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INTRODUCTION 

The unobs t ruc ted  o p e r a t i o n  of t h e  fLood g a t e s  of any wa te r  p r o j e c t  i s  of 

utmost importance.  The c h o i c e  o f  t h e  t y p e  o f  g a t e  and i t s  o p e r a t i n g  

mechanism i s  c r i t i c a l  f o r  t h a t  r e a s o n .  For t h e  low head f l o o d  g a t e s  

( s p i l l w a y  g a t e s )  of n a v i g a t i o n  l o c k s  and dams, which a r e  u s u a l l y  q u i t e  

w i d e  ( 1 0 0  f t .  o r  m o r e ) ,  t h e  c o n v e n t i o n a l  c h o i c e s  i n c l u d e  r o l l e r ,  

t a i n t e r ,  v e r t i c a l  l i f t  o r  h inged c r e s t  t y p e s  f o r  t h e  g a t e s ,  a n d  c h a i n ,  

w i r e  r o p e ,  screw stem o r  h y d r a u l i c  t y p e s  f o r  t h e  h o i s t s .  The o p e r a t i o n  

and maintenance of  each t y p e  i s  unique a n d  e a c h  t y p e  p r e s e n t s  c e r t a i n  

advantages  and d i s a d v a n t a g e s .  The pr imary c o n s i d e r a t i o n s  f o r  t h e  s e l e c -  

t i o n  of t h e  g a t e  t y p e  i n c l u d e  g a t e  s i z e  r e q u i r e m e n t ,  e x p e c t e d  f l o w s ,  

e f f i c i e n c y  o f  d i s c h a r g e ,  passage  of f l o a t i n g  d e b r i s ,  and i n i t i a l  c o s t ;  



t h e  p r i m a r y  c o n s i d e r a t i o n s  f o r  h o i s t  s e l e c t i o n  i n c l u d e  e a s e  o f  o p e r a -  

t i o n ,  a d j u s t a b i l i t y  of h o i s t i n g  c a p a c i t y ,  e a s e  of maintenance,  i n i t i a l  

c o s t ,  a n d  o p e r a t i o n  and m a i n t e n a n c e  c o s t s  a s  compared t o  t h e  i n i t i a l  

c o s t .  

Depending on t h e  h o i s t i n g  c a p a c i t y  r e q u i r e m e n t  and  t h e  i n s t a l l a t i o n  

conven ience ,  any h o i s t  type  may be used with any g a t e  type .  However, i t  

i s  wor th  mentioning t h a t  t h e  h y d r a u l i c  t y p e  h o i s t s ,  w i t h  t h e  d e v e l o p -  

ments  i n  r e c e n t  y e a r s  i n  t h e  f l u i d  power i n d u s t r y  i n  U.S.A. and abroad,  

n e n e r a l l y  p r e s e n t  t h e  most f l e x i b i l i t y  i n  o p e r a t i o n  ( s p e e d  v a r i a t i o n ,  
0 

p ~ s h / ~ u l l  c a p a b i l i t y ,  h o i s t i n g  c a p a c i t y  a d j u s t a b i l i t y f ,  a r e  t h e  e a s i e s t  

t o  m a i n t a i n  ( long  l i f e  of  p a r t s ,  ready a v a i l a b i l i t y  o f  p a r t s )  and a r e  

g e n e r a l l y  more e c o n o m i c a l  ( d u e  t o  i n d u s t r y  d e v e l o p m e n t s  l e a d i n g  t o  

e c o n o m i c a l  s y s t e m s  a n d  c o m p e t i t i o n  b e t w e e n  a  v a s t  n u m b e r  oE 

manufac tu re r s )  i n  i n i t i a l  c o s t  and i n  t h e  o p e r a t i o n  and maintenance c o s t  

t h a n  t h e  o t h e r  t y p e s .  This  a r t i c l e  d e s c r i b e s  t h e  o p e r a t i o n  and  main- 

t enance  d e t a i l s  of each type  of h o i s t ,  i n d i c a t i n g  comparat ive  advantages  

and d i s a d v a n t a g e s  i n c l u d i n g  c o s t  comparison. 

TYPES OF GATES 

The main g a t e  t y p e s  used f o r  l o c k  and dam f lood  c o n t r o l  i n c l u d e :  

1. K o l l e r  Gate 

2. T a i n t e r  Gate 

3 .  V e r t i c a l  L i f t  Gate 

4. tlinged C r e s t  Gate 

A r o l l e r  g a t e  w h i c h  c o n s i s t s  o f  a  c y l i n d r i c a l  p l a t e  s t e e l  r o l l e r  ap- 

proximate ly  as l a r g e  i n  d i a m e t e r  as  t h e  s p i l l w a y  o p e n i n g  h e i g h t ,  a n d  

i n c l u d e s  a  h e a v y  a n n u l a r  r i n g  c a s t i n g  w i t h  p e r i p h e r a l  t e e t h  ( t o  

f a c i l i t a t e  h o i s t i n g )  a t  each  end of t h e  r o l l e r .  A r o l l e r  g a t e  i s  more  

e x p e n s i v e  t o  f a b r i c a t e  t h a n  a  v e r t i c a l  l i f t ,  r a d i a l  o r  a  hinged crest 

g a t e .  Also i t s  h o i s t i n g  arrangement which  t y p i c a l l y  i n c l u d e s  a  h e a v y  

c h a i n  and a  s l o p i n g  r a c k  ( a l o n g  which t h e  g a t e  moves, w i t h  t h e  r o l l e r  



s i d e  t e e t h  engaging t h e  r a c k ) ,  is q u i t e  c o m p l i c a t e d  and  e x p e n s i v e .  A 

r o l l e r  g a t e  c a n  be  c o n v e n i e n t l y  lowered p a r t i a l l y  below t h e  c r e s t  f o r  

p a s s a g e  o f  i c e  and d e b r i s ;  t h e  c y l i n d r i c a l  shape of t h e  g a t e  r e s u l t s  i n  

s m o o t h  f l o w  a b o v e  t h e  g a t e  and  p r a c t i c a l l y  a v i b r a t i o n  f r e e  g a t e .  

liccailse of t h ~  c o s t  a s s o c i a t e d  wi th  them, ha rd ly  any  r o l l e r  g a t e s  h a v e  

been i n s t a l l e d  i n  r e c e n t  yea r s .  Fig. 1 shows a  t y p i c a l  r o l l e r  g a t e .  

A t a i n t e r  g a t e ,  a l s o  c a l l e d  a  r a d i a l  g a t e ,  i s  i n  t h e  form of a  c y l i n d r i -  

c a l  s e g m e n t  suppor ted  by s t r u c t u r a l  columns, c a l l e d  g a t e  arms, which i n  

t u r n  are suppor ted  by g a t e  t r u n n i o n s  and t r u n n i o n  s u p p o r t  g i r d e r s  em- 

b e d d e d  i n  c o n c r e t e  p i e r s .  F i g s .  2a t o  2d show t y p i c a l  t a i n t e r  g a t e s .  

T a i n t e r  g a t e s  a r e  g e n e r a l l y  s imple  i n  c o n s t r u c t i o n ,  r e l i a b l e  and e f f i -  

c i e n t  i n  t h e  p a s s a g e  of t h e  f l o o d s ,  e s p e c i a l l y  l a r g e  f loods .  They a r e  

a l s o  q u i t e  economical  a s  compared t o  t h e  o t h e r  t y p e s ,  e x c e p t  when t h e  

h e i g h t  o f  t h e  o p e n i n g  i s  s m a l l ,  s a y ,  l e s s  t h a n  1 5  f t .  I n  c a s e s  where 

t h e  i n s t a l l a t i o n  r e q u i r e s  d e p r e s s i o n  of t h e  g a t e  f o r  p a s s a g e  o f  i c e  o r  

d e b r i s ,  t h e  g a t e  s k i n p l a t e  i s  extended t o  form a  s u i t a b l e  c r e s t  (F ig .  

2e) o r  a l t e r n a t i v e l y ,  t h e  g a t e  i s  equipped wi th  a  f l a p  ( F i g .  2 f ) ;  b o t h  

of  t h e s e  o p t i o n s  c o n s i d e r a b l y  add t o  t h e  c o s t  of t h e  g a t e ,  e s p e c i a l l y  i n  

p r o p o r t i o n  t o  t h e  c o s t  of t h e  s m a l l e r  g a t e s .  I f  s k i n p l a t e  m o d i f i c a t i o n  

o r  a  f l a p  i s  n o t  p r o v i d e d ,  t h e  g a t e  must be r a i s e d  above t h e  upstream 

wate r  l e v e l  f o r  p a s s a g e  o f  i c e  and  d e b r i s ,  w h i c h  c a n  w a s t e  a  l o t  o f  

w a t e r ;  l o w e r i n g  a  g a t e  which does  n o t  have s k i n p l a t e  m o d i f i c a t i o n  would 

c a u s e  n e g a t i v e  p r e s s u r e s  downstream o f  t h e  g a t e  and s e v e r e  v i b r a t i o n s .  

Even a  m o d i f i e d  g a t e  may not be v i b r a t i o n  f r e e  i n  a l l  c a s e s  and because  

of  t h a t  u n c e r t a i n t y ,  t h e  p r a c t i c e  of d e p r e s s i n g  t h e  g a t e  i s  g e n e r a l l y  

b e i n g  d i s c o n t i n u e d  f o r  new i n s t a l l a t i o n s ;  a l s o  some of t h e  e x i s t i n g  

i n s t a l l a t i o n s  a r e  being modified t o  c o n v e n t i o n a l  c r e s t  s h a p e s .  S i n c e  

t h e  t a i l w a t e r  l e v e l  is r e l a t i v e l y  h i g h  f o r  t h e  l o c k  and dam f l o o d  g a t e s ,  

t a i n t e r  g a t e s  must be i n s t a l l e d  i n  such  a  way t h a t  t h e  g a t e  t r u n n i o n  i s  

above t h e  t a i l w a t e r  l e v e l  t o  guard a g a i n s t  damage due t o  f l o a t i n g  d e b r i s  

and i c e ;  t h i s  c a u s e s  an  i n c r e a s e  i n  t h e  curved h e i g h t  of t h e  g a t e  f o r  a  

g i v e n  v e r t i c a l  o p e n i n g ,  c a u s i n g  f u r t h e r  i n c r e a s e  i n  g a t e  c o s t .  Even 

w i t h  t h e  added c o s t s  s t a t e d  a b o v e ,  r a d i a l  g a t e s  a r e  f r e q u e n t l y  u s e d  

b e c a u s e  o f  t h e i r  r e l i a b i l i t y  a n d  e f f i c i e n c y ;  a l s o  t h e  o v e r a l l  c o s t  

i n c l u d i n g  t h e  added c o s t s  may be  l e s s  t h a n  t h e  o v e r a l l  c o s t  o f  o t h e r  



t y p e s  b e c a u s e  o t h e r  t y p e s  a l s o  a r e  a f f e c t e d  by a d d i t i o n s  r e q u i r e d  t o  

improve g a t e  o p e r a t i o n .  Radia l  g a t e s  can be c o n v e n i r n t l y  e q u i p p e d  w i t h  

wi re  r o p e ,  c h a i n  o r  h y d r a u l i c  h o i s t .  

V e r t i c a l  l i f t  g a t e s  r e q u i r e  a  f l a t t e r  c r e s t  than r a d i a l  g a t e s  t o  a v o i d  

n e g a t i v e  p r e s s u r e  downstream of t h e  g a t e ;  t h e  f l a t t e r  c r e s t  has  a  lower 

c o e f f i c i e n t  of d i s c h a r g e  and t h e r e f o r e  f o r  a  g iven  d i s c h a r g e ,  t h e  s i z e  

( w i d t h / h e i g h t )  of a  v e r t i c a l  l i f t  g a t e  i s  g e n e r a l l y  l a r g e r  than  t h a t  of  

t h e  r a d i a l  and o t h e r  t y p e  g a t e s .  The g r e a t e r  s i z e  o f  t h e  g a t e  and  

g r e a t e r  amount of  c o n c r e t e  r e q u i r e d  f o r  a  f l a t t e r  c r e s t  r e s u l t  i n  exces- 

s i v e  c o s t  f o r  a  v e r t i c a l  g a t e  i n s t a l l a t i o n .  To pass  t h e  i c e  and d e b r i s ,  

v e r t i c a l  g a t e  i s  u s u a l l y  provided i n  2 s e c t i o n s ,  a  s m a l l e r  upper s e c t i o n  

and a  l a r g e r  lower  s e c t i o n .  Only t h e  u p p e r  s e c t i o n  i s  r a i s e d  w h i l e  

p a s s i n g  t h e  i c e  and  d e b r i s .  Lowering a  v e r t i c a l  g a t e  below t h e  c r e s t  

f o r  passage  of i c e  and d e b r i s  f r o m  a b o v e  t h e  g a t e  i s  n o t  d e s i r a b l e ,  

b e c a u s e  a  r e l a t i v e l y  l a r g e  opening r e q u i r e d  i n  t h e  c r e s t  f o r  a  v e r t i c a l  

g a t e  would cause  s u b s t a n t i a l  d i s r u p t i o n  of  t h e  f l o w .  P a s s a g e  o f  f l o w  

a b o v e  t h e  g a t e  would  c a u s e  s e v e r e  v i b r a t i o n s  o f  t h e  g a t e .  L a r g e  

( s p e c i a l l y  v e r y  wide) v e r t i c a l  l i f t  g a t e s  should  p r e f e r a b l y  be e q u i p p e d  

w i t h  w i r e  r o p e  h o i s t s ,  b e c a u s e  i t  i s  n o t  e a s y  t o  s y n c l ~ r o n i z e  t h e  two 

p o i n t  l i f L i n g  wi th  h y d r a u l i c  c y l i n d e r s .  H y d r a u l i c  p r o p o r t i o n a l  v a l v e s  

could  be used t o  a c h i e v e  t h e  s y n c h r o n i z a t i o n ,  but  they  a r e  expensive  and 

would g e n e r a l l y  r e s u l t  i n  e x c e s s i v e  c o s t  f o r  t h e  h o i s t i n g  e q u i p m e n t .  

V e r t i c a l  g a t e s  a r e  p r e f e r a b l e  where t h e  t a i l w a t e r  approaches  t h e  head- 

wa te r  l e v e l .  F ig .  3 shows a  t y p i c a l  v e r t i c a l  l i f t  g a t e .  

Hinged c r e s t  g a t e s  a r e  p r e f e r a b l e  where t h e  opening h e i g h t  i s  r e l a t i v e l y  

smal l ,  s a y  l e s s  than  15 f t .  F igs  4a and  4b  show t y p i c a l  h i n g e d  c r e s t  

g a t e  i n s t a l l a t i o n s .  Hinged c r e s t  g a t e s  can be f a b r i c a t e d  i n  except ion-  

a l l y  long spans  and can be h o i s t e d  a t  s e v e r a l  p o i n t s  a long t h e i r  w i d t h .  

T h e s e  g a t e s  a r e  c u r v e d  t o  f o r m  t h e  s h a p e  o f  a  c r e s t  and  when f u l l y  

lowered,  can e f f i c i e n t l y  pass  a  l a r g e  f l o o d  i n  a  r e l a t i v e l y  s h o r t  t i m e .  

U n l i k e  o t h e r  t y p e  o f  g a t e s ,  t h e y  d o  n o t  have t o  be lowered below t h e  

c r e s t  t o  pass  i c e  and d e b r i s .  ' Iheir  main drawbacks i n c l u d e  p r e s e n c e  o f  

v i b r a t i o n s  when t h e  w a t e r  i s  over f lowing  them i n  t h e i r  p a r t i a l l y  open 

p o s i t i o n  and requirement  of c o n s i d e r a b l e  h o i s t i n g  f o r c e  t o  r a i s e  t h e n  



f r o m  t h e  f u l l y  l o w e r e d  p o s i t i o n .  In  t h e  f u l l y  lowered p o s i t i o n  of t h e  

g a t e ,  t h e  f u l l  dep th  of water (and i c e ,  when p r e s e n t )  a c t s  v e r t i c a l l y  on 

t h e  E u l l  a r e a  of  t h e  g a t e ;  t h i s  d rawback  i s  t h e  r e a s o n  f o r  t h e i r  

l i m i t e d  h e i g h t .  Vibra t ions  c3n be minimized by p rov i s ion  O F  a i r  i n t a k e s  

i n  the p i e r s  on e i t h e r  s i d e  of t h e  g a t e .  Where t h e  t a i l w a t e r  aproaches  

t h e  h e a d w a t e r ,  t h e  h inges  of  t h e  g a t e s  w i l l  r emain  submerged which i s  

n o t  p a r t i c u l a r l y  d e s i r a b l e ,  and  t h e r e f o r e  t h i s  t y p e  o f  g a t e  is n o t  

p r e f e r a b l e  under t h a t  c o n d i t i o n .  I n s t a l l a t i o n  shown i n  Fig. 4a p e r m i t s  

use  of s e v e r a l  h y d r a u l i c  c y l i n d e r s  a long  t h e  g a t e  wid th ,  bu t  r e q u i r e s  an  

a c c e s s  g a l l e r y  f o r  r e p a i r s  o f  t h e  c y l i n d e r s  i n  c a s e  a  p r o b l e m  o c c u r s  

w h i l e  t h e  g a t e  i s  f u l l y  l o w e r e d  ( e x t e r n a l  means, such  a s  t h e  use  of  a  

ba rge  c r a n e ,  t o  r a i s e  t h e  g a t e  f o r  a c c e s s  t o  t h e  h y d r a u l i c  c y l i n d e r s  a r e  

n o t  c o n v e n i e n t  b e c a u s e  o f  v e r y  l a r g e  h o i s t i n g  c a p a c i t y  requ i rement ) .  

I n s t a l l a t i o n  shown i n  Fig. 4b p rov ides  ready a c c e s s  t o  t h e  c y l i n d e r s  bu t  

2 p o i n t  h o i s t i n g  r e q u i r e s  an  e x c e p t i o n a l l y  r i g i d  g a t e .  

I n  many i n s t a l l a t i o n s ,  t h e  t a i n t e r  and hinged c r e s t  g a t e s  a r e  c o m b i n e d ,  

w i t h  t h e  u s e  of  h i n g e d  c r e s t  g a t e s  l i m i t e d  t o  one o r  two bays f o r  t h e  

passage  of  debri.; .  Th i s  a r r a n g e m e n t  i s  u s u a l l y  more e c o n o m i c a l  t h a n  

p r o v i d i n g  s u b m e r s i b l e  t a i n t e r  g a t e s  o r  p r o v i d i n g  f l a p  g a t e s  on t h e  

t a i n t e r  g a t e s  f o r  passage of d e b r i s .  

TYPE OF HOISTS 

The main h o i s t  t y p e s  i n c l u d e :  

1. Wire rope h o i s t  

2. Chain h o i s t  

3. Screw stem h o i s t  

4. Hydraul ic  h o i s t  

A t y p i c a l  w i r e  r o p e  h o i s t  m a i n l y  i n c l u d e s  two wi re  rope drums, one a t  

each end of  t h e  g a t e  wid th ,  an  e l e c t r i c  d r i v e  m o t o r ,  a  s o l e n o i d  b r a k e  

a n d  t h e  n e c e s s a r y  r e d u c t i o n  g e a r i n g .  The d r i v e  motor and t h e  s o l e n o i d  

b rake  (which i s  coupled t o  t h e  d r i v e  n o t o r )  may be l o c a t e d  a t  o n e  e n d  



o n l y  ( F i g  6 )  o r  e q u i d i s t a n t  f rom e a c h  drum on t h e  t o p  of  a  h o i s t i n g  

b r i d g e  ( F i g .  5 ) .  The two drums a r e  u s u a l l y  connected t o g e t h e r  ( t h r o u g h  

n e c e s s a r y  r e d u c t i o n  g e a r i n g )  by a  l i n e  s h a f t  s p a n n i n g  t h e  d i s t a n c e  

between t h e  drums o r  be tween  t h e  d r i v e  m o t o r  and e a c h  drum;  i n  some 

c a s e s ,  t h e  l i n e  s h a f t  is  n o t  used,  a  s e p a r a t e  d r i v e  motor i s  provided 

f o r  e a c h  s i d e  and t h e  two s i d e s  a r e  s y n c h r o n i z e d  e l e c t r i c a l l y .  The 

d rums  may be  e i t h e r  r e g u l a r  o r  s p i r a l  type .  Regular drums permit  t h e  

wi re  rope  t o  wind i n  a  s i n g l e  l a y e r  where a s  i n  t h e  c a s e  of s p i r a l  t y p e ,  

t h e  wire r o p e  w i n d s  on t h e  drum i n  m u l t i p l e  l a y e r s .  Regular drums a r e  

provided w i t h  up t o  2 wire ropes p e r  drum whereas t h e  s p i r a l  t y p e s  c a n  

h a v e  s e v e r a l  ropes ,  each rope winding s e p a r a t e d  from t h e  next  by p l a t e s  

b o l t e d  o r  welded t o  t h e  drum. F igures  5 and 6 show a r r a n g e m e n t  of  t h e  

r e g u l a r  and s p i r a l  type  drum h o i s t s  provided f o r  t a i n t e r  type  g a t e s .  

A c h a i n  h o i s t  i s  i d e n t i c a l  t o  a  wi re  rope h o i s t  e x c e p t  t h a t  a  c h a i n  i s  

used i n s t e a d  of  a  rope and c h a i n  s p r o c k e t s  a r e  used i n s t e a d  of wire rope 

drum. S i n c e  i n  most c a s e s  t h e  c h a i n  c a n n o t  be  e a s i l y  c o n n e c t e d  t o  t h e  

g a t e  l i k e  a  w i r e  r o p e ,  t h e  c h a i n  is a r ranged  i n  a  loop.  F igures  1 and 

2a (and 2b) show arrangement of a  c h a i n  h o i s t  f o r  a  r o l l e r  g a t e  a n d  a  

t a i n t e r  g a t e  r e s p e c t i v e l y .  Both wire  rope and c h a i n  h o i s t s  a r e  c a p a b l e  

of p u l l  a c t i o n  on ly .  

A s c r e w  s t e m  h o i s t  m a i n l y  i n c l u d e s  t h r e a d e d  stern ( s q u a r e  o r  acttie 

t h r e a d ,  u s u a l l y  acme because  of  t h e i r  e a s e  of c u t t i n g )  and a  l i f t i n g  n u t  

mounted i n  a  p e d e s t a l .  The l i f t i n g  nu t  is r o t a t e d  by an e l e c t r i c  motor 

through r e d u c t i o n  g e a r i n g  and t h e r e b y  causes  t h e  up o r  down movement o f  

t h e  s t e m  depending on d i r e c t i o n  of r o t a t i o n  of  t h e  n u t .  The screw stem 

h o i s t s  a r e  c a p a b l e  of push o r  p u l l  a c t i o n .  Stem g u i d e s  a r e  p rov ided ,  as 

n e c e s s a r y ,  b e t w e e n  t h e  p e d e s t a l  and t h e  g a t e  t o  minimize stem b u c k l i n g  

d u r i n g  push a c t i o n .  Except f o r  smal l  h o i s t i n g  c a p a c i t i e s  ( s a y  up t o  2 0  

t o n s ) ,  t h e  s c r e w  stem h o i s t s  have l i m i t e d  a p p l i c a t i o n s  f o r  g a t e  opera- 

t i o n  because  even a  minor misalignment between t h e  l i f t i n g  n u t  and  t h e  

s t e m  c a n  c a u s e  r a p i d  wear  o f  t h e  s tem and t h e  nu t  r e s u l t i n g  i n  c o s t l y  

r e p a i r  and/or replacement .  For r o l l e r ,  t a i n t e r  and h i n g e d  c r e s t  g a t e s  

u s e d  f o r  l o c k s  and dams, t h e  a n g u l a r  movement of t h e  g a t e  would r e q u i r e  

a  t r u n n i o n  mounting of  t h e  h o i s t  w h i c h  i s  n o t  c o n v e n i e n t  f o r  a  s c r e w  



stem h o i s t .  I n  v i e w  o f  t h e  o b v i o u s  d i f f i c u l t i e s  w i t h  t h e  screw stem 

h o i s t s  o p e r a t i n g  l a r g e  c a p a c i t y  and a n g u l a r  movement g a t e s ,  t h e s e  h o i s t s  

w i l l  n o t  be addressed  f u r t h e r  i n  t h i s  a r t i c l e .  

A h y d r a u l i c  h o i s t ,  which l i k e  t h e  screw s t e m  h o i s t  i s  c a p a b l e  of  b o t h  

p u l l  a n d  p u s h  a c t i o n ,  i n c l u d e s  o n e  o r  more h y d r a u l i c  c y l i n d e r s ,  a  

h y d r a u l i c  power u n i t  ( i n c l u d i n g  a n  e l e c t r i c  m o t o r ,  pump o r  pumps,  a  

f l u i d  r e s e r v o i r ,  f i l t e r s ,  n e c e s s a r y  v a l v e s  and p i p i n g )  and p i p i n g  i n t e r -  

c o n n e c t i n g  t h e  h y d r a u l i c  c y l i n d e r f s )  w i t h  t h e  p o w e r  u n i t .  T h e  

c y l i n d e r ( s )  c a n  be  c o n v e n i e n t l y  t r u n n i o n  mounted t o  s u i t  t h e  a n g u l a r  

movement o f  t h e  g a t e s .  P r a c t i c a l l y  a n y  h o i s t i n g  c a p a c i t y  c a n  b e  

a c h i e v e d  by s i m p l y  s e l e c t i n g  a  s u i t a b l e  c y l i n d e r  bore s i z e  and /o r  pump 

p r e s s u r e  o u t p u t .  F ig .  Zd, 4a and 4b show t h e  t y p i c a l  a r r a n g e m e n t s  o f  

h y d r a u l i c  h o i s t s  f o r  a  t a i n t e r  g a t e  and a  h i n g e d  c r e s t  g a t e .  Fig. 7 

shows a  t y p i c a l  h y d r a u l i c  c o n t r o l  schemat ic .  

OPERATION AND MAINTENANCE OF WIRE ROPE AND CHAIN HOISTS 

Wire rope h o i s t s  have been used f o r  g a t e  o p e r a t i o n  f o r  s c o r e s  of  y e a r s  

and  c h a i n  h o i s t s  have  been around even longer .  In  r e c e n t  y e a r s ,  w i t h  

t h e  development of wi re  rope t echno logy ,  wire rope h o i s t s  have been used 

i n  many more a p p l i c a t i o n s  than  t h e  c h a i n  h o i s t s .  Chain h o i s t s  a r e  s t i l l  

used f o r  l a r g e r  h o i s t i n g  c a p a c i t i e s  ( s a y  200 t o n s  o r  more) because i t  is 

n o t  c o n v e n i e n t  t o  handle  l a r g e  s i z e  wire ropes  ( o r  too  many wire  r o p e s ,  

i n  c a s e  s e v e r a l  smal l  s i z e  wire  ropes  a r e  used) .  The f o l l o w i n g  a r e  t h e  

main  a d v a n t a g e s  and  d i s a d v a n t a g e s  o f  t h e  w i r e  r o p e  and c h a i n  h o i s t s  

r e l a t e d  t o  t h e i r  o p e r a t i o n .  

Operat ion Advantages 

1. Because  t h e y  h a v e  b e e n  u s e d  f o r  s e v e r a l  y e a r s ,  many  u s e r s  a r e  

f a m i l i a r  w i t h  t h e  t echno logy  of  wire  rope and c h a i n  h o i s t s  and f e e l  

more comfor tab le  w i t h  them t h a n  w i t h  h y d r a u l i c  h o i s t s  w h i c h  r e q u i r e  

t h e  unders tand ing  o f  h y d r a u l i c  c i r c u i t r y .  



2. The c o n n e c t i o n  between t h e  h o i s t i n g  d r i v e s  i s  p o s i t i v e  ( l i n e  s h a f t ) .  

~f wire wope o r  c h a i n  l e n g t h s  a t  t h e  two l i f t i n g  p o i n t s  a r e  e q u a l i z e d  

c a r e f u l l y ,  t h e  hand l ing  of t h e  g a t e  i s  a u t o m a t i c a l l y  synchron ized .  

3. I t  i s  c o n v e n i e n t  t o  p rov ide  a  p o s i t i v e  mechanical p o s i t i o n  i n d i c a t o r  

f o r  t h e  g a t e ,  by connect ing t h e  i n d i c a t o r  t o  a  c o n v e n i e n t  p o i n t  i n  

t h e  h o i s t  g e a r i n g  assembly. 

4. I n  t h e  case  of a  t a i n t e r  g a t e ,  t h e  wire rope o r  c h a i n  h o i s t s  c a n  be  

a t t a c h e d  a t  t h e  g a t e  upstream f a c e ,  r e s u l t i n g  i n  g r e a t e r  moment arm 

about  t h e  g a t e  t r u n n i o n  and h e n c e  i n  l o w e r  h o i s t i n g  f o r c e  t h a n  a  

h y d r a u l i c  h o i s t .  H y d r a u l i c  h o i s t  c y l i n d e r s  a r e  u s u a l l y  a t t a c h e d  on 

t h e  downstream f a c e  f o r  c o n v e n i e n c e  o f  i n s t a l l a t i o n  a n d  a l s o  f o r  

p r o t e c t i o n  a g a i n s t  water and d e b r i s .  

5. Wire rope and c h a i n  h o i s t s  can main ta in  t h e  g a t e  i n  a n y  g i v e n  p o s i -  

t i o n  wi thout  f e a r  of d r i f t .  

b. In t h e  case  of  a  r o l l e r  g a t e ,  t h e  c i r c u m f e r e n t i a l  movement o f  t h e  

g a t e  makes t h e  use  of a  c h a i n  h o i s t  more convenient  t h a n  a  h y d r a u l i c  

h o i s t .  

Operat ion l l i sadvantages  

1. The  c h a i n ,  rope ,  a x l e s ,  coup l ings  and g e a r i n g  a r e  s u b j e c t  t o  wear and 

iaay h a v e  t o  h e  f r e q u e n t l y  r e p l a c e d .  T h i s  replacement  can  be very  

t ime consuming and expensive .  

2. The s t r e t c h i n g  o f  w i r e  ropes  and c h a i n s  can cause  problems w i t h  t h e  

a c t u a t i o n  of  l i m i t  s w i t c h e s  and w i t h  t h e  p o s i t i o n  i n d i c a t i o n  s y s t e m  

caus ing  o p e r a t i o n a l  d i f f i c u l t i e s .  

3 .  A f a i l u r e  o f  a  l i m i t  s w i t c h  o r  of  t h e  s o l e n o i d  b r a k e  c a n  c a u s e  

s e r i o u s  a c c i d e n t s .  



4. Any f l a w  i n  t h e  l e n g t h  adjus tment  of  s e v e r a l  wire  ropes  o r  c h a i n s  o n  

a  g a t e  c a n  p r o v e  c o s t l y ,  a s  one  s i d e  may c a r r y  more load than  t h r  

o t h e r  s i d e  and r e s u l t  i n  t h e  g a t e  g e t t i n g  s t u c k  and i n  b r e a k i n g  O F  

wire  r o p e s  o r  cha ins .  

5. C l o s i n g  t h e  g a t e  by g r a v i t y  d u r i n g  e l e c t r i c  power f a i l u r e  c a n n o t  be  

p r o v i d e d  w i t h o u t  p r o v i d i n g  expensive  a d d i t i o n a l  equipment such a s  a 

f a n  b r a k e  t o  absorb t h e  energy of f r e e l y  f a l l i n g  ga te .  Efanual opera-  

t i o n  r e q u i r e s  a  s e p a r a t e  load  brake which adds t o  t h e  c a s t .  

6. A l l  conponen t s ,  i n c l u d i n g  wire r o p e s ,  c h a i n s ,  g e a r s ,  s h e a v e s ,  l i f t i n g  

l u g s  o n  t h e  g a t e ,  e t c .  must be des igned  t o  wi ths tand  breakdown p u l l  

( s t a l l e d  c o n d i t i o n )  of  t h e  h o i s t i n g  motor which c a n  b e  s o m e t i m e s  a s  

l a r g e  a s  300% of  t h e  normal p u l l .  This  a g a i n  adds t o  t h e  c o s t .  

7. I n s p e c t i o n  must be f r e q u e n t .  Problems such as l a c k  o f  l u b r i c a t i o n  on 

t h e  g e a r s ,  w i r e  r o p e  o r  c h a i n ,  b reak ing  of s t r a n d s  on a  wire r o p e ,  

s t r i p p i n g  of screw t h r e a d s  on t u r n b u c k l e s ,  improper  w i n d i n g  o f  w i r e  

r o p e  on t h e  drums o r  i m p r o p e r  s t o r a g e  of  t h e  c h a i n ,  e t c .  must be 

found o u t  a s  soon a s  p o s s i b l e  o t h e r w i s e  s e r i o u s  a c c i d e n t s  c a n  o c c u r  

r e s u l t i n g  i n  c o s t l y  r e p a i r s .  

I n s p e c t i o n  and Maintenance 

Tne Eollowing i s  a  t y p i c a l  reconraended i n s p e c t i o n  and maintenance sched- 

u l e  f o r  wire rope and c h a i n  h o i s t s  f o r  t h e  f l o o d  g a t e s .  It  s h o u l d  b e  

n o t e d  c h a t  f l o o d  g a t e s  a r e  s u b j e c t  t o  more f r e q u e n t  o p e r a t i o n  t h a n  most 

o t h e r  t y p e  of  g a t e s  and t h e r e f o r e  t h e i r  h o i s t i n g  mechanism i s  s u b j e c t  t o  

g r e a t e r  wear and t e a r .  

1. Before Every Opera t ion .  

a .  Check w i r e  rope o r  c h a i n  c o n d i t i o n .  

b. Check speed reducer  f o r  o i l  l e v e l  and l e a k a g e .  

c. Check e l e c t r i c a l  sys tem i n d i c a t i n g  l i g h t s .  



2.  Every 3 Months 

a .  L u b r i c a t e  rope drum o r  s p r o c k e t  b e a r i n g s .  

b. L u b r i c a t e  s l i d i n g  p a r t s .  

c .  Check c o n d i t i o n  of sheaves  f o r  wi re  rope h o i s t s .  

3 .  Every 6 Months 

a .  Check e l e c t r i c a l  wi r ing  and connec t ions  f o r  d e t e r i o r a t i o n .  

b. Check c a l i b r a t i o n  of p o s i t i o n  i n d i c a t o r s .  

C .  C h e c k  c o n d i t i o n  o f  t u r n b u c k l e s  and  U - b o l t s  ( g a t e  t o  h o i s t  

c o n n e c t i o n ) .  

4. 12 Months 

a .  Check wire  ropes  thoroughly  f o r  damage, d e f o r m a t i o n  and  un iEorm 

t e n s i o n .  

b. Check a l l  coup l ings  f o r  a l ignment  and coup l ing  s e a l s  f o r  damage. 

c. Check b r a k e  l i n i n g s  and c o r r e c t  e x t e n s i o n  oE t h e  s o l e n o i d  b r a k e  

when t h e  brake is a p p l i e d .  

d. Check f o r  smooth o p e r a t i o n  of e l e c t r i c  motors.  

e .  Check e l e c t r i c a l  e q u i p m e n t  i n c l u d i n g  f u n c t i o n s  o f  c i r c u i t  

b r e a k e r s ,  s e l e c t o r  s w i t c h e s ,  pushbu t tons ,  e t c .  

f .  Change o i l  r e q u i r e d  f o r  l u b r i c a t i o n  o f  s p e e d  r e d u c e r .  ( e x c e p t  

t h a t  a f t e r  f i r s t  6 months of  o p e r a t i o n  d r a i n  a l l  o i l  and r e f i l l  

w i t h  new c l e a n  o i l ) .  

5 .  Every 5 y e a r s  

a .  Touch-up p a i n t  o r  r e p a i n t  i f  necessa ry .  

b. Check s l a c k  rope and over load  s e t t i n g s .  

c .  Renew g r e a s e  i n  e l e c t r i c  motors  (renew a f t e r  5000 h o u r s  of opera- 

t i o n , i f  t h a t  occurs  b e f o r e  5 y e a r s ) .  

d .  Load Brake: check brake ad jus tment  and l i n i n g .  



OPERATION AND MAINTENANCE OF HYDRAULIC HOISTS 

The use  of  h y d r a u l i c  h o i s t s  f o r  g a t e  o p e r a t i o n  i s  r e l a t i v e l y  r e c e n t .  

Because  o f  t h e  v e r s a t i l i t y  p resen ted  by them, they a r e  be ing  used more 

and more f o r  o p e r a t i o n  of a l l  type  of g a t e s .  The advan tages  and d i s n d -  

v a n t a g e s  a s s o c i a t e d  wi th  t h e i r  use  and t h e  type and f requency  of t h e i r  

maintenance a r e  a s  f o l l o w s :  

O p e r a t i o n  Advantages 

1. The i n h e r e n t  c a p a b i l i t y  o f  t h e  h y d r a u l i c  h o i s t s  t o  a p p l y  p u l l  a s  

w e l l  a s  p u s h  f o r c e  n a k e s  them very  v e r s a t i l e  f o r  t h e  o p e r a t i o n  o f  

g a t e s .  Also t h e  o p e r a t i n g  f o r c e  c a n  b e  w i d e l y  v a r i e d  s i m p l y  by 

a d j u s t i n g  t h e  o p e r a t i n g  p r e s s u r e .  

2. It i s  p o s s i b l e  t o  a d j u s t  t h e  speed of g a t e  movement by a d j u s t i n g  t h e  

o p e n i n g  o f  a  f l o w  c o n t r o l  v a l v e .  Also  d i f f e r e n t  s p e e d s  c a n  be  

e a s i l y  provided f o r  opening and c l o s i n g .  

3 .  E n d - o f - s t r o k e  c u s h i o n i n g  can  be r e a d i l y  provided t o  p reven t  damage 

t o  t h e  g a t e .  

4. Maximum h o i s t i n g  f o r c e  c a n  b e  l i m i t e d  by t h e  s e t t i n g  o f  t h e  

h y d r a u l i c  sys tem p r e s s u r e  r e l i e f  va lve .  

5.  S e v e r a l  g a t e s  ( u s u a l l y  2 )  can be powered by a  s i n g l e  h y d r a u l i c  power 

u n i t  which can  be a  ve ry  economical  arrangement.  

6. The g a t e  c a n  b e  l o w e r e d  w i t h o u t  power  by s imply  opening a  a a n u a l  

s h u t w f f  va lve .  Also,  accumulators  can  be provided i n  t h e  sys tem t o  

r a i s e  t h e  g a t e  w i t h o u t  power . fBecause  of l a r g e  s i z e s  of  c y l i n d e r s  

r e q u i r e d  f o r  s p i l l w a y  g a t e s ,  t h e  u s e f u l n e s s  o f  a c c u m u l a t o r s  i s  

l i m i t e d  u n l e s s  t h e y  a r e  v e r y  l a r g e  i n  s i z e ,  which i s  normal ly  n o t  

p r a c t i c a l ) .  



7.  'There a r e  v r r y  few moving p a r t s  compared t o  w i r e  r o p e  o r  cl i , r in 

I 1 o i s t s .  Also t h e  hydrdt l l ic  f l u i d  . ~ t l t o m a t i c a l l y  l u b r i c a t e s  t h e  p , l r ~ s  

and t h e r e f o r e  tht,re i s  l i t t l c  wear. 

8. The h y d r a u l i c  system can e a s i l y  accomodate one o r  more s tandby pumps 

t o  o p e r a t e  t h e  g a t e ,  wi thout  l o s s  of t ime ,  i n  case  of t h e  f a i l u r e  o f  

t h e  main  pump o r  motor. For t h e  wi re  rope o r  c h a i n  h o i s t ,  t h e  power 

o p e r a t i o n  must wai t  u n t i l  a  s p a r e  motor can be i n s t a l l e d .  

9. The o v e r a l l  mechanical  e f f i c i e n c y  of  t h e  h y d r a u l i c  h o i s t  i s  h i g h e r  

(85-90%) compared t o  t h e  wire  rope o r  c h a i n  h o i s t  (75-SO%, much l e s s  

if a  worm g e a r  r e d u c e r  i s  u s e d )  and t h e r e f o r e  f o r  a  g i v e n  f o r c e  

r e q u i r e d  t o  o p e r a t e  t h e  g a t e ,  t h e  r a t e d  c a p a c i t y  ( f o r  a  s i m i l a r  

i n s t a l l a t i o n )  cdn be s m a l l e r  f o r  a h y d r a u l i c  h o i s t  t h a n  f o r  a wire  

rope o r  c h a i n  h o i s t .  

10. P i l o t  o p e r a t e d  check v a l v e s  p rov ide  an  e x c e l l e n t  means  f o r  h o l d i n g  

t h e  g a t e  s t i l l  i n  a  g i v e n  p o s i t i o n  a g a i n s t  t h e  o n s l a u g h t  of  t h e  

waves o n  t h e  g a t e .  It i s  n e a r l y  i m p o s s i b l e  t o  s t i l l  t h e  g a t e s  

e q u i p p e d  w i t h  w i r e  rope  o r  c h a i n  h o i s t s ;  g a t e  movement would c a u s e  

v a r i a t i o n  of f low under t h e  g a t e  and g a t e  v i b r a t i o n .  

O p e r a t i o n  Disadvantages  

1. I n  c a s e  of l eakage  through t h e  h y d r a u l i c  s y s t e m ,  t h e  o i l  s p i l l  c a n  

c a u s e  a n  e n v i r o n m e n t a l  h a z a r d .  ( G e n e r a l l y ,  u n l e s s  a  c a t a s t r o p h y  

happens ,  on ly  minimal l e a k a g e  is e x p e c t e d ) .  

2 .  The s y s t e m  may b e  s l u g g i s h  a t  co ld  t e m p e r a t u r e s  ( T h i s  can  be over -  

come by t h e  u s e  of  t h i n  pet roleum based f l u i d s ,  such  a s  MIL-H-5606-A 
0 

which  a r e  q u i t e  s u i t a b l e  a t  t e m p e r a t u r e s  down t o  -30 F. T h e s e  

f l u i d s  a r e  3-4 t i m e s  more expens ive  t h a n  o r d i n a r y  l i y d c a u l i c  f l u i d s ,  

bu t  an  unobs t ruc ted  o p e r a t i o n  can  more t h a n  compensate f o r  t h e  e x t r a  

expense) .  



3. The g a t e  may d r i f t  from a  g iven  p o s i t i o n  due t o  l e a k a g e  a c r o s s  t h e  

c y l i n d e r  p i s t o n  o r  due t o  leakage a t  o t h e r  p o i n t s  o f  t h e  h y d r a u l i c  

s y s t e m .  (An i n e x p e n s i v e  d r i f t  c o n t r o l  c i r c u i t  can r e a d i l y  overcome 

t h i s  problem).  

4. The sys tem must be maintained c l e a n .  Even a  l i t t l e  con tamina t ion  o f  

t h e  h y d r a u l i c  f l u i d  c a n  c a u s e  s e v e r e  p r o b l e m s ;  r e p l a c e m e n t  o f  

s e v e r a l  components nay be r e q u i r e d ,  i f  t h e  con tamina t ion  i s  a l lowed  

t o  p ro long .  

5. M e c h a n i c a l l y  d r i v e n  p o s i t i o n  i n d i c a t o r s  can  be p rov ided  bu t  r e q u i r e  

a  r a t h e r  e l a b o r a t e  a r r a n g e m e n t .  E l e c t r o n i c  p o s i t i o n  i n d i c a t o r s  

w h i c h  c a n  be c o n v e n i e n t l y  p r o v i d e d  a r e  n o t  a s  r e l i a b l e  a s  t h e  

mechanical  p o s i t i o n  i n d i c a t o r s ;  a n y  movenent  of  t h e  g a t e  w i t h o u t  

power would r e q u i r e  r e a d j u s t m e n t  o f  t h e  e l e c t r o n i c  p o s i t i o n  in -  

d i c a t o r  which can be t ime consuming. 

6. P r o v i s i o n  o f  2 c y l i n d e r s  f o r  a  t a i n t e r  g a t e  and  o f  2 o r  more  

c y l i n d e r s  f o r  a  hinged c r e s t  g a t e  (both  t h e s e  g a t e s  a r e  e x t e r n a l l y  

g u i d e d  i n  t h e i r  movenen t ,  t h e  t a i n t e r  g a t e  a t  t h e i r  t r u n n i o n s  and 

t h e  hinged c r e s t  g a t e s  a t  t h e i r  h i n g e s )  can  be r e a d i l y  p r o v i d e d ,  h u t  

e q u i p p i n g  a  w i d e  v e r t i c a l  l i f t  g a t e  w i t h  2 c y l i n d e r s  r e q u i r e s  

p r e c i s e  c o o r d i n a t i o n  between t h e  two. To ach ieve  t h e  c o o r d i n a t i o n ,  

t h e  h y d r a u l i c  sys tem needs  expens ive  e l e c t r o n i c a l l y  s e t  p r o p o r t i o n a l  

va lves .  

7. The c o n t r o l  pane l  f o r  t h e  h y d r a u l i c  system is more e l a b o r a t e  b e c a u s e  

t h e  performance o f  s e v e r a l  componen t s  s u c h  a s  f i l t e r s ,  p r e s s u r e  

s w i t c h e s ,  pumps and a c c u l m u l a t o r s  must be moni tored.  

8. F a m i l i a r i t y  w i t h  f l u i d  power p r i n c i p l e s  and w i t h  t h e  h y d r a u l i c  

system o f  t h e  g a t e  be ing  o p e r a t e d  is  e s s e n t i a l .  



I n s p e c t i o n  and Maintenance 

The f o l l o w i n g  is  a  t y p i c a l  recommended i n s p e c t i o n  and maintenance sched- 

u l e  f o r  t h e  h y d r a u l i c  h o i s t s :  

1. B e f o r e  Every Operat ion 

a .  A l l  f i l t e r s :  check c logg ing  i n d i c a t o r s  a t  t h e  b e g i n n i n g  a n d  e n d  

o f  each o p e r a t i o n .  

b. A l l  v a l v e s  and hose coup l ings :  check f o r  l e a k a g e  ( v i s u a l l y ) .  

c .  O i l  tank:  check f l u i d  l e v e l .  

d.  Check e l e c t r i c a l  system i n d i c a t i n g  l i g h t s .  

2. Every 6 Months 

a .  A c c u m u l a t o r s  ( i f  u s e d ) :  Check c h a r g i n g  p r e s s u r e ,  c l e a n  a l l  

p a r t s ,  i n s p e c t  a l l  components f o r  s i g n s  of da~nage and wear. 

b. A l l  Valves:  V i s u a l l y  check f o r  l eakage  and c l e a n  t h e  o u t s i d e  o f  

t h e  v a l v e s .  Manua l ly  a c t u a t e  s e v e r a l  times i n  o r d e r  t o  p r e v e n t  

s t i c k i n g  of  t h e  spoo l  and gumming of  t h e  o i l .  

c .  A l l  a c c e s s i b l e  p ip ing  and hoses :  I n s p e c t  and c l e a n  from o u t s i d e .  

Check v i s u a l l y  f o r  l e a k s  a t  connec t ions .  Check f o r  damage caused  

by f l a k i n g  of hoses.  

d. Hydraul ic  O i l :  Check f o r  a g i n g  by t a k i n g  a  d r o p  o f  o i l  f r o m  t h e  

c i r c u i t  a n d  p u t t i n g  i t  o n  a  p i e c e  of whi te  f i l t e r  paper .  I f  a  

yel low s p o t  a p p e a r s  i n  t h e  c e n t e r ,  t h e  o i l  i s  s t i l l  g o o d .  I f  a 

d a r k  s p o t  a p p e a r s ,  r e p l a c e  t h e  o i l  i n  t h e  sys tem.  I n  c a s e  of  

doub t ,  send a  s a m p l e  t o  t h e  o i l  m a n u f a c t u r e r  f o r  e x a m i n a t i o n  

(change o i l  every  2 y e a r s ) .  



e .  Check e l e c t r i c a l  wi r ing  and connec t ions  f o r  d e t e r i o r a t i o n .  

f .  l i y d r a u l i c  c y l i n d e r s :  V i s u a l l y  i n s p e c t  l o r  extt . rn, t l  ieakage.  

g .  Check cal i b r < ~ t  i o t ~  of p o s i t i o n  i n d i c a t o r s .  

3 .  Every 12 Months. 

a .  Hydrau l i c  Pumps: Check f o r  smooth o p e r a t i o n  and l eakage .  

b .  O i l  Tank: Check a l l  a c c e s s o r i e s  i n c l u d i n g  c l e a n l i n e s s  of t h e  o i l  

f i l l e r  and l e v e l  s w i t c h  (remove l e v e l  s w i t c h  t o  check) .  

c .  E l e c t r i c  Motors: Check f o r  smooth o p e r a t i o n .  

d .  Hydrau l i c  Cyl inder  P i s t o n  Rod: I n s p e c t  f o r  Foreign p a r t i c l e s  and 

c l e a n .  (Also  i n s p e c t  f o r  damage t o  t h e  chrome p l a t i n g ) .  

e .  Check e l e c t r i c a l  e q u i p n e n t  i n c l u d i n g  f u n c t i o n  o f  c i r c u i t  

b r e a k e r s ,  s e l e c t o r  s w i t c h e s ,  pushbu t tons ,  e t c .  

f .  Check g i t h  o p e r a t o r  f o r  f r e q u e n t  e x c e s s i v e  d r i f t  and f o r  s l u g g i s h  

o p e r a t i o n  and c o r r e c t  t h e  problem a r e a s .  

Everv 5 Years 4 .  --- 

a .  E l e c t r i c  Motors:  Renew g r e a s e  (renew a f t e r  5000 h o u r s  of opera-  

t i o n  if t h a t  o c c u r s  b e f o r e  5 y e a r s ) .  

b. H y d r a u l i c  Pumps: D i s a s s e m b l e  e n d s ,  c h e c k  f o r  worn p a r t s  and  

c l e a n .  

c .  Oil Tank: Drain  and c l e a n .  

d.  Check working and  s e t t i n g  o f  l i m i t  s w i t c h e s ,  t i m e r s ,  p r e s u r e  

s w i t c h e s ,  e t c .  



5. S p e c i a l  Note about  F i l t r a t i o n  

a .  A f t e r  f i r s t  100 hours  of o p e r a t i o n ,  d r a i n  t h e  o i l  t a n k  and r e f i l l  

w i t h  o i l  f i l t e r e d  t o  10 microns,  c l e a n  t h e  s u c t i o n  f i l t e r s  a n d  

r e p l a c e  c a r t r i d g e s  i n  p r e s s u r e  and r e t u r n  f i l t e r s .  

b.  Kepeat t h e  above every  2000 h o u r s  of opera t ion .  

SELECTION OF HOIST 

A s  d i s c u s s e d  above, each  t y p e  o f  h o i s t  h a s  i t s  a d v a n t a g e s  and  d i s a d -  

van tages .  However, most of t h e  d i sadvan tages  p resen ted  by t h e  h y d r a u l i c  

h o i s t s  c a n  be r e a d i l y  overcome. This  f a c t  coupled wi th  t h e  v e r s a t i l i t y  

o f  t h e  h y d r a u l i c  h o i s t s ,  t h e i r  r e l i a b i l i t y  due t o  r e c e n t  advances made 

by t h e  f l u i d  power i n d u s t r y ,  and t h e  i n i t i a l  c o s t  and m a i n t e n a n r e  c o s t  

e c o n o m i c s  p r e s e n t e d  by them s h o u l d  make them a  n a t u r a l  c h o i c e  i n  most 

a p p l i c a t i o n s .  The main d rawback  t o  t h e i r  s e l e c t i o n  i s  t h a t  t h e  

o p e r a t o r s  must be educated i n  t h e i r  o p e r a t i o n  and maintenance p r o c e d u r e s  

and w i t h  t h e  h y d r a u l i c  c o n t r o l  s c h e m a t i c ;  i f  t h i s  i s  n o t  d o n e  and  t h e  

maintenance i s  r e l a x e d ,  s e r i o u s  problems could  occur .  

Wire rope h o i s t s  a r e  no d o u b t  s i m p l e r  t o  o p e r a t e  t h a n  t h e  h y d r a u l i c  

h o i s t s  (no a i r  i n  t h e  sys tem t o  worry a b o u t ,  no checking of f l u i d  l e v e l ,  

no l e a k a g e ,  f i l t r a t i o n  o r  con tamina t ion  problems) b u t  w e a r  and t e a r  o f  

p a r t s  ( s p e c i a l l y  Eor  t h e  f r e q u e n t l y  o p e r a t e d  f l o o d  g a t e s )  can p rove  

c o s t l y  i n  t h e  long run i n  terms of downtime a s  w e l l  a s  money. 

The w r i t e r s  r e c o n a e n d  s e l e c t i o n  oE h y d r a u l i c  h o i s t s  a s  a normal r u l e  

u n l e s s  s i t e  c o n d i t i o n s  ( ready  a v a i l a b i l i t y  of h y d r a u l i c  f l u i d ,  l a y o u t  o f  

t h e  s p i l l w a y  s t r u c t u r e ,  e t c . )  and l a c k  of pe r sonne l  t r a i n e d  i n  h y d r a u l i c  

systems d i c t a t e  o the rwise .  F o r  h i n g e d  c r e s t  g a t e s  w h i c h  a r e  u s u a l l y  

e x c e p t i o n a l l y  wide  a n d  w h i c h  t h u s  s h o u l d  p r e f e r a b l y  be  p rov ided  w i t h  

s e v e r a l  h o i s t i n g  p o i n t s ,  t h e r e  i s  p r a c t i c a l l y  no a l t e r n a t i v e  t o  t h e  

h y d r a u l i c  t y p e  h o i s t .  P r o v i s i o n  o f  a  r i g i d  g a t e  s t r u c t u r e  w i l l  e l i m i n a t e  



t h e  need f o r  e x t e r n a l  means ( such  a s  p r o p o r t i o n a l  v a l v e s )  t o  c o o r d i n a t e  

movement o f  s e v e r a l  h y d r a u l i c  c y l i n d e r s .  

COST COMPARISON 

TABLE I compares  t h e  es t ima ted  i n i t i a l  c o s t s  of h y d r a u l i c  h o i s t s  v e r s u s  

wi re  r o p e  and  c h a i n  h o i s t s  ( m e c h a n i c a l  h o i s t s )  f o r  r a d i a l  g a t e s  o f  

s e v e r a l  s i z e s .  In  comparing t h e  c o s t s  i t  i s  assumed t h a t  t h e  h y d r a u l i c  

h o i s t  i s  a t t a c h e d  t o  t h e  downstream s i d e  of t h e  g a t e  ( w h i c h  i s  u s u a l l y  

t h e  c a s e ) .  The m e c h a n i c a l  h o i s t  e s t i m a t e d  c o s t  i s  i n d i c a t e d  bo th  f o r  

upst ream and downstream i n s t a l l a t i o n s .  The e s t i m a t e s  are  b a s e d  o n  b i d  

p r i c e s  r e c e i v e d  from v a r i o u s  manufac tu re r s  i n  r e c e n t  y e a r s .  It shou ld  be  

no ted  t h a t  t h e  c o s t s  o r  t h e  c o s t  c o m p a r i s o n  shown i n  T a b l e  I a r e  n o t  

a b s o l u t e  b e c a u s e  t h e  v a r i a b l e s  such a s  t h e  i n s t a l l a t i o n  l a y o u t  and t h e  

c i v i l  s t r u c t u r a l  c o s t s  a s s o c i a t e d  w i t h  e a c h  t y p e  o f  h o i s t  d i r e c t l y  

a f f e c t  t h e  o v e r a l l  c o s t .  The comparison is made t o  merely  g i v e  a n  i d e a  

o f  t h e  c o s t  e f f e c t  of  s e l e c t i n g  a  p a r t i c u l a r  type .  

The m a i n t e n a n c e  c o s t  i s  much h i g h e r  f o r  a  mechanical  h o i s t  t h a n  f o r  a 

h y d r a u l i c  type .  I f  f i l t e r s  a r e  r e g u l a r l y  c h e c k e d  and  r e p l a c e d ,  t h e  

h y d r a u l i c  s y s t e m  maintenance c o s t  i s  n o t  expected t o  be  much more t h a n  

t h e  c o s t  of  f i l t e r s .  It is no t  p o s s i b l e  t o  e s t i m a t e  m o n e t a r y  v a l u e  o f  

t h e  m a i n t e n a n c e  c o s t  because  s e v e r a l  v a r i a b l e s  such  a s  t h e  l o c a t i o n  o f  

p r o j e c t  and f requency of i n s p e c t i o n  a r e  de te rmin ing  f a c t o r s .  
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TAINTER GATE 
SIZE- - 

TABLE 1 
COMPARATIVE ESTIMATED INSTXLXD-COSTS OF HYDRAULIC HOISTS -- 

VERSUS WIRE ROPE/?XZ%WS~RTAINTER --- 
HYDRAULIC HOIST WIRE R O P E ~ C H A I N  HOIST 

HOIST CONNECTED ON D/S SIDE -- --- NOIST CONNECTED O N  UIS SIDE -- - - -- HOIST CONNECTED ON D/S SIDE 

ESTIMATED* ESTIMATED ESTIYATED** ESTIMATED ESTIMATED*** ESTIMATED - 
HOISTING CAPACITY COST - tlOISTING CAPACITY COST HOISTING CAPACITY - COST 

70t  $ 45,000 

l l O t  $ 80 ,000  

180t  $1 40,000 

280 t  $200,000 

400 t  $300,000 

200t  $100,000 

250t $120,000 

1 6 t  $ 25,000 

3 2 t  $ 55,000 

6 5 t  $115,000 

l l O t  $200,000 

170t  $300,000 

8 0 t  $120,000 

1OOt $150 ,000  

. . . . 
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