and c u r r e n t s  i n  t h e  
r o t o r  c i r c u i t .  Th i s  produces  h i g h  b r a k i n g  t o r q u e ,  b u t  t h e  b r a k i n g  
e f f e c t  i s  less a t  h igh  speeds  and normal s l i p .  

~ e g e n e r a t i v e  Braking  

~t i s  an i n h e r e n t  p r o p e r t y  of  most t y p e s  of  motors  t o  o p e r a t e  as 
a  g e n e r a t o r  when d r i v e n  f a s t e r  t h a n  no-load o r  synchronous speed .  
Of c o u r s e ,  the power supp ly  must have t h e  a b i l i t y  t o  abso rb  t h e  
power t h a t  is gene ra t ed .  Braking  t o r q u e  i n c r e a s e s  w i t h  motor  
speed ,  p r o v i d i n g  i d e a l  b r a k i n g  c h a r a c t e r i s t i c s  f o r  motors  t h a t  
have o v e r h a u l i n g  l o a d s .  

With AC moto r s ,  t h e  b r a k i n g  t o r q u e  p rov ided  f o r  a  g i v e n  s l i p  i s  
s l i g h t l y  g r e a t e r  t han  i n  t h e  motor ing  mode and t h e r e  i s  a  speed  
where maximum t o r q u e  i s  o b t a i n e d .  Dependent upon t h e  c o n t r o l  
s t r a t e g y  used ,  beyond t h i s  v a l u e ,  t h e  t o r q u e  d e c r e a s e s  a s  speed  
i n c r e a s e s .  



DC motors  can be e i t h e r  s h u n t  o r  compound-wound machines.  DC 
machines w i l l  r e g e n e r a t e  i f  e i t h e r  t h e  f i e l d  o r  a rma tu re  v o l t a g e s  
a r e  r e v e r s e d .  T h i s  r educes  t h e  speed t o  t h e  no-load v a l u e .  

Regene ra t ive  b r a k i n g  i s  ve ry  f o r g i v i n g  i n  r e s p e c t  t o  t h e  e lectr i -  
c a l  and mechanical  f o r c e s  t h a t  may be  seen  by t h e  motor.  I t  i s  
a  ve ry  smooth and "easy"  method of  e f f i c i e n t  b r a k i n g .  When 
p r o p e r l y  c o n t r o l l e d ,  t h e  motor s e e s  v e r y  l i t t l e  stress i n  t h e  
windings  o r  t h e  mechanica l  s t r u c t u r e .  

Reference  F igu re  # 2 :  (Assume " p e r f e c t "  b a l a n c e )  

Q u a d r a n t  I - Rais ing  l e a f ,  a c c e l e r a t i o n  and runn ing  
Quadrant  I V  - R a i s i n g  l e a f ,  d e c e l e r a t i o n  
Q u a d r a n t  I11 - Lowering l e a f ,  a c c e l e r a t i o n  and runn ing  
Quadrant  11 - Lowering l e a f ,  d e c e l e r a t i o n  

Types of  V a r i a b l e  Speed Dr ives  

NOW l e t ' s  review some of t h e  major t y p e s  o f  c o n t r o l s  c u r r e n t l y  
on t h e  marke t :  

1. Automatic  r o t o r  c o n t r o l  u s i n g  wound-rotor motors .  

2 .  Adjus tab le- f requency  d r i v e s .  

3. SCR c o n t r o l  o f  d i r e c t  c u r r e n t  motors .  

Automatic Rotor C o n t r o l ,  Wound Rotor  Motors 

A t  t h e  p r e s e n t  t i m e ,  t h i s  i s  p robab ly  t h e  most w ide ly  used system 
f o r  b r i d g e s  today.  S i m p l i c i t y  i s  i t s  g r e a t e s t  v i r t u e .  I t  i s  
rugged and can u s u a l l y  s u s t a i n  l i m i t e d  o p e r a t o r  abuse .  

The wound-rotor motor performance c h a r a c t e r i s t i c s  a r e  c l o s e l y  
a l i g n e d  t o  t h a t  o f  a  s i n g l e - s p e e d ,  s q u i r r e l - c a g e  i n d u c t i o n  motor.  
The s i g n i f i c a n t  d i f f e r e n c e  i s  t h a t  t h e  speed- torque  c h a r a c t e r i s t i c s  
of  t h e  wound-rotor motor a r e  a d j u s t a b l e  u s i n g  d i f f e r e n t  e x t e r n a l  
r e s i s t a n c e  v a l u e s .  S t a r t i n g  t o r q u e  i s  h i g h  w i t h  low s t a r t i n g  
c u r r e n t  ( d e s i r a b l e  when l i m i t e d  power is  a v a i l a b l e ) .  ( F i g u r e  3 ) .  
Once a g a i n ,  though,  t h e  wound-rotor motor i s  n o t  e a s i l y  a d a p t a b l e  
t o  o v e r h a u l i n g  l o a d s .  There a r e  no p r o v i s i o n s  f o r  r e g e n e r a t i o n ,  
o n l y  r e s i s t i v e  b r a k i n g  o r  p lugging .  Of even  g r e a t e r  impor tance  
i n  new s t r u c t u r e  des ign  i s  t h e  minimal speed  r e g u l a t i o n  t h a t  c a n  
be o b t a i n e d  through t h e  use  o f  t h e  wound-rotor c o n t r o l  system. 

Ad j u s t a b l e  Frequency Dr ives  

The two b a s i c  e l emen t s  o f  an AFD a r e  an ac /dc  r e c t i f i e r  and an 
dc t o  a c  l n v e r t e r  c o n t a i n e d  w i t h i n  t h e  same e n c l o s u r e .  



4-Quadrant Speed Torque Operation 

TORQUE 
(+) Forward 

(Speed and Torque in opposite 
directions) 

I 
(Torque same as quadrant I) 
(Speed opposite as quadrant I) 

Reverse Regeneration .- ~ 

I 

(Speed and Torque same 
direction) 

Foward Motoring 

SPEED SPEED 
(-) Reverse Forward (-t ) 

QUAD T Ill I QUADMNT IV 

Reverse Motoring I Forward Regeneration 

(Speed and Torque same 
direction, both opposite of 
quadrant I) 

(Speed and Torque in 
opposite directions) 
(Speed same direction as 
quadrant I) 
(Torque opposite direction as 
quadrant I) 

(-) Negative 
TORQUE 



X OF SYNCHRONOUS SPEED 
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Incoming power i s  r e c t i f i e d  i n t o  d c  power, t h e  d c  i s  used a s  
i n p u t  t o  t h e  i n v e r t e r ,  which c o n d i t i o n s  t h e  d c  power and shapes  
i t  i n t o  a pseudo-sine wave of  s e l e c t e d  f requency .  Hea t ing  o f  
a c  d e v i c e s  i n c r e a s e s  a s  f requency  d e c r e a s e s ;  t h e  s u r e s t  way t o  
k i l l  an a c  motor i s  t o  apply  dc ( z e r o  f requency)  t o  it. The 
r e a c t a n c e  t h a t  i s  a  f u n c t i o n  o f  f requency  d e c r e a s e s  a s  f requency  
i s  lowered ,  lower ing  impedance and c a u s i n g  more c u r r e n t  t o  f low.  
To o f f s e t  t h i s  p r i n c i p a l ,  AFDs a r e  des igned  t o  m a i n t a i n  a  con- 
s t a n t  vo l t s /Hz  r a t i o  a t  a l l  f r e q u e n c i e s  from z e r o  t o  b a s e  speed  
(60 H z ) .  Th i s  c o n s t a n t  vo l t s /Hz  r e l a t i o n s h i p  a u t o m a t i c a l l y  
compensates  f o r  the r e d u c t i o n  i n  r e a c t a n c e  a s  f r equency  i s  
v a r i e d ,  and p r e s e r v e s  c o n s t a n t  t o r q u e .  

~ l t h o u g h  t h e  b a s i c  e l emen t s  o f  an A F D  ( r e c t i f i e r  and i n v e r t e r )  
imply o v e r a l l  s i m p l i c i t y ,  t h e  i n v e r t e r  i s ,  i n  f a c t ,  a  complex 
i t e m  o f  e l e c t r o n i c  equipment.  The complexi ty  a l s o  v a r i e s  w i t h  
t h e  p a r t i c u l a r  p r i n c i p a l s  used t o  a c h i e v e  a  good approximat ion  
o f  a  s i n e  wave. Although r e c e n t  advances i n  technology have 
promoted many v a r i a t i o n s  o f  c o n t r o l l e r s  p r e s e n t l y  on t h e  marke t ,  
f o r  t h e  most p a r t ,  t hey  can be  b r o a d l y  c a t e g o r i z e d  a s  b e i n g  
e i t h e r  c u r r e n t - s o u r c e  t y p e  o r  vo l t age - source  type .  

C u r r e n t  Source I n v e r t e r s  

Cur ren t - source  i n v e r t e r s  ( C S I )  g e n e r a l l y  employ SCR r e c t i f i e r s ,  
a  h igh  impedance l i n k ,  and SCR i n v e r t e r  s e c t i o n s .  Some d e s i g n s  
do o f f e r  d iode  b r i d g e  r e c t i f i e r s  b u t  on a  l i m i t e d  b a s i s .  The 
h i g h  impedance choke between t h e  r e c t i f i e r  and i n v e r t e r  g i v e s  
ex t r eme ly  good c u r r e n t  p r o t e c t i o n  a l l o w i n g  t h e  sys tem t o  wi th -  
s t a n d  nany e x t e r n a l  and i n t e r n a l  f a u l t s  w i t h o u t  damaging t h e  
components themselves .  I t  g e n e r a l l y  h a s  t h e  l e a s t  complex 
c i r c u i t r y  o f  t h e  AC d r i v e s  making it e a s i e r  t o  m a i n t a i n .  The 
c u r r e n t  waveform i s  w e l l  d e f i n e d  and t h e  v o l t a g e  waveform i s  
s i n u s o i d a l  ( F i g u r e  4 ) .  S i n c e  t h e  d r i v e  i s  c u r r e n t  r e g u l a t e d ,  
t o r q u e  i s  r e g u l a t e d .  The d r i v e  i s  a l s o  i n h e r e n t l y  r e g e n e r a t i v e  
i n  n a t u r e .  T h i s  f a c t ,  coupled  w i t h  t h e  c u r r e n t / t o r q u e  r e g u l a t i o n ,  
a l l o w s  t h e  use'r t o  have an ex t r eme ly  a c c u r a t e  d r i v e  which w i l l  
r e a c t  t o  minute  l o a d  changes a l m o s t  i n s t a n t a n e o u s l y .  

Vol tage  Source Conver t e r s  

The vo l t age - source  AC d r i v e  i s  t h e  most common t y p e  o f  d r i v e  i n  
use  today .  A s  s t a t e d  e a r l i e r ,  i t  mere ly  changes  l i n e  v o l t a g e  
and f requency  t o  a  s e t t a b l e  v o l t a g e  and f r equency  b u t  a l l o w s  t h e  
motor t o  respond w i t h i n  i t s  speed / to rque  pa rame te r .  C u r r e n t  i s  
n o t  r e g u l a t e d ,  b u t  r a t h e r  l i m i t e d  t o  a  p r e s e t  v a l u e .  A Square  6 
S t e p  i n v e r t e r  produces a  s q u a r e  6 s t e p  v o l t a g e ;  however,  t h e  
c u r r e n t  waveform seen  by t h e  motor i s  f u l l  o f  random e x c u r s i o n s  
a s  produced by t h e  l o a d  demand ( F i g u r e  5 ) .  S i n c e  t h e  VSI i s  a  
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low impedance d e v i c e  u t i l i z i n g  a  l a r g e  c a p a c i t o r  choke i n  t h e  
l i n k  between r e c t i f i e r  and i n v e r t e r ,  it h a s  t h e  d i s t i n c t  capa- 
b i l i t y  o f  s e l f - d e s t r u c t i o n  by t h e  l a r g e  amounts o f  c u r r e n t  
s t o r e d  i n  t h a t  c a p a c i t o r .  

The P u l s e  Width Modulated d r i v e  i s  a n o t h e r  form o f  V S I .  The 
waveform o f  v o l t a g e  " l o o k s "  a lmos t  s i n u s o i d a l  t o  t h e  motor. I n  
r e a l i t y  it i s  made up of  many s m a l l e r  p u l s e s  r e g u l a t e d  by t h e  
f requency  c o n t r o l  o f  t h e  sys tem ( F i g u r e  6 ) .  The PWM i n v e r t e r  i s  
g e n e r a l l y  n o t  s e n s i t i v e  t o  motor c h a r a c t e r i s t i c s  e x c e p t  t h a t  it 
must avo id  low p e r - u n i t  r e a c t a n c e .  

VSIs a r e  a  v e r y  good d r i v e  f o r  mul t imotor  sys tems a s  long  a s  
extreme c a r e  i s  t aken  i n  s e l e c t i n g  and s i z i n g  t h e  motors  p r o p e r l y .  
I t  i s  a l s o  e a s y  t o  add r e s i s t i v e  b r a k i n g ,  b u t  v e r y  d i f f i c u l t  t o  
add r e g e n e r a t i o n .  
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D i r e c t  C u r r e n t  SCR Cont ro l  

Tile DC d r i v e  h a s  long  been a  mains tay  of  i n d u s t r y  th roughou t  
t h e  wor ld  because  t h e  c h a r a c t e r i s t i c s  o f  a  DC motor make it 
i n h e r e n t l y  v a r i a b l e  speed .  For a  s t a b i l i z e d  s h u n t  moto r ,  speed  
i s  p r o p o r t i o n a l  t o  a rmature  v o i t s ,  and t o r q u e  i s  p r o p o r t i o n a l  
t o  a rma tu re  amps. V i r t u a l l y  eve ry  manufac tu r ing  p r o c e s s  known 
i n  modern i n d u s t r y  h a s  been d r i v e n  by t h e  DC d r i v e .  These a p p l i -  
c a t i o n s  i n c l u d e  pumps, conveyors ,  e x t r u d e r s ,  w i r e  and c a b l e  
s t r a n d e r s ,  pape r  machines ,  c o a t e r s ,  l a m i n a t o r s ,  c r u s h e r s ,  c h i p p e r s ,  
c r a n e s  and h o i s t s ,  and on and on. The e l e c t r o n i c  c o n t r o l  i t s e l f  
i s  f a i r l y  s imple  t o  u n d e r s t a n d  and main ta i r , .  The DC motor i s  
ex t r eme ly  rugged and r e l i a b l e  w i t h  w e l l - d e f i n e d  speed / to rque /  
horsepower pa rame te r s .  

The DC d r i v e  t h a t  i s  t o  be u t i l i z e d  i s  a  m u l t i p h a s e  fou r -quadran t  
p h a s e - c o n t r o l l e d  r e c t i f i e r .  I t s  pr imary  i n t e n t i o n  i s  f o r  t h e  
c o n t r o l  of  t h e  d i r e c t  c u r r e n t  motor a r ~ n a t u r e ,  p a r t i c u l a r l y  where 



b c u r r e n t  must be w e l l - c o n t r o l l e d  o v e r  a  wide o p e r a t i n u  r a n q e ,  
i n c l u d i n g  n e a r  z e r o ,  o r  where ra&>id ~ - u r ~ . a l l t  l C \ ' < 1 3 i 1  1 3  ; l ie  

r e q u i r e d .  The s p e c i a l  c r i t e r i a ,  o f  f a s t  r e sponse  and smooth 
c u r r e n t  ( t o r q u e )  r e v e r s a l ,  make t h i s  c o n v e r t e r  n o t i c e a b l y  
d i f f e r e n t  from o t h e r  equipment c u r r e n t l y  i n  use.  

The b r i d g e  d r i v e  must have v a r i a b l e  c a p a b i l i t i e s .  I t  must be 
capab le  o f  s u p p l y i n g  s m a l l  amounts of  t o r q u e  i n  e i t h e r  t h e  
motor ing  o r  r e g e n e r a t i n g  modes. I t  must a l s o  be c a p a b l e  o f  
s u p p l y i n g  maximum amounts o f  t o r q u e  t o  a c c e l e r a t e  o r  d e c e l e r a t e  
t h e  equipment  under normal and a d v e r s e  c o n d i t i o n s .  I n  t h i s  
i n s t a n c e ,  t h e  r e g e n e r a t i v e  motor c o n t r o l l e r  must be  a b l e  t o  
a d j u s t  from motor ing  d e w n d s  t o  r e g e n e r a t i n g  q u i c k l y  and smoothly 
w i t h o u t  any d i s c o n t i n u i t y  t h a t  may cause  d i s t u r b a n c e s  i n  e i t h e r  
t h e  r e g u l a t i n g  c i r c u i t r y  o r  t o r q u e  p u l s a t i o n s  o r  r i p p l e s  a s  
a p p l i e d  t o  t h e  d r i v e n  machinery.  The smoothness o f  o p e r a t i o n  of  
t h i s  d r i v e  sys tem p ro longs  t h e  l i f e  o f  t h e  mechanica l  components 
of  t h e  b r i d g e  i t s e l f .  

Th i s  d r i v e  must a l s o  be  a b l e  t o  respond e x t r e m e l y  q u i c k .  I t  
should  be  a b l e  t o  respond w i t h  smooth c h a r a c t e r i s t i c s  n e a r  z e r o  
o p e r a t i n g  c u r r e n t ,  i n c l u d i n g  c u r r e n t  r e v e r s a l .  The fou r -quadran t  
c o n t r o l l e r  shou ld  be  a b l e  t o  per form a t  s p e e d s  l i m i t e d  o n l y  by 
t h e  l o a d i n d u c t a n c e .  When a  c u r r e n t  r e v e r s a l  i s  r e q u i r e d ,  no t ime 
can be was ted  ponder ing  whether  o r  n o t  it i s  s a f e  t o  s w i t c h  c u r r e n t  
c o n t r o l  from one set  o f  t h y r i s t o r s  t o  t h e  o t h e r .  T h i s  d e c i s i o n  
must be made a c c u r a t e l y  s o  t h a t  l i n e - t o - l i n e  f a u l t s  do n o t  o c c u r  
through t h e  t h y r i s t o r s  and q u i c k l y  s o  t h a t  no  s i g n i f i c a n t  d e l a y s  
a r e  i n t r o d u c e d  t h a t  may d i s t u r b  o u t e r  c o n t r o l  l oops .  Fo r  smooth 
o p e r a t i o n  n e a r  z e r o  c u r r e n t ,  s p e c i a l  c o n s i d e r a t i o n s  must be  t a k e n  
t o  e n s u r e  t h a t  t h e r e  i s  a  continuum o f  c o n t r o l  from t h e  command 
s i g n a l  i n p u t  t o  c u r r e n t  f low i n  t h e  power o u t p u t ,  r e g a r d l e s s  o f  
d i s c o n t i n u o u s  conduct ion  o r  motor CEMF. No deadbands can  be 
a l lowed s i n c e  it would h i n d e r  smooth o p e r a t i o n  and s u r e l y  deg rade  
t h e  t i m e  r e sponse .  

The b a s i c  b l o c k  d iagram o f  t h e  fou r -quadran t  DC d r i v e  i s  s e e n  i n  
F igu re  7 .  T h i s  sys t em h a s  been d i s c u s s e d  i n  g r e a t  d e t a i l  i n  
eve ry  t e x t  a v a i l a b l e  on t h e  s u b j e c t .  S u f f i c e  it t o  s a y ,  t h i s  i s  
an ex t r eme ly  a c c u r a t e  method o f  c o n t r o l  t h a t  h a s  proven  i t s e l f  
f o r  many y e a r s .  F i g u r e  8 i l l u s t r a t e s  b i d i r e c t i o n a l  f low o f  
c u r r e n t  t h a t  would be p r e s e n t  w i t h i n  t h e  motor  d u r i n g  p e r i o d s  o f  
e i t h e r  motoring o r  r e g e n e r a t i o n .  

Comparison of  AC and DC Dr ives  - 
Louis  A l l i s  h a s  been manufac tur ing  bo th  AC and DC d r i v e s  s i n c e  
b e f o r e  1950 and was one of  t h e  f i r s t  t o  d e v e l o p  and manufac ture  
t h e  a d j u s t a b l e - f r e q u e n c y  t y p e  c o n t r o l .  Lou i s  A l l i s  h a s  t h e  cap- 
a b i l i t y  t o  p rov ide  e i t h e r ,  b u t  a l l  o f  t h e  p r e v i o u s l y  mentioned 
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jobs e n t a i l e d  using s t a t i c  DC four-quadrant regenera t ive  d r i v e s .  
The reason f o r  t h i s  may become apparent when the  aforementioned 
des i r eab le  cha rac t e r i c s  t h a t  a r e  merited by the  a p p l i c a t i o n  a r e  
reviewed. Reference Figure 9 .  Some of t he  c h a r a c t e r i s t i c s  
involved with the  DC d r ive  w i l l  be explained l a t e r  i n  f u r t h e r  
d e t a i l .  

P r a c t i c a l  - Application of DC Bridge Drives 

Emphasis has been placed on seve ra l  terms throughout t h i s  paper.  
Proper t reatment  of these  terms a s  t o  how they r e l a t e  t o  a  move- 
able  bridge d r i v e  system s h a l l  be incorporated i n t o  t h e  following 
t e x t .  

why the  emphasis on regenerat ion and regenera t ive  d r i v e s ?  Refer- 
r i ng  back t o  t he  d e f i n i t i o n  of regenera t ive  braking,  t h i s  i s  an 
inheren t  proper ty  of a l l  motors. I t  i s  t h e r e ,  s o  why n o t  use  i t ?  
Plugging i s  d e f i n i t e l y  n o t  a  n a t u r a l  c h a r a c t e r i s t i c .  Imagine 
yourself  i n  an automobile, t r a v e l i n g  a t  SSmph, and an ou t s ide  
command says  "Put  t h e  t ransmiss ion i n  reverse .  . .NOW!! I th ink  
you can imagine the  r e s u l t a n t  fo rces  appl ied  t o  t h e  t ransmiss ion ,  
d i f f e r e n t i a l ,  ax l e ,  and yourse l f .  This i s  b a s i c a l l y  what happens 
t o  the  motor i n  a  plugging condi t ion.  The r e s u l t a n t  c u r r e n t  
r eve r sa l  produces very high c u r r e n t  i n  t he  windings which, i n  t u r n ,  
produce very high temperatures t h a t  can d e t e r i o r a t e  t he  i n s u l a t i o n  
a t  an advanced r a t e .  The mechanical fo rces  a r e  f e l t  n o t  on ly  i n  
the motor, bu t  a l s o  i n  t he  mechanical devices  t o  which it i s  
coupled. This can r e s u l t  i n  premature f a i l u r e s  of motor s h a f t s ,  
couplings, and gears.  Torque is not  a v a i l a b l e  a s  t h e  motor speed 



Regenerat ive  DC 
C h a r a c t e r i s t i c  (Saber  3412)  

1. Multimotor - E a s i l y  accomplished. 
- Any i l l s i z e  combination 

may be  accommodated. 

2 .  Load s h a r i n g  - Armatures connected i n  
be tween s e r i e s .  
motors. - C a l i b r a t i o n  r e s i s t o r s  

used t o  match speed and 
load .  

3. Cont ro l l ed  - LAC and d e c e l  a d j u s t a b l e  
a c c e l l d e c e l  from 1-40 seconds.  

- Adjus tab le  c u r r e n t  
l i m i t  from 10-200%. 

4. Overload - Cont ro l s  a r e  r a t e d  150% 
C a p a b i l i t y  f o r  1 minute,  200% f o r  

10 seconds.  
- Stndard i n d u s t r i a l  

motors a r e  r a t e d  f o r  
260% o r  more, f o r  s h o r t  
per iods .  

5.  Con t ro l l ed  - F u l l y  r e g e n e r a t i v e .  
Braking - Cont ro l l ed  s t o p ,  pre- 

eng inee red  and plug-in.  

6. Reversing - I n h e r e n t l y  r e v e r s i b l e .  
- Both forward and r e v e r s e  

c u r r e n t  l i m i t .  

7. Srnooth - Zero dead-hand. 
Torque 
T r a n s i t i o n  

Var iab le  Frequency (Lancer)  ---- 
Current  Source Voltage Source - 

- Not e a s i l y  accomplished.  - E a s i l y  accomplished.  
- # / s i z e  combination - Any i l l s i z e  combination may be  

s e v e r l y  l i m i t e d .  accommodated. 

- Multimotor s e v e r e l y  - Motors connected i n  p a r a l l e l .  
l i m i t e d  ( s e e  above).  - Adjustment of load  d i s t r i b u t i o n  

ve ry  d i f f i c u l t .  

- LAC and d e c e l  and CL - LAC and d e c e l  and CL a d j u s t a b l e  
a d j u s t a b l e  ( v a r i o u s  ( v a r i o u s  ranges ) .  
ranges)  

- Usual ly  150%/min. - Usual ly  150% 1 min. 
( c o n v e r t e r  l i m i t a t i o n )  ( c o n v e r t e r  l i m i t a t i o n )  

- F u l l  r e g e n e r a t i o n  w i t h  - F u l l  r e g e n e r a t i o n  a v a i l a b l e  
no a d d i t i o n a l  power w i t h  a d d i t i o n a l  power hardware.  
hardware. C. S. e a s i l y  C.S. e a s i l y  a v a i l a b l e .  
avai1abl.e. 

- Readi ly  a v a i l a b l e .  - Avai lab le .  

- Zero dead band very  - Zero dead band ve ry  
s imple  t o  provide .  d i f f i c u l t  t o  p rov ide .  



Regenerat ive  DC V a r i a b l e  Frequency (Lancer)  
C h a r a c t e r ! . .  (Saber  3412)- Current  S- Voltage Source 

8. Speed - 5% speed r e g u l a t i o n  v i a  - I n h e r e n t  2  o r  3% speed - I n h e r e n t  2  o r  3% speed 
Cont ro l  armature v o l t a g e  feedback. r e g u l a t i o n  due t o  i n d .  r e g u l a t i o n  due t o  i n d .  

Improvement p o s s i b l e  when motor c h a r a c t e r i s t i c s .  motor c h a r a c t e r i s t i c s .  
motor mounted t a c h  i s  - 0.5% r e a d i l y  a v a i l a b l e  - 0.5% r e a d i l y  a v a i l a b l e  
used. W / O  t a c h ,  0 .1% wl tach .  W / O  t ach .  

- Plug- in ,  pre-engineered - Fol lowers ,  p r e s e t  speed ,  - Fol lowers ,  p r e s e t  s p e e d s ,  
fo l lower  o p t i o n s .  E i t h e r  same a s  DC. e t c . ,  same a s  DC. 
i s o l a t e d  o r  n o n i s o l a t e d  
a v a i l a b l e .  

- P r e s e t  speed,  a c t i v a t e d  
by e x t e r n a l  c o n t a c t  
s i g n a l s .  

- F u l l y  adap tab le  t o  remote 
opera t ion .  

8. E f f i c i e n c y  - S l i g h t l y  more e f f i c i e n t  - Sl . igh t ly  l e s s  e f f i c i e n c y  - S l i g h t l y  l e s s  e f f i c i e n t  
i n  g e n e r a l  (no i n v e r t e r  than s t a t i c  DC. T rans i s -  than s t a t i c  DC. T r a n s i s t o r  
component r e q u i r e d ) .  t o r  types  more e f f i c i e n t .  types  more e f f i c i e n t .  
Some s m a l l  t r a n s i s t o r i -  
zed AC d r i v e s  a r e  
comparat ively  more 
e f f i c i e n t .  

9 .  Con t ro l l ed  - 2 0 : l  by armature  c o n t r o l .  - 5 : l  e a s i l y  a t t a i n s b l e .  - 2 0 : l  by armature  c o n t r o l .  
Speed - Wider w i t h  a d d i t i o n  of - Wider w i t h  a d d i t i o n  of  motor- 
Range t ach .  mounted tachometer .  

- Motor must be  p r o p e r l y  s i z e d  
o r  use  blowers f o r  coo l ing .  

10. Maintenance - R e l a t i v e l y  s i m p l e  c o n t r o l .  - R e l a t i v e l y  complex - R e l a t i v e l y  complex c o n t r o l .  
& R e l i a b i l i t y -  Both b rushes  and commuta- c o n t r o l .  - No CONN o r  brushes .  

t o r  must be  p roper ly  - No COMM o r  b rushes .  - Motor r e a d i l y  r e p a i r e d  o r  
mainta ined.  - Motor r e a d i l y  r e p a i r e d  spa red .  

- Spare DC motor more d i f -  o r  spa red .  
f i c u l t  t o  o b t a i n  than AC. 

- Modular c o n s t r u c t i o n .  
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n e a r s  z e r o .  Dynamic b r a k i n g  i s  much e a s i e r  on t h e  motor and 
a s s o c i a t e d  equipment ,  b u t  w i t h  t h i s  method, t h e r e  is  no c o n t r o l  
o v e r  motor  speed o r  t o r q u e .  With t h e  DC r e g e n e r a t i v e  sys tem,  
b r a k i n g  i s  qu ick  and you m a i n t a i n  c o n t r o l  o v e r  t h e  motor b r a k i n g  
to rque .  

Movable b r i d g e s  a r e  g e n e r a l l y  coun te rwe igh ted  t o  a l low movement 
w i t h  much less to rque  and horsepower t h a n  i f  t h e y  were j u s t  dead  
weight .  T h e o r e t i c a l l y ,  t h e y  s h o u l d  be ba l anced  s o  t h a t  minimum 
f o r c e  i s  r e q u i r e d  t o  e i t h e r  r a i s e  o r  lower t h e  s p a n ( s ) .  I n  t h e  
r e a l  w o r l d ,  most b r i d g e s  a r e  n o t  b a l a n c e d  c o r r e c t l y ,  e s p e c i a l l y  
t h e  o l d e r  s t r u c t u r e s .  A s  t i m e  p a s s e s  o n ,  s u r f a c e s  can be 
r e s u r f a c e d  and t h i s  a d d s m o r e  w e i g h t  t o  t h e  span making t h e  
sys t em span  heavy. D e t e r i o r a t i o n  o f  m e t a l  c o u n t e r w e i g h t s  can 
r educe  t h e  b a l a n c i n g  e f f e c t .  Changes i n  f r i c t i o n  c o e f f i c i e n t s  
of g e a r s  and o t h e r  r e l a t e d  s u r f a c e s  a l s o  p l a y  a  p a r t  i n  unbalanc-  
i n g  t h e  system. A s  a l l  t h e s e  f a c t o r s  come i n t o  p l a y  o v e r  t h e  
y e a r s ,  t h e  b r i d g e  becomes an unknown f o r c e  t o  d e a l  w i t h ,  u n l e s s  
e x t e n s i v e  t e s t i n g  i s  done t o  d e t e r m i n e  t h e  e x a c t  weighing o f  
b o t h  t h e  span and coun te rwe igh t .  T h e r e f o r e ,  a s  a  s p a n  i s  e i t h e r  
r a i s e d  o r  lowered ,  t h e  fu lc rum p o i n t  o f  t h e  sys t em changes.  T h i s  
means t h a t  t h e  c o n t r o l  sys tem can s e e  e i t h e r  a  motor ing  demand o r  
a  r e g e n e r a t i n g  demand a t  any p o i n t  t h roughou t  t h e  t r a v e r s e  of  t h e  
s p a n .  T h e r e f o r e ,  t h e  d r i v e  sys tem must be  c a p a b l e  o f  e n d u r i n g ,  
e i t h e r  motoring and r e g e n e r a t i o n  modes a t  any p o i n t  o f  t h e  span  
t r a v e l  and i t  must be  capab le  o f  d e t e r m i n i n g  t h i s  mode o f  o p e r -  
a t i o n  i n s t a n t a n e o u s l y  w i t h o u t  l o s s  o f  c o n t r o l .  

I n  n o r t h e r n  c l i m a t e s ,  i c e  l o a d i n g  can c a u s e  t h e  same problems i n  
changing  t h e  ba l ance  o f  a  system. I c e  l o a d i n g  i s  a  c o n s t a n t l y  
changing parameter .  Thickness  and w e i g h t  o f  ice can  change 
thousands  of  times d u r i n g  a  24-hour p e r i o d  o f  t i m e .  Loca t ion  o f  
t h e  i c e  can a l s o  s h i f t ,  p l a c i n g  more we igh t  on t h e  nose  of  t h e  
span  o r  t h e  p i v o t  p o i n t  o f  t h e  s p a n  a s  t h e  day p r o g r e s s e s .  What 
may have been a  sometimes moto r ing  - sometimes o v e r h a u l i n g  l o a d  
can become s o l e l y  one o r  t h e  o t h e r  t h r o u g h o u t  t h e  e n t i r e  span  o f  
t r a v e l .  

Wind l o a d i n g  i s  n o t  r e s t r i c t e d  t o  any p a r t i c u l a r  c l i m a t e .  Wind 
can change t h e  t y p e  o f  l o a d  a t  any t i m e ,  depending  on s p e e d ,  
d i r e c t i o n ,  and l o c a t i o n  o f  t h e  span  i n  i t s  t r a v e l .  J u s t  a s  w i t h  
i c e  l o a d i n g ,  wind can produce s h i f t i n g  motor ing  o r  o v e r h a u l i n g  
l o a d s  t o  t h e  d r i v e  system. 

With a l l  t h e  changing f o r c e s  a c t i n g  upon a  b r i d g e ,  t h e  DC f o u r -  
q u a d r a n t  r e g e n e r a t i v e  d r i v e  p r o v i d e s  t h e  most a c c u r a t e  c o n t r o l  
of t h e  motor ing-overhaul ing  demands a s  s e e n  i n  r e a l  l i f e  o p e r -  
a t i o n .  The z e r o  deadband o f  t h e  d r i v e  and t h e  a c c u r a t e  speed  
c o n t r o l  p rov ide  ve ry  smooth o p e r a t i o n ,  even  though t h e  b r i d g e  
may s h i f t  from motoring t o  o v e r h a u l i n g  a l m o s t  a t  w i l l .  



S i n c e  t h e  t r u e  r e g e n e r a t i v e  d r i v e  i s  pumping power back i n t o  
t h e  power s o u r c e ,  t h e  end u s e r  i s  a l s o  s a v i n g  money a s  compared 
t o  t h e  power consumption o f  o t h e r  systems.  When u s i n g  either 
wound r o t o r  o r  dynamic b r a k i n g  methods,  the r e g e n e r a t i v e  power 
i s  b e i n g  d i s s i p a t e d  i n t o  r e s i s t o r  banks a r  r a d i a t e d  i n t o  t h e  
atmosphere v i a  t h e  motor hous ing .  With t h e  fou r -quadran t  d r i v e ,  
t h e  p r e v i o u s l y  was ted  power can  now be used t o  r educe  t h e  ove r -  
a l l  power consumption o f  t h e  b r i d g e  i n s t a l l a t i o n .  I f  you con- 
s i d e r  t h a t  t h e  Clark  S t r e e t  b r i d g e  i n  Chicago i s  b e i n g  r a i s e d  
and lowered around 7 , 0 0 0  t i m e s  p e r  y e a r ,  and t h a t  p robab ly  h a l f  
o f  t h e  t ime t h e  sys t em i s  i n  t h e  r e g e n e r a t i v e  mode, t h e  energy  
s a v i n g s  can  be  q u i t e  s u b s t a n t i a l .  Th i s  a s p e c t  s h o u l d  n o t  be 
f o r g o t t e n ,  e s p e c i a l l y  a s  power c o s t s  c o n t i n u e  t o  i n c r e a s e  e v e r y  
yea r .  

The s u b j e c t  o f  "smoothness o f  o p e r a t i o n "  h a s  been mentioned q u i t e  
a  few t i m e s .  I am s u r e  t h a t  you may wonder why t h e r e  h a s  been 
s o  much emphasis  on t h i s  t o p i c .  Due t o  t h e  mechanica l  d e s i g n  o f  
a  movable b r i d g e ,  i t s  i n h e r e n t  c h a r a c t e r i s t i c s  would a p p e a r  t o  
p r e c l u d e  a  smooth o p e r a t i o n .  I n  o t h e r  words,  it i s  n o t  a  p re -  
c i s i o n  i n s t r u m e n t .  The i n i t i a l  s t a r t i n g  of  movement o f  t h e  
s t a n d a r d  b r i d g e  i m p a r t s  heavy s t r e s s  on t h e  b r i d g e  s t r u c t u r e .  I f  
t h i s  i n i t i a l  movement i s  a  f o r c e f u l  j o l t ,  t h e n  it i s  l o g i c a l  t h a t  
it w i l l  s u f f e r  d e t r i m e n t a l  e f f e c t s  o v e r  a  g ivgn  p e r i o d  o f  t ime .  
The DC d r i v e  has  t h e  a b i l i t y  t o  s t a r t  t h e  e n t i r e  sequence  i n t o  
motion w i t h  a  c o n t r o l l e d  amount of  f o r c e .  i i i t h  t h e  use  o f  l i n e a r  
a c c e l e r a t i o n  r a t e s ,  t h e  span  can be  g r a d u a l l y  b r o u g h t  up t o  speed .  
There i s  a l s o  t h e  a v a i l a b i l i t y  of  u t i l i z i n g  an S  c u r v e  t y p e  o f  
a c c e l e r a t i o n  which p r o v i d e s  an even s o f t e r  s t a r t  b e f o r e  p roceed ing  
i n t o  t h e  a c c e l e r a t i o n  ramp o f  t h e  d r i v e .  T o r s i o n a l  s t r e s s  on 
d r i v e  s h a f t s ,  s u r f a c e  f r i c t i o n  on t h e  f a c e  o f  g e a r s ,  and a n g u l a r  
f o r c e s  on t h e  founda t ions  t h a t  ho ld  e v e r y t h i n g  t o g e t h e r  a r e  
g r e a t l y  reduced.  

With t h e  use of  c o n t r o l l e d  a c c e l e r a t i o n ,  t h e  span  can be  b r o u g h t  
up t o  any p r e s e t  speed .  A t  t h a t  p o i n t ,  t h e  span  w i l l  t r a v e l  a t  
s a i d  speed u n t i l  i t  r e a c h e s  some p r e d e s i g n a t e d  p o i n t  i n  t h e  span  
t r a v e l .  A t  t h i s  p o i n t ,  t h e  need f o r  s t o p p i n g  t h e  span  i n  a  con- 
t r o l l e d  manner a r i s e s .  Now t h e  l i n e a r  d e c e l e r a t i o n  c i r c u i t  w i l l  
t a k e  c o n t r o l  and b r i n g  t h e  span  toward s t a n d s t i l l  a t  a  c o n t r o l l e d  
r a t e .  Once a g a i n ,  t h e  span  i s  c o n t r o l l e d  w i t h o u t  i m p a r t i n g  
unnecessary  s t r a i n  on t h e  s t r u c t u r e  i t s e l f .  G e n e r a l l y ,  t h e  span  
i s  brought  t o  c e r t a i n  p o i n t  and t h e  motor b r a k e  c i r c u i t r y  i s  
a c t i v a t e d .  A s  t h e  span engages  v a r i o u s  d e v i c e s ,  such  a s  l i m i t  
s w i t c h e s ,  it i s  b r o u g h t  t o  a  r e l a t i v e l y  smooth s t o p ,  even i f  t h e  
l o a d  i s  o v e r h a u l i n g  a t  t h e  t i m e .  T h i s  can be  a p p r e c i a t e d  a s  you 
s i t  i n  your  au tomobi le  and watch t h e  o p e r a t o r s  o f  an o l d  s t y l e  
b r i d g e  bounce and d r i b b l e  t h e  span  t o  a  s t o p ,  t h e  l i v e  l o a d  a r e a  
f r a c t u r e s ,  and t h e  nose i n t e r l o c k  i s  s h e a r e d  o f f  because  h e  
engaged i t  t o o  soon.  A t  t h i s  p o i n t  i n  t i m e ,  t h e  d r i v e  s h o u l d  



have t h e  c a p a b i l i t y  t o  p o s i t i o n  t h e  sp.ln a n ~ i  c t 1 1 1 t 1 ~ ~ I  i t n  l i , c r . i  
A f t e r  coming t o  a  complete  s t o p ,  t h e  d r i v e  needs  t h e  l i t t l e  
added push  t o  p o s i t i o n  t h e  nose t o  e n s u r e  p r o p e r  engagement o f  
t h e  i n t e r l o c k  w i t h o u t  having  t o  guess  i f  t h e  nose  i s  i n  t h e  
c o r r e c t  p o s i t i o n .  Th i s  is  sometimes c a l l e d  " c r e e p "  speed  con- 
t r o l  a n d  e a s i l y  o b t a i n e d  w i t h  t h e  DC d r i v e  system. 

Each and eve ry  d e s i g n e r  d e v i s e s  h i s  own sequence o f  c o n t r o l  f o r  
t h e  r a i s i n g  and lower ing  o f  a  b r i d g e .  Var ious  p r e s c r i p t i o n s  f o r  
speed  c o n t r o l ,  p o s i t i o n  c o n t r o l ,  c o n t r o l l e d  s t o p p i n g ,  and emer- 
gency s t o p p i n g  a r e  i s s u e d  f o r t h  by t h e  i n d i v i d u a l  s p e c i f i c a t i o n s .  
The one c o n t r o l  t h a t  is e a s i l y  a d a p t a b l e  t o  v i r t u a l l y  any method 
o f  command is t h e  DC c o n t r o l .  The s i m p l i c i t y  o f  t h e  c i r c u i t r y  
makes i t  r e a d i l y  a c c e s s i b l e  by r e l a y  l o g i c ,  programmable con- 
t ro l lers ,  t e l e p h o n y ,  o r  even manual c o n t r o l .  Remote c o n t r o l  from 
o f f - s i t e  o p e r a t o r s  i s  e a s i l y  o b t a i n a b l e .  

C i r c u i t r y  d e s i g n  o f  t h e  Louis  A l l i s  S a b e r  3412 DC d r i v e  enhances  
t h e  r e l i a b i l i t y  of  a  b r i d g e  d r i v e  system. Due t o  t h e  l e s s  t h a n  
d e s i r a b l e  l o c a t i o n  of  most b r i d g e s ,  t h e  power s o u r c e  i s  s u b j e c t  
t o  random d i s t u r b a n c e s .  T h i s ,  i n  t u r n ,  c r e a t e s  s p i k e s  and/or  
n o t c h e s  on t h e  incoming power l i n e .  Louis  A l l i s  h a s  i n c o r p o r a t e d  
l i n e  snubber s  and r e a c t o r s  t o  l e s s e n  t h e  e f f e c t s  o f  t h e s e  d i s -  
t u r b a n c e s .  Should a  l i n e  b o t c h  p roceed  p a s t  t h e  incoming p r o t e c -  
t i o n ,  t h e  Saber  3412 i n c o r p o r a t e s  a n  SCR g a t i n g  sys t em known a s  
"Pos i -Gate" .  The conduct ion  of  an SCR i s  moni tored  and i f ,  f o r  
any r e a s o n ,  t h i s  conduct ion  s t o p s  p r e m a t u r e l y  due t o  l i n e  n o t c h e s ,  
t h e  Posi-Gate  f i r i n g  c i r c u i t  w i l l  r e f i r e  t h e  SCR f o r  t h e  c o r r e c t  
p e r i o d  o f  t ime.  Th i s  a s s u r e s  t h a t  power t o  t h e  motor  i s  n o t  
i n t e r r u p t e d  a t  any t i m e ,  once a g a i n ,  i n s u r i n g  smoothness  o f  
o p e r a t i o n .  

A l l  major  power s e c t i o n s  o f  t h e  Sabe r  3412 a r e  modu la r i zed  f o r  
q u i c k  and e a s y  r ep lacemen t ,  s h o u l d  t h e  need  a r i s e .  P r i n t e d  c i r -  
c u i t  boa rds  are o f  t h e  qu ick  d i s c o n n e c t  t y p e .  With t h e  a d d i t i o n  
o f  a  test  module, any o p e r a t o r  s h o u l d  be  a b l e  t o  d e t e r m i n e  9 0 %  
o f  t h e  f a i l u r e s  t h a t  may o c c u r  and a f f e c t  a  q u i c k  r e p a i r  o f  t h e  
system. F a c t o r y  t e s t i n g  o f  b o t h  components and sys t ems  i s  
s t a n d a r d  p rocedure  f o r  Louis  A l l i s .  

I n  t h e  f o l l o w i n g  Appendix a r e  o n e - l i n e  d iagram examples  of  a  
number o f  e x i s t i n g  Louis  A l l i s  b r i d g e  d r i v e  i n s t a l l a t i o n s .  
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NEW 1 m T W  BnsCULE BRlDOE OVER MILWAUKEE RIVER 
M W U )  BY LOUS M L l S  

A new bmcuk bridge, the furt t o  we a d&c DC regenerative drive system, 
recently opMd in Ww&. I2&hic motonmd controisfor the Broadway 
Bridge, 04 nd operated by the hlilwu\lree Deputment of h i ld injy  and 
&dp,wacprovLblby  lauhAUir. 

'Thrac factors vac impatrnt  to the Deputment in decidi to &mu 
Lwt A W  biw ~ ~ & c I I ) '  uid Cul Schroala of the Miiwre&ee Dlrtrict 
& O N b .  "Ihe 6nl rsquiruncnt w u  that the bridge be operable by one 

" Tro V t o n  w a a  vluJly needed t o  raiu and lower older b m k  
p c ~ . _ O n t a u c h h . l f .  

In a typicrl y e s ,  it i, atimarul thaf the 365 ft. long 1000-ton Broadway 
Wlw.ulree Rim, wiU be raised and l o w e d  

'Ibe Depwtment'r w a n d  requirement WM that the system be able to provide 
&mg and occunte b+e control under harsh environmentd conditions. 

Third, the drive myatem Jso had t o  be cnp&le oi conversion to remote 
control by tekphone and closed circuit television t o  proviclc 24-hour  use of 
the bride.. 

The "brine" of the yhrn pro- 
vided by LO& A l l ~  Wt a p& of 
100 HP Slba 3400 DC rqwa- 
ative power ar plies, one f a  u c h  
luf,  or haif, orthe bridge. Thu ir 
the f int  we of a static DC n ( ~ a a -  
ative drive ryrtem on a new bride, 
although two 
~ i l w u ~ r e r :  bridgu Other were conver eri% 
to Louk Allis -tic DC rcganarativc 
driw in 1980, &have been oprr. 
h n g  smoothly rince in~&hon. 
hch S.hr 3400 urppter .nd con- 
hola the "brawn" to two 43 HP 
lhunt wound Iro& Altu DC motom. 

In addition to the four moton wed 
to r i s e  and lower the h v c r ,  Louu 
Wi provided a 7.5 HP AC motor 
to operate the centafock device 
when the bridge in in the down pwi. 
tion, .s well AS four 10 HP AC 
moton for emergency w. 
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