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©  Emergency  control  hydraulic  system  for  a  crane. 
(57)  A  fluid  control  circuit  wherein  said  fluid  is  preferably  a 
hydraulic  fluid  or  other  similar  fluid,  as  appropriate  to  the 
application,  having  a  variety  of  emergency  control  safety 
features.  The  fluid  control  system  is  particularly  adapted  for 
use  with  lifting  devices,  especially  cranes,  for  loading  and 
unloading  items  to  or  from  a  moving  platform.  Ths  system  as 
described  is  typical  of  that  which  may  be  used  on  a  crane 
having  both  a  main  hoist  and  an  auxiliary  or  whip  hoist  both 
of  which  are  used  for  independent  and  differing  load 
applications.  The  control  circuit  is  capable  of  automatically  ; 
setting  all  of  the  load  bearing  brakes  upon  an  electrical 
or/and  hydraulic  power  failure.  In  addition,  the  control  circuit! 
provides  a  means  for  an  operator  to  release  the  auxiliary  or 
whip  hoist,  which  is  the  smaller  load  bearing  hoist,  in  an 
emergency  situation  where  the  line  or  hook  on  the  auxiliary 
or  whip  hoist  line  becomes  caught  on  a  moving  object. 
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  A  fluid  control  circuit  wherein  said  fluid  is  preferably  a 
hydraulic  fluid  or  other  similar  fluid,  as  appropriate  to  the 
application,  having  a  variety  of  emergency  control  safety 
features.  The  fluid  control  system  is  particularly  adapted  for 
use  with  lifting  devices,  especially  cranes,  for  loading  and 
unloading  items  to  or  from  a  moving  plattorm. Ths  system  as 
described  is  typical  of  that  which  may  be  used  on  a  crane 
having  both  a  main  hoist  and  an  auxiliary  or  whip  hoist  both 
of  which  are  used  for  independent  and  differing  load 
applications.  The  control  circuit  is  capable  of  automatically; 
setting  all  of  the  load  bearing  brakes  upon  an  electrical 
or/and  hydraulic  power  failure.  In  addition,  the  control  circuit, 
provides  a  means  for  an  operator  to  release  the  auxiliary  or 
whip  hoist,  which  is  the  smaller  load  bearing  hoist,  in  an 
emergency  situation  where  the  line  or  hook  on  the  auxiliary 
or  whip  hoist  line  becomes  caught  on  a  moving  object. 



TECHNICAL  FIELD 

The  p resen t   i nven t ion   r e l a t e s   to  h y d r a u l i c   systems  f o r  

emergency  shutdown  and  ope ra t i on   of  a  crane  and  more  p a r t i c u l a r l y  

to  such  h y d r a u l i c   systems  which  are  capable   of  c o n t r o l l i n g   t h e  

load  of  a  crane  during  an  emergency  con t ro l   s i t u a t i o n .  

BACKGROUND  ART 

The  f a i r l y   recen t   i n t e r e s t   in  o f f sho re   d r i l l i n g   c a p a b i l i t y  

has  prompted  a  c o n s i d e r a b l e   inves tment   in  improving  the  c a p a b i l i t y  

and  s o p h i s t i c a t i o n   of  cranes  and  crane  systems  mounted  on  o f f s h o r e  

d r i l l i n g   p l a t f o r m s .   Along  with  these  inves tments   and  r e s u l t i n g  

advances  in  the  t echnology   and  s o p h i s t i c a t i o n   there   has  been  a 

complementary  i nc rea se   in  governmental   i n t e r e s t   in  p rovid ing   and 

ensur ing   for  the  safe  ope ra t ion   of  such  s o p h i s t i c a t e d   c r a n e  

equipment  and  for  the  s a fe ty   of  the  i n d i v i d u a l s   ope ra t ing   and  

working  around  such  crane  systems.   Such  governmental   i n t e r e s t   h a s  

produced  a  la rge   amount  of  r e g u l a t i o n   concern ing   the  proper  d e s i g n  

of  the  crane  systems  and  the  proper  design  of  control   means  in  t h e  

event  of  c e r t a i n   types  of  p o t e n t i a l l y   hazardous   f a i l u r e s .   One  o f  

the  more  e x t e n s i v e   sets   of  r e g u l a t i o n s   t ha t   have  been  issued  by  a 

governmental  agency  to  date  are  those  set   out  by  the  Norwegian 

Maritime  D i r e c t o r a t e   ( h e r e i n a f t e r   NMD)  concern ing   r e g u l a t i o n s   f o r  

deck  cranes  or  cranes  used  on  o f f s h o r e   d r i l l i n g   p la t fo rms   or  s i m i l a r  

s t r u c t u r e s .   The  most  recen t   set  of  r e g u l a t i o n s   issued  by  the  NMD 

is  t i t l e d   and  da ted ,   "Regu la t ions   on  deck  c r a n e s ,   e tc .   for  use  on 

board  Norwegian  and  fo re ign   d r i l l i n g   u n i t s   using  cranes  in  i n t e r n a l  

Norwegian  wate rs ,   in  Norwegian  t e r r i t o r i a l   waters   and  on  tha t   p a r t  

of  the  Cont inen ta l   Shelf  which  is  under  Norwegian  s o v e r e i g n t y ,   l a i d  

down  by  the  Maritime  D i r e c t o r a t e   on  31  January   1978  by  v i r t u e   o f  

§  2,  f i r s t   pa ragraph ,   of  Royal  Decree  of  3  October  1975  r e l a t i n g   t o  

sa fe ty   p r a c t i c e s ,   e tc .   for  e x p l o r a t i o n   and  d r i l l i n g   for  submar ine  

petroleum  r e s o u r c e s ,   cf.  the  r e s o l u t i o n   of  d e l e g a t i o n   of  25  J a n u a r y  

1978  by  the  Min i s t ry   of  Petroleum  and  Energy,  a u t h o r i z i n g   t h e  



Maritime  D i r e c t o r a t e   to  p r e s c r i b e   r e g u l a t i o n s   pu r suan t   to  Royal 

Decree  of  3  October  1975,  §§  19,  t h i r d ,   f o u r t h ,   f i f t h ,   s ixth  and 

seventh   p a r a g r a p h s ,   20,  f i r s t ,   second  and  t h i r d   pa rag raphs ,   55,  59 ,  

6 1 ,  1 1 1 ,   f i r s t   p a r a g r a p h ,   115  and  116".  The  ru l e s   l i s t e d   t h e r e i n  

are  a p p l i c a b l e   to  any  " a p p l i a n c e s "   t h a t   f i t   wi th in   the  r a t he r   b r o a d  

d e f i n i t i o n   of  the  Rules  and  t ha t   are  to  be  sold  to  a  Norwegian 

n a t i o n a l   or  c o r p o r a t i o n   or  tha t   are  in tended   for  use  in  Norwegian 

t e r r i t o r y   which  i nc ludes   t h e i r   o f f sho re   t e r r i t o r i a l   waters .   Some 

of  the  NMD  r e g u l a t i o n s   are  d i r e c t e d   to  r e l a t i v e l y   s tandard   types  o f  

s a f e ty   f e a t u r e s .   For  example,  in  r e f e r e n c e d   NMD  s p e c i f i c a t i o n  

under  S e c t i o n  4   e n t i t l e d   "Methods  of  C a l c u l a t i o n s ,   design  c r i t e r i a /  

c o n s t r u c t i o n   r e q u i r e m e n t s   and  m a t e r i a l s " ,   paragraph   5  e n t i t l e d  

Winches,  item  5.10  r e q u i r e s   t ha t   the  brake  mechanisms  of  such 

cranes   are  to  be  so  a r ranged   t ha t   they  will   a u t o m a t i c a l l y   a p p l y  

t h e i r   fu l l   b reaking   force   a s - r a p i d l y   as  p o s s i b l e   in  case  of  power 
f a i l u r e   or  f a i l u r e   in  the  con t ro l   system.  This  type  of  fa i l   s a f e  

brake  l o c k - o u t   is  f a i r l y   common  in  the  i n d u s t r y   and  is  n o r m a l l y  

des igned  into  a  crane  system  r e g a r d l e s s   of  such  r e g u l a t i o n s .  

Fu r the rmore ,   under  §  5  e n t i t l e d   "Special   Sa fe ty   Equipment",   p a r a g r a p h  

9  e n t i t l e d   "Emergency  Stop  Switches  and  Emergency  Release  Sys t em" ,  

item  9.1  r e q u i r e s   t h a t ,   "an  emergency  stop  or  shut  down  switch  s h a l l  

be  provided  c lo se   to  the  o p e r a t o r ' s   s ea t .   When  th i s   emergency  s t o p  

switch  is  a c t i v a t e d ,   all   brakes  shal l   immedia te ly   be  f u l l y   e n g a g e d " .  

Fur thermore  under  §  4,  paragraph  5,  item  5.1  r e q u i r e s   tha t   " t h e  

whip  ho i s t   winch  on  cranes  used  for  loading  and  d i s cha rg ing   s u p p l y  

sh ips ,   shal l   be  equipped  with  a  c o n s t a n t   emergency  r e l e a s e   sy s t em 

with  a  hook  c a p a c i t y   s u f f i c i e n t   to  keep  a  c o n s t a n t   t ens ion   in  t h e  

wire  rope  of  a p p r o x i m a t e l y   1.5  tonnes.   The  emergency  r e l e a s e   s y s t e m  

shal l   work  under  all  c o n d i t i o n s ,   i nc lud ing   power  f a i l u r e .   The 

emergency  r e l e a s e  s w i t c h   or  handle  shal l   be  e f f e c t i v e l y   s e c u r e d  

a g a i n s t   i n a d v e r t e n t   use,   and  the  winch  sha l l   a u t o m a t i c a l l y ,   with  a 

sof t   c h a r a c t e r i s t i c ,   r e tu rn   to  normal  h o i s t i n g ,   braking  or  h o l d i n g  

c o n d i t i o n s   when  the  emergency  r e l e a s e   is  d i s c o n n e c t e d " .   F u r t h e r m o r e  

under  §  4,  paragraph  5,  item  5.11  r e q u i r e s   t h a t   "the  brakes  s h a l l  

be  des igned  and  c o n s t r u c t e d   in  such  a  way  t h a t   i t ,   wi thin   t h e  

s h o r t e s t   p o s s i b l e   t ime,   will   be  p o s s i b l e   to  lower  and  stop  t h e  

ful l   hook  c a p a c i t y   manually  and  under  ful l   con t ro l   in  case  of  power 



f a i l u r e   or  f a i l u r e   in  the  con t ro l   system.  For  la rge   c ranes ,   an 

a l t e r n a t i v e   emergency  power  system,  independent   of  the  main  power 

system,  may  be  r e q u i r e d " .   In  the  pas t ,   in  order   to  comply  w i th  

such  r e g u l a t i o n s   the  normal  design  procedure  had  been  to  i n d e p e n d e n t l y  

design  and  pipe  h y d r a u l i c   systems  tha t   were  capable   of  complying 

with  a  p a r t i c u l a r   one  of  the  several   r e g u l a t i o n s .   Such  a  d e s i g n  

approach  often  r e s u l t e d   in  an  unduly  complex  system  and  was  w a s t e f u l  

of  h y d r a u l i c   components  and  of  s p a c e .  

It  is  the  primary  ob j ec t   of  the  p resen t   i nven t ion   to  p r o v i d e  

for  all  of  such  r e q u i r e d   emergency  control   systems  in  a  s i n g l e  

h y d r a u l i c   control   c i r c u i t .  

Other  o b j e c t s ,   advantages   and  a p p l i c a t i o n s   of  the  p r e s e n t  

inven t ion   will  become  appa ren t   to  those  s k i l l e d   in  the  ar t   of  h y d r a u l i c  

con t ro l   systems,   e s p e c i a l l y   as  appl ied   to  the  braking  and  control   o f  

m o t o r - o p e r a t e d   winches  for  crane  systems,   from  the  f o l l o w i n g  

d e s c r i p t i o n ,   claims  and  from  the  accompanying  d r a w i n g s .  

DISCLOSURE  OF  THE  INVENTION 

This  inven t ion   p rov ides   a  h y d r a u l i c   con t ro l   system  f o r  

o p e r a t i o n   of  a  winding  means  having  a  drive  means  a s s o c i a t e d  

t h e r e w i t h .   The  con t ro l   system  comprises  a  means  for  g e n e r a t i n g  

h y d r a u l i c   power,  condui t   means  capable  of  supply ing   h y d r a u l i c  

power  to  the  drive  means,  a  p l u r a l i t y   of  valving  means  capable  o f  

s e l e c t i v e l y   supplying  the  h y d r a u l i c   power  to  the  dr ive  means  and  a 

p l u r a l i t y   of  hand  operab le   cont ro l   means  capable   of  e f f e c t i n g  

severa l   ope ra t ing   modes  of  the  control   system  by  d i r e c t i n g   t h e  

h y d r a u l i c   power  to  a  s e l e c t   group  of  said  condu i t   means  and  s a i d  

valving  means  for  a  p a r t i c u l a r   mode.  One  of  the  o p e r a t i n g   modes,  

bes ides   normal  o p e r a t i o n ,   is  a  mode  for  l e t t i n g   out  a  load  on  t h e  

winding  means  when  the  normal  hyd rau l i c   power  is  l o s t ,   w h i l e  

c o n t r o l l i n g   the  speed  with  which  the  load  unwinds  the  winding  means.  

Addi t iona l   ope ra t ing   modes  for  the  control   system  inc lude   a  means 

for   l e t t i n g   out  a  load  on  the  winding  means  when  there   is  an 

a c c i d e n t a l   o v e r - l o a d ,   while  ma in ta in ing   a  s u b s t a n t i a l l y   c o n s t a n t  

t ens ion   from  the  winding  means  to  the  load;  and  a  means  for  l e t t i n g  

out  a  load  on  the  winding  means  when  there   is  an  a c c i d e n t a l   o v e r - l o a d  



and  t h e r e   is  t o t a l   loss  of  normal  h y d r a u l i c   power .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  d i a g r a m a t i c   schematic   r e p r e s e n t a t i o n   of  one 

embodiment  of  the  h y d r a u l i c   system  designed  for  the  p r e s e n t  

i n v e n t i o n ,   wherein  one  mode  of  o p e r a t i o n ,   i . e .   the  emergency  non-  

powered  load  l ove r ing   mode  for   the  a u x i l i a r y   or  whip  drum,  i s  

h i g h l i g h t e d .  

Figure  2  is  a  d i a g r a m a t i c   shcematic   r e p r e s e n t a t i o n   of  one 

embodiment  of  the  h y d r a u l i c   system  of  the  p r e s e n t   i n v e n t i o n   in  which 

a n o t h e r   mode,  i . e .   the  emergency  non-powered  load  lowering  mode  f o r  

the  main  drum,  is  h i g h l i g h t e d .  

Figure  3  is  a  d i a g r a m a t i c   schemat ic   r e p r e s e n t a t i o n   of  one 

embodiment  of  the  h y d r a u l i c   system  of  the  p r e s e n t   i nven t ion   where in  

a n o t h e r   mode,  i . e .   the  emergency  r e l e a s e   with  c o n s t a n t   t ens ion   w i t h  

power  u n i t   o p e r a t i n g ,   is  h i g h l i g h t e d .  

Figure  4  is  a  d i a g r a m a t i c   schemat ic   r e p r e s e n t a t i o n   of  one 

embodiment  of  the  h y d r a u l i c   system  of  the  p r e s e n t   i nven t ion   where in  

a n o t h e r   mode  of  o p e r a t i o n   is  shown,  i . e .   the  emergency  r e l e a s e   mode 

w i t h o u t   power  un i t   o p e r a t i n g ,   is  h i g h l i g h t e d .  

Figure  5  is  a  p e r s p e c t i v e   view  showing  the  manual  system  f o r  

e f f e c t i n g   a  shutdown,  in  the  event   of  an  emergency,  in  which  t h e  

system  is  des igned  to  a u t o m a t i c a l l y   set  all  of  the  brakes   on  t h e  

crane  when  the  system  is  a c t i v a t e d   by  the  o p e r a t o r .   In  the  e v e n t  

of  a  power  f a i l u r e   i t   is  des igned   to  a u t o m a t i c a l l y   set   all  of  t h e  

b rakes   on  the  c r a n e .  

Figure  6  is  a  d i a g r a m a t i c   schemat ic   r e p r e s e n t a t i o n   of  t h e  

emergency  shutdown  of  the  e l e c t r i c a l   element  of  the  emergency 

shutdown  shown  in  f i g u r e   5. 

Figure  7  is  a  d i a g r a m a t i c   schemat ic   r e p r e s e n t a t i o n   of  one 

embodiment  of  the  h y d r a u l i c   c i r c u i t   for  the  crane  emergency  shutdown 

system,  shown  in  p e r s p e c t i v e   in  f i g u r e   5. 



DETAILED  DESCRIPTION  OF  THE  INVENTION 

Refer r ing   now  to  the  drawings  in  d e t a i l ,   wherein  l ike  n u m e r a l s  

i n d i c a t e   l ike   e lements   t h roughou t   the  several   views,  the  p r e s e n t  

i nven t ion   is  shown  and  r e p r e s e n t e d   by  a  s ing le   h y d r a u l i c   system  t h a t  

is  only  one  p o s s i b l e   embodiment  of  such  a  control   system.  Th i s  

h y d r a u l i c   system  is  capable   of  ope ra t i ng   in  severa l   d i f f e r e n t   modes: 

a  normal  control   mode,  an  emergency  non-powered  load  lowering  mode 

for  the  main  drum,  an  emergency  non-powered  load   lowering  mode  f o r  

the  a u x i l i a r y   or  whip  drum,  an  emergency  r e l e a s e   mode  with  and  w i t h o u t  

c o n s t a n t   t ens ion   for  the  a u x i l i a r y   or  whip  drum  (with  the  a d d i t i o n  

of  some  valves  and  minor  m o d i f i c a t i o n   to  the  c i r c u i t   the  emergency 

r e l e a s e   could  be  used  for   the  main  drum  or  in  combina t ion   on  bo th  

drums).  The  e n t i r e   h y d r a u l i c   system  for  the  crane  inc ludes   a  number 

of  components  not  r e p r e s e n t e d   in  the  h y d r a u l i c   cont ro l   system  f o r  

the  four  modes  of  o p e r a t i o n ,   shown  in  F igures   1-4,  and  for  ease  and 

s i m p l i f i c a t i o n   only  those  components  of  the  ove ra l l   crane  h y d r a u l i c  

system  necessa ry   for  the  emergency  control   o p e r a t i n g   modes  of  t h e  

crane  h y d r a u l i c   system  are  r e f e r r e d   to  and  shown  in  the  f o l l o w i n g  

d e s c r i p t i o n .  

The  crane  emergency  cont ro l   h y d r a u l i c   system  tha t   is  shown 

i n  f i g u r e s   1  through  4  i nc ludes   a  pa i r   of  o p e r a t o r   cont ro l   e l e m e n t s :  

one  for   normal  crane  con t ro l   and  the  o ther   for  emergency  c r a n e  

c o n t r o l ,   2  pair   of  b rakes :   one  for  the  main  h o i s t   drum,  and  one  f o r  

the  a u x i l i a r y   or  whip  h o i s t   drum;  a  pa i r   of  motors  and  t h e i r  

a s s o c i a t e s   boxes:  one  for   the  main  h o i s t   drum  and  one  for  t h e  

a u x i l i a r y   or  whip  h o i s t   drum;  a  bank  of  four  de t en t ed   hand  control   v a l v e s  

for  swi tching  the  crane  h y d r a u l i c   cont ro l   system  into  one  or  a n o t h e r  

of  i t s   ope ra t ing   modes,  a  p r e s su re   make-up  system  for   p r o v i d i n g  

emergency  power  in  the  event  of  loss  of  power,  such power   make-up 

system  being  independent   of  the  normal  crane  o p e r a t i n g   power  s y s t e m ,  

and  of  several   d i r e c t i o n a l   cont ro l   valves  c o n t r o l l i n g   the  d i r e c t i o n  

of  p r e s su re   flow  gene ra t ed   e i t h e r   by  the  normal  crane  o p e r a t i n g  

power  system  or  the  p r e s s u r e   make-up  system,  through  the  l i nes   f o r  

e f f e c t i n g   the  d i f f e r e n t   modes  of  o p e r a t i o n .   For  s i m p l i f i c a t i o n ,  
the  crane  control   system  has  been  shown  in  each  of  i t s   i n d e p e n d e n t l y  

o p e r a t i n g   modes  by  h i g h l i g h t i n g   those  e lements   of  the  emergency 



h y d r a u l i c   con t ro l   system  tha t   are  used  in  each  of  the  i n d i v i d u a l  

o p e r a t i n g   modes.  For  the  purposes   of  th i s   d e s c r i p t i o n   then,   t h e  

h y d r a u l i c   con t ro l   system  will   be  d e s c r i b e d   in  terms  of  i t s  

s eve ra l   modes  of  o p e r a t i o n s .  

Also,   for  purposes   of  t h i s   i n v e n t i o n ,   the  t yp ica l   c r a n e  

system  is  a  Skagi t   Se r ies   Three  Hundred  Pedes ta l   Crane  powered  by 

a  two  hundred  and  seventy  horse  power  (270  h . p . )   d iese l   e n g i n e  

o p e r a t i n g   at  one  thousand  nine  hundred  and  e igh ty   (1980)  rpm.  The 

system  could  also  be  employed  with  o the r   types   of  prime  movers  such 

as  an  e l e c t r i c   motor.  The  horsepower   r a t i n g   of  the  prime  mover  i s  

dependent   on  the  h o i s t   c a p a c i t y   and  speed .   The  engine  s u p p l i e s  

power  to  dr ive   each  of  the  four   dr ive  motors  and  t h e i r   a s s o c i a t e d  

gear  boxes,   and  s u p p l i e s   power  to  r e l e a s e   the  brakes  a s s o c i a t e d  

t h e r e w i t h .   The  engine  power  is  c o n t r o l l e d   by  means  of  a  pa i r   o f  

o p e r a t o r   c o n t r o l s   tha t   are  ope rab le   in  the  normal  crane  o p e r a t i o n  

c o n d i t i o n .   However,  the  emergency  con t ro l   system  can  be  a c t i v a t e d  

in  any  of  a  v a r i e t y   of  s i t u a t i o n s .   The  primary  purpose  for  engag ing  

the  emergency  c o n t r o l s   would  be  a  loss   of  power,  e i t h e r   t o t a l  

e l e c t r i c a l   power  or  a  t o t a l   or  p a r t i a l   loss   of  h y d r a u l i c   power,  t h a t  

r e s u l t s   in  a  loss  of  power  to  the  h y d r a u l i c   c o n t r o l s ,   or  a c c i d e n t a l  

o v e r l o a d .  

The  f i r s t   of  the  emergency  con t ro l   c i r c u i t s   to  be  d e s c r i b e d ,  

the  emergency  non-powered  load  lowering  system,  is  shown  in  Figures  1 

and  2  for   the  a u x i l i a r y   or  whip  drum  and  the  main  drum,  r e s p e c t i v e l y .  

Both  the  main  h o i s t   drum  and  the  a u x i l i a r y   or  whip  h o i s t   drum  a r e  

provided   with  t h i s   system  in  order   to  al low  the  crane  o p e r a t o r   t o  

lower  a  suspended  load  wi thout   power  being  supp l i ed   by  the  c r a n e ' s  

d i e se l   engine  for  powering  the  h y d r a u l i c   c i r c u i t r y   and  yet  s t i l l  

enable   the  o p e r a t o r   to  handle  the  suspended  load  under  fu l l   c o n t r o l .  

The  system  p rov ides   a  means  for  r e l e a s i n g   the  brakes   for  e i t h e r  

the  main  h o i s t   or  the  a u x i l i a r y   or  whip  h o i s t ,   a  means  for  c o n t r o l l i n g  

the  speed  with  which  the  load  suspended  from  e i t h e r   the  main  h o i s t  

or  the  a u x i l i a r y   or  whip  h o i s t   is  lowered,   and  a  means  for  s t o p p i n g  

the  load  from  lowering  f u r t h e r ,   should  tha t   be  n e c e s s a r y .   The  non-  

powered  load  lowering  system  is  p r i m a r i l y   des igned   for  o p e r a t i o n  

where  there   is  a  loss  of  e l e c t r i c a l   power  or  a  loss   of  the  e n g i n e  

and  the  r e s u l t i n g   loss  of  the  h y d r a u l i c   p r e s s u r e   neces sa ry   to  o p e r a t e  



the  crane  h y d r a u l i c   control   system  to  lower  the  load  in  normal 

o p e r a t i o n .   However,  use  of  the  emergency  non-powered  load  l o w e r i n g  

system  does  r equ i r e   tha t   the  h y d r a u l i c   motors  of  the  main  h o i s t   o r  

the  a u x i l i a r y   or  whip  ho i s t   (which  ever  is  being  used)  be  in  

o p e r a t i o n a l   c o n d i t i o n ,   i . e .   the  shutdown  emergency  can  not  have 

been  caused  by  a  f a i l u r e   of  the  h y d r a u l i c   motors  such  tha t   they  a r e  

no  longer  f u n c t i o n a l   as  motors  (or  as  pumps  in  a  reverse   d i r e c t i o n ) .  

Should  th is   be  the  case,   then  the  non-powered  load  lowering  s y s t e m  

would  not  be  able  to  f unc t ion   as  a n t i c i p a t e d .  

To  a c t i v a t e   the  non-powered  load  lowering  (NPLL)  system  t h e  

crane  o p e r a t o r   pu l l s   one  of  the  several   d e t e n t e d   hand  valve  c o n t r o l  

e lements   which  are  loca ted   in  his  cab  console   and  which  are  p o s i t i o n e d  

p r e f e r a b l y   near  his  r i gh t   hand  or  wi thin   easy  reach.   There  is  a 

s e p a r a t e   cont ro l   valve  handle  to  ope ra te   the  NPLL  system  for  the  main 

h o i s t   and  to  ope ra t e   the  NPLL  system  for  the  a u x i l i a r y   or  whip  h o i s t .  

However,  the  f u n c t i o n i n g   of  the  non-powered  load  lowering  system  f o r  

each  of  the  two  modes  of  o p e r a t i o n ,   i . e .   main  ho i s t   or  the  a u x i l i a r y  

or  whip  h o i s t ,   is  i d e n t i c a l   and  many  common  components  are  used  in  

each  system.  Re fe r r ing   to  Figure  1,  the  o p e r a t o r   a c t i v a t e s   t h e  

a u x i l i a r y   or  whip  h o i s t   non-powered  load  lowering  mode  by  pu l l i ng   t h e  

push-pul l   cable  t ha t   t r i g g e r s   de ten ted   hand  valve  20.  When  v a l v e  

20  is  r e p o s i t i o n e d   to  the  l e f t   hand  port  (he re in   a f t e r   all  r e f e r e n c e s  

to  valve  por ts   are  r e l a t i v e   to  the  p a r t i c u l a r   drawing  Figure  b e i n g  

de sc r i bed )   p r e s su re   from  accumula tor   11  will  flow  via  l ine   80  i n t o  

l ine   82  and  then  through  valve  20  and  up  to  l i ne   95  and  97.  The 

accumula tor   p r e s su re   will  then  be  d i r e c t e d   via  l i n e   97  to  s h u t t l e   v a l v e  

62  where  it  is  d i r e c t e d   via  l ine   100  and  e n e r g i z e s   control   valve  6 7 ,  

and  to  s h u t t l e   valves   38  and  39.  From  l ine   95  p ressure   is  d i r e c t e d  

to  s h u t t l e   valve  23  and  then  to  the  p i l o t   p o s i t i o n i n g   element  on 

d i r e c t i o n a l   cont ro l   valve  28  which  allows  r e l i e f   valve  26  to  become 

f u n c t i o n a l   at  a  reduced  p ressure   by  vent ing  r e l i e f   valve  26  p i l o t  

port   to  the  cranes  h y d r a u l i c   r e s e r v o i r   68.  The  pressure   tha t   i s  

d i r e c t e d   to  s h u t t l e   valve  38  goes  via  l ine   105  to  the  r i g h t   hand 

p i l o t   cont ro l   element  on  d i r e c t i o n a l   valve  37.  The  p ressure   tha t   i s  

d i r e c t e d   to  s h u t t l e   valve  39  goes  via  l ine   106  to  s h u t t l e   valve  43 

and  then  to  the  r i g h t   hand  p i l o t   p o s i t i o n i n g   e lement   on  d i r e c t i o n a l  



cont ro l   valve  42.  It  should  be  noted  t ha t   valve  42  also  serves  t o  

i s o l a t e   the  normal  h y d r a u l i c   system.  Movement  of  valve  42  to  t h e  

l e f t   serves   to  i s o l a t e   any  incoming  p r e s s u r e   from  the  a u x i l i a r y   o r  

whip  h o i s t   motor.  The  a u x i l i a r y   or  whip  h o i s t   motor  c r e a t e s   t h e  

p re s su re   in  l ine   117  when  the  brake  (47)  is  r e l e a s e d   and  speed  

cont ro l   valve  29  is  a c t u a t e d   by  the  crane  o p e r a t o r   a c t i v a t i n g   t h e  

cont ro l   valve  67.  This  fo rces   the  p r e s s u r e   gene ra t ed   by  t h e  

a u x i l i a r y   or  whip  h o i s t   motor  (when  it  a c t s   as  a  pump  due  to  t h e  

lowering  of  the  load)  to  go  via  l ine   117  to  d i r e c t i o n a l   cont ro l   v a l v e  

37,  and  via  l ine   116  to  d i r e c t i o n a l   con t ro l   valve  35,  via  l ine   113 

to  flow  con t ro l   valve  30,  via  l ine   110  to  modula t ing   d i r e c t i o n a l  

control   valve  29  and  e v e n t u a l l y   via  l ine   108  to  motor  25a  and  t h u s  

d r iv ing   pump  25b,  a c t i v a t i n g   the  make-up  p r e s s u r e   system.  The  n e t  

r e s u l t   is  t ha t   having  a c t i v a t e d   the  a u x i l i a r y   or  whip  h o i s t   non-  

powered  load  lowering  system,  the  p recha rged   accumula tor   11  has  ( a )  

p r e s s u r i z e d   the  con t ro l   valve  67;  (b)  i s o l a t e d   the  a u x i l i a r y   or  whip 

h o i s t   normal  h y d r a u l i c   system  c o n t r o l s ,   and  (c)  a c t i v a t e d   a  s p e c i a l  

emergency  make-up  oil  p r e s su re   s y s t e m .  

The  con t ro l   valve  is  a  modula t ing   joy  s t i ck   of  the  dead-man 

type  having  two  axes  of  o p e r a t i o n .   For  convenience   in  the  S k a g i t  

Ser ies   300  model  c rane ,   the  joy  s t i c k   con t ro l   handle  is  l oca t ed   t o  

the  f r o n t   and  r i g h t   of  the  o p e r a t o r .   The  joy  s t i ck   con t ro l   is  u s e d  

by  the  o p e r a t o r   to  r e l e a s e   the  a u x i l i a r y   or  whip  h o i s t   brake  and  t o  

cont ro l   the  now  non-powered  crane  load  to  lower  the  load  at  a 

c o n t r o l l e d   speed  as  de termined  by  the  crane  o p e r a t o r ' s   use  of  the  j o y  

s t i ck .   In  the  Se r i e s   300  Skagi t   Crane  movement  of  the  joy  s t i ck   o r  

o p e r a t o r   con t ro l   handle  to  the  o p e r a t o r ' s   l e f t   a p p l i e s   p r e s su re   t o  

the  h o i s t   brake.   Depending  on  the  degree  and  the  amount  of  movement,  

a  v a r i a b l e   p r e s s u r e   is  d i r e c t e d   to  the  a u x i l i a r y   or  whip  h o i s t   b r a k e  

s u f f i c i e n t   to  r e l e a s e   the  brake.  The  o p e r a t o r   t h e r e f o r   can  s t a r t  

and  stop  load  lowering  as  d e s i r e d .   Movement  of  the  o p e r a t o r   c o n t r o l  

handle  only  in  a  forward  d i r e c t i o n   will   cause  an  inc rease   in  s p e e d  

with  which  the  load  can  be  lowered.  Combining  the  two  movements,  o r  

moving  the  o p e r a t o r   con t ro l   handle  at  a  f o r t y - f i v e   degree  angle ,   t h e  

o p e r a t o r   can  the reby   r e l e a s e   the  brake  and  a l so   s t a r t   lowering  o r  

stop  lowering  the  load.  The  speed  con t ro l   l ine   from  valve  67,  l i n e  



102,  a c t u a l l y   d e l i v e r s   i ts   p r e s su re   to  the  l e f t   hand  p i l o t   p o s i t i o n i n g  

element  of  valve  29.  This  p i l o t i n g   al lows  the  load  induced  p r e s s u r e  

to  en ter   l ine   108  and  turn  motor  and  pump  25. 

Refe r r ing   again  to  Figure  1,  when  the  ope ra to r   moves  t h e  

control   handle  of  valve  67  to  the  l e f t   p r e s s u r e   is  d i r e c t e d   via  l i n e  

101  to  d i r e c t i o n a l   cont ro l   valve  51,  which  is  in  i ts   normally  open 

p o s i t i o n ,   a l lowing  accumula to r   p r e s su re   to  be  d i r e c t e d   through  and 

onto  l ine   119  and  from  there   to  s h u t t l e   valve  50.  This  p ressure   i s  

then  d i r e c t e d   to  s h u t t l e   valve  49  and  then  to  a u x i l i a r y   or  whip 

ho i s t   brake  47  r e l e a s i n g   the  brake.  The  movement  of  the  o p e r a t o r  

control   handle  of  valve  67  forward  d i r e c t s   p r e s su re   via  l ine  102  t o  

the  l e f t   hand  p i l o t   p o s i t i o n i n g   port   of  a  modulat ing  d i r e c t i o n a l  

control   valve  29.  With  the  brake  thus  r e l e a s e d   and  control   valve  29 

p o s i t i o n e d   such  tha t   l ine  110  e n t e r s   the  l e f t   hand  most  v a l v e  

p o s i t i o n ,   the  load  is  able  to  s t a r t   l ower ing ,   causing  the  a u x i l i a r y  

or  whip  motor  to  r o t a t e   backwards  and  act  as  a  pump.  This  l o a d -  

induced  flow  then  t r a v e l s   via  l ine   117  into  d i r e c t i o n a l   control   v a l v e  

37  which  has  a l r eady   been  p o s i t i o n e d   into  i t s   r i gh t   hand  valve  p o s i t i o n ,  

through  the  r i g h t   valve  p o s i t i o n   into  l ine   116,  and  then  to  d i r e c t i o n a l  

control   valve  35  which  is  s t i l l   in  i t s   normal  opened  p o s i t i o n ,   a l l o w i n g  

p ressure   to  t r ave l   d i r e c t l y   through  and  onto  l ine   113  to  flow  t o  

control   valve  30  and  then  on  into  and  through  the  l e f t   hand  port   o f  

d i r e c t i o n a l   cont ro l   valve  29  and  into  l ine   108.  From  l ine  108  t h e  

p ressure   is  d i r e c t e d   to  the  make-up  pump  and motor   25.  The  incoming 

load- induced   flow  is  d i r e c t e d   into  the  p r e s s u r e   port   of  motor  2 5 ( a )  

causing  motor  25(a)  to  r o t a t e   and  dr ive  pump  25(b)  which  draws 

hydrau l i c   f l u i d   from  the  crane  h y d r a u l i c   r e s e r v o i r   68.  The  pump  25b 

ou t -pu t   p re s su re   port   is  connected  to  the  low  p res su re   side  of  t h e  

a u x i l i a r y   or  whip  ho i s t   motor  which  is  the  suc t ion   port  w h e n  t h e  

motor  is  ac t ing   as  a  pump.  Thus  when  t h i s   flow  is  combined  with  t h e  

load- induced   flow  which  has  passed  through  the  makeup  motor  2 5 ( a ) ,  

output   p ressure   and  flow  is  s u f f i c i e n t   to  p reven t   the  a u x i l i a r y   o r  

whip  ho i s t   motor  (pump)  from  c a v i t a t i n g .   P r e s s u r i z e d   f l u i d   is  f o r c e d  

to  t rave l   via  l ine   87,  via  l ine   86,  via  l ine   94  to  the  a u x i l i a r y   o r  

whip  ho i s t   motor  45  complet ing  the  c losed  loop.  P r e s s u r i z e d   f l u i d  

from  l ine   86  also  flows  through  check  valve  17  to  l ine  80  and  i n t o  



accumula tor   11  or  the  cont ro l   c i r c u i t .   Any  excess   flow  from  t h e  

make-up  pump  and  motor  25  is  r e t u rned   to  the  crane  h y d r a u l i c  

r e s e r v o i r   63  via  r e l i e f   valve  15. 

It  should  be  noted  tha t   the  l o a d - i n d u c e d   flow  t r a v e l s  

through  flow  con t ro l   valve  30,  which  is  set   at  a  f ixed  flow  and  i s  

p r e s su re   and  t e m p e r a t u r e   compensat ing  to  t he reby   l im i t   the  flow  and 

the  r e s u l t i n g   maximum  speed  of  the  a u x i l i a r y   or  whip  ho i s t   drum  when 

the  a u x i l i a r y   or  whip  h o i s t   load  is  l ower ing .   In  a d d i t i o n ,   f l o w  

through  the  modula t ing   d i r e c t i o n a l   con t ro l   valve  29  is  c o n t r o l l e d  

d i r e c t l y   by  the  crane  o p e r a t o r   via  the  o p e r a t o r   control   handle  in  

- the  cab.  The  p r e s s u r e   s ignal   to  the  l e f t   h a n d  p i l o t   por t ,   p i l o t i n g  

the  valve  to  the  r i g h t ,   is  r e l a t e d   to  the  p i l o t   p r e s su re   which  i n  

turn  is  r e l a t e d   to  the  degree  to  which  the  o p e r a t o r   control   h a n d l e  

of  valve  67  is  moved  in  the  forward  d i r e c t i o n .   It  should  also  be 

noted  tha t   some  of  the  flow  a f t e r   d r i v ing   motor  25(a)  may  be  r e t u r n e d  

to  the  crane  h y d r a u l i c   tank  68  via  l ine   88  to  r e l i e f   valve  26  which 

is  set   to  r e l i e v e   at  250  ps i ,   under  normal  c i r c u m s t a n c e s .   However,  

during  the  NPLL  mode  r e l i e f   valve  26  has  been  set   to  r e l i e f   at  a 

reduced  p r e s s u r e   of  45  ps i ,   by  the  a c t i v a t i o n   of  d i r e c t i o n a l   c o n t r o l  

valve  28  by  accumula to r   11  p r e s s u r e .   This  a l lows   p r e s su re   to  be 

r e l i e v e d   to  the  h y d r a u l i c   tank  68  when  the  set   p r e s su re   is  r e a c h e d .  

It  is  t h e r e f o r e   p o s s i b l e   for  the  crane  o p e r a t o r   to  c o n t r o l  

the  speed  with  which  a  load  is  lowered  to  an  i n f i n i t e   degree  o f  

v a r i a t i o n   by  moving  the  ope ra to r   con t ro l   handle   within  the  u p p e r  
l e f t   hand  quandran t   of  the  o p e r a t o r   con t ro l   valve  67.  To  stop  t h e  

load  from  lowering  any  f u r t h e r ,   the  crane  o p e r a t o r   merely  moves  t h e  

hoh-powered  load  lowering  ope ra to r   con t ro l   valve  67  to  i t s   normal  o r  

cen te red   p o s i t i o n ,   This  movement  b locks   the  p r e s s u r e   por t ing   on  t h e  

o p e r a t o r   coh t ro l   and  serves   to  r e l i e v e   the  p r e s s u r e   on  the  m o d u l a t i n g  
valve  29  (or  speed  con t ro l   valve  29),  and  the  p r e s s u r e   on  the  b r a k e  

47  a l lowing  the  brake  47  to  r e s e t   and  stop  the  load  from  c o n t i n u i n g  

to  l o w e r .  

The  d e - a c t l v a t i o n   of  the  non-powered  load  lowering  system  i s  

accompl ished  simply  by  having  the  crane  o p e r a t o r   r ep lace   the  non-  

powered  load  lower ing  a u x i l i a r y   or  whip  h o i s t   handle   of  d e t e n t e d  

valve  20  to  i t s   normal  p o s i t i o n .   This  a c t i o n   i s o l a t e s   the  non-powered  



load  lowering  system  and  al lows  the  c r a n e ' s   normal  o p e r a t i o n   to  be 

r e a c t i v a t e d .   There fore   if  power  is  l a t e r   r e s t o r e d ,   the  o p e r a t o r  

can  proceed  to  ope ra te   the  crane  in  a  normal  manner .  

The  design  l ine  speed  for  load  lowering  is  in  the  range  o f  

from  0  f ee t   per  minute  when  the  brake  is  set  to  app rox ima te ly   60  f e e t  

per  minute  as  determined  by  the  flow  control   valve  30.  The  l o a d i n g  

r e q u i r e d   per  l ine  is  app rox ima te ly   1,000  pounds  to  provide  th i s   f u l l  

l ine   speed.  Less  of  a  load  will  reduce  the  maximum  load  l o w e r i n g  

speed.  The  non-powered  load  lowering  system  in  the  Skagi t   300  S e r i e s  

Crane  is  designed  to  be  capable   of  handl ing  the  c r a n e ' s   fu l l   r a t e d  

c a p a c i t y .   The  l ine   speeds  and  pu l l s   given  in  th i s   paragraph  a r e  

t yp i ca l   of  the  Skagi t   300  Se r ies   Cranes.  However,  the  l ine   s p e e d s  

and  pu l l s   for  a  NPLL  system  used  for  another   model  or  make  crane  may 

d i f f e r   c o n s i d e r a b l y   from  the  above .  

One  f ina l   element  on  the  non-powered  load  lowering  system  i s  

the  accumula tor   hand  pump.  The  accumula tor   is  equipped  with  a  hand 

pump  element  in  order   to  feed  p re s su re   via  l ine   83,  through  check  

valve  14  into  l ine   80  and  then  into  the  accumula to r .   This  hand  pump 

is  p r i m a r i l y   designed  to  provide  a  p r e s su re   bu i l d -up   means  s h o u l d  

the  p r e s su re   of  the  accumula to r   11  be  bled  off  p r e m a t u r e l y .  

The  emergency  non-powered  load  lowering  system  is  a l s o  

operab le   in  a  mode  for  o p e r a t i n g   the  main  h o i s t   drum  in  a  mat te r   v e r y  

s i m i l a r   to  tha t   as  de sc r i bed   above  for  the  a u x i l i a r y   or  whip  h o i s t  

drum.  To  a c t i v a t e   th i s   mode  of  the  non-powered  load  lowering  s y s t e m ,  

r e f e r r i n g   to  Fig.  2,  the  crane  o p e r a t o r   merely  pu l l s   the  a p p r o p r i a t e  

push-pul l   cable  l oca ted   in  the  cab  to  r e p o s i t i o n   d e t e n t e d   valve  19 

which  serves  a  s i m i l a r   f unc t i on   to  tha t   of  de t en t ed   valve  20  for  t h e  

a u x i l i a r y   or  whip  ho i s t   drum.  When  de ten ted   valve  19  is  r e p o s i t i o n e d ,  

the  p r e s su re   flow  is  conducted  from  accumula tor   11  via  l ine   80  t o  

l ine   82  and  into  and  through  the  l e f t   hand  port   of  d e t e n t e d   valve  19. 

The  p re s su re   is  then  d i r e c t e d   into  l ine   96  and  l ine   98.  From  l ine   96 

the  p r e s su re   is  ported  to  s h u t t l e   valve  23  on  the  o p p o s i t e   side  f rom 

tha t   of  the  a u x i l i a r y   or  whip  h o i s t   drum  mode  on  the  non-powered  l o a d  

lowering  system.  From  there   the  p r e s su re   is  d i r e c t e d   into  the  l e f t  

hand  p i l o t   port  of  d i r e c t i o n a l   control   va lve  28   which  a l lows  r e l i e f  

valve  26  to  become  f u n c t i o n a l .   At  a  reduced  p r e s s u r e   by  vent ing  r e l i e f  



valve  26  p i l o t   port   to  the  c ranes   h y d r a u l i c   r e s e r v o i r   68.  From 

l ine   98  the  p r e s su re   is  por ted   to  l ine   99  and  to  s h u t t l e   valve  62 

and  d i r e c t i o n a l   valve  37.  P res su re   from  l ine   98  is  d i r e c t e d   t o  

the  l e f t   hand  p i l o t   of  d i r e c t i o n a l   cont ro l   valve  37.  The  p r e s s u r e  

of  l i ne   99  is  d i r e c t e d   to  the  p i l o t   port   of  d i r e c t i o n a l   c o n t r o l  

valve  51,  r e p o s i t i o n i n g   it   downward,  and  to  s h u t t l e   valve  41  and 

into  the  l e f t   hand  p i l o t   p o s i t i o n i n g   port  of  d i r e c t i o n a l   c o n t r o l  

valve  42.  P ressure   from  l i n e  9 8   is  a l so   d i r e c t e d   to  s h u t t l e   va7 ve 

62  and  thence  to  o p e r a t o r   con t ro l   67,  a c t i v a t i n g   the  o p e r a t o r  

con t ro l   in  a  manner  s i m i l a r   to  t h a t   for  the  a u x i l i a r y   or  whip  h o i s t  

drum  mode  of  the  non-powered  load  lowering  system.  The  o p e r a t o r  

con t ro l   67  is  used  in  t h i s   i n s t a n c e   in  the  same  ma t t e r   as  with  t h e  

a u x i l i a r y   or  whip  h o i s t   drum  mode  forward  movement  of  the  o p e r a t o r  

con t ro l   handle  causes  an  i n c r e a s e   in  the  speed  with  which  the  l o a d  

is  lowered  by  d i r e c t i n g   p r e s s u r e   to  the  l e f t   hand  p i l o t   p o s i t i o n i n g  

por t   of  the  modulat ing  d i r e c t i o n a l   (speed)  con t ro l   valve  29.  Movement 

to  the  l e f t   of  the  o p e r a t o r   cont ro l   handle ,   d i r e c t s   p ressure   v i a  

l ine   101  to  d i r e c t i o n a l   con t ro l   valve  51  which  is  in  i t s   upper  mos t  

p o s i t i o n ,   d i r e c t i n g   p r e s s u r e   into  l ine   120  and  into  s h u t t l e   v a l v e  

48  and  then  into  main  h o i s t   brake  46.  J u d i c i o u s   movement  of  t h e  

o p e r a t o r   control   handle  in  the  upper  l e f t   hand  quandran t   of  t h e  

con t ro l   allows  for  c o n t r o l l e d   lowering  of  the  load  on  the  main  h o i s t  

brake  in  a  manner  s i m i l a r   to  t ha t   for  the  non-powered  load  l o w e r i n g  

system  mode  for  the  a u x i l i a r y   or  whip  h o i s t .  

The  load  is  a l lowed  to  s t a r t   lowering  thus  causing  the  main 

h o i s t   motor  to  r o t a t e   backwards  and  act   as  a  pump.  This  c r e a t e s   a 

l o a d - i n d u c e d   flow  tha t   t r a v e l s   to  l ine   118.  From  l i ne   118  the  l o a d -  

induced  flow  is  d i r e c t e d   to  d i r e c t i o n a l   cont ro l   valve  42  where  i t   i s  

por ted   to  a  blocked  passage ,   s ince  d i r e c t i o n a l   con t ro l   valve  42  h a s  

been  p i l o t e d   to  the  r i g h t   the reby   b locking  out  crane  normal  c i r c u i t .  

From  l ine   118  the  l o a d - i n d u c e d   flow  is  d i r e c t e d   to  d i r e c t i o n a l   c o n t r o l  

valve  37  which  has  been  p i l o t e d   to  the  r i g h t   a l lowing  load  i n d u c e d  

flow  to  d i r e c t l y   t r a n s m i t   through  the  l e f t   hand  p o s i t i o n   and  into  l i n e  

116  d i r e c t i n g   the  load  induced  flow  to  d i r e c t i o n a l   control   valve  35 .  

Valve  35  is  in  i t s   normal  p o s i t i o n   and  the  l o a d - i n d u c e d   flow  e n t e r s  

l ine   113  and  goes  to  flow  con t ro l   valve  30.  As  with  the  a u x i l i a r y   o r  



whip  h o i s t   non  powered  load  lowering  system,  flow  con t ro l   valve  30 

is  set   at  a  f ixed  flow  and  is  p ressure   and  t e m p e r a t u r e   compensa ted  

to  l i m i t   the  maximum  speed  with  which  the  main  h o i s t   drum  is  a l l o w e d  

to  lower.  From  flow  con t ro l   valve  30,  via  l ine  110  the  l o a d - i n d u c e d  

flow  is  d i r e c t e d   to  r e p o s i t i o n e d   modulating  d i r e c t i o n a l   c o n t r o l  

valve  29,  i .e .   the  speed  con t ro l   valve,   which  has  been  p i l o t e d   t o  

the  r i g h t   a l lowing  the  load  induced  flow  to  en t e r   into  l ine  108 

which  d i r e c t s   it  to  check  valve  27  where  it  is  b locked.   However, 

from  l ine   108  the  l o a d - i n d u c e d   flow  en ters   the  p r e s s u r e   port   on  t h e  

motor  causing  the  motor  25a  to  r o t a t e   and  drive  the  pump  25b  which 

is  d i r e c t l y  c o u p l e d   to  the  motor  25a.  The  pump  suc t i on   port   i s  

connec ted   to  the  crane  h y d r a u l i c   r e s e r v o i r   68  as  with  the  a u x i l i a r y  

or  whip  ho i s t   motor  non  powered  load  lowering  mode.  As  the  pump 
25b  g e n e r a t e s   a d d i t i o n a l   p r e s s u r e   flow,  the  p r e s s u r e   flow  is  d i r e c t e d  

via  l ine   87  to  l ines   85  and  86  and  to  check  valve  24  where  the  f l o w  

is  b locked.   The  p r e s su re   flow  in  l ine  85  is  d i r e c t e d   to  and  t h r o u g h  
check  valve  17  and  into  l ine   80  where  it   combines  with  the  p r e s s u r e  
flow  from  accumula tor   11.  The  flow  in  l ine  86  is  d i r e c t e d   to  t h e  

main  h o i s t   motor  44  complet ing  the  closed  loop,  and  l ine   94.  The  f l o w  

e n t e r i n g   the  main  h o i s t   motor  44  serves  to  p reven t   the  motor  44  from 

c a v i t a t i n g   and  the  flow  in  25b  l ine   94  is  blocked  at  motor  45  and 

e v e n t u a l l y   at  check  valve  52.  The  add i t i ona l   flow  c r e a t e d   by  motor  

and  pump  25  when  combined  with  the  load  induced  flow  which  has  

passed  through  the  make-up  motor  25(a)  p rovides   enough  p re s su re   and 

flow  to  prevent   the  main  h o i s t   motor  44  from  c a v i t a t i n g .   Any  e x c e s s  
flow  is  r e tu rned   to  the  main  crane  hydrau l i c   tank  68  through  r e l i e f  

valve  26  and/or   r e l i e f   valve  15  when  the  r e l i e f   valve  s e t t i n g s   have 

been  r e a c h e d .  

Again,  as  with  the  a u x i l i a r y   or  whip  h o i s t   non-powered  l o a d  

lowering  mode,  to  stop  lowering  the  load  the  o p e r a t o r   simply  m o v e s  
the  non-powered  load  lowering  ope ra to r   control   handle  to  i ts   normal 

or  c e n t e r e d   p o s i t i o n .   This  movement  e f f e c t i v e l y   b locks   the  p r e s s u r e  

port   on  the  ope ra to r   control   a l lowing  the  p r e s su re   on  the  speed  
cont ro l   and  brake  r e l ea se   l i ne s   101  and  102,  r e s p e c t i v e l y ,   to  dump 
to  the  crane  hyd rau l i c   r e s e r v o i r   68.  Thus  removing  p r e s s u r e   f rom 

the  p i l o t   element  of  the  speed  cont ro l   valve  29  and  brake  valve  51 



and  thus  a l lowing  the  main  h o i s t   brake  46  to  set   and  stop  the  l o a d  

from  f u r t h e r   l ower ing .   The  d e - a c t i v a t i o n   of  the  main  drum  non-  

powered  load  lowering  mode  is  accomplished  by  simply  p lac ing   t h e  

d e t e n t e d   v a l v e ' s   19  push  pull  handle  back  to  i t s   normal  p o s i t i o n .  

This  r e tu rn   of  d e t e n t e d   valve  19  to  i t s   o r i g i n a l   p o s i t i o n   i s o l a t e s  

the  non  powered  load  lower ing  system  from  the  c r a n e ' s   normal  o p e r a t i o n  

and  when  power  is  e v e n t u a l l y   r e s t o r e d   the  o p e r a t o r   can  proceed  t o  

o p e r a t e   the  crane  in  a  normal  manner .  

In  a d d i t i o n   to  having  the  non  powered  load  lowering  s y s t e m  

a s s o c i a t e d   with  the  a u x i l i a r y   or  whip  ho i s t   t he re   is  a lso   an 

emergency  r e l e a s e   system  for   the  a x u i l i a r y   or  whip  h o i s t .   A 

s i t u a t i o n   may  occur  wherein  the  hook  on  the  a u x i l i a r y   or  whip  h o i s t  

might  become  caught  or  fou led   on  some  moving  o b j e c t ,   such  as  a 

work  boat  or  barge  r e q u i r i n g   t ha t   the  a u x i l i a r y   or  whip  h o i s t   l i n e  

be  e f f e c t i v e l y   r e l e a s e d   in  order   to  fol low  the  d i r e c t i o n   of  the  moving 

o b j e c t   and  to  the reby   avoid  p o s s i b l e   damage  to  e i t h e r   the  moving 

o b j e c t   on  which  i t   is  fou led   or  to  the  crane  i t s e l f .   If  the  hook 

should  become  so  caught   or  f o u l e d ,   the  crane  o p e r a t o r   is  p r o v i d e d  

an  a d d i t i o n a l   push  pull   handle   for  the  emergency  r e l e a s e   sy s t em.  

The  crane  o p e r a t o r   pu l l s   the  push-pu l l   handle  to  a c t i v a t e   d e t e n t e d  

valve  21,  as  seen  in  Fig.  3.  It  should  be  noted  t h a t   the  system  i s  

des igned   to  opera te   with  the  crane  h y d r a u l i c   power  u n i t   s t i l l  

o p e r a t i n g   in  order   t h a t   the  system  will  be  c o n s t a n t   t e n s i o n i n g .  

Once  the  o p e r a t o r   has  a c t i v a t e d   de ten ted   valve  21,  a u t o m a t i c a l l y   a  

p r e s e t   l ine   t ens ion   and  a  r e q u i r e d   l ine   speed  is  m a i n t a i n e d   as  t h e  

l ine   a s s o c i a t e d   with  the  a u x i l i a r y   and  whip  h o i s t   is  hauled  in  o r  

paid  out  as  d i c t a t e d   by  the  r equ i r emen t s   of  the  moving  o b j e c t   t o  

which  i t   is  caught  or  f o u l e d .  

When  the  o p e r a t o r   a c t i v a t e s   the  emergency  con t ro l   p u s h - p u l l  

handle  a c t i v a t i n g   d e t e n t e d   valve  21,  the  p r e s s u r e   t h a t   is  d i r e c t e d  

from  the  p recharged   accumula to r   11  and  from  the  c r a n e ' s   normal 

con t ro l   c i r c u i t   p i l o t   oil  supply  103  assuming  t h a t   the  engine  i s  

s t i l l   o p e r a t i n g ,   will   (a)  r e l e a s e   the  a u x i l i a r y   or  whip  h o i s t   b r a k e  

through  a  s e r i e s   of  s h u t t l e   va lves ;   (b)  i s o l a t e   the  c r a n e ' s   normal 

h y d r a u l i c   speed  and  d i r e c t i o n   control   c i r c u i t   through  a  s e r i e s   o f  

d i r e c t i o n a l   cont ro l   va lve s ;   (c)  engage  the  c o n s t a n t   t en s ion   c i r c u i t ,  



assuming  tha t   the  engine  is  s t i l l   o p e r a b l e ,   through  d i r e c t i o n a l  

cont ro l   va lves ;   and,  (d)  a c t i v a t e   or  engage  the  make-up  c i r c u i t   i f  

and  when  it  is  de tec ted   tha t   the  engine  is  not  ope rab l e ,   or  loss  o f  

normal  systems  h y d r a u l i c  p r e s s u r e   occur  as  h i g h l i g h t e d   in  Fig.  4.  

It  is  also  assumed  that   the  ope ra to r   has  been  working  t h e  

a u x i l i a r y   or  whip  ho i s t   and  tha t   the  ho i s t   s e l e c t o r   valve  150  i s  

p o s i t i o n e d   to  the  a u x i l i a r y   or  whip  h o i s t .   In  th is   p o s i t i o n   p i l o t  

oil  from  l ine   103  flows  via  l ine   152  through  s e l e c t o r   valve  150  v i a  

l ine   153  to  the  l e f t   hand  p i l o t   of  de ten ted   valve  42  s h i f t i n g   it  t o  

i t s   l e f t   hand  s e c t i o n .  

Having  assumed  tha t   the  o p e r a t o r   has  a c t i v a t e d   t h e ' e m e r g e n c y  

r e l e a s e   cont ro l   system  by  r e p o s i t i o n i n g   de tented   valve  21,  p r e s s u r e  
from  the  c r a n e ' s   normal  h y d r a u l i c   system,  genera ted   by  the  d i e s e l  

engine  in  the  Skagi t   Ser ies   300  c rane ,   is  d i r e c t e d   via  l ine   103,  

the  p i l o t   oil  supply  l i ne ,   to  l ine   104  and  to  check  valve  18.  L ine  

104  channe l s   the  c r a n e ' s   h y d r a u l i c   p ressure   to  the  p i l o t   por t   o f  

d i r e c t i o n a l   control   valve  36  r e p o s i t i o n i n g   valve  36  to  the  r i g h t .  

The  p r e s s u r e   tha t   en te r s   check  valve  18  goes  into  the  a c c u m u l a t o r  

l ine   80  and  then,  along  with  accumula to r   p r e s s u r e ,   is  d i r e c t e d   v i a  

l ine   80  to  l ine   82  and  thence  through  the  r e p o s i t i o n e d   d e t e n t e d  

cont ro l   valve  21.  The  p ressure   flow  leaving  valve  21  e n t e r s   l i n e  

89  where  the  p ressure   is  d i r e c t e d   to  l ine   90,  91  and  92.  Line  92 

feeds  the  p ressure   flow  to  d i r e c t i o n a l   control   valve  28  and  to  l i n e  

93.  The   flow  from  valve  28  is  d i r e c t e d   to  r e l i e f   valve  26,  p i l o t i n g  

the  r e l i e f   valve  26  to  a  p r e s e t   r e l i e f   valve.   Line  93  channe l s   t h e  

c r a n e ' s   h y d r a u l i c   p ressure   to  s h u t t l e   valve  50  and  then  to  s h u t t l e  

valve  49  and  to  the  a u x i l i a r y   or  whip  ho i s t   brake  47,  r e l e a s i n g   t h e  

brake.   With  the  r e l ea se   of  the  h o i s t   brake  47  the  a u x i l i a r y   or  whip 
h o i s t   l ine   is  free  to  fol low  the  load  of  the  moving  ob j ec t   and  t h u s  

is  able  to  pay out   to  to  inhaul  as  r equ i r ed   by  the  d i r e c t i o n   of  t h e  

load  of  the  ob jec t .   In  the  payout  mode,  the  a u x i l i a r y   or  whip  h o i s t  

drum  r o t a t e s   backwards  thus  causing  the  a u x i l i a r y   or  whip  h o i s t   45 

to  r o t a t e   backwards  and  acts   as  a  pump  thus  c r e a t i n g   i t s   own  f l o w  

and  p r e s s u r e .   It  should  be  noted  tha t   t h i s   l o a d - i n d u c e d   flow  p r e s s u r e  

g e n e r a t e d   by  the  a u x i l i a r y   or  whip  ho i s t   motor  is  p r o p o r t i o n a l   t o  

the  l i n e   t ens ion   c rea ted   by  the  load  of  the  moving  ob j ec t   to  which 



the  h o i s t   l ine   is  f ou l ed .   This  l o a d - i n d u c e d   flow  ac ts   d i r e c t l y   on 

the  h o i s t   pump  swash  p l a t e   c o n t r o l .  

Re fe r r ing   back  to  the  p r e s su re   along  l ine   89  the  p r e s s u r e  
flow  leaves   d e t e n t e d   d i r e c t i o n a l   con t ro l   valve  21,  the  p r e s s u r e  
d i r e c t e d   to  l ine   91  is  d i r e c t e d   into  the  l e f t   hand  p o s i t i o n   o f  

r e p o s i t i o n e d   d i r e c t i o n a l   con t ro l   valve  36  where  i t   is  blocked.   L ine  

91  a l so   d i r e c t s   the  p r e s s u r e   flow  to  the  p i l o t   port   of  d i r e c t i o n a l  

con t ro l   valve  35  po r t i ng   i t   to  the  r i g h t ,   and  to  the  p i l o t   port   o f  

d i r e c t i o n a l   con t ro l   valve  55  d i r e c t i n g   i t   to  the  r i g h t .   The 

p r e s s u r e   flow  e n t e r i n g   l ine   90  d i r e c t s   the  p r e s su re   flow  t o  

d i r e c t i o n a l   con t ro l   va lves   58,  59  and  61.  The  p r e s su re   d i r e c t e d   t o  

valve  61  en t e r s   the  p i l o t   por t   s h i f t i n g   d i r e c t i o n a l   con t ro l   v a l v e  

61  downward  and  a l lowing   the  con t ro l   p r e s su re   on  o p e r a t o r   c o n t r o l  

66  to  dump  to  crane  h y d r a u l i c   tank  6 8 .  T h e   p r e s su re   d i r e c t e d   v i a  

l ine   90  to  d i r e c t i o n a l   con t ro l   va lves   58  and  59  e n t e r s   the  l o w e r  

p i l o t   por t s   on  the  d i r e c t i o n a l   cont ro l   valves   58  and  59  r e p o s i t i o n i n g  

the  valves   58,  59  upwardly.   Having  r e p o s i t i o n e d   the  d i r e c t i o n a l  

con t ro l   valves   58  and  59,  the  c r a n e ' s   p i l o t   oil  supply  is  a l l o w e d  

to  e n t e r ,   via  l ine   121  through  the  cen te r   p o s i t i o n   on  torque  c o n t r o l  

valve  60.  The  c en t e r   p o s i t i o n   of  valve  60  is  d iv ided  into  l i ne s   124 

and  125  which  d i r e c t   the  p r e s s u r e   flow  t o . d i r e c t i o n a l   con t ro l   v a l v e s  

58  and  59,  r e s p e c t i v e l y .   The  p r e s s u r e   flow  from  these   two  l i n e s   124 

and  125  is  then  d i r e c t e d   through  the  valves  58  and  59,  r e s p e c t i v e l y ,  

to  the  h o i s t   pump  swash  p l a t e   con t ro l   56  via  l i ne s   126  and  127 ,  

r e s p e c t i v e l y .   The  d i r e c t i o n a l   cont ro l   valve  60  is  a  to rque   l i m i t i n g  

valve  which  has  been  i n s t a l l e d   a d j a c e n t   to  the  h o i s t   pump.  T h i s  

valve  60  is  a  spool  type  with  two  p i l o t   por t s   at  each  end,  one 

p r e s s u r e   po r t ,   one  tank  por t   and  two  work  po r t s .   The  work  por ts   a r e  

connec ted   to  the  swash  p l a t e   con t ro l   por ts   56a  and  56b  on  the  h o i s t  

pump  through  normal ly   c losed   d i r e c t i o n a l   control   va lves   58  and  59 

which  are  opened  when  the  emergency  r e l e a s e   control   is  a c t i v a t e d   by 

the  o p e r a t o r .   The  high  p r e s s u r e   por t   of  the  h o i s t   pump  is  c o n n e c t e d  

to  the  lower  p i l o t   port   of  torque  valve  60.  The  o ther   two  por t s   a r e  

r a t i o   p o r t s .   A  reduced  p r e s s u r e   s ignal   is  connected  to  the  r a t i o  

p i l o t   por t   on  the  in-haul   or  upper  end  of  torque  valve  60.  P r e s s u r e  

reducing  valve  63  has  been  i n s t a l l e d   to  provide  t h i s   reduced  s i g n a l  



from  the  c r a n e ' s   h y d r a u l i c   cont ro l   system.  T h e  o t h e r   p i l o t   r a t i o  

po r t ,   on  the  outhaul  end  of  torque  valve  6 0 ,  i s   connected   to  t h e  

tank  re tu rn   c i r c u i t   or  to  the  crane  hydrau l i c   tank  68.  Note  t h a t  

the  torque  valve  60  is  a  valve  with  a  16:1  r a t i o  -   the  area  of  t h e  

p i s ton   on  the  r a t i o   port   which  is  connected  to  the  reduced  p r e s s u r e  
r a t i o   port  is  16  times  l a r g e r   than  the  p is ton  on  the  lower  p i l o t  

por t .   This  port  senses  the  load  induced  p ressure   in  l ine   157  and 

thus  when  the  load  induced  p r e s su re   exceeds  the  p r e d e t e r m i n e d  

reduced  p re s su re   by  a  f a c t o r   of  16  the  valve  will  s h i f t   and  cause  

p r e s su re   to  be  d i r e c t e d   to  the  oppos i te   side  of  the  pump  swash  p l a t e  

causing  the  drum  to  r o t a t e   in  the  opposi te   d i r e c t i o n   a l lowing  t h e  

l ine   to  payout ,   when  induced  p r e s su re   becomes  less   than  16  times  t h e  

p rede t e rmined   minimum  p r e s s u r e ,   the  valve  w i l l  s h i f t   back  to  t h e  

in-haul   p o s i t i o n s .   Valves  with  d i f f e r e n t   r a t i o s   are  a v a i l a b l e .   The 

actual   p re s su re   of  the  reduced  p r e s su re   signal  is  de te rmined   by  t h e  

minimum  l ine   t ens ion   tha t   is  r equ i r ed   by  the  Norwegian  Mar i t ime  

D i r e c t o r a t e   or  o ther   s i m i l a r   governmental  or  commercial  r e g u l a t i o n s  

of  s t anda rds   or  customer  r e q u e s t ,   i . e .   the  reduced  s ignal   to  t h e  

r a t i o   port  is  set  at  app rox ima te ly   100  psi.   In  o ther   words,  i t  

would  take  a  p r e s su re   in  excess  of  1600  psi  to  cause  torque  v a l v e  

60  to  s h i f t .   With  a  f ixed  p rede te rmined   p i l o t   s ignal   at  one  end  o f  

torque  valve  60  c r e a t i n g   an  imbalance,   torque  valve  60  will  s h i f t   t o  

the  in-haul   mode  and  cont ro l   p re s su re   will  be  t r a n s m i t t e d   t h rough  

d i r e c t i o n a l   control   valve  59  to  the  in-haul  port   of  the  h o i s t   pump 
swash  p la te   c o n t r o l .   This  causes  the  pump  to  go  in to   the  i n - h a u l  

mode.  Conversely  with  the  oppos i t e   end  of  torque  valve  60  s e n s i n g  

the  l o a d - i n d u c e d   p re s su re   e n t e r i n g   via  l ine  123  and  when  the  l o a d -  

induced  p ressure   exceeds  the  p rede te rmined   p r e s s u r e ,   torque  valve  60 

will  s h i f t   into  the  oppos i t e   d i r e c t i o n .   This  a l lows  con t ro l   p r e s s u r e  
to  be  t r a n s m i t t e d   through  the  d i r e c t i o n a l   cont ro l   valve  58  to  t h e  

pay-out   port   of  the  ho i s t   pump  swash  p la te   cont ro l   thus  changing  t h e  

d i r e c t i o n   of  flow  from  in-haul   to  payout.  Constant   t ens ion   i s  

t h e r e f o r e   achieved  and  the  pump  will  follow  the  load  in  any  d i r e c t i o n  

a u t o m a t i c a l l y .   The  crane  h y d r a u l i c   system  is  capable   of  s taying  in  

th i s   mode  i n d e f i n a t e l y   or  un t i l   e i t h e r   the  a u x i l i a r y   or  whip  h o i s t  

l ine   is  s t r i p p e d   from  the  a u x i l i a r y   or  whip  h o i s t  d r u m   when  the  l i n e  



pay-out   is  g r e a t e r   than  the  l ine   length   ( i t   should  be  noted  t h a t  

the  length  of  l i ne   on  the  a u x i l i a r y   or  whip  ho i s t   will  vary  t o  

f i t   the  a p p l i c a t i o n )   or  the  emergency  s i t u a t i o n   is  over  and  t h e  

o p e r a t o r   d e a c t i v a t e s   the  emergency  r e l e a s e   system  and  r e s e t s  

de t en t ed   valve  21,  or  the  engine  or  prime  mover  is  l o s t   o r  

a l t e r n a t i v e l y   a n o t h e r   p a r t i a l   loss   of  con t ro l   p ressure   o c c u r s .  

It  should  be  noted  t h a t   to  d e - a c t i v a t e   the  emergency  r e l e a s e  

system  the  o p e r a t o r   merely  wai ts   un t i l   the  a u x i l i a r y   or  whip 

h o i s t   is  in  the  in -hau l   mode.  The  o p e r a t o r   then  p laces   the  normal 

crane  h o i s t   con t ro l   on  the  in-haul   p o s i t i o n   and  r e t u r n s   the  emergency  
r e l e a s e   handle  to  i t s   normal  p o s i t i o n .   T r a n s i t i o n   to  a  normal 

o p e r a t i o n   under  these   c o n d i t i o n s   is  des igned   to  be  smooth  and  t o  

f u n c t i o n   w i thou t   p r o b l e m s .  

If  the  o p e r a t o r   p laces   the  crane  con t ro l   system  into  t h e  

emergency  r e l e a s e   mode,  t h a t   is  by  r e p o s i t i o n i n g   hand  o p e r a t e d  

de t en t ed   valve  21,  and  if  during  the  o p e r a t i o n   of  the  crane  in  t h e  

emergency  r e l e a s e   mode  a  loss   of  con t ro l   p r e s s u r e   occurs ,   as  f o r  

example  from  loss   of  the  prime  mover,  the  d iese l   engine ,   or  f a i l u r e  

or  loss   of  power  due  to  the  f a i l u r e   of  one  of  the  h y d r a u l i c  

components  e .g.   pump  f a i l u r e ,   or  hose  f a i l u r e ,   then  th i s   loss  o f  

cont ro l   p r e s s u r e   is  immediate ly   sensed  by  a  s e r i e s   of  d i r e c t i o n a l  

cont ro l   va lves .   Once  the  loss  of  h y d r a u l i c   control   p re s su re   i s  

sensed ,   as  can  be  seen  in  Fig.  4,  p r e s s u r e   from  the  accumula tor   11 

takes  over  and  is  capable   of  (a)  m a i n t a i n i n g   p re s su re   via  s h i f t i n g  

of  d i r e c t i o n a l   con t ro l   valves  and  s h u t t l e   valves   to  keep  the  h o i s t  

brake  r e l e a s e d ,   (b)  able  to  l o c k - o u t   the  c o n s t a n t   t ens ion   c i r c u i t  

system,  and  (c)  able  to  open  the  make-up  c i r c u i t   and  allow  t h e  

l o a d - i n d u c e d   flow  g e n e r a t e d   by  the  motor  ac t ing   as  a  pump  when  t h e  

load  is  lower ing   a f t e r   the  brake  is  r e l e a s e d   to  drive  the  make-up 

c i r c u i t .  

It   should  be  noted  tha t   when  the  emergency  r e l e a s e   w i t h  

c o n s t a n t   t e n s i o n   mode  has  been  a c t i v a t e d   and  an  e l e c t r i c a l   power 

f a i l u r e   only  occu r s ,   the  system  will   con t inue   to  f u n c t i o n .   This  i s  

done  for  s a fe ty   reasons   s ince  it   is  assumed  tha t   the  emergency 

r e l e a s e   has  been  a c t i v a t e d   because  the  hook  is  caught  or  f ou l ed .   I f  

the  brakes  were  to  set   at  t h i s   time  the  crane  could  become  o v e r l o a d e d  



causing  damage  or  i n ju ry .   With  only  a  minor  change,  r e l o c a t i o n   o f  

one  oil  supply  l ine ,   the  brakes  would  set  with  an  e l e c t r i c a l   power 

l o s s .  

With  loss  of  con t ro l   p r e s su re   there  is  no  longer   any  h y d r a u l i c  

p res su re   incoming  through  the  p i l o t   oil  supply  l ine  103  via  check 

valve  18  into  the  accumula tor   l ine  80  and  from  there   into  and  t h r o u g h  

de ten ted   d i r e c t i o n a l   con t ro l   valve  21  via  l ines   80  and  82.  In 

a d d i t i o n   there  is  no  longer   s u f f i c i e n t   p ressure   to  main ta in   t h e  

p i l o t e d   pos i t i on   of  d i r e c t i o n a l   control   valve  36  which  will  t h e n  

r e v e r t   to  i ts   normal  or  r i g h t   hand  pos i t i on   due  to  i t s  s p r i n g .   When 

d i r e c t i o n a l   control   valve  36  r e p o s i t i o n s   to  i ts   l e f t   a l lowing  t h e  

r igh t   hand  port  to  take  over ,   the  flow  from  accumula tor   11  i s  

d i r e c t e d   via  l ine  82  to  d e t e n t e d   hand  control   valve  21  into  l i n e  

89.  From  there  the  p r e s s u r e   is  d i r e c t e d   into  l i n e s   90,  91  and  92.  

From  l ine   91  the  p re s su re   e n t e r s   the  l e f t   hand  port  of  d i r e c t i o n a l  

cont ro l   valve  36,  i n s t ead   of  the  r i gh t   hand  port  of  d i r e c t i o n a l  

control   valve  36  where  it  would  have  been  blocked.   When  such 

p re s su re   is  d i r ec t ed   to  the  l e f t   port   it  is  then  ducted  down  v i a  

l ine   107  to  s h u t t l e   valves   38  and  39.  Shut t l e   valve  38  d i r e c t s   t h e  

p re s su re   via  l ine  105  to  the  r i g h t   hand  p i l o t   p o s i t i o n i n g   port   o f  

three   p o s i t i o n   d i r e c t i o n a l   con t ro l   valve  37,  and  s h u t t l e   39  d i r e c t s  

the  p ressure   via  l ine  106  to  s h u t t l e   valve  43  and  from  there   to  t h e  

r igh t   hand  p i l o t   p o s i t i o n i n g   port   of  d i r e c t i o n a l   con t ro l   valve  42 .  

S h i f t i n g   d i r e c t i o n a l   con t ro l   valve  42  to  i ts   r i gh t   hand  p o s i t i o n  

insures   that   the  l o a d - i n d u c e d   p ressure   tha t   is  d i r e c t e d   f rom 

a u x i l i a r y   or  whip  ho i s t   motor  45  via  l ine  117  will  be  b locked.   The 

r e p o s i t i o n i n g   of  t h r e e - p o s i t i o n   d i r e c t i o n a l   cont ro l   valve  37  to  t h e  

r i gh t   hand  port  allows  a  l o a d - i n d u c e d   flow  coming  via  l ine   117  i n t o  

d i r e c t i o n a l   control   valve  37  to  en ter   l ine  116,  which  d i r e c t s   t h e  

p ressure   to  d i r e c t i o n a l   con t ro l   valve  35.  D i r e c t i o n a l   cont ro l   v a l v e  

35  d i r e c t s   the  p ressure   into  l ine   114  since  it  has  been  ported  t o  

i ts   l e f t   hand  pos i t ion   by  the  accumulator   11  p r e s su re   coming  from 

line  91.  The  p ressure   from  d i r e c t i o n a l   control   valve  35  is  d i r e c t e d  

via  l ine  114  and  en te r s   flow  cont ro l   valve  31,  flow  cont ro l   valve  32 

and  flow  control   valve  33.  P ressure   leaving  flow  con t ro l   valve  31 

en te r s   l ine  109  which  d i r e c t s   p re s su re   through  check  valve  27  and  on 



into  l ine   108  to  the  make-up  motor  and  pump  25.  Pressure   g o i n g  

upwardly  via  l ine   108  is  blocked  at  the  th ree   p o s i t i o n   d i r e c t i o n a l  

con t ro l   valve  or  speed  cont ro l   valve  29,  while  p re s su re   g o i n g  

downwardly  via  l ine   108  en t e r s   the  p r e s s u r e   port   of  motor  2 5 ( a )  

a c t i v a t i n g   the  make-up  p r e s s u r e   system.  Pressure   d i r e c t e d   t h r o u g h  

flow  con t ro l   va lves   32  and  33  e v e n t u a l l y   r e j o i n s   when  l ines   111  and 

112  r e j o i n   and  e n t e r s   into  r e l i e f   va lve   34  which  e v e n t u a l l y   t i e s   t o  

l ine   86.  Once  the  make-up  pump  and  motor  are  a c t i v a t e d   p r e s s u r e   i s  

then  d i r e c t e d   from  pump  25(b)  via  l i ne   87  to  l ine   86  and  e v e n t u a l l y  

it   is  j o ined   by  the  combined  p r e s s u r e   from  l ines   111  and  112  l e a v i n g  

flow  con t ro l   va lves   32  and  33.  It  is  then  d i r e c t e d   to  the  a u x i l i a r y  

or  whip  h o i s t   motor  via  l ine   94  to  p r even t   it  from  c a v i t a t i n g .  

T h e r e f o r e ,   the  sensing  of  the  loss   of  cont ro l   p re s su re   has  been  

t r a n s l a t e d   and  e f f e c t e d   into  the  r e a c t i v a t i o n   of  the  make-up  pump 

and  motor  system  25  for  m a i n t a i n i n g   the  p re s su re   necessa ry   to  keep 

the  h o i s t   brake  r e l e a s e d .  

Since  t he re   is  no  longer   a  h y d r a u l i c   p re s su re   being  g e n e r a t e d  

by  the  prime  mover,  or  the  d iese l   engine  in  th i s   case,   t he re   is  no 

longer   a  p r e s s u r e   being  sensed  nor  is  t he re   a  reduced  p r e s s u r e   f rom 

the  crane  h y d r a u l i c   system  being  sensed  at  the  r e s p e c t i v e   ends  o f  

the  torque  valve  60.  In  a d d i t i o n ,   the re   is  no  longer  a  c o n t i n u o u s  

p r e s s u r e   being  p rovided   via  l ine   123  into  torque  valve  60  where  i t  

had  been  s p l i t   into  l i ne s   124  and  125  and  ported  through  d i r e c t i o n a l  

con t ro l   va lves   58  and  59,  r e s p e c t i v e l y ,   for   control   of  the  i n h a u l  

and  out  pay  of  the  h o i s t   drum  via  the  pump  swash  p l a t e s .   However ,  

a ccumula to r   p r e s s u r e   is  s t i l l   being  ma in t a ined   via  l ine   80  and  82 

through  d e t e n t e d   valve  21  to  l ine   89  to  l i nes   90  and  92.  P r e s s u r e  

from  l ine   90  s p l i t s   into  two  s e c t i o n s   and  d i r e c t s   the  p r e s s u r e   t o  
the  lower  p i l o t   por t s   of  d i r e c t i o n a l   con t ro l   valves  58,  59  and  t h e  

p i l o t   por t   of  valve  61,  should  power  r e t u r n .   If  power  does  r e t u r n  
then  the  d i r e c t i o n a l   control   va lves   58  and  59  are  p o s i t i o n e d   t o  

respond  to  the  i nc r ea sed   or  r e a c t i v a t e d   p re s su re   which  would  t h e n  

flow  as  be fo re   to  the  swash  p l a t e   of  the  h o i s t   pump,  valve  61  i s  

p o s i t i o n e d   such  t ha t   normal  crane  con t ro l   f u n c t i o n s   remain  l o c k e d  

out.  Again  i t   should  be  noted  t h a t   each  of  the  th ree   flow  c o n t r o l  

valves   31,  32  and  33  used  in  the  r e l e a s e   mode  wi thout   c o n s t a n t  



t ens ion   are  i n s t a l l e d   with  a  f ixed  flow  and  are  p ressure   and 

t e m p e r a t u r e   compensated  to  l im i t   the  maximum  speed  tha t   t h e  

a u x i l i a r y   or  whip  ho i s t   drum  is  capable   of  paying  out,  (paying  o u t  

only  in  t h i s   i n s t a n c e ,   since  there   is  no  c a p a b i l i t y   for  c o n t r o l l i n g  

inhaul  due  to  the  loss  of  h y d r a u l i c   power ) .  

It  should  also  be  noted  t ha t   l ine   92  is  connected  t o  

d i r e c t i o n a l   cont ro l   valve  28,  which  is  normally  open  and  hence  t o  

the  p i l o t   port   of  r e l i e f   valve  26,  thus  a c t i v a t i n g   r e l i e f   valve  26. 

F u r t h e r ,   l ine   92  is  connected  to  the  a u x i l i a r y   or  whip  brake  47 

through  l i ne   93  and  s h u t t l e   valves   49  and  50,  thus  m a i n t a i n i n g  

p r e s su re   on  a u x i l i a r y   or  whip  brake  47,  and  keeping  the  brake  in  

the  r e l e a s e   mode. 

In  th i s   emergency  r e l e a s e   mode  wi thout   c o n s t a n t   t ens ion   t h e  

a u x i l i a r y   or  whip  ho i s t   l ine  is  f ree   to  pay  out   as  n e c e s s a r y ,   and 

th i s   is  d i c t a t e d   by  the  load,   and  it  will  con t inue   to  pay  ou t   u n t i l  

e i t h e r   the  a u x i l i a r y   or  whip  h o i s t   l ine   is  s t r i p p e d   from  the  drum  o r  

the  o p e r a t o r   d e a c t i v a t e s   the  emergency  r e l e a s e   mode  by  s i m p l y  

r e t u r n i n g   the  emergency  r e l e a s e   con t ro l   handle  and  hence  the  d e t e n t e d  

d i r e c t i o n a l   con t ro l   valve  21  to  i t s   o r i g i n a l   p o s i t i o n .   T h i s  

d e a c t i v a t i o n   e l i m i n a t e s   p r e s su re   to  the  ho i s t   brake  and  cause s   t h e  

brake  to  se t ,   s topping  pay  ou t .   However,  i t   should  be  noted  t h a t  

should  t h i s   be  accompl ished  wi thou t   due  regard  for  the  i n c u r r e d  

load  t ha t   would  be  f e l t ,   then  it   is  p o s s i b l e   to  expe r i ence   damaging 

loads  upon  d e a c t i v a t i o n   of  the  system  and  upon  s e t t i n g   of  the  b r a k e .  

A  high  p r e s su re   r e l i e f   valve  34  has  been  i n s t a l l e d   in  t h e  

c i r c u i t   to  allow  for  momentary  payout  speeds  in  excess  of  the  s p e e d s  

set  and  normal ly   l imi t ed   by  the  flow  con t ro l   valves  31 ,  32   and  33.  

Re l i e f   valve  40  is  a c t i v a t e d   when  the  o p e r a t o r   s e l e c t s   the  emergency 
r e l e a s e   mode.  When  the  l o a d - i n d u c e d   flow  and  p r e s su re   in  l ine   17 

exceeds  the  r e l i e f   valve  40  s e t t i n g   excess   flow  g e n e r a t e d . b y   t h e  

a u x i l i a r y   or  whip  ho i s t   motor  ac t ing   as  a  pump  will  flow  t h r o u g h  

r e l i e f   valve  40  and  d i scharge   d i r e c t l y   into  l ine   86  through  check  

valve  160  and  into  the  low  p r e s s u r e   port   of  the  a u x i l i a r y   or  whip 

ho i s t   motor  45.  This  bypasses  the  make-up  c i r c u i t   thus  p r e v e n t i n g  

a u x i l i a r y   or  whip  ho i s t   motor  c a v i t a t i o n ,   and  p reven t ing   o v e r s p e e d i n g  

of  the  make-up  pump  and  motor  25.  



While  the  emergency  r e l e a s e   mode  of  the  h y d r a u l i c   c i r c u i t  

of  the  p r e s e n t   i nven t ion   has  been  de sc r i bed   with  and  wi thout   a 

c o n s t a n t   t ens ion   and  has  been  d e s c r i b e d   such  tha t   the  emergency 
r e l e a s e   mode  is  normal ly   a c t i v a t e d   with  c o n s t a n t   t ens ion   and  t hen  

only  upon  the  emergency  loss  of  power,  it  is  p o s s i b l e   to  u t i l i z e  

the  emergency  r e l e a s e   mode  of  the  Emergency  Release  System  d i r e c t l y  

should  a  loss  of  the  engine  or  the  loss   of  h y d r a u l i c   cont ro l   p r e s s u r e  

occur .   The  o p e r a t i o n   to  a c t i v a t e   the  emergency  r e l e a s e   control   i s  

as  before   and  i n s t e a d   of  t r a n s i t i o n i n g   from  an  emergency  r e l e a s e   mode 

with  c o n s t a n t   t ens ion   to  one  wi thout   c o n s t a n t   t e n s i o n ,   i t   immed ia t e ly  

e n t e r s   the  emergency  r e l e a s e   wi thout   c o n s t a n t   t ens ion   mode.  In  t h i s  

i n s t a n c e   p r e s s u r e   from  the  p recharged   accumula to r   11  will  cause  t h e  

a u x i l i a r y   or  whip  h o i s t   to  go  into  the  emergency  r e l e a s e   mode  such 

as  d e s c r i b e d   in  the  l a t t e r   po r t i on   of  the  d e s c r i p t i o n   for  t h e  

Emergency  Release  with  Cons tan t   Tension  mode. 

It  has  been  assumed  tha t   the  emergency  r e l e a s e   o p e r a t i o n  

wi thou t   power  is  the  r e s u l t   of  the  engine  not  o p e r a t i n g .   The  c r a n e  

o p e r a t o r   should  not  t ry  to  r e s t o r e   h y d r a u l i c   power  to  the  sys tem 

un t i l   the  emergency  r e l e a s e   handle  has  been  r e t u r n e d   to  i ts   normal 

p o s i t i o n .   R e s t o r a t i o n   of  power  while  the  crane  is  in  the  emergency 
r e l e a s e   mode  wi thou t   c o n s t a n t   t ens ion   will   r e s t o r e   con t ro l   p r e s s u r e  
which  will  be  sensed  immedia te ly   by  the  d i r e c t i o n a l   con t ro l   v a l v e  

c i r c u i t   causing  the  system  to  r e tu rn   to  the  emergency  r e l e a s e   mode 

with  c o n s t a n t   t e n s i o n .   If  the  a u x i l i a r y   or  whip  h o i s t   l ine   is  s l a c k ,  

the  c o n s t a n t   t ens ion   system  will   try  to  r e s t o r e   the  l ine   to  the  s e t  

t en s ion   as  r a p i d l y   as  p o s s i b l e .   This  rap id   l ine   recovery   may  cause  a 

severe   shock  load  to  the  crane.   Thus  the  o p e r a t o r   should  not  go 
back  to  normal  o p e r a t i o n   un t i l   the  hook  has  been  f reed   from  i t s  

caught   or  fou led   p o s i t i o n .  

In  a d d i t i o n   to  the  above  d e s c r i b e d   s a f e t y   or  emergency  l o c k -  

out  modes,  the  h y d r a u l i c   con t ro l   system  of  the  p r e s e n t   i n v e n t i o n  

also  inc ludes   an  emergency  shut-down  cont ro l   system.  This  emergency 
shut-down  con t ro l   is  des igned  to  comple te ly   shut  the  engine  (or  pr ime 

mover)  down  and  set  all  of  the  brakes  on  the  crane  when  it   is  a c t i v a t e d  

by  the  o p e r a t o r .   In  a d d i t i o n ,   the  emergency  shut-down  is  d e s i g n e d  

such  tha t   i t   a u t o m a t i c a l l y   se ts   all  of  the  brakes  in  the  event  of  an 



e l e c t r i c a l   power  f a i l u r e .   However,  if  the  non-powered  load  l o w e r i n g  

or  e i t h e r   of  the  emergency  r e l e a s e   system  has  been  a c t i v a t e d ,   o n l y  

those  systems  not  par t   of  these  emergency  systems  will  be  a f f e c t e d .  

These  o b j e c t s   of  the  emergency  shut-down  system  are  a c c o m p l i s h e d  

by  mechan i ca l l y   a t t a c h i n g   an  e l e c t r i c a l   switch  to  the  handle  of  t h e  

normally  provided  s tandard   engine  emergency  shut-down  c o n t r o l ,   w h i c h ,  

in  the  Skagi t   Ser ies   300  Crane  System,  is  l oca t ed   -in  the  crane  cab 

ad j acen t   to  the  o p e r a t o r ' s   r i g h t   hand.  The  shut-down  cont ro l   i s  

mechan ica l l y   a t t a c h e d   through  a  push  pull  cable  and  s u i t a b l e   l i n k a g e  

to  a  f l a p p e r   valve  on  the  engine  a i r   i n t ake .   The  f l a p p e r   valve  i s  

provided  as  s t andard   equipment  on  all   d iese l   eng ines ,   such  as  t h o s e  

used  on  the  Skagi t   cranes .   However,  if  o ther   engines   are  employed 

in  o ther   types  of  c ranes ,   then  s i m i l a r   valves   or  o ther   devices   c o u l d  

be  employed  to  e f f e c t   the  same  r e s u l t .   The  f l a p p e r   valve  on  t h e  

Skagit   d iese l   engine  must  be  p h y s i c a l l y   r e s e t   at  the  engine  a f t e r  

emergency  shut-down  is  a c t i v a t e d   in  order   to  r e s t a r t   the  e n g i n e .  

The  e l e c t r i c a l   switch  is  connected  to  a  so leno id   valve  which  i s  

loca ted   in  the  c r a n e ' s   h y d r a u l i c   con t ro l   c i r c u i t .  

When  the  emergency  engine  shut-down  cont ro l   is  in  the  normal 

run  p o s i t i o n ,   t ha t   is  when  the  crane  is  o p e r a t i n g   as  n o r m a l l y  

in tended ,   the  c o n t a c t s   on  the  e l e c t r i c a l   switch  are  c losed .   T h i s  

completes   the  e l e c t r i c a l   c i r c u i t   to  the  so l eno id   valve.   The 

so lenoid   valve  is  also  a  part   of  the  c r a n e ' s   h y d r a u l i c   system  a l o n g  

with  the  o ther   emergency  shut-down  sys t ems  and   is  p o s i t i o n e d   a s  

shown  in  f i gu re   7.  P i lo t   oil  is  supp l i ed   from  l ine   103  via  l i n e  

163  through  ene rg i zed   solenoid   valve  200  to  l ine   129  through  v a l v e  

61  to  the  o p e r a t o r   control   66.  

To  opera te   the  emergency  shut-down,   the  o p e r a t o r   merely  p u l l s  

up  on  handle  203,  shown  in  p e r s p e c t i v e   in  f i gu re   5.  This  a c t i o n  

r e l e a s e s   the  microswi tch   202  shown  in  f i g u r e   5,  shown  in  s c h e m a t i c  

form  in  f i g u r e   6,  such  that   i t   opens  the  e l e c t r i c a l   c i r c u i t   l i n e s  

170  and  171  which  power  so leno id   201.  When  so leno id   201  i s  

de - ene rg i zed   valve  200  s h i f t s   to  t h e  l e f t   due  to  the  spr ing  r e t u r n ,  

and  all  h y d r a u l i c   f l u id   d i r e c t e d   via  l ine   163  from  the  p i l o t   o i l  

supply  l ine   103  is  d i r e c t e d   to  the  blocked  port   of  valve  200.  In 

a d d i t i o n ,   all  of  the  p ressure   a v a i l a b l e   t o - t h e - o p e r a t o r   control   66 



is  dumped  into  the  c r a n e ' s   h y d r a u l i c   r e s e r v o i r   68  via  l ines   129  and 

163  which  now  is  por ted  through  and  d i r e c t e d   into  l ine   204  to  t h e  

crane  h y d r a u l i c   r e s e r v o i r   68.  Of  course  when  th i s   loss  of  h y d r a u l i c  

f l u i d   occurs ,   there   is  no  longer   any  a v a i l a b l e   p r e s s u r e   or  power  f o r  

the  c o n t r o l s   which  have  been  keeping  the  brakes  open  and  the  b r a k e s  

are  all   a u t o m a t i c a l l y   r e s e t .   It  should  be  noted  t h a t   with  the  loss  o f  

e l e c t r i c a l   power  for  whatever   reason  the  same  r e s u l t   occurs .   One 

a u t o m a t i c a l l y   loses   energy  to  the  so leno id   201  and  hence  the  s o l e n o i d  

valve  200  s h i f t s ,   dumping  the  a v a i l a b l e   h y d r a u l i c   f l u i d   for  o p e r a t o r  

con t ro l   66  to  the  h y d r a u l i c   r e s e r v o i r   68.  L ikewise ,   in  the  event  o f  

power  f a i l u r e   the  r e s u l t   of  loss   of  cont ro l   p r e s s u r e   or  of  dumping 

of  the  cont ro l   power  p r e s s u r e   to  the  h y d r a u l i c   tank  68  will  c a u s e  

all   of  the  brakes  to  set  as  with  the  o p e r a t i o n   of  the  emergency 

shut-down  sys tem.  

The  emergency  shut-down  system  is  a v a i l a b l e   for  use  with  o r  

w i thou t   e i t h e r   of  the  two  modes  of  the  emergency  r e l e a s e   systems  o r  

the  two  modes  of  the  emergency  non-powered  load  lowering  s y s t e m s .  

However,  the  p r e f e r r e d   mode  is  tha t   the  h y d r a u l i c   con t ro l   c i r c u i t  

for   the  crane  inc lude   all  th ree   of  said  c i r c u i t s   to  maximize  t h e  

s a f e t y   of  the  c r a n e .  

Having  reviewed  each  of  these  three   emergency  sa fe ty   s y s t e m s  

i t   should  be  appa ren t   t h a t   the  h y d r a u l i c   cont ro l   system  for  t h e  

crane  is  e a s i l y   wi th in   compliance  of  the  Norwegian  M a r i t i m e  

D i r e c t o r a t e   Regu l a t i ons   for  cranes  used  in  Norwegian  t e r r i t o r y   and  

in  Norwegian  waters   for   l i f t i n g   v e h i c l e s   and  l i f t i n g   devices .   I t  

should  also  be  obvious  t h a t   the  hyd rau l i c   c i r c u i t   is  capable   o f  

pass ing   the  c e r t i f i c a t i o n   r e q u i r e m e n t s   of  the  Norwegian  Government .  

The  above  d e s c r i b e d   h y d r a u l i c   cont ro l   c i r c u i t   is  but  one 

embodiment  of  the  type  of  f l u i d   control   c i r c u i t   where  such  f e a t u r e s  

as  the  emergency  r e l e a s e   with  c o n s t a n t   t ens ion   and  the  emergency 

non-powered  load  lowering  system,  p a r t i c u l a r l y   for  use  with  a  c r a n e  

h o i s t   or  a  crane  dev ice ,   could  be  used.  However,  i t   should  be  n o t e d  

t h a t   var ious   f l u i d   con t ro l   systems  could  be  used  with  s i m i l a r   r e s u l t s  

for  a p p r o p r i a t e   a p p l i c a t i o n s .   In  a d d i t i o n   s i m i l a r   emergency  c o n t r o l  

c i r c u i t s   could  be  used  employing  the  b e n e f i t s   of  the  emergency 

r e l e a s e   with  c o n s t a n t   t en s ion   system  and  the  emergency  non-powered  



load  lowering  system  wi thout   depa r t ing   from  the  scope  of  the  p r e s e n t  

i n v e n t i o n .   Fur the r   improvements ,   m o d i f i c a t i o n s   and  a l t e r n a t i v e  

a p p l i c a t i o n s   and  usage  will  t h e r e f o r e   be  r e a d i l y   appa ren t   to  t h o s e  

of  o rd ina ry   sk i l l   in  the  a r t .   Accord ing ly ,   the  scope  of  the  p r e s e n t  

i nven t ion   should  be  c o n s i d e r e d   in  terms  of  the  fo l lowing   claims  and 

it  is  not  to  be  l i m i t e d   to  the  d e t a i l e d   of  the  embodiment  and  i t s  

s t r u c t u r e   and  o p e r a t i o n s ,   shown  in  the  s p e c i f i c a t i o n   and  d r a w i n g s .  

We  c l a i m :  



1.  A  f l u id   con t ro l   system  for  ope ra t i on   of  a  w ind ing  

(b)  condui t   means  capable   of  supplying  said  power  t o  

said  dr ive   means ;  

(c)  a  p l u r a l i t y   of  va lv ing  means  capable   o f  

s e l e c t i v e l y   supply ing   said  power  to  said  d r i v e  

means;  and  

(d)  a  p l u r a l i t y   of  hand  operable   con t ro l   means 

capable   of  e f f e c t i n g   several   o p e r a t i n g   modes 

of  said  con t ro l   system  by  d i r e c t i n g   said  power 
to  a  s e l e c t   group  of  said  condu i t  means   and  s a i d  

va lv ing  means  for  a  p a r t i c u l a r   mode. 

2.  The  f l u i d   con t ro l   system  of  claim  1  wherein  s a i d  

o p e r a t i n g   modes  i n c l u d e :  

(1)  a  mode  for   normal  o p e r a t i o n ;  

(2)  a  mode  for   l e t t i n g   out  a  load  on  said  w ind ing  

means  when  the  normal  power  is  l o s t ,   w h i l e  

c o n t r o l l i n g   the  speed  with  which  said  l o a d  

unwinds  sa id   winding  means;  

(3)  a  mode  for   l e t t i n g   out  a  load  on  said  w ind ing  

means  when  t he re   is  a  p a r t i a l   loss  of  normal 

power,  while   m a i n t a i n i n g   a  s u b s t a n t i a l l y   c o n s t a n t  

t ens ion   from  said  winding  means  to  said  l o a d ;  

(4)  a  mode  for   l e t t i n g   out  a  load  on  said  w ind ing  

means  when  t he re   is  a  t o t a l   loss  of  normal 

power;  and  

(5)  a  mode  for  d i s a b l i n g   said  means  for   p r o v i d i n g  

power .  

3.  A  f l u i d   con t ro l   system  for  o p e r a t i n g   a  winding  means 

having  a  dr ive   means  i n c l u d i n g   a  braking  means  a s s o c i a t e d   t h e r e w i t h  

c o m p r i s i n g :  

(a)  means  for   g e n e r a t i n g   power;  



(b)  means  for  providing  a u x i l i a r y   power;  

(c)  condui t   means  capable  of  supplying  said  power 

to  said  drive  means  and  said  braking  means;  

(d)  a  hand  operable   control   means  having  one  p o s i t i o n  

for  norwal  mode  and  one  p o s i l i o n   for   emergency  
mode,  said  emergency  mode  being  adapted  to  l e t  

out  a  load  on  said  winding  means  when  there  i s  

a  loss  of  normal  power  while  s t i l l   c o n t r o l l i n g  

the  speed  with  which  said  load  unwinds  s a i d  

winding  means;  and 

(e)  valving  means  inc lud ing   a  means  for  a c t i v a t i n g  

said  brake  means  and  a  o p e r a t o r   c o n t r o l l e r   t h a t  

is  capable  of  d i r e c t i n g   said  power  to  d e a c t i v a t e  

said  brake  means  and  to  cont ro l   the  speed  o f  

unwinding  in  con junc t ion   with  a  flow  c o n t r o l  

valving  means. 

4.  A  f l u i d   cont ro l   system  for  ope ra t i ng   a  winding  means 

having  a  drive  means  inc lud ing   a  braking  means  a s s o c i a t e d   t h e r e w i t h  

c o m p r i s i n g :  

(a)  means  for  g e n e r a t i n g   power;  

(b)  means  for  p rovid ing   a u x i l i a r y   power;  
(c)  condui t   means  capable  of  supplying  said  power  t o  

said  drive  means  and  said  braking  means;  

(d)  a  hand  operable   control   means  having  one  p o s i t i o n  

for  normal  mode  and  one  p o s i t i o n   for  emergency 

mode;  and 

(e)  valving  means  inc lud ing   a  means  for  a c t u a t i n g  

said  braking  means  and  a  means  tha t   is  c a p a b l e  

of  d i r e c t i n g   said  power  to  d e a c t i v a t e   s a i d  

braking  means  and  to  main ta in   said  s u b s t a n t i a l l y  

cons t an t   t ens ion   in  c o n j u n c t i o n   with  a  t o r g u e  

a d j u s t a b l e   valving  means.  

5.  A  f l u id   cont ro l   system  for  ope ra t i ng   a  winding  means 

having  a  drive  means  inc lud ing   a  braking  means  a s s o c i a t e d   t h e r e w i t h  

c o m p r i s i n g :  

(a)  means  for  gene ra t i ng   power;  



(b)  means  for  p r o v i d i n g   a u x i l i a r y   power ;  

(c)  condu i t   means  capable   of  supply ing   said  power 
to  s a i d   d r i v e   means  and  s a i d   b r a k i n g   means ;  

(d)  a  hand  o p e r a b l e   cont ro l   means  having  one  p o s i t i o n  

for  normal  mode  and  one  p o s i t i o n   for  emergency 

mode,  sa id   emergency  mode  being  adapted  to  l e t  

out  a  load  on  said  winding  means  when  there   i s  

a  t o t a l   loss   of  normal  power;  and 

(e)  va lv ing   means  i nc lud ing   a  means  for  a c t i v a t i n g  

said  b rak ing   means  and  a  means  t ha t   is  c a p a b l e  

of  d i r e c t i n g   said  power  to  d e a c t i v a t e   s a i d  

braking  means  and  to  cont ro l   said  load  unwinding 

said  winding  means  in  c o n j u n c t i o n   with  a 

p l u r a l i t y   of  flow  cont ro l   va lv ing   means .  

6.  A  h y d r a u l i c   con t ro l   system  c o m p r i s i n g :  

(a)  a  prime  m o v e r ;  

(b)  at  l e a s t   one  h y d r a u l i c   pump  dr iven  by  said  p r ime 

mover  to  p rov ide   normal  h y d r a u l i c   power  and 

having  an  o u t l e t ;  

(c)  at  l e a s t   one  h y d r a u l i c   motor  having  an  i n l e t ;  

(d)  at  l e a s t   one  winch  dr iven  by  said  m o t o r ;  

(e)  condu i t   means  connec t ing   at  l e a s t   one  of  s a i d  

pump  o u t l e t s   to  said  motor  i n l e t s ;  

(f)  each  of  sa id   winches  having  a  braking  means  t h a t  

is  normal ly   a c t i v a t e d   to  brake  said  winch  and 

p reven t   normal  o p e r a t i o n   and  tha t   can  be 

d e a c t i v a t e d   by  a  h y d r a u l i c   p r e s s u r e ;  

(g)  condu i t   means  connec t ing   one  of  said  pump  o u t l e t s  

to  each  of  said  braking  means ;  

(h)  a  p l u r a l i t y   of  hand  operab le   va lves   each  be ing  

connec ted   to  said  condui t   means  at  a  p o i n t  

between  sa id   pump  o u t l e t s   and  said  motor  i n l e t s  

and  b rak ing   means  and  each  having  a  f i r s t   p o s i t i o n  

for  normal  mode  o p e r a t i o n   and  a  second  p o s i t i o n  

for  emergency  mode  o p e r a t i o n ;  



(i)  a  means  for  providing  a u x i l i a r y   h y d r a u l i c   power;  

(j)  condu i t   means  connect ing  said  a u x i l i a r y   h y d r a u l i c  

power  to  said  hand  operable   va lves ;   and 

(k)  a  p l u r a l i t y   of  d i r e c t i o n a l   cont ro l   valves  f o r  

s e l e c t i v e l y   d i r e c t i n g   h y d r a u l i c   power  to  s a i d  

brak ing   means  and  to  s a i d   M o t o r s .  

7.  The  h y d r a u l i c   control   system  of  claim  6  wherein  s a i d  

second  p o s i t i o n   for  at  l e a s t   one  of  said  hand  operab le   valves  i s  

adapted  to  d i r e c t   said  a u x i l i a r y   hydrau l i c   power  to  a  o p e r a t o r  

cont ro l   m e a n s ;  s a i d   o p e r a t o r   control   means  being  adapted  to  d i r e c t  

said  a u x i l i a r y   h y d r a u l i c   power  to  at  l e a s t   one  of  said  winch  b r a k i n g  

means  to  d e a c t i v a t e   said  braking  means  when  there   is  a  loss  o f  

normal  hydrau l i c   power  and  there   is  a  load   on  said  winch  whereby 

said  load  is  allowed  to  move  and  said  motor  a s s o c i a t e d   with  s a i d  

winch  opera tes   in  r e v e r s e   to  genera te   hyd rau l i c   power  from  s a i d  

motor  i n l e t ;   and  having  condui t   means  connec t ing   said  motor  i n l e t  

to  said  a u x i l i a r y   h y d r a u l i c   power  condui t   means.  

8.  The  h y d r a u l i c   control   system  of  claim  6  wherein  s a i d  

second  pos i t i on   for  one  of  said  hand  operable   valves   is  a d a p t e d  

to  d i r e c t   said  a u x i l i a r y   h y d r a u l i c . p o w e r   to  at  l e a s t   one  of  s a i d  

winch  braking  means  to  d e a c t i v a t e   said  braking  means  when  there   i s  

a  p a r t i a l   loss  of  normal  hyd rau l i c   power  and  there   is  a  load  on 

said  winch  and  to  s e l e c t i v e l y   d i r e c t   said  a u x i l i a r y   h y d r a u l i c  

power  to  some  of  said  d i r e c t i o n a l   control   valves   which  t h e n  

r e d i r e c t   said  h y d r a u l i c   power  to  a  torgue  valve  for  c o n t r o l l i n g  

the  l ine  tens ion   between  said  winch  and  said  l o a d .  

9.  The  h y d r a u l i c   control   system  of  claim  8  wherein  s a i d  

hand  operable   valve  for  e f f e c t i n g   said  o p e r a t i n g   mode  for  c o n t r o l l i n g  
said  l ine  tens ion   form  said  winding  means  to  said  load  d i r e c t s   s a i d  

hydrau l i c   power  to  a  torque  valve  which  works  to  main ta in   a 

s u b s t a n t i a l l y   c o n s t a n t   t ens ion   by  engaging  said  winch  to  i n - h a u l  

unt i l   said  tens ion   is  main ta ined   when  said  load  is  nega t ive   and 

employing  a  swi tching  means  to  provide  a  s ignal   to  said  h y d r a u l i c  



pump  and  motor  a s s o c i a t e d   with  said  winch  whereby  there   is  a  smooth 

t r a n s i t i o n   from  ou t -hau l   to  i n - h a u l .  

10.  The  h y d r a u l i c   con t ro l   system  of  claim  6  wherein  s a i d  

second  p o s i t i o n   fo r   one  of  said  hand  ope rab le   valves   being  a d a p t e d  

to  d i r e c t   said  a u x i l i a r y   h y d r a u l i c   p r e s su re   to  at  l e a s t   one  o f  

sa id   winch  braking  means  to  d e a c t i v a t e   said  braking  means  where 

t h e r e   is  a  loss   of  normal  h y d r a u l i c   p r e s s u r e   and  the re   is  a  l o a d  

on  said  winch  whereby  said  load  is  al lowed  to  move  and  said  motor  

a s s o c i a t e d   with  sa id   winch  o p e r a t e s   in  r eve r se   to  gene ra t e   h y d r a u l i c  

power  from  said  motor  i n l e t .  

11.  The  h y d r a u l i c   cont ro l   system  of  claim  6  wherein  s a i d  

second  p o s i t i o n   for  one  of  said  hand  operab le   va lves   being  a d a p t e d  

to  d i r e c t   said  normal  h y d r a u l i c   power  to  an  emergency  tank  and  b e i n g  

a s s o c i a t e d   with  a  means  for  s h u t t i n g   down  said  prime  mover .  

12.  The  con t ro l   system  of  any one  of  claims  1  to  6  w h e r e i n  

sa id   means  for   g e n e r a t i n g   h y d r a u l i c   power  is  a  d iese l   engine  or  an 

e l e c t r i c   m o t o r .  

13.  The  h y d r a u l i c   cont ro l   system  of  any one  of  claims  1 

t o  6   wherein   sa id   winding  means  is  a  winch  having  a  braking  means 

to  a c t i v a t e   and  d e a c t i v a t e   i t s   normal  o p e r a t i o n .  

14.  The  h y d r a u l i c   crane  system  of  any one  of  claims  1  t o  

6  wherein   said  va lv ing   means  inc ludes   d i r e c t i o n a l   con t ro l   v a l v e s ,  

s h u t t l e   va lves   and  flow  con t ro l   v a l v e s .  
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