
European  Patent  Office 

Office  europeen  des  brevets  
©  Publication  number: 0  1 2 2   8 0 7  

A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84302591.7 

©  Date  of  filing:  17.04.84 

©  int.  ci.3:  B  66  F  9 / 2 2  
F  15  B  2 1 / 0 8  

©  Priority:  18.04.83  US  486201 

©  Date  of  publication  of  application: 
24.10.84  Bulletin  84/43 

©  Designated  Contracting  States: 
DE  FR  GB 

©  Applicant:  Clark  Equipment  Company 
Circle  Drive 
Buchanan  Michigan  49107(US) 

©  Inventor:  Trusock,  George  Joseph 
68,  Garrison  Street 
Battle  Creek  Michigan  4901  7(US) 

©  Representative:  Sheader,  Brian  N.  et  al, 
ERIC  POTTER  &  CLARKSON  5  Market  Way  Broad  Street 
Reading  Berkshire,  RG1  2BNIGB) 

o  
00 

<M 
(M 

©  Hydraulic  system  with  proportional  control. 
(§)  An  hydraulic  control  system  is  disclosed  for  energizing  a 
load,  such  as  the  lift  cylinder  (56)  of  an  electric  lift  truck,  with  a 
minimum  of  power  loss  during  the  transition  from  zero  to  full 
energization,  i.e.  during  the  feathering  range.  An  electric 
motor  (44)  drives  a  positive  displacement  pump  (42)  which 
supplies  the  flow  requirements  of  different  load  circuits,  one 
having  a  greater  flow  requirement  than  the  other  and  requir- 
ing  higher  pump  speed.  A  proportioning  valve  (86)  of  the  open 
centre  type  provides  full  flow  to  the  tank  (54)  when  the  valve 
(86)  is  closed  and  full  flow  to  the  load  circuit  having  the  greater 
flow  requirement  when  the  valve  (86)  is  open.  A  manually 
actuable  lever  (1  6)  actuates  the  valve  (86)  through  the  feather- 
ing  range  with  the  pump  motor  in  a  low  speed  range  and 
actuates  a  speed  control  switch  (218)  to  operate  the  motor  (44) 
in  the  high  speed  range  when  the  valve  (86)  is  fully  open. 
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A n   hydraulic  control  system  is  disclosed  for  energizing  a 
load,  such  as  the  lift  cylinder  (56)  of  an  electric  lift  truck,  with  a 
minimum  of  power  loss  during  the transition  from  zero  to  full 
energization,  i.e.  during  the  feathering  range.  An  electric 
motor  (44)  drives  a  positive  displacement  pump  (42)  which 
supplies  the  flow  requirements  of  different  load  circuits,  one 
having  a  greater  flow  requirement  than  the  other  and  requir- 
ing  higher  pump  speed.  A  proportioning  valve  (86)  of the  open 
centre  type  provides  full  flow  to  the  tank  (54)  when  the  valve 
(86)  is  closed  and  full  flowtothe  load  circuit  having  the  greater 
flow  requirement  when  the  valve  (86)  is  open.  A  manually 
actuable  lever  (16)  actuates the  valve  (86)  through  the  feather- 
ing  range  with  the  pump  motor  in  a  low  speed  range  and 
actuates  a  speed  control  switch  (218)  to  operate  the  motor  (44) 
in  the  high  speed  range  when  the  valve  (86)  is  fully  open. 



T h i s   i n v e n t i o n   r e l a t e s   to  h y d r a u l i c   s y s t e m s   f o r  

work  v e h i c l e s   such   as  l i f t   t r u c k s ;   more  p a r t i c u l a r l y ,   i t  

r e l a t e s   to  a  c o n t r o l   s y s t e m   wh ich   a l l o w s   g r a d u a l  

e n e r g i z a t i o n   of  an  h y d r a u l i c   l o a d   c i r c u i t   w i t h   r e d u c e d  

p o w e r   l o s s .  

In  c o n v e n t i o n a l   l i f t   t r u c k s   i t   is  common  p r a c t i c e  

to  u s e   an  e l e c t r i c   m o t o r   to  d r i v e   a  p o s i t i v e   d i s p l a c e m e n t  

l i f t   pump  w h i c h   s u p p l i e s   p r e s s u r i z e d   f l u i d   to   t h e  

h y d r a u l i c   l o a d   d e v i c e   i n c l u d i n g   t he   l i f t   m o t o r .   T h e  

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

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

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

h y d r a u l i c   f l o w .   C e r t a i n   a u x i l i a r y   l o a d   d e v i c e s ,   s u c h   as  a  
l o a d   h a n d l i n g   c l a m p ,   r e q u i r e   an  i n t e r m e d i a t e   v a l u e   o f  

h y d r a u l i c   f l o w .   The  l i f t   m o t o r   i s   e n e r g i z e d   w i t h  

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

v a l v e .   The  l i f t   v a l v e   i s   an  open  c e n t r e ,   p r o p o r t i o n i n g  

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

t a n k   o u t l e t   p o r t   w i t h   no  f l o w   to  t h e   l o a d   o u t l e t   p o r t  

when  t he   v a l v e   is   c l o s e d .   I t   p r o v i d e s   f u l l   f l o w   f rom  t h e  

i n l e t   p o r t   to  t h e   l o a d   o u t l e t   p o r t   w i t h   no  f l o w   to  t h e  

t a n k   o u t l e t   p o r t   when  t he   v a l v e   is   o p e n .   In  t h e   r a n g e  
b e t w e e n   t he   open  and  c l o s e d   c o n d i t i o n s   t h e r e   i s   a  
f u n c t i o n a l   r e l a t i o n s h i p   b e t w e e n   t h e   f l o w   to  t h e   l o a d   p o r t  
and  t h e   v a l v e   m o v e m e n t   and ,   even   t h o u g h   t h e   f u n c t i o n a l  

r e l a t i o n s h i p   may  be  n o n l i n e a r ,   t h e   v a l v e   i s   c a l l e d   a  

p r o p o r t i o n i n g   v a l v e .   Such  a  p r o p o r t i o n i n g   v a l v e   p e r m i t s  

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

e n e r g i z a t i o n   by  g r a d u a l   o p e n i n g   of  t h e   v a l v e   in  t h e  

t r a n s i t i o n   r e g i o n   b e t w e e n   t h e   open  and  c l o s e d   c o n d i t i o n s .  

The  l i f t   m o t o r   i s   s t a r t e d   by  m o v i n g   t h e   l i f t  

c o n t r o l   l e v e r   f rom  t h e   n e u t r a l   p o s i t i o n   in  t h e   l i f t  

d i r e c t i o n .   D u r i n g   f i r s t   i n c r e m e n t   of  m o v e m e n t   t h e  

c o n t r o l   l e v e r   a c t u a t e s   a  s w i t c h   wh ich   e n e r g i z e s   t h e   pump 
m o t o r   w i t h   f u l l   b a t t e r y   v o l t a g e   to  p r o d u c e   maximum  pump 
f l o w .   At  f i r s t ,   t he   e n t i r e   h y d r a u l i c   f l u i d   c i r c u l a t e s  

f rom  t h e   pump  o u t l e t   t h r o u g h   the   open  c e n t r e   l i f t   v a l v e  



and  r e t u r n s   to  t h e   t a n k .   As  t h e   c o n t r o l   l e v e r   i s   m o v e d  

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

r e t u r n   p o r t   and  p r o g r e s s i v e l y   o p e n s   t h e   l i f t   m o t o r   p o r t  

so  t h a t   t h e r e   i s   a  d e c r e a s i n g   f l o w   to  t h e   t a n k   and  a n  

i n c r e a s i n g   f l o w   to   t h e   m o t o r   in  c o r r e s p o n d e n c e   w i t h   t h e  

m o v e m e n t   of  t h e   l i f t   c o n t r o l   l e v e r .   When  t h e   f l o w  

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

D u r i n g   t h e   t r a n s i t i o n   f r o m   f u l l   f l o w   to  t h e   t a n k   to  f u l l  

f l o w   t o   t h e   l i f t   m o t o r ,   e n e r g y   i s   l o s t   in  t h e   l i f t   v a l v e  

in  t h e   fo rm  of  h e a t   due   to  t he   p r e s s u r i z e d   f l u i d   b e i n g  
r e d u c e d   to   t h e   low  p r e s s u r e   of   t h e   t a n k .  

A  g e n e r a l   o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d e   a n  

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

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

e n e r g i z a t i o n   of  a  l o a d   d e v i c e   w i t h   m i n i m i z e d   p o w e r   l o s s .  

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

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

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

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

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

w i t h   t h e   pump,   s a i d   pump  b e i n g   a d a p t e d   to   s u p p l y   t h e   f l o w  

r e q u i r e d   by  t h e   f i r s t   l o a d   c i r c u i t   when  t h e   m o t o r   i s  

o p e r a t e d   in   a  low  s p e e d   r a n g e   and  to  s u p p l y   t h e   f l o w  

r e q u i r e d   by  t h e   s e c o n d   l o a d   c i r c u i t   when  t h e   m o t o r   i s  

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

c o n t r o l l i n g   f l o w   f r o m   t h e   pump  to  t h e   s e c o n d   l o a d  

c i r c u i t ,   s a i d   v a l v e   h a v i n g   an  i n l e t   p o r t   in  f l u i d  

c o m m u n i c a t i o n   w i t h   t h e   pump  o u t l e t ,   a  r e t u r n   p o r t   i n  

f l u i d   c o m m u n i c a t i o n   w i t h   t h e   pump  i n l e t   and  a  l o a d   p o r t  
in  f l u i d   c o m m u n i c a t i o n   w i t h   t h e   l o a d   d e v i c e ,   s a i d   v a l v e  

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

means   f o r   e n e r g i z i n g   t h e   m o t o r   f o r   o p e r a t i o n   in  t h e   l o w  

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

e n e r g i z i n g   t h e   m o t o r   f o r   o p e r a t i o n   in  t h e   h i g h   s p e e d  

r a n g e   when  t h e   l o a d   p o r t   i s   f u l l y   open   and  t h e   r e t u r n  



p o r t   i s   f u l l y   c l o s e d   w h e r e b y   t h e   pump  is   o p e r a t e d   in  t h e  

low  s p e e d   r a n g e   d u r i n g   t r a n s i t i o n   of  t h e   r e t u r n   p o r t   f r o m  

open   to   c l o s e   to  r e d u c e   t h e   e n e r g y   l o s s   d u r i n g   t h e  

t r a n s i t i o n .  

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  work  v e h i c l e  

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

c i r c u i t s ,   s a i d   s e c o n d   l o a d   c i r c u i t   h a v i n g   a  g r e a t e r  

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

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

p r e s s u r i z e d   f l u i d   to  t h e   l o a d   c i r c u i t s ,   a  c h a n g e a b l e  

s p e e d   e l e c t r i c   m o t o r   c o n n e c t e d   w i t h   t h e   pump,  s a i d   p u m p  

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

l o a d   c i r c u i t   when  the   m o t o r   i s   o p e r a t e d   in  a  low  s p e e d  

r a n g e   and  to   s u p p l y   t he   f l o w   r e q u i r e d   by  t h e   s e c o n d   l o a d  

c i r c u i t   when  t h e   m o t o r   i s   o p e r a t e d   in  a  h i g h   s p e e d   r a n g e ,  

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

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

c a u s i n g   s a i d   m o t o r   to  be  o p e r a t e d   in  t h e   low  s p e e d   r a n g e ,  

an  open  c e n t r e   p r o p o r t i o n i n g   v a l v e   f o r   c o n t r o l l i n g   f l o w  

f rom  t h e   pump  to  t h e   s e c o n d   l o a d   c i r c u i t ,   s a i d   v a l v e  

h a v i n g   a  v a l v e   body  i n c l u d i n g   and  i n l e t   p o r t   in  f l u i d  

c o m m u n i c a t i o n   w i t h   t he   pump  o u t l e t ,   a  r e t u r n   p o r t   i n  

c o m m u n i c a t i o n   w i t h   t he   pump  i n l e t   and  a  l o a d   p o r t   i n  

c o m m u n i c a t i o n   w i t h   a  l o a d   d e v i c e ,   s a i d   v a l v e   i n c l u d i n g   a  

s p o o l   m o v a b l e   b e t w e e n   a  c l o s e d   p o s i t i o n   and  an  o p e n  

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

c l o s e d   to  t h e   i n l e t   p o r t   and  t h e   r e t u r n   p o r t   open  to   t h e  

i n l e t   p o r t ,   s a i d   open  p o s i t i o n   h a v i n g   t h e   l o a d   p o r t   o p e n  

to  t h e   i n l e t   p o r t   and  t he   r e t u r n   p o r t   c l o s e d   to   t h e   i n l e t  

p o r t ,   a  s e c o n d   m a n u a l l y   a c t u a b l e   s e l e c t o r   means   c o u p l e d  

w i t h   s a i d   s p o o l   f o r   mov ing   i t   b e t w e e n   t h e   c l o s e d   and  o p e n  

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

r e t u r n   p o r t   and  i n c r e a s i n g   t h e   f l o w   to   t h e   l o a d   p o r t ,   a n d  

m o t o r   s p e e d   c o n t r o l   means  i n c l u d i n g   s w i t c h i n g   means   f o r  

o p e r a t i n g   t h e   m o t o r   in  t he   h i g h   s p e e d   r a n g e   when  t h e  

s w i t c h i n g   means   i s   a c t i v a t e d ,   s a i d   s e c o n d   s e l e c t o r   m e a n s  

b e i n g   c o u p l e d   w i t h   the   s w i t c h i n g   means   f o r   a c t i v a t i n g   t h e  

s w i t c h i n g   means   when  the   s p o o l   r e a c h e s   t he   open  p o s i t i o n ,  



w h e r e b y   t h e   pump  is   o p e r a t e d   in  t h e   low  s p e e d   r a n g e  

d u r i n g   t r a n s i t i o n   of  t h e   r e t u r n   o u t l e t   f rom  open  t o  

c l o s e d   and  t h e r e b y   r e d u c e s   t h e   e n e r g y   l o s s   d u r i n g   t h e  

t r a n s i t i o n .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   an  h y d r a u l i c   l o a d  

c i r c u i t   r e q u i r i n g   a  r e l a t i v e l y   h i g h   f l o w   is   e n e r g i z e d  

f rom  a  c h a n g e a b l e   s p e e d   pump  by  o p e n i n g   a  p r o p o r t i o n i n g  

v a l v e   t h r o u g h   i t s   p r o p o r t i o n a l   r a n g e   w i t h   t h e   pump 

o p e r a t i n g   in  a  low  s p e e d   r a n g e   and  t h e n ,   when  t he   v a l v e  

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

h i g h   s p e e d   r a n g e .   T h u s ,   f e a t h e r i n g   o p e r a t i o n   of  t h e  

v a l v e   o c c u r s   a  r e d u c e d   f l o w   l e v e l   w i t h   a  c o n s e q u e n t  

r e d u c t i o n   in  p o w e r   l o s s ;   i n i t i a t i o n   of  t h e   h i g h   s p e e d  

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

l e v e l   r e q u i r e d   f o r   t h e   l o a d   c i r c u i t .  

F u r t h e r ,   in   a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   a  m o t o r  

c o n t r o l   c i r c u i t   i s   p r o v i d e d   to   i n c r e a s e   t h e   m o t o r   t o r q u e  
in  r e s p o n s e   to   i n c r e a s e d   l o a d   so  t h a t   a  h e a v y   l o a d   d e v i c e  

can  be  a c t u a t e d   d u r i n g   o p e r a t i o n   of  t h e   m o t o r   in  t h e   l o w  

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

s y s t e m   in  w h i c h   t h e   m o t o r   v o l t a g e   i s   i n c r e a s e d   i n  

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

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

p r e d e t e r m i n e d   l i m i t s .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   an  h y d r a u l i c  

c o n t r o l   s y s t e m   p r o v i d e s   f o r   e n e r g i z i n g   a  l o a d   d e v i c e   by  a  

p r o p o r t i o n i n g   v a l v e   w i t h   a  min imum  of  p o w e r   l o s s   d u r i n g  

t h e   t r a n s i t i o n   f r o m   z e r o   to   f u l l   e n e r g i z a t i o n .   T h e  

s y s t e m   c o m p r i s e s   a  p r o p o r t i o n i n g   v a l v e   f o r   c o n t r o l l i n g  

t h e   f l o w   f r o m   a  p o s i t i v e   d i s p l a c e m e n t   pump  to  t h e   l o a d  

c i r c u i t ,   t h e   v a l v e   h a v i n g   an  i n l e t   p o r t   c o m m u n i c a t i n g  

w i t h   t h e   pump  o u t l e t ,   a  r e t u r n   p o r t   c o m m u n i c a t i n g   w i t h  

t h e   pump  i n l e t   and   a  l o a d   p o r t   c o m m u n i c a t i n g   w i t h   t h e  

l o a d   d e v i c e .   The  v a l v e   i n c l u d e s   means   f o r   p r o g r e s s i v e l y  

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

r e t u r n   p o r t .   C o n t r o l   means   a r e   p r o v i d e d   f o r   e n e r g i z i n g  

t h e   m o t o r   f o r   o p e r a t i o n   in  a  low  s p e e d   r a n g e   d u r i n g  

o p e n i n g   of  t h e   l o a d   p o r t   and  f o r   e n e r g i z i n g   t h e   m o t o r   f o r  



o p e r a t i o n   in  a  h i g h   s p e e d   r a n g e   when  t he   l o a d   p o r t   i s  

f u l l y   open  and  t h e   r e t u r n   o u t l e t   is   f u l l y   c l o s e d .  

F u r t h e r ,   in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   a n  

i m p r o v e d   p r o p o r t i o n a l   l i f t   c o n t r o l   i s   p r o v i d e d   f o r   a n  

e l e c t r i c   l i f t   t r u c k   in  w h i c h   t h e   l i f t   c y l i n d e r   i s  

e n e r g i z e d   t h r o u g h   i t s   f e a t h e r i n g   r a n g e   w i t h   a  min imum  o f  

p o w e r   l o s s .   An  e l e c t r i c   m o t o r   d r i v e s   a  p o s i t i v e  

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

r e q u i r e m e n t s   of  t h e   p o w e r   s t e e r i n g   c i r c u i t   when  t h e   m o t o r  

is   o p e r a t e d   in  a  low  s p e e d   r a n g e .   I t   s u p p l i e s   t h e   f l o w  

r e q u i r e m e n t s   of  t h e   l i f t   c i r c u i t   when  t he   m o t o r   i s  

o p e r a t e d   in  a  h i g h   s p e e d   r a n g e .   A  l i f t   v a l v e   f o r  

c o n t r o l l i n g   t h e   f l o w   f rom  t h e   pump  to  t h e   l i f t   c i r c u i t   i s  

an  open   c e n t r e ,   p r o p o r t i o n i n g   t y p e   v a l v e   and  p r o v i d e s  

f u l l   f l o w   to  t h e   t a n k   when  t h e   v a l v e   i s   c l o s e d   and  f u l l  

f l o w   to  t h e   l i f t   c y l i n d e r   when  t he   v a l v e   i s   o p e n .   A 

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

t h r o u g h   t he   f e a t h e r i n g   r a n g e   w i t h   pump  m o t o r   in  t h e   l o w  

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

o p e r a t e   t he   m o t o r   in  t h e   h i g h   s p e e d   r a n g e   when  t h e   l i f t  

v a l v e   i s   f u l l y   o p e n .  

A  more  c o m p l e t e   u n d e r s t a n d i n g   of  t h i s   i n v e n t i o n   may 
be  o b t a i n e d   f rom  t h e   d e s c r i p t i o n   t h a t   f o l l o w s ,   t a k e n   w i t h  

t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  i s   a  p e r s p e c t i v e   v iew  of  a  l i f t   t r u c k  

s h o w i n g   c e r t a i n   m a n u a l   c o n t r o l s   f o r   u s e   by  t h e   d r i v e r ;  

F i g u r e   2  i s   a  b l o c k   d i a g r a m   of  t h e   h y d r a u l i c   s y s t e m  
of  t h e   t r u c k ;  

F i g u r e   3  i s   a  d i a g r a m   of  t h e   e l e c t r i c a l   s y s t e m ;  

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v i ew  of  a  l i f t   v a l v e ;  

F i g u r e   5  shows  t h e   l i f t   c o n t r o l   l e v e r   a n d  

a s s o c i a t e d   s p e e d   s e l e c t o r   s w i t c h ;  

F i g u r e   6  shows  t h e   v o l t a g e   c o n t r o l   c i r c u i t   f o r   t h e  
d r i v e   m o t o r   of  t h e   p u m p ;  

F i g u r e   7  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of  t h e  

o p e r a t i o n a l   c h a r a c t e r i s t i c s   of  t he   d r i v e   m o t o r ;  

F i g u r e   8  i s   a  g r a p h   of  s p e e d   c h a n g e   f o r   u se   i n  

e x p l a i n i n g   o p e r a t i o n   of  t h e   i n v e n t i o n ;   a n d  



F i g u r e   9  i s   a  s c h e m a t i c   d i a g r a m   of  t he   h y d r a u l i c  

s y s t e m .  

R e f e r r i n g   now  to   t h e   d r a w i n g s ,   t h e r e   i s   shown  a n  
i l l u s t r a t i v e   e m b o d i m e n t   of  t h e   i n v e n t i o n   in  t h e   h y d r a u l i c  

s y s t e m   of   a  work   v e h i c l e ,   s p e c i f i c a l l y   a  l i f t   t r u c k .   I t  

w i l l   be  a p p r e c i a t e d   as   t h e   d e s c r i p t i o n   p r o c e e d s   t h a t   t h e  

i n v e n t i o n   may  be  e m p l o y e d   in  o t h e r   t y p e s   of  work  v e h i c l e s  

and  i s   u s e f u l   in   o t h e r   a p p l i c a t i o n s .  

G e n e r a l   D e s c r i p t i o n   of  t h e   L i f t   T r u c k  

R e f e r r i n g   now  t o   F i g u r e   1,  an  e l e c t r i c   l i f t   t r u c k  

i s   d e p i c t e d   t o   show  t h e   d r i v e r ' s   s t a t i o n   and  t h e   m a n u a l  

c o n t r o l s   f o r   o p e r a t i n g   t h e   l i f t   t r u c k .   In  a  k n o w n  

m a n n e r ,   b u t   n o t   shown  in  t h e   d r a w i n g s ,   t h e   l i f t   t r u c k   i s  

p r o v i d e d   w i t h   an  e x t e n d i b l e   u p r i g h t   w i t h   a  l i f t   c a r r i a g e  

w h i c h   i s   r a i s e d   or   l o w e r e d   by  an  h y d r a u l i c   m o t o r .   T h e  

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

m o t i o n   a b o u t   a  h o r i z o n t a l   a x i s   f o r   t i l t i n g   f o r w a r d l y   o r  

r e a r w a r d l y   by  a  p a i r   of   h y d r a u l i c   m o t o r s .   In  a d d i t i o n ,  

t h e   l i f t   t r u c k   may  be  p r o v i d e d   w i t h   an  a u x i l i a r y   l o a d  

h a n d l i n g   d e v i c e   s u c h   as  a  s i d e   s h i f t e r ,   l o a d   camp  o r  

r o t a t o r .  

The  l i f t   t r u c k   i s   p r o v i d e d   w i t h   a  d r i v e r ' s   s t a t i o n  

i n c l u d i n g   a  s e a t   12  and  a  s t e e r i n g   w h e e l   14  w h i c h   i s  

c o u p l e d   to   t h e   d i r i g i b l e   w h e e l s   ( n o t   shown)  t h r o u g h   a n  

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

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

f u n c t i o n s   of   t h e   l i f t   t r u c k   i n c l u d e   a  l i f t   c o n t r o l   l e v e r  

16,   a  t i l t   c o n t r o l   l e v e r   18  and  an  a u x i l i a r y   c o n t r o l  

l e v e r   22 .   A  d r i v e   s e l e c t o r   l e v e r   24  i s   m o u n t e d   on  t h e  

s t e e r i n g   c o l u m n   and  i s   c o u p l e d   w i t h   a  c o n t r o l l e r   26  w h i c h  

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

m o t o r .   The  c o n t r o l l e r   26 ,   p e r   s e ,   f o r m s   no  p a r t   of  t h e  

p r e s e n t   i n v e n t i o n ;   i t   d o e s ,   h o w e v e r ,   c o n t r o l   t h e  

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

of   t h e   h y d r a u l i c   s y s t e m .   The  d r i v e   s e l e c t o r   l e v e r   24  i s  

c o u p l e d   by  a  s u i t a b l e  l i n k a g e   28  w i t h   t h e   c o n t r o l l e r   2 6  

f o r   t h e   s e l e c t i o n   of   n e u t r a l ,   f o r w a r d ,   r e v e r s e   or   p a r k  

modes   of  o p e r a t i o n   of  t h e   t r a c t i o n   m o t o r .   A l s o ,   a  s e a t  



o c c u p a n c y   d e t e c t o r   32  i s   p r o v i d e d   as  a  s a f e t y   d e v i c e   i n  

t h e   c o n t r o l   of  t h e   t r a c t i o n   m o t o r   and  t h e   h y d r a u l i c  

s y s t e m .   The  d e t e c t o r   32  i n c l u d e s   a  s u i t a b l e   l i n k a g e   34 

c o u p l e d   b e t w e e n   t h e   s e a t   12  and  t h e   c o n t r o l l e r   26.  An 

a c c e l e r a t o r   p e d a l   36  i s   c o n n e c t e d   t h r o u g h   a  s u i t a b l e  

l i n k a g e   to   t h e   c o n t r o l l e r   26  f o r   s t a r t i n g   and  s p e e d  

c o n t r o l   of  t h e   t r a c t i o n   m o t o r .   The  d r i v e r ' s   s t a t i o n  

a d d i t i o n a l l y   i n c l u d e s   a  f o o t   b r a k e   p e d a l   38  f o r   o p e r a t i o n  

of  t h e   s e r v i c e   b r a k e   of  t h e   v e h i c l e .  

F i g u r e   2  i s   a  b l o c k   d i a g r a m   of  t h e   h y d r a u l i c   s y s t e m  

of  t h e   l i f t   t r u c k .   I t   c o m p r i s e s   a  s i n g l e   h y d r a u l i c   pump 
42  of  t h e   p o s i t i v e   d i s p l a c e m e n t   t y p e .   The  pump  is   d r i v e n  

by  an  e l e c t r i c   m o t o r   44  w h i c h   i s   a  DC  s e r i e s   m o t o r .   T h e  

s y s t e m   f u r t h e r   c o m p r i s e s   a  s t e e r i n g   u n i t   46  and  a  m a i n  

v a l v e   48.  H y d r a u l i c   f l u i d   i s   s u p p l i e d   f r o m   t h e   pump  42 

to   t h e   s t e e r i n g   u n i t   46  and  t h r o u g h   t h e   s t e e r i n g   u n i t   t o  

t h e   main   v a l v e   48.   The  s t e e r i n g   u n i t   46  i n c l u d e s   a  

s t e e r i n g   c o n t r o l   v a l v e   ( n o t   shown  in  F i g u r e   2)  w h i c h  

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

c y l i n d e r   52  f o r   power   s t e e r i n g .   The  s t e e r i n g   u n i t   a l s o  

i n c l u d e s   a  r e t u r n   to   t h e   h y d r a u l i c   r e s e r v o i r   or  t a n k   5 4 .  

T h e  m a i n   v a l v e   48  s u p p l i e s   f l u i d   to  t h e   h y d r a u l i c   m o t o r  

or   l i f t   c y l i n d e r   56  f o r   t he   l i f t   c a r r i a g e   of  t h e   l i f t  

t r u c k .   A l s o ,   t h e   main   v a l v e   48  s u p p l i e s   f l u i d   to  t h e  

h y d r a u l i c   m o t o r s   or  t i l t   c y l i n d e r s   58  and  58'  f o r   t i l t i n g  

t h e   u p r i g h t   of  t h e   l i f t   t r u c k .   A d d i t i o n a l l y ,   t h e   m a i n  

v a l v e   48  s u p p l i e s   f l u i d   to  an  a u x i l i a r y   h y d r a u l i c   m o t o r  

or   c y l i n d e r   59.  The  f l u i d   f rom  t h e   ma in   v a l v e   i s  

r e t u r n e d   to  t he   t a n k   t h r o u g h   a  r e t u r n   l i n e .  

F i g u r e   3  shows  t h e   e l e c t r i c a l   c i r c u i t s ,   in  b l o c k  

d i a g r a m ,   f o r   e n e r g i z i n g   t h e   pump  m o t o r   44  and  f o r  

e n e r g i z i n g   t h e   t r a c t i o n   m o t o r   62.  The  v o l t a g e   f rom  t h e  

v e h i c l e   b a t t e r y   64  i s   s u p p l i e d   t h r o u g h   a  key  s w i t c h   65  t o  

t h e   c o n t r o l l e r   26  and  t h e n c e   t h r o u g h   a  pump  s w i t c h   82  t o  

t h e   pump  m o t o r   44.   The  e n e r g i z i n g   c i r c u i t   f o r   t he   pump 
m o t o r   44  i s   c o m p l e t e d   t h r o u g h   a  v o l t a g e   c o n t r o l   c i r c u i t  

66.  The  pump  42  i s   c o n n e c t e d   w i t h   t h e   h y d r a u l i c   s y s t e m  

100 .   The  b a t t e r y   v o l t a g e   i s   a p p l i e d   f rom  t h e   c o n t r o l l e r  



26  t h r o u g h   t h e   m o t o r   c o n t r o l   c i r c u i t s   68  to  t h e   t r a c t i o n  

m o t o r   62.  The  c o n t r o l l e r   26  i n c l u d e s   s w i t c h i n g   c i r c u i t s  

w h i c h   a r e   c o n t r o l l e d   by  t h e   d r i v e   s e l e c t o r   24,   t h e   s e a t  

o c c u p a n c y   d e t e c t o r   32  and  t h e   a c c e l e r a t o r   p e d a l   36  in  a  

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

The  c o n t r o l l e r   26  i n c l u d e s   a  s t a r t   s w i t c h   7 2  

b e t w e e n   t h e   b a t t e r y   64  and  t h e   m o t o r   c o n t r o l   c i r c u i t   6 8 .  

The  s t a r t   s w i t c h   i s   a c t u a t e d   by  m o v e m e n t   of  t h e  

a c c e l e r a t o r   p e d a l   36.   A  s p e e d   c o n t r o l   member  74  of  t h e  

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

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

c i r c u i t s   68.  D i r e c t i o n   c o n t r o l   f o r   t h e   t r a c t i o n   m o t o r   i s  

p r o v i d e d   by  a  f o r w a r d   c o n t r o l   s w i t c h   76  and  a  r e v e r s e  

c o n t r o l   s w i t c h   78.   T h e s e   s w i t c h e s   a r e   c o n n e c t e d   i n  

p a r a l l e l   w i t h   e a c h   o t h e r   and  in  s e r i e s   w i t h   t h e   s t a r t  

s w i t c h   72  b e t w e e n   t h e   b a t t e r y   64  and  t h e   m o t o r   c o n t r o l  

c i r c u i t s   68.   T h u s ,   t h e   t r a c t i o n   m o t o r   62  w i l l   b e  

e n e r g i z e d   t h r o u g h   t h e   m o t o r   c o n t r o l   c i r c u i t   68  when  t h e  

key   s w i t c h   65  and  t h e   s t a r t   s w i t c h   72  a r e   c l o s e d   w i t h  

e i t h e r   t h e   f o r w a r d   c o n t r o l   s w i t c h   7 6  o r   t h e   r e v e r s e  

c o n t r o l   s w i t c h   78  c l o s e d .  

T h e  c o n t r o l l e r   26  a l s o   i n c l u d e s   a  pump  c o n t r o l  

s w i t c h   82  w h i c h   i s   s e r i a l l y   c o n n e c t e d   b e t w e e n   t h e   k e y  

s w i t c h   65  and  b a t t e r y   64  and   t h e   pump  m o t o r   4 4 .  

A c c o r d i n g l y ,   when  t h e   pump  c o n t r o l   s w i t c h   82  i s   o p e n e d ,  

t h e   pump  m o t o r   44  i s   t u r n e d   o f f   and  t h e   f l u i d   to  t h e  

h y d r a u l i c   s y s t e m   100  i s   c u t - o f f .  

The  pump  c o n t r o l   s w i t c h   82,   t h e   f o r w a r d   c o n t r o l  

s w i t c h   76  and  t h e   r e v e r s e   c o n t r o l   s w i t c h   78  a r e  

s e l e c t i v e l y   a c t u a t e d   by  t h e   d r i v e   s e l e c t o r   l e v e r   2 4 .  

W i t h   t h e   d r i v e   s e l e c t o r   l e v e r   in   n e u t r a l ,   b o t h   t h e  

f o r w a r d   s w i t c h   76  and  t h e   r e v e r s e   s w i t c h   78  a r e   open  a n d  

t h e   pump  c o n t r o l   s w i t c h   82  i s   c l o s e d .   Wi th   t h e   s e l e c t o r  

l e v e r   in  t h e   f o r w a r d   or  r e v e r s e   p o s i t i o n s   t h e   r e s p e c t i v e  

f o r w a r d   and  r e v e r s e   s w i t c h e s   76  and  78  a r e   c l o s e d   and  t h e  

pump  s w i t c h   82  i s   c l o s e d .   W i t h   t h e   s e l e c t o r   l e v e r   i n  

p a r k ,   t h e   f o r w a r d   and  r e v e r s e   s w i t c h e s   76  and  78  a r e   o p e n  
and   t h e   pump  c o n t r o l   s w i t c h   82  i s   o p e n .  



The  s e l e c t i v e   a c t u a t i o n   of  t h e   f o r w a r d   and  r e v e r s e  

s w i t c h e s   76  and  78  and  t he   pump  c o n t r o l   s w i t c h   82  is   a l s o  

c o n t r o l l e d   by  t h e   s e a t   o c c u p a n c y   d e t e c t o r   32.  T h e  

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

24  is   in  n e u t r a l ,   to  c a u s e   the   pump  c o n t r o l   s w i t c h   82  t o  

open   and  t h e r e b y   t u r n   o f f   t he   pump  m o t o r   44  when  t h e  

d r i v e r   d i s m o u n t s   f rom  t h e   s e a t .   A l s o ,   t h e   d e t e c t o r   32  i s  

o p e r a t i v e ,   when  t h e   s e l e c t o r   l e v e r   24  i s   in  e i t h e r  

f o r w a r d   or  r e v e r s e ,   in  r e s p o n s e   to  t h e   d r i v e r   d i s m o u n t i n g  

f rom  t h e   s e a t ,   to   c a u s e   t h e   f o r w a r d   and  r e v e r s e   s w i t c h e s  

76  and  78  to  open   and  d e e n e r g i z e   t h e   t r a c t i o n   m o t o r   a n d  

to  c a u s e   t h e   pump  c o n t r o l   s w i t c h   82  to   open   a n d  

d e e n e r g i z e   t h e   pump  m o t o r .  

In  s u m m a r y ,   t h e   e l e c t r i c a l   c i r c u i t   of  F i g u r e   3,  a s  

j u s t   d e s c r i b e d ,   i s   o p e r a t i v e   to   d e e n e r g i z e   t h e   t r a c t i o n  

m o t o r   62  u n l e s s   t h e   key  s w i t c h   65  and  t h e   s t a r t   s w i t c h   72  

and  one  of  t h e   f o r w a r d   or   r e v e r s e   s w i t c h e s   76  or  7 8 ,  

r e s p e c t i v e l y ,   a r e   a l l   c l o s e d .   A l s o ,   i t   i s   o p e r a t i v e   t o  

d e e n e r g i z e   t h e   pump  m o t o r   44  u n l e s s   t h e   key  s w i t c h   65  a n d  

t h e   pump  s w i t c h   82  a r e   b o t h   c l o s e d ;   t h e   pump  s w i t c h   82  i s  

c l o s e d   o n l y   when  t he   d r i v e r ' s   s e a t   i s   o c c u p i e d   and  w h e n  

t h e   d r i v e   s e l e c t o r   l e v e r   24  i s   in  f o r w a r d ,   r e v e r s e   o r  

n e u t r a l .   The  pump  s w i t c h   82  i s   open   when  t h e   d r i v e  

s e l e c t o r   l e v e r   24  i s   in  p a r k   r e g a r d l e s s   of  d r i v e r ' s   s e a t  

o c c u p a n c y .   As  a  r e s u l t   of  t h i s   c o n t r o l ,   h y d r a u l i c   f l u i d  

to  t h e   h y d r a u l i c   s y s t e m   100  is   c u t - o f f   u n l e s s   t h e   d r i v e r  

o c c u p i e s   t h e   s e a t   and  t he   d r i v e   s e l e c t o r   l e v e r   24  i s   i n  

f o r w a r d ,   r e v e r s e   or  n e u t r a l .  

The  H y d r a u l i c   S y s t e m  

The  h y d r a u l i c   s y s t e m   100  i n c l u d e s   a  p o w e r   s t e e r i n g  

c i r c u i t   f o r   t h e   v e h i c l e ,   a  l i f t   c i r c u i t   f o r   t h e   l i f t  

c a r r i a g e ,   a  t i l t   c i r c u i t   f o r   t he   u p r i g h t   and  an  a c t u a t i o n  

c i r c u i t   f o r   t h e   a u x i l i a r y   l o a d   h a n d l i n g   d e v i c e .   M a n u a l  

c o n t r o l   of  t h e   power   s t e e r i n g   u n i t   46  i s   e x e r c i s e d   by  t h e  

s t e e r i n g   w h e e l .   Manua l   c o n t r o l   of  t h e   l i f t ,   t i l t   a n d  

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



r e s p e c t i v e   hand  l e v e r s   16 ,   18  and  22  ( s e e   F i g u r e   2 ) .   F o r  

t h i s   p u r p o s e ,   t h e   s t e e r i n g   w h e e l   14  i s   c o u p l e d   w i t h   t h e  

s t e e r i n g   v a l v e   84  f o r   a c t u a t i o n   of  t h e   v a l v e   in  r e s p o n s e  

to   s t e e r i n g   w h e e l   m o t i o n .   The  l i f t   c o n t r o l   l e v e r   16  i s  

c o u p l e d   w i t h   a  l i f t   v a l v e   86  and  t h e   t i l t   c o n t r o l   l e v e r  

18  i s   c o u p l e d   w i t h   a  t i l t   v a l v e   88.   A l s o ,   t h e   a u x i l i a r y  

c o n t r o l   l e v e r   22  i s   c o u p l e d   w i t h   an  a u x i l i a r y   v a l v e   9 2 .  

B e f o r e   p r o c e e d i n g   w i t h   t h e   d e s c r i p t i o n   of  t h e   l i f t  

v a l v e   and  t h e   pump  s p e e d   c o n t r o l ,   i t   w i l l   be  h e l p f u l   t o  

c o n s i d e r   t h e   o v e r a l l   h y d r a u l i c   s y s t e m   of  t h e   l i f t   t r u c k .  

The  h y d r a u l i c   s y s t e m   i s   shown  s c h e m a t i c a l l y   i n  

F i g u r e   9.  In   g e n e r a l ,   t h e   s y s t e m   c o m p r i s e s   t h e   p o s i t i v e  

d i s p l a c e m e n t   pump  42,   t h e   s t e e r i n g   u n i t   46  and  t h e   m a i n  

v a l v e   48 .   The  s y s t e m   a l s o   i n c l u d e s   t h e   h y d r a u l i c  

r e s e r v o i r   or   t a n k   5 4 .  

The  h y d r a u l i c   s y s t e m   i s   a r r a n g e d   so  t h a t   t h e   p o w e r  

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

f u n c t i o n s   in  t h e   l i f t   t r u c k .   F o r   t h i s   p u r p o s e ,   a  

p r i o r i t y   d e m a n d   v a l v e   102  i s   p r o v i d e d   and  f o r   d e s i g n  

p u r p o s e s   i t   i s   l o c a t e d   in  t h e   s t e e r i n g   u n i t   46.   T h e  

s t e e r i n g   u n i t   46  a l s o   i n c l u d e s   a  s t e e r i n g   v a l v e   84  w h i c h  

c o n t r o l s   e n e r g i z a t i o n   of  t h e   s t e e r i n g   c y l i n d e r   52.   T h e  

m a i n   v a l v e   48  i n c l u d e s   t h e   l i f t   c o n t r o l   v a l v e   86  w h i c h  

c o n t r o l s   t h e   l i f t   c y l i n d e r   56  and  t h e   t i l t   c o n t r o l   v a l v e  

88  w h i c h   c o n t r o l s   t h e   t i l t   c y l i n d e r s   58  and  5 8 ' .   T h e  

m a i n   v a l v e   a l s o   i n c l u d e s   t h e   a u x i l i a r y   c o n t r o l   v a l v e   92  

w h i c h   c o n t r o l s   t h e   a u x i l i a r y   c y l i n d e r   5 9 .  

F o r   t h e   p u r p o s e   of  d e t e r m i n i n g   f l o w   p r i o r i t y ,   t h e  

p r i o r i t y   demand   v a l v e   102  i s   l o c a t e d   u p s t r e a m   of  t h e  

s t e e r i n g   c o n t r o l   v a l v e   84  and  t h e   main   v a l v e   48.   A 

p r e s s u r e   r e l i e f   v a l v e   104  i s   c o u p l e d   b e t w e e n   t h e   p r i o r i t y  

d e m a n d   v a l v e   102  and  t h e   s t e e r i n g   c o n t r o l   v a l v e   84.  A 

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

in  t h e   m a i n   v a l v e   48.   The  t w o - s t a g e   p r e s s u r e   r e l i e f  

v a l v e   i n c l u d e s   a  ma in   r e l i e f   v a l v e   106  w h i c h   i s  

c o n t r o l l e d   by  a  p i l o t   r e l i e f   v a l v e   108  and  a  p i l o t   r e l i e f  

v a l v e   1 1 2 .  



As  shown  in  F i g u r e   9,  t he   pump  42  has  i t s   i n l e t  

c o n n e c t e d   to  t h e   t a n k   54.  The  o u t l e t   of  t h e   pump  42  i s  

c o n n e c t e d   to  t h e   i n l e t   p o r t   114  of  t h e   p r i o r i t y   d e m a n d  

v a l v e   102 .   The  p r i o r i t y   demand  v a l v e   has   a  p r i m a r y  

o u t l e t   p o r t   116  c o n n e c t e d   w i t h   t he   i n l e t   p o r t   118  of  t h e  

s t e e r i n g   c o n t r o l   v a l v e   84.  I t   has  a  s e c o n d a r y   o u t l e t  

p o r t   122  c o n n e c t e d   t h r o u g h   a  s u p p l y   l i n e   124  to   a  c o n t r o l  

i n l e t   p o r t   150  of   t h e   l i f t   c o n t r o l   v a l v e   86.   T h e  

p r i o r i t y   demand   v a l v e   102  i s   a d a p t e d   to   g i v e   p r i o r i t y   t o  

t h e   f l o w   r e q u i r e m e n t s   of  t he   power   s t e e r i n g   s y s t e m  

t h r o u g h   t h e   p r i m a r y   o u t l e t   p o r t   116 .   I f   t h e   i n p u t   f l o w  

to  t h e   p r i o r i t y   demand   v a l v e   is   g r e a t e r   t h a n   t h a t   to  b e  

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

i s   d i v e r t e d   by  t h e   p r i o r i t y   demand  v a l v e   to  t h e   s e c o n d a y  

o u t l e t   p o r t   122  and  l i n e   124  f o r   u s e   by  o t h e r   h y d r a u l i c  

f u n c t i o n s .   Fo r   e x a m p l e ,   t h e   power   s t e e r i n g   c i r c u i t   m a y  
be  r a t e d   f o r   a  maximum  of  f i v e   g a l l o n s   ( 2 2 . 7 5   l i t r e s )   p e r  
m i n u t e   and  a  maximum  of  1 , 0 0 0   PSI  ( 7 0 . 4   k g / c m 2 ) .   I t   w i l l  

be  a p p r e c i a t e d   t h a t   t h e   a c t u a l   f l o w   and  p r e s s u r e   w i l l   b e  

d e t e r m i n e d   by  t h e   a c t u a t i o n   of  t h e   s t e e r i n g   c o n t r o l   v a l v e  

84  and  t h e   l o a d   i m p o s e d   by  t h e   s t e e r i n g   s y s t e m .   The  f l o w  

p r o d u c e d   to  t h e   i n l e t   p o r t   114  of  t h e   p r i o r i t y   d e m a n d  

v a l v e   102  d e p e n d s ,   of  c o u r s e ,   upon  t h e   s p e e d   of  t h e   p u m p  
42.   As  w i l l   be  d e s c r i b e d   f u r t h e r   b e l o w ,   in  t h e   e x a m p l e  

of  t h i s   i l l u s t r a t i v e   e m b o d i m e n t ,   o p e r a t i o n   in  a  low  s p e e d  

r a n g e   of  a b o u t   800  RPM  is   u s e d   f o r   t h e   p o w e r   s t e e r i n g   a n d  

t i l t   f u n c t i o n s .   T h i s   p r o v i d e s   a b o u t   f i v e   g a l l o n s   ( 2 2 . 7 5  

l i t r e s )   p e r   m i n u t e   and  t h e   p r e s s u r e   may  v a r y   o v e r   a  r a n g e  

up  to  1 , 0 0 0   P S I ( 7 0 . 4   k g / c m 2 ) ,   d e p e n d i n g   upon   l o a d .  

O p e r a t i o n   of  t h e   pump  in  an  i n t e r m e d i a t e   s p e e d   r a n g e   o f  

a b o u t   1 , 2 0 0   RPM  i s   u s e d   f o r   t he   a u x i l i a r y   l o a d   d e v i c e  

such   as  a  l o a d   h a n d l i n g   c l a m p ;   t he   f l o w   r e q u i r e m e n t   m a y  

be  a b o u t   n i n e   g a l l o n s   ( 4 0 . 9 5   l i t r e s )   p e r   m i n u t e   and  t h e  

p r e s s u r e   may  r a n g e   up  to   2 , 0 0 0   PSI  ( 1 4 0 . 8   k g / c m 2 ) .   I n  

o p e r a t i o n   of  t h e   pump  a t   h i g h   s p e e d ,   w h i c h   may  be  a b o u t  

1 , 8 0 0   RPM  f o r   t h e   l i f t   f u n c t i o n ,   t he   f l o w   may  be  a b o u t   20  

g a l l o n s   (91  l i t r e s )   p e r   m i n u t e   w i t h   p r e s s u r e s   r a n g i n g   u p  
to  3 , 0 0 0   PSI  ( 2 1 1 . 2   k g / c m 2 ) .  



The  p o w e r   s t e e r i n g   c i r c u i t   c o m p r i s e s   t he   s t e e r i n g  

c o n t r o l   v a l v e   84  and  t h e   s t e e r i n g   c y l i n d e r   52.  T h e  

s t e e r i n g   c o n t r o l   v a l v e   84  i s   a  m e t e r i n g   v a l v e   w i t h   a n  

open   c e n t r e   s p o o l   a d a p t e d   to   b i - d i r e c t i o n a l   c o n t r o l   o f  

t h e   d o u b l e - a c t i n g   s t e e r i n g   c y l i n d e r   52  f o r   a c t u a t i n g   t h e  

d i r i g i b l e   w h e e l s   of  t h e   l i f t   t r u c k .   The  s t e e r i n g   c o n t r o l  

v a l v e   84  i s   p r o v i d e d   w i t h   a  p r i m a r y   r e t u r n   p o r t   126  w h i c h  

is   c o n n e c t e d   t h r o u g h   a  c h e c k   v a l v e   128  to   t h e   s u p p l y   l i n e  

1 2 4 .   The  s t e e r i n g   c o n t r o l   v a l v e   84  i s   p r o v i d e d   w i t h   a  

s e c o n d a r y   r e t u r n   p o r t   132  w h i c h   i s   c o n n e c t e d   to  t h e   t a n k  

54.  The  r e l i e f   v a l v e   104  i s   p r o v i d e d   to   p r e v e n t  

e x c e s s i v e   p r e s s u r e   in  t h e   s t e e r i n g   s y s t e m .   For   t h i s  

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

o u t l e t   p o r t   116  of   t h e   p r i o r i t y   demand   v a l v e   102 .   T h e  

o u t l e t   p o r t   of  t h e   r e l i e f   v a l v e   104  i s   c o n n e c t e d   to   t h e  

s e c o n d a r y   r e t u r n   p o r t   1 3 2 .   T h u s ,   i f   t h e   p r e s s u r e   a t   t h e  

p r i m a r y   o u t l e t   p o r t   116  of  t h e   p r i o r i t y   demand   v a l v e  

b e c o m e s   e x c e s s i v e ,   t h e   p r e s s u r e   r e l i e f   v a l v e   104  o p e n s  
and  dumps   f l u i d   to   t h e   t a n k .   The  s t e e r i n g   c o n t r o l   v a l v e  

84  h a s   o u t l e t   p o r t s   134  and  136  c o n n e c t e d   w i t h   o p p o s i t e  

e n d s   of  t h e   s t e e r i n g   c y l i n d e r   5 2 .  

The  l i f t   c i r c u i t   i n c l u d e s   t h e   l i f t   c o n t r o l   v a l v e   8 6  

w h i c h   i s   a   m e t e r i n g   or   p r o p o r t i o n i n g   v a l v e   h a v i n g   an  o p e n  
c e n t r e   s p o o l .   The  s p o o l   i s   n o r m a l l y   c e n t e r e d   and  i s  

m o v a b l e   in   o p p o s i t e   d i r e c t i o n s   by  t h e   l i f t   c o n t r o l   l e v e r  

16.   The  l i f t   c o n t r o l   v a l v e   86  c o m m u n i c a t e s   w i t h   t h e  

s i n g l e - e n d e d   l i f t   c y l i n d e r   56  t h r o u g h   a  l i f t - l o w e r   v a l v e  

138  and  a  l o w e r i n g   f l o w   c o n t r o l   v a l v e   142 .   The  s e c o n d a r y  

o u t l e t   p o r t   122  of  t h e   p r i o r i t y   demand   v a l v e   102  i s  

c o n n e c t e d   t h r o u g h   t h e   s u p p l y   l i n e   124  to  t h e   open  c e n t r e  

i n l e t   p o r t   144  of  t h e   l i f t   c o n t r o l   v a l v e   86.  The  o p e n  
c e n t r e   o u t l e t   p o r t   146  of  t h e   v a l v e   86  is   c o n n e c t e d   t o  

t h e   o p e n   c e n t r e   i n l e t   p o r t   148  of  t h e   t i l t   c o n t r o l   v a l v e  

88.   The  p r i o r i t y   d e m a n d   v a l v e   102  a l s o   has   i t s   s e c o n d a r y  

o u t l e t   p o r t   122  c o n n e c t e d   w i t h   t h e   c o n t r o l   i n l e t   p o r t   1 5 0  

of   t h e   l i f t   c o n t r o l   v a l v e   86 .   The  c o n t r o l   o u t l e t   p o r t  
152  i s   c o n n e c t e d   w i t h   t h e   i n l e t   p o r t   of  t h e   l i f t - l o w e r  

v a l v e   1 3 8 .   The  l i f t   c o n t r o l   v a l v e   86  has   a  r e t u r n   l i n e  



p o r t   154  c o n n e c t e d   to  a  r e t u r n   l i n e   156  w h i c h   goes   to  t h e  

t a n k   54.  The  l i f t - l o w e r   v a l v e   138  has   a  p o r t   1 5 8  

c o n n e c t e d   to  a  p o r t   162  on  the   l o w e r i n g   f l o w   c o n t r o l  

v a l v e   142.   The  l o w e r i n g   f low  c o n t r o l   v a l v e   142  has  a  

p o r t   164  c o n n e c t e d   w i t h   t he   l i f t - l o w e r   s i n g l e   e n d e d  

c y l i n d e r   56.  O p e r a t i o n   of  the   l i f t - l o w e r   c i r c u i t   w i l l   b e  

d e s c r i b e d   in  g r e a t e r   d e t a i l   s u b s e q u e n t l y .  

The  t i l t   c o n t r o l   c i r c u i t   i n c l u d i n g   t h e   c o n t r o l  

v a l v e   88  and  t h e   a u x i l i a r y   c o n t r o l   c i r c u i t   i n c l u d i n g   t h e  

c o n t r o l   v a l v e   92  w i l l   be  d e s c r i b e d   b r i e f l y .   The  t i l t  

c o n t r o l   v a l v e   88  i s   a  m e t e r i n g   or  p r o p o r t i o n i n g   v a l v e   o f  

t h e   open   c e n t r e   t y p e   w i t h   a  s p o o l   w h i c h   i s  

b i - d i r e c t i o n a l l y   m o v a b l e   by  t he   t i l t   c o n t r o l   l e v e r   1 8 .  

The  v a l v e   88  c o m m u n i c a t e s   w i t h   t h e   s i n g l e   e n d e d   t i l t  

c y l i n d e r s   58  and  58'  t h r o u g h   a  c o u n t e r b a l a n c e   v a l v e   1 6 6 .  

The  t i l t   c o n t r o l   v a l v e   88  has  an  open   c e n t r e   i n l e t   p o r t  

148  c o n n e c t e d   w i t h   t h e   open  c e n t r e   o u t l e t   p o r t   146  of  t h e  

l i f t   c o n t r o l   v a l v e   86.  The  t i l t   c o n t r o l   v a l v e   88  has   a n  

open   c e n t r e   o u t l e t   p o r t   168  w h i c h   i s   c o n n e c t e d   to  an  o p e n  
c e n t r e   i n l e t   p o r t   172  on  t he   a u x i l i a r y   c o n t r o l   v a l v e   9 2 .  

The  t i l t   c o n t r o l   v a l v e   88  has  a  c o n t r o l   i n l e t   p o r t   1 7 4  

c o n n e c t e d   w i t h   t h e   s e c o n d a r y   o u t l e t   p o r t   122  of  t h e  

p r i o r i t y   demand  v a l v e   t h r o u g h   t h e   s u p p l y   l i n e   124  to  t h e  

s u p p l y   p a s s a g e   176  and  t h e n c e   t h r o u g h   a  f l o w   c o n t r o l  

v a l v e   178 .   The  t i l t   c o n t r o l   v a l v e   88  has   a  c o n t r o l  

o u t l e t   p o r t   182  w h i c h   i s   c o n n e c t e d   t h r o u g h   t h e  

c o u n t e r b a l a n c e   v a l v e   166  to   t he   t i l t   c y l i n d e r   58  and  5 8 ' .  

The  t i l t   c o n t r o l   v a l v e   88  a l s o   i n c l u d e s   a  r e t u r n   i n l e t  

p o r t   184  w h i c h   i s   c o n n e c t e d   w i t h   t h e   t i l t   c y l i n d e r s   58  

and  5 8 ' .   A  r e t u r n   o u t l e t   p o r t   186  on  t h e   c o n t r o l   v a l v e  

88  is   c o n n e c t e d   to  t h e   r e t u r n   l i n e   1 5 6 .  

The  a u x i l i a r y   c o n t r o l   v a l v e   92  i s   a  m e t e r i n g   o r  

p r o p o r t i o n i n g   v a l v e   h a v i n g   an  open  c e n t r e   s p o o l   w h i c h   i s  

b i - d i r e c t i o n a l l y   m o v a b l e   by  the   a u x i l i a r y   c o n t r o l   l e v e r  

22.   The  c o n t r o l   v a l v e   92  is   a d a p t e d   to   c o n t r o l   t h e  

e n e r g i s a t i o n   of  t h e   d o u b l e - a c t i n g   a u x i l i a r y   c y l i n d e r   5 9 .  

The  c o n t r o l   v a l v e   92  has  an  open  c e n t r e   i n l e t   p o r t   1 7 2  

w h i c h   i s   c o n n e c t e d   w i t h   t he   open  c e n t r e   o u t l e t   p o r t   1 6 8  



of   t h e   t i l t   c o n t r o l   v a l v e   88.   The  c o n t r o l   v a l v e   92  a l s o  

h a s   an  open   o u t l e t   c e n t r e   p o r t   188  w h i c h   i s   c o n n e c t e d  

w i t h   t h e   r e t u r n   l i n e   1 5 6 .   A  c o n t r o l   i n l e t   p o r t   192  i s  

c o n n e c t e d   w i t h   t h e   s e c o n d a r y   o u t l e t   p o r t   122  of  t h e  

p r i o r i t y   demand  v a l v e   1 0 2 .   T h i s   c o n n e c t i o n   e x t e n d s  

t h r o u g h   t h e   s u p p l y   l i n e   124  to   t h e   p a s s a g e   176  and  t h e n c e  

t h r o u g h   a  f l o w   c o n t r o l   v a l v e   194  to   t h e   c o n t r o l   i n l e t  

p o r t   1 9 2 .   The  c o n t r o l   v a l v e   92  has   a  p a i r   of  c o n t r o l  

p o r t s   195  and  196  w h i c h   a r e   c o n n e c t e d   r e s p e c t i v e l y   w i t h  

t h e   o p p o s i t e   e n d s   of   t h e   a u x i l i a r y   c y l i n d e r   59.  I t   a l s o  

h a s   a  r e t u r n   o u t l e t   p o r t   198  c o n n e c t e d   w i t h   t h e   r e t u r n  

l i n e   1 5 6 .   I t   a l s o   h a s   a  r e t u r n   i n l e t   p o r t   202  c o n n e c t e d  

w i t h   t h e   o u t l e t   p o r t   of   t h e   p i l o t   r e l i e f   v a l v e   1 1 2 .  

A l s o ,   t h e   c o n t r o l   v a l v e   92  has   a  r e t u r n   o u t l e t   p o r t   2 0 4  

c o n n e c t e d   w i t h   t h e   r e t u r n   l i n e   1 5 6 .  

The  t w o - s t a g e   r e l i e f   v a l v e ,   as  p r e v i o u s l y   a l l u d e d  

t o ,   c o m p r i s e s   a  ma in   r e l i e f   v a l v e   106 ,   a  p i l o t   r e l i e f  

v a l v e   108  and  a  p i l o t   r e l i e f   v a l v e   112 .   The  t w o - s t a g e  

v a l v e   i s   a d a p t e d   to   r e l i e v e   t h e   p r e s s u r e   a t   t h e   o u t l e t  

p o r t   122  of  t h e   p r i o r i t y   d e m a n d   v a l v e   102  when  i t   e x c e e d s  

a  p r e d e t e r m i n e d   o p e r a t i n g   v a l u e   f o r   d i f f e r e n t   o p e r a t i n g  

c o n d i t i o n s .   In   p a r t i c u l a r ,   when  o p e r a t i n g   in  a  l i f t   m o d e  

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

t o   be  l i m i t e d ,   f o r   e x a m p l e ,   t o   3 , 0 0 0   P S I ( 2 1 1 . 2   k g / c m 2 ) .  

When  o p e r a t i n g   in  t h e   a u x i l i a r y   mode,   t h e   pump  i s  

o p e r a t e d   a t   an  i n t e r m e d i a t e   s p e e d   and  t h e   p r e s s u r e   i s  

l i m i t e d ,   f o r   e x a m p l e ,   t o   2 , 0 0 0   PSI  ( 1 4 0 . 8   k g / c m 2 ) .  

A  l i f t   t r u c k   w i t h   an  h y d r a u l i c   s y s t e m   of  t h e   t y p e  

d e s c r i b e d   a b o v e   i s   d i s c l o s e d   in  c o - p e n d i n g   a p p l i c a t i o n  

U n i t e d   S t a t e s   S e r i a l   No.  2 9 1 , 6 8 1   f i l e d   A u g u s t   10,   1 9 8 1  

and   a s s i g n e d   to  t h e   same  a s s i g n e e   as  t h i s   a p p l i c a t i o n .  

Pump  S p e e d   C o n t r o l  

The  h y d r a u l i c   pump  42  i s   o p e r a t e d   a t   d i f f e r e n t  

s p e e d s   a c c o r d i n g   to   t h e   f l o w   demand   w h i c h   v a r i e s   w i t h   t h e  

o p e r a t i n g   mode  of  t h e   h y d r a u l i c   s y s t e m .   When  a  l i g h t  

l o a d   on  t h e   h y d r a u l i c   s y s t e m   i s   s e l e c t e d  ,   a  low  m o t o r  

s p e e d   i s   a d e q u a t e .   F o r   e x a m p l e ,   in  a  t y p i c a l   l i f t   t r u c k  

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



maximum  of  a b o u t   f i v e   g a l l o n s   ( 2 2 . 7 5   l i t r e s   p e r   m i n u t e ) .  

W i t h   a  p o s i t i v e   d i s p l a c e m e n t   pump  w h i c h   i s   s i z e d   t o  

d e l i v e r   20  g a l l o n s   (91  l i t r e s )   p e r   m i n u t e   a t   f u l l   s p e e d  

of   1 , 8 0 0   RPM,  a  pump  s p e e d   of  800  RPM  w o u l d   be  a d e q u a t e  

f o r   p o w e r   s t e e r i n g .   S i m i l a r l y ,   f o r   o t h e r   o p e r a t i n g  

m o d e s ,   s u c h   as  t i l t   of  t h e   u p r i g h t ,   a  low  pump  s p e e d   i s  

a d e q u a t e .   For   a  h e a v y   l o a d   on  t h e   h y d r a u l i c   s y s t e m ,   s u c h  

as  t h a t   i m p o s e d   by  o p e r a t i o n   in  t h e   l i f t   mode  e i t h e r  

a l o n e   or   w i t h   s i m u l t a n e o u s   o p e r a t i o n   in  t h e   s t e e r i n g   o r  

t i l t   l o a d ,   o p e r a t i o n   of  t h e   pump  w i l l   be  r e q u i r e d   a t   i t s  

maximum  r a t e d   s p e e d ,   s u c h   as  1 , 8 0 0   RPM.  For   o p e r a t i o n   o f  

t h e   h y d r a u l i c   s y s t e m   w i t h   an  i n t e r m e d i a t e   l o a d ,   such   a s  

t h a t   i m p o s e d   by  o p e r a t i o n   in  an  a u x i l i a r y   mode  w i t h   a  

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

w o u l d   be  o b t a i n e d   a t   an  i n t e r m e d i a t e   s p e e d ,   s u c h   as  1 , 2 0 0  

RPM.  A c c o r d i n g l y ,   t h e   o p e r a t i n g   s p e e d   r a n g e   o f  t h e   pump 
m o t o r   i s   d e t e r m i n e d   by  t h e   s e l e c t i o n   of  t h e   o p e r a t i n g  

mode  of  t h e   h y d r a u l i c   s y s t e m .   The  m o t o r   s p e e d   c o n t r o l  

c i r c u i t   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e s   6,  7 

and  8 .  

As  shown  in  F i g u r e   6,  pump  42  i s   d r i v e n   by  t h e  

s e r i e s   DC  m o t o r   44  h a v i n g   a  s e r i e s   f i e l d   w i n d i n g   2 5 2 .  

The  m o t o r   is   e n e r g i z e d   f r o m   t h e   b a t t e r y   64  t h r o u g h   t h e  

v o l t a g e   c o n t r o l   c i r c u i t   66.   The  v o l t a g e   c o n t r o l   c i r c u i t  

i s   a d a p t e d   to  r e g u l a t e   t h e   m o t o r   s p e e d   w i t h i n   l o w ,  

i n t e r m e d i a t e   and  h i g h   s p e e d   r a n g e s   a c c o r d i n g   to   t h e  

o p e r a t i n g   mode  of  t h e   h y d r a u l i c   c i r c u i t .   Fo r   t h i s  

p u r p o s e ,   t h e   v o l t a g e   c o n t r o l   c i r c u i t   66  i s   a  

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

f o r   d e t e r m i n i n g   a  m a r k /   s p a c e   r a t i o   f o r   t h e   d i f f e r e n t  

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

f o r   c h a n g i n g   the   m a r k / s p a c e   r a t i o   as  a  f u n c t i o n   of  m o t o r  

c u r r e n t .   Such  a  m o t o r   c o n t r o l   c i r c u i t   is   d i s c l o s e d   i n  

t h e   M o r t o n   e t   al  U n i t e d   S t a t e s   P a t e n t   No.  4 , 1 1 9 , 8 9 8  

g r a n t e d   O c t o b e r   10,  1 9 7 8 .  

The  v o l t a g e   c o n t r o l   c i r c u i t   66  c o m p r i s e s   a  s i l i c o n  

c o n t r o l   r e c t i f i e r   (SCR)  254  c o n n e c t e d   in  s e r i e s   w i t h   t h e  

m o t o r   44.   A  c u r r e n t   s e n s i n g   r e s i s t o r   256  i s   c o n n e c t e d   i n  



s e r i e s   w i t h   t h e   SCR  and  d e v e l o p s   a t   a  f e e d b a c k   v o l t a g e  

c o r r e s p o n d i n g   t o   t h e   v a l u e   of  m o t o r   c u r r e n t .   A  p u l s e  

g e n e r a t o r   258  s u p p l i e s   a  p u l s e   t r a i n   to   t h e   g a t e   of  t h e  

SCR  254  w h i c h   c o n t r o l s   t h e   e f f e c t i v e   m o t o r   s u p p l y   v o l t a g e  

in  a c c o r d a n c e   w i t h   t h e   m a r k / s p a c e   r a t i o   of  t he   p u l s e  

t r a i n .   A  m a r k / s p a c e   demand   s i g n a l   c i r c u i t   262  p r o d u c e s   a  

d e m a n d   s i g n a l   w h i c h   i s   a p p l i e d   to   t h e   p u l s e   g e n e r a t o r   2 5 8  

and  d e t e r m i n e s   t h e   m a r k / s p a c e   r a t i o   of   t h e   p u l s e   t r a i n .  

The  v a l u e   of   t h e   d e m a n d   s i g n a l   p r o d u c e d   by  t h e   d e m a n d  

s i g n a l   c i r c u i t   262  i s   m o d i f i e d   by  t h e   d e m a n d   m o d i f y i n g  

c i r c u i t   264  in   a c c o r d a n c e   w i t h   t h e   f e e d b a c k   v o l t a g e  

s u p p l i e d   f r o m   t h e   s e n s i n g   r e s i s t o r   2 5 6 .   The  o u t p u t   o f  

t h e   demand   s i g n a l   c i r c u i t   262  i s   c o n n e c t e d   w i t h   t h e   p u l s e  

g e n e r a t o r   258  t h r o u g h   a  s e r i e s   c o n n e c t i o n   of  t h e   k e y  

s w i t c h   65  and   t h e   pump  s w i t c h   82  w h i c h   w e r e   d e s c r i b e d  

w i t h   r e f e r e n c e   to   F i g u r e   3.  U n l e s s   b o t h   t h e   key  s w i t c h  

and   t h e   pump  s w i t c h   a r e   c l o s e d   t h e r e   i s   no  demand  s i g n a l  

i n p u t   to   t h e   p u l s e   g e n e r a t o r   258  and  t h e   SCR  is   t u r n e d  

o f f   and  t h e   m o t o r   44  c a n n o t   be  e n e r g i z e d .   The  d e m a n d  

s i g n a l   c i r c u i t   262  i s   p r o v i d e d   w i t h   a  s p e e d   r a n g e  
s e l e c t i o n   c i r c u i t   2 6 6 .   T h i s   c i r c u i t   i n c l u d e s   a  p a i r   o f  

s e r i e s   r e s i s t o r s   268  and  272 .   I t   a l s o   i n c l u d e s   a n  

i n t e r m e d i a t e   s p e e d   s e l e c t o r   s w i t c h   274  and  a  h i g h   s p e e d  

s e l e c t o r   s w i t c h   2 7 6 .   When  b o t h   s w i t c h e s   274  and  276  a r e  

o p e n ,   t h e   low  s p e e d   r a n g e   i s   s e l e c t e d .   When  s w i t c h   2 7 4  

i s   c l o s e d   w i t h   s w i t c h   276  o p e n ,   t h e   i n t e r m e d i a t e   s p e e d  

r a n g e   i s   s e l e c t e d   and  when  t h e   s w i t c h   276  i s   c l o s e d   t h e  

h i g h   s p e e d   r a n g e   i s   s e l e c t e d .   The  s e l e c t o r   s w i t c h   274  i s  

c l o s e d   by  a c t u a t i o n   of  t h e   a u x i l i a r y   c o n t r o l   l e v e r   22  a n d  

t h e   s w i t c h   276  i s   c l o s e d   by  t h e   l i f t   c o n t r o l   l e v e r   16,   a s  

w i l l   be  d e s c r i b e d   b e l o w .  

In  o p e r a t i o n   of  t h e   v o l t a g e   c o n t r o l   c i r c u i t   66,  t h e  

d e m a n d   m o d i f y i n g   c i r c u i t   262  p r o d u c e s   an  o u t p u t   s i g n a l  

w h i c h   i n c r e a s e s   in   m a g n i t u d e   as  a  d i r e c t   f u n c t i o n   of  t h e  

f e e d b a c k   v o l t a g e   f r o m   t h e   r e s i s t o r   256  and  h e n c e   as  a  

d i r e c t   f u n c t i o n   of   t h e   m o t o r   c u r r e n t .   The  m a r k / s p a c e  

d e m a n d   s i g n a l   c i r c u i t   262  p r o d u c e s   a  d e m a n d   s i g n a l   w h i c h  

i n c r e a s e s   f rom  a  min imum  v a l u e   when  t h e   m o t o r   c u r r e n t   i s  



z e r o   to  a  maximum  v a l u e   when  t he   m o t o r   c u r r e n t   r e a c h e s   a  

p r e d e t e r m i n e d   v a l u e   10.  T h i s   c a u s e s   t h e   p u l s e   g e n e r a t o r  

258  to  p r o d u c e   a  p u l s e   t r a i n   h a v i n g   a  m a r k / s p a c e   r a t i o  

w h i c h   i n c r e a s e s   f rom  a  p r e d e t e r m i n e d   min imum  v a l u e   to  a  

maximum  v a l u e   in  c o r r e s p o n d e n c e   w i t h   a  demand   s i g n a l .  

The  a c t i o n   of  t h e   demand   m o d i f y i n g   c i r c u i t   264  i n  

r e s p o n s e   to  t h e   f e e d b a c k   v o l t a g e   t e n d s   to  m a i n t a i n   t h e  

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

e i t h e r   t he   low  s p e e d   r a n g e   or  t he   i n t e r m e d i a t e   s p e e d  

r a n g e .   T h i s   i s   i l l u s t r a t e d   f o r   t h e   low  s p e e d   r a n g e   i n  

t h e   g r a p h   of  F i g u r e   7.  As  i n d i c a t e d ,   t h e   m a r k / s p a c e  

r a t i o   i n c r e a s e s   w i t h   m o t o r   c u r r e n t   up  to   a  p r e d e t e r m i n e d  

c u r r e n t   of  10  a t   w h i c h   p o i n t   i t   r e a c h e s   a  maximum  v a l u e  

and  r e m a i n s   c o n s t a n t .   T h i s   c h a n g e   of  m a r k / s p a c e   r a t i o  

c a u s e s   t he   m o t o r   v o l t a g e   to  c h a n g e   a c c o r d i n g l y ,   a s  

i n d i c a t e d   in  F i g u r e   7.  An  i n c r e a s i n g   l o a d   on  t h e   m o t o r  

i s   r e f l e c t e d   by  i n c r e a s e d   c u r r e n t   w h i c h   in   t u r n   p r o d u c e s  

an  i n c r e a s e d   v o l t a g e   and  m o t o r   t o r q u e   w h i c h   t e n d s   t o  

m a i n t a i n   t he   m o t o r   s p e e d   s u b s t a n t i a l l y   c o n s t a n t ,   a s  

i n d i c a t e d   in  F i g u r e   7  f o r   t he   low  s p e e d   r a n g e .   The  s a m e  

r e l a t i o n s h i p   o b t a i n s   when  t h e   m o t o r   i s   o p e r a t e d   in  t h e  

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

276  is   c l o s e d   by  t h e   l i f t   c o n t r o l   l e v e r   16,  t h e   d e m a n d  

s i g n a l   c i r c u i t   262  p r o d u c e s  a   demand   s i g n a l   c o r r e s p o n d i n g  

to  t h e   h igh   s p e e d   r a n g e .   In  t h i s   l a t t e r   c o n d i t i o n ,   t h e  

f u l l   b a t t e r y   v o l t a g e   i s   a p p l i e d   to   t h e   pump  m o t o r   so  t h a t  

t h e   pump  is   o p e r a t e d   a t   t h e   h i g h e s t   s p e e d   c a p a b i l i t y   o f  

t h e   m o t o r   f o r   t h e   p a r t i c u l a r   l o a d .  

The  L i f t   C o n t r o l   V a l v e   And  L e v e r  

The  l i f t   c o n t r o l   l e v e r   16,  a l l u d e d   to  w i t h  

r e f e r e n c e   to  F i g u r e s   1  and  2,  is   shown  in  g r e a t e r   d e t a i l  

in  F i g u r e   5.  The  l i f t   c o n t r o l   l e v e r   i s   a d a p t e d   t o  

a c t u a t e   t he   l i f t   c o n t r o l   v a l v e   86  and  to   e x e r c i s e   m a n u a l  

c o n t r o l   o v e r   t h e   o p e r a t i n g   s p e e d   of  t h e   pump  m o t o r .   T h e  

l i f t   c o n t r o l   v a l v e   86,  as  p r e v i o u s l y   n o t e d ,   i s   a  s p o o l  

v a l v e   h a v i n g   a  s p o o l   206 .   The  s p o o l   i s   a x i a l l y   m o v a b l e  

in  e i t h e r   d i r e c t i o n   f rom  a  n e u t r a l   p o s i t i o n   to  s e l e c t  

e i t h e r   t he   l i f t   mode  or  t he   l o w e r   mode  of  o p e r a t i o n .   T h e  



l i f t   c o n t r o l   v a l v e   86  w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l  

w i t h   r e f e r e n c e   to  F i g u r e   4 .  

The  s t r u c t u r e   of  t h e   l i f t   c o n t r o l   v a l v e   86  i s  

d e p i c t e d   in  F i g u r e   4.  The  l i f t   c o n t r o l   v a l v e   86  i s   a  

c o n v e n t i o n a l   p r o p o r t i o n i n g   v a l v e   of  t h e   o p e n - c e n t r e ,  

s p o o l   t y p e   and  c o m p r i s e s   a  v a l v e   s p o o l   206  in  a  v a l v e  

b o d y   2 0 8 .   The  s p o o l   206  as  shown  in  F i g u r e   4  i s   in  a  

n e u t r a l   p o s i t i o n   and  i s   b i a s e d   t o w a r d   t h a t   p o s i t i o n   by  a  

c e n t e r i n g   s p r i n g   2 8 2 .   The  v a l v e   body   208  i s   p r o v i d e d  

w i t h   t h e   s u p p l y   l i n e   124  w h i c h   s u p p l i e s   f l u i d   p r e s s u r e  
f r o m   t h e   s e c o n d a r y   o u t l e t   p o r t   122  of  t h e   p r i o r i t y   d e m a n d  

v a l v e   102 .   The  s u p p l y   l i n e   124  i s   c o n n e c t e d   w i t h   t h e  

o p e n   c e n t r e   i n l e t   p o r t   144  and  a l s o   w i t h   t h e   c o n t r o l  

i n l e t   p o r t   1 5 0 .   The  v a l v e   b o d y   208  a l s o   p r o v i d e s   an  o p e n  

c e n t r e   o u t l e t   p o r t   146  w h i c h   i s   c o n n e c t e d   w i t h   t h e   o p e n  
c e n t r e   i n l e t   p o r t   148  of  t h e   t i l t   c o n t r o l   v a l v e   88,  a s  

p r e v i o u s l y   d e s c r i b e d .  A   c o n t r o l   o u t l e t   p o r t   152  i s  

c o n n e c t e d   w i t h   t h e   l i f t   c y l i n d e r   56  t h r o u g h   t h e  

l i f t - l o w e r   v a l v e   138  and  t h e   l o w e r   c o n t r o l   v a l v e   142 ,   a s  

p r e v i o u s l y   d e s c r i b e d .   A  r e t u r n   l i n e   p o r t   154  i s  

c o n n e c t e d   w i t h   t h e   r e t u r n   l i n e   156 ,   as  p r e v i o u s l y  

d e s c r i b e d .  

The  v a l v e   s p o o l   206  c o m p r i s e s   c y l i n d r i c a l   s e c t i o n s  

2 8 4 ,   286  and  288 .   The  s p o o l   d e f i n e s   an  a n n u l a r   c h a m b e r  

292  b e t w e e n   t h e   s e c t i o n s   284  and  286  and  an  a n n u l a r  

c h a m b e r   294  b e t w e e n   t h e   s e c t i o n s   286  and  288 .   W i t h   t h e  

s p o o l   206  in  t h e   n e u t r a l   p o s i t i o n   shown ,   t h e   open   c e n t r e  

o u t l e t   p o r t   146  i s   f u l l y   o p e n   t h r o u g h   t h e   c h a m b e r   292  t o  

t h e   open   c e n t r e   i n l e t   p o r t   1 4 4 .   A l s o ,   in   t h e   n e u t r a l  

p o s i t i o n ,   t h e   c o n t r o l   o u t l e t   p o r t   152  i s   f u l l y   c l o s e d   b y  

t h e   s p o o l   s e c t i o n   286  to  t h e   c o n t r o l   i n l e t   p o r t   150  a n d  

t h e   r e t u r n   l i n e   p o r t   154  i s   f u l l y   c l o s e d   by  t h e   s p o o l  

s e c t i o n   288  to   t h e   c o n t r o l   o u t l e t   p o r t   294 .   In  t h i s  

c o n d i t i o n ,   h e r e i n   r e f e r r e d   to   as  t h e   " f u l l y   c l o s e d "  

c o n d i t i o n ,   t h e r e   i s   no  f l o w   to  t h e   l i f t   c y l i n d e r   56  a n d  

t h e r e   i s   f u l l   f l o w   to   t h e   t a n k   54.  The  v a l v e   s p o o l   2 0 6  

i s   m o v a b l e   by  a c t u a t i o n   of  t h e   l i f t   l e v e r   16  to   a  " f u l l y  

o p e n "   c o n d i t i o n   by  m o v i n g   t h e   s p o o l   206  u p w a r d l y   ( a s  



v i e w e d   in  F i g u r e   4)  u n t i l   t h e   open  c e n t r e   i n l e t   p o r t   1 4 4  

is   f u l l y   c l o s e d   to  t h e   open   c e n t r e   o u t l e t   p o r t   146  by  t h e  

s p o o l   s e c t i o n   286 .   W i t h   t h e   s p o o l   in  t h i s   p o s i t i o n ,   t h e  

c o n t r o l   o u t l e t   p o r t   152  i s   f u l l y   open  to  t he   c o n t r o l  

i n l e t   p o r t   150  t h r o u g h   t h e   c h a m b e r   152  and  t h e   r e t u r n  

l i n e   p o r t   154  r e m a i n s   c l o s e d   by  t he   s p o o l   s e c t i o n   2 8 8 .  

In  t h i s   p o s i t i o n ,   t h e   v a l v e   i s   r e f e r r e d   to  as  b e i n g  

" f u l l y   o p e n " .  

When  t h e   c o n t r o l   v a l v e   is   a c t u a t e d   by  t h e   l i f t  

l e v e r   16  b e t w e e n   t h e   f u l l y   c l o s e d   and  f u l l y   o p e n  

c o n d i t i o n s ,   t h e   f l u i d   f l o w   to  t h e   l i f t   c y l i n d e r   56  i s  

c o n t r o l l e d   in  a  p r o p o r t i o n a l   m a n n e r .   Wi th   t h e   s p o o l   2 0 6  

in  t h e   n e u t r a l   p o s i t i o n ,   t h e   v a l v e   is   f u l l y   c l o s e d   a n d  

t h e   f l u i d   f l o w s   f r e e l y   t h r o u g h   t h e   open  c e n t r e   i n l e t   p o r t  

144  to   t h e   open  c e n t r e   o u t l e t   p o r t   146  and  t h e r e   i s   n o  

f l o w   to   t h e   c o n t r o l   o u t l e t   p o r t   152 .   Upward   m o v e m e n t   o f  

t h e   s p o o l   206  r e s u l t s   in  r e s t r i c t e d   f l o w   f r o m   t h e   o p e n  

c e n t r e   i n l e t   p o r t   144  to   t h e   open   c e n t r e   o u t l e t   p o r t   1 4 6  

w h i c h   c a u s e s   a  b a c k - p r e s s u r e   in  t h e   f l u i d   and  t h e r e   i s  

r e s t r i c t e d   f l o w   f rom  t h e   c o n t r o l   i n l e t   p o r t   150  to  t h e  

c o n t r o l   p o r t   152 .   As  t h e   s p o o l   206  is   moved  f u r t h e r ,   t h e  

b a c k - p r e s s u r e   i n c r e a s e s   and  t h e r e   is   l e s s   r e s t r i c t i o n   t o  

t h e   f l o w   b e t w e e n   t h e   c o n t r o l   i n l e t   p o r t   150  and  o u t l e t  

p o r t   152  so  t h a t   t h e   f l o w   to  t h e   l i f t   c y l i n d e r   56  i s   a  

d i r e c t   f u n c t i o n   of  t h e   d i s p l a c e m e n t   of  t h e   s p o o l .   T h i s  

s o - c a l l e d   p r o p o r t i o n a l   c o n t r o l   p e r m i t s   t h e   d r i v e r   t o  

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

c y l i n d e r   56  and  t h u s   to   e x e r c i s e   " f e a t h e r i n g "   c o n t r o l   i n  

r a i s i n g   t h e   l i f t   c a r r i a g e .   When  t h e   l i f t   c a r r i a g e   i s   t o  

be  l o w e r e d ,   t h e   l i f t   l e v e r   16  is   moved  in  t h e   l o w e r i n g  

d i r e c t i o n   to  move  t h e   s p o o l   206  p a s t   t h e   n e u t r a l   p o s t i o n .  

T h i s   m o v e m e n t   c a u s e s   t h e   s p o o l   s e c t i o n   284  to   c l o s e   t h e  

open   c e n t r e   o u t l e t   p o r t   146  to  t h e   open  c e n t r e   i n l e t   p o r t  

144  and  a t   t h e   same  t i m e   to  open  t he   r e t u r n   l i n e   p o r t   1 5 4  

to   t h e   c o n t r o l   o u t l e t   p o r t   152  t h r o u g h   t h e   c h a m b e r   294  s o  

t h a t   t h e   f l u i d   p r e s s u r e   in  t he   l i f t   c y l i n d e r   56  i s  

r e l e a s e d .   The  d r i v e r   may  a l s o   e x e r c i s e   f e a t h e r i n g  

c o n t r o l   d u r i n g   t he   o p e r a t i o n   in  t he   l o w e r i n g   m o d e .  



The  l i f t   c o n t r o l   l e v e r   16  ( F i g u r e   5)  i s   p i v o t a l l t y  

m o u n t e d   on  a  s h a f t   212  f o r   p i v o t a l   m o t i o n   in  t h e   f o r e   a n d  

nfL  d i r e c t i o n s   by  t h e   l i f t   t r u c k   d r i v e r .   The  l e v e r   16  i s  

p r o v i d e d   w i t h   a  s l o t   214  wh ich   r e c e i v e s   a  p in   2 1 6  

e x t e n d i n g   t h r o u g h   t h e   end  of  s p o o l   206  of  t he   c o n t r o l  

v a l v e .   A c c o r d i n g l y ,   when  t h e   c o n t r o l   l e v e r   16  i s   p i v o t e d  

in  t h e   r e a r w a r d   d i r e c t i o n   ( p h a n t o n   l i n e s )   t h e   s t em  206  i s  

r a i s e d   f rom  t h e   n e u t r a l   p o s i t i o n   and  t h e   v a l v e   i s  

o p e r a t e d   in  t h e   l i f t   mode .   When  t h e   hand   l e v e r   16  i s  

r o t a t e d   in   t h e   f o r w a r d   d i r e c t i o n ,   t h e   s t e m   206  i s   l o w e r e d  

and  t h e   v a l v e   i s   o p e r a t e d   in  t h e   l o w e r i n g   m o d e .  

When  t h e   s y s t e m   i s   o p e r a t e d   in  t h e   l i f t   mode,   t h e  

pump  42  i s   o p e r a t e d   in  t h e   h i g h   s p e e d   r a n g e .   For   t h i s  

p u r p o s e ,   a  s p e e d   c o n t r o l   s w i t c h   218  i s   p r o v i d e d .   T h e  

s p e e d   c o n t r o l   s w i t c h   218  i s   e l e c t r i c a l l y   c o n n e c t e d   in  t h e  

s p e e d   c o n t r o l   c i r c u i t   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e  

6.  The  s p e e d   c o n t r o l   s w i t c h   c o m p r i s e s   s w i t c h   c o n t a c t s  

222  w h i c h   a r e   b i a s e d   by  a  s p r i n g   224  t o w a r d   a  c l o s e d  

p o s i t i o n .   A  s w i t c h   p l u n g e r   226  i s   a d a p t e d ,   w h e n  

d e p r e s s e d ,   to   h o l d   t h e   s w i t c h   c o n t a c t s   222  in   t h e   o p e n  

p o s i t i o n .  

When  t h e   s p e e d   c o n t r o l   s w i t c h   218  i s   c l o s e d ,   t h e  

s p e e d   c o n t r o l   c i r c u i t   c a u s e s   t h e   pump  m o t o r   42  to  o p e r a t e  

in  t h e   h i g h   s p e e d   r a n g e .   The  l i f t   l e v e r   16  i s   a d a p t e d   t o  

c l o s e   t h e   s p e e d   c o n t r o l   s w i t c h   218  c o n c u r r e n t l y   w i t h   f u l l  

o p e n i n g   of  t h e   v a l v e   86.   For   t h i s   p u r p o s e ,   t h e   c o n t r o l  

l e v e r   16  i s   p r o v i d e d   w i t h   an  arm  228  w h i c h   a c t u a t e s   a  

p u s h   rod   2 3 2 .   The  p u s h   r o d ,   in  t u r n ,   a c t u a t e s   t h e   s w i t c h  

p l u n g e r   2 2 6 .   The  p u s h   rod   i s   m o u n t e d   in  t h e   c o n t r o l  

l e v e r   h o u s i n g   234  f o r   r e c i p r o c a l   m o t i o n   and  i s   s p r i n g  

l o a d e d   by  a  b i a s   s p r i n g   236  in  t h e   u p w a r d   d i r e c t i o n .  

W i t h   t h e   l e v e r   in  t h e   n e u t r a l   p o s i t i o n ,   t h e   u p p e r   end  2 3 8  

of   t h e   p u s h   rod   32  i s   s p a c e d   f rom  t h e   l o w e r   f a c e   242  o f  

t h e   arm  228 .   T h i s   p r o v i d e s   a  l o s t   m o t i o n   o f  

p r e d e t e r m i n e d   d i s t a n c e   D,  as  i n d i c a t e d   in  F i g u r e   5 ,  

b e t w e e n   t h e   c o n t r o l   l e v e r   16  and  t h e   p u s h   rod  232 .   When  

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

p o s i t i o n   t h e   f i r s t   i n c r e m e n t   of  m o t i o n   i m p a r t s   m o v e m e n t  



to  t he   s t em  206  of  t h e   l i f t   c o n t r o l   v a l v e   86.  C o n t i n u e d  

m o v e m e n t   of  t h e   c o n t r o l   l e v e r   16  o p e r a t e s   t he   v a l v e   86  i n  

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

p o s i t i o n s .   When  t h e   v a l v e   s t e m   206  i s   moved  a  d i s t a n c e  

d,  as  i n d i c a t e e d   in  F i g u r e   5,  t h e   v a l v e   is   f u l l y   open   a n d  

t he   arm  228  of  t h e   c o n t r o l   l e v e r   16  e n g a g e s   t h e   push   r o d  

232  ( p h a n t o m   l i n e s ) .   Upon  e n g a g e m e n t   of  t h e   p u s h   rod   2 3 2  

by  t he   c o n t r o l   l e v e r   16,  t h e   p u s h   rod  232  i s   d e p r e s s e d  

a g a i n s t   t h e   r e s i s t a n c e   of  t h e   b i a s   s p r i n g   236  and  t h e  

l o w e r   end  of  t h e   push   rod  moves   away  f rom  t h e   s w i t c h  

p l u n g e r   226  a l l o w i n g   t h e   s w i t c h   c o n t a c t   222  to  c l o s e .  

T h i s   c l o s u r e   of  t h e   s p e e d   c o n t r o l   s w i t c h   218  c a u s e s   t h e  

m o t o r   c o n t r o l   c i r c u i t   to  o p e r a t e   t h e   m o t o r   in  t h e   h i g h  

s p e e d   r a n g e .   T h u s ,   t h e   pump  m o t o r   42  i s   o p e r a t e d   in  t h e  

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

open  to  a p p l y   maximum  l i f t i n g   f o r c e   to   t h e   l i f t   c a r r i a g e .  

When  t h e   c o n t r o l   h a n d l e   16  i s   r e t u r n e d   to  t h e  

n e u t r a l   p o s i t i o n   a f t e r   o p e r a t i n g   in  t h e   l i f t   mode,   t h e  

c o n t r o l   v a l v e   86  i s   r e t u r n e d   to   i t s   n e u t r a l   p o s i t i o n   i n  

w h i c h   t he   v a l v e   i s   c l o s e d .   T h i s   m o v e m e n t   of  t h e   c o n t r o l  

l e v e r   16  a l l o w s   t h e   s p e e d   c o n t r o l   s w i t c h   218  to   open   a n d  

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

t h e   l o w e r   s p e e d   r a n g e .   When  t h e   c o n t r o l   l e v e r   16  i s  

o p e r a t e d   to   l o w e r   t h e   c a r r i a g e   by  p i v o t a l   m o t i o n   in  t h e  

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

moved  d o w n w a r d l y   and  t h e   c y l i n d e r   p o r t   i s   c o n n e c t e d   t o  

t h e   t a n k   r e t u r n   p o r t .   T h i s   r e l e a s e s   f l u i d   f rom  t h e   l i f t  

c y l i n d e r   to  l o w e r   t h e   l o a d   c a r r i a g e .   The  c o n t r o l   v a l v e  

86  may  be  o p e r a t e d   in  t h e   p r o p o r t i o n a l   m a n n e r   f o r  

f e a t h e r i n g   t h e   l o w e r i n g   c o n t r o l   of  t h e   l o a d   c a r r i a g e .  

O p e r a t i o n  

In  o p e r a t i o n ,   t h e   l i f t   t r u c k   d r i v e r   may  o p e r a t e   t h e  

l i f t   l e v e r   16  to   r a i s e   t h e   l i f t   c a r r i a g e   w h i l e   t h e   p u m p  

m o t o r   i s   o p e r a t e d   in  t h e   l o w e r   s p e e d   r a n g e .   The  l o w  

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

o p e r a t e d   in  t h e   i d l e   mode  (key   s w i t c h   66  and  pump  s w i t c h  

82  c l o s e d ) ,   p o w e r   s t e e r i n g   mode,   or  t h e   t i l t   mode,   or   a n y  
c o m b i n a t i o n   of  t h e s e   m o d e s .   When  t h e   d r i v e r   a c t u a t e s   t h e  



l i f t   l e v e r   16 ,   t h e   l i f t   c o n t r o l   v a l v e   86  i s   m o v e d  f r o m  

t h e   f u l l y   c l o s e d   p o s i t i o n   to   t h e   f u l l y   o p e n   p o s i t i o n  

t h r o u g h   i t s   f e a t h e r i n g   r a n g e   w h i l e   t h e   pump  m o t o r   i s  

o p e r a t e d   in  t h e   low  s p e e d   r a n g e .   As  t h e   l i f t   c o n t r o l  

v a l v e   i s  o p e n e d ,   t h e   p r e s s u r e   in  t h e   l i f t   c y l i n d e r   56  i s  

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

i n c r e a s e .   The  m o t o r   s p e e d   c o n t r o l   s y s t e m   i n c r e a s e s   t h e  

m o t o r   t o r q u e   w i t h   i n c r e a s e d   l o a d   to  m a i n t a i n   t h e   m o t o r  

s p e e d   s u b s t a n t i a l l y   c o n s t a n t   w i t h i n   t h e   low  s p e e d   r a n g e .  

T h i s   e n a b l e s   t h e   l i f t i n g   of  h e a v y   l o a d s   w i t h   t h e   p u m p  

o p e r a t i n g   in  t h e   low  s p e e d   r a n g e .   When  t h e   l i f t   c o n t r o l  

v a l v e   86  r e a c h e s   t h e   f u l l y   open   p o s i t i o n ,   t h e   s p e e d  

c o n t r o l   s w i t c h   276  i s   c l o s e d   and  t h e   m o t o r   s p e e d   c o n t r o l  

c i r c u i t   66  i s   s w i t c h e d   to   o p e r a t e   in  t h e   h i g h   s p e e d  

r a n g e .   A c c o r d i n g l y ,   t h e   m o t o r   s p e e d   i s   i n c r e a s e d   f r o m  

t h e   low  s p e e d   r a n g e   to   t h e   h i g h   s p e e d   r a n g e   o n l y   a f t e r  

t h e   c o n t r o l   v a l v e   i s   f u l l y   o p e n .   T h i s   o p e r a t i o n   i s  

d e p i c t e d   g r a p h i c a l l y   in   F i g u r e   8  w i t h   t h e   m o t o r   o p e r a t e d  

in  t h e   low  s p e e d   r a n g e ,   t h e   d r i v e r   c o m m e n c e s   to   move  t h e  

l i f t   l e v e r   16  in  t h e   l i f t   d i r e c t i o n   a t   t i m e   t l .   The  l i f t  

l e v e r   i s   moved  g r a d u a l l y   f o r   f e a t h e r i n g   c o n t r o l   so  t h a t  

t h e   l i f t   c o n t r o l   v a l v e   m o v e s   f rom  f u l l y   c l o s e d   to  f u l l y  

o p e n   in  t h e   i n t e r v a l   b e t w e e n   t i m e   t l   and  t i m e   t 2 .   When  

i t   i s   f u l l y   open   a t   t i m e   t 2 ,   t h e   s p e e d   c o n t r o l   s w i t c h   2 7 6  

i s   c l o s e d   and  t h e   m o t o r   s p e e d   i n c r e a s e s   in   a  ramp  f a s h i o n  

to   i t s   maximum  s p e e d   a t   t i m e   t3  and  r e m a i n s   s u b s t a n t i a l l y  

c o n s t a n t   a t   t h a t   s p e e d .   I t   w i l l   now  be  a p p r e c i a t e d   t h a t  

s i m i l a r   o p e r a t i o n   w i l l   be  o b t a i n e d   i f   t h e   l i f t   t r u c k  

d r i v e r   a c t u a t e s   t h e   l i f t   c o n t r o l   l e v e r   16  when  t h e   pump 

m o t o r   i s   o p e r a t e d   in   t h e   i n t e r m e d i a t e   s p e e d   r a n g e .   I n  

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

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

pump  s p e e d   and  t h e   h i g h   s p e e d   pump  o p e r a t i o n   i s   n o t  

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



1.  An  h y d r a u l i c   s y s t e m   of  t h e   t y p e   h a v i n g   f i r s t  

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

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

f i r s t   c i r c u i t ,   c h a r a c t e r i s e d   by  a  p o s i t i v e   d i s p l a c e m e n t  

h y d r a u l i c   pump  (42)   c o n n e c t e d   w i t h   t h e   l o a d   c i r c u i t s ,   a  

c h a n g e a b l e   s p e e d   e l e c t r i c   m o t o r   (44)  c o n n e c t e d   w i t h   t h e  

pump  ( 4 2 ) ,   s a i d   pump  (42)   b e i n g   a d a p t e d   to   s u p p l y   t h e  

f l o w   r e q u i r e d   by  t h e   f i r s t   l o a d   c i r c u i t   when  t h e   m o t o r  

(44)   i s   o p e r a t e d   in  a  low  s p e e d   r a n g e   and  to   s u p p l y   t h e  

f l o w   r e q u i r e d   by  t h e   s e c o n d   l o a d   c i r c u i t   when  t h e   m o t o r  

(44)   i s   o p e r a t e d   in  a  h i g h   s p e e d   r a n g e ,   a  p r o p o r t i o n i n g  

v a l v e   (86)   f o r   c o n t r o l l i n g   f l o w   f rom  t h e   pump  (42)   to   t h e  

s e c o n d   l o a d   c i r c u i t ,   s a i d   v a l v e   h a v i n g   an  i n l e t   p o r t  

( 1 4 4 )   in  f l u i d   c o m m u n i c a t i o n   w i t h   t h e   pump  o u t l e t ,   a  

r e t u r n   p o r t   (154)   in  f l u i d   c o m m u n i c a t i o n   w i t h   t h e   pump 
i n l e t   and  a  l o a d   p o r t   ( 152 )   in  f l u i d   c o m m u n i c a t i o n   w i t h  

t h e   l o a d   d e v i c e ,   s a i d   v a l v e   i n c l u d i n g   means   ( 2 0 6 )   f o r  

p r o g r e s s i v e l y   o p e n i n g   t h e   l o a d   p o r t   (152)   w h i l e  

p r o g r e s s i v e l y   c l o s i n g   t h e   r e t u r n   p o r t   ( 1 5 4 ) ,   and  c o n t r o l  

means   f o r   e n e r g i z i n g   t h e   m o t o r   (44)  f o r   o p e r a t i o n   in  t h e  

low  s p e e d   r a n g e   d u r i n g   o p e n i n g   of  t h e   l o a d   p o r t   (152)   a n d  

f o r   e n e r g i z i n g   t he   m o t o r   (44)   f o r   o p e r a t i o n   in  t h e   h i g h  

s p e e d   r a n g e   when  t h e   l o a d   p o r t   (152)   i s   f u l l y   open   a n d  

t h e   r e t u r n   p o r t   (154)   i s   f u l l y   c l o s e d ,   w h e r e b y   t h e   pump 
(42)   i s   o p e r a t e d   in  t h e   low  s p e e d   r a n g e   d u r i n g   t r a n s i t i o n  

of  t h e   r e t u r n   p o r t   (154)   f rom  open  to  c l o s e   t o   r e d u c e   t h e  

e n e r g y   l o s s   d u r i n g   t h e   t r a n s i t i o n .  

2.  An  h y d r a u l i c   s y s t e m   a c c o r d i n g   to   C l a i m   1 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   c o n t r o l   means   i n c l u d e s :  a  

f i r s t   m a n u a l l y   a c t u a b l e   d e v i c e   f o r   c a u s i n g   t h e   m o t o r   ( 4 4 )  

to  o p e r a t e   in  t he   low  s p e e d   r a n g e   and  f o r   c o n t r o l l i n g  

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

a c t u a b l e   d e v i c e   c o u p l e d   w i t h   t he   m o v a b l e   means   (206)   o f  

t h e   p r o p o r t i o n i n g   v a l v e   (86)  f o r   m o v e m e n t   t h e r e o f ,   a n d  

s w i t c h i n g   means   (218)   f o r   e n e r g i z i n g   s a i d   m o t o r   (44)   f o r  

o p e r a t i o n   in  t he   h i g h e r   s p e e d   r a n g e   when  t h e  

p r o p o r t i o n i n g   v a l v e   (86)   is   f u l l y   o p e n .  



3.  An  h y d r a u l i c   s y s t e m   a c c o r d i n g   to  C l a i m   2 ,  

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

d e v i c e   c c a c t s   w i t h   s a i d   s w i t c h i n g   means   (218)   f o r   c a u s i n g  

t h e   m o t o r   (44)   to   be  e n e r g i z e d   f o r   o p e r a t i o n   in  t h e   h i g h  

s p e e d   r a n g e   when  t h e   p r o p o r t i o n i n g   v a l v e   (86)   i s   f u l l y  

o p e n .  
4.  An  h y d r a u l i c   s y s t e m   a c c o r d i n g   to  C l a i m   1,  2  o r  

3,  c h a r a c t e r i s e d   in   t h a t   s a i d   c o n t r o l   means   i n c l u d e s  

r e g u l a t i n g   m e a n s   (66 )   f o r   m a i n t a i n i n g   t h e   s p e e d   of  t h e  

e l e c t r i c   m o t o r   (44)   w i t h i n   f i r s t   p r e d e t e r m i n e d   l i m i t s  

d u r i n g   o p e r a t i o n   in   t h e   h i g h   s p e e d   r a n g e   and  w i t h i n  

s e c o n d   p r e d e t e r m i n e d   l i m i t s   d u r i n g   o p e r a t i o n   in  t h e   l o w  

s p e e d   r a n g e .  

5.  An  h y d r a u l i c   s y s t e m   a c c o r d i n g   to   C l a i m   4 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   e l e c t r i c   m o t o r   (44)   i s   a  

s e r i e s   DC  m o t o r ,   s a i d   e n e r g i z i n g   m e a n s   i s   a  b a t t e r y   ( 6 4 ) ,  

and  s a i d   r e g u l a t i n g   m e a n s   (66)   i n c l u d e s   m e a n s   f o r  

a p p l y i n g   DC  p u l s e s   of   v a r i a b l e   m a r k / s p a c e   r a t i o   to  t h e  

m o t o r   (44)   and  m e a n s   r e s p o n s i v e   to   t h e   m o t o r   c u r r e n t   f o r  

a d j u s t i n g   t h e   m a r k / s p a c e   r a t i o   to  r e g u l a t e   t h e   m o t o r  

s p e e d   w i t h i n   s a i d   p r e d e t e r m i n e d   l i m i t s .  

6.  A  work   v e h i c l e   of  t h e   t y p e   h a v i n g   f i r s t   a n d  

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

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

f i r s t   c i r c u i t ,   c h a r a c t e r i s e d   by:   a  p o s i t i v e   d i s p l a c e m e n t  

h y d r a u l i c   pump  (42 )   f o r   s u p p l y i n g   p r e s s u r i z e d   f l u i d   t o  

t h e   l o a d   c i r c u i t s ,   a  c h a n g e a b l e   s p e e d   e l e c t r i c   m o t o r   ( 4 4 )  

c o n n e c t e d   w i t h   t h e  p u m p   ( 4 2 ) ,   s a i d   pump  (42)   b e i n g  

a d a p t e d   to   s u p p l y   t h e   f l o w   r e q u i r e d   by  t h e   f i r s t   l o a d  

c i r c u i t   when  t h e   m o t o r   (44)   i s   o p e r a t e d   in  a  low  s p e e d  

r a n g e   and  to  s u p p l y   t h e   f l o w   r e q u i r e d   by  t h e   s e c o n d   l o a d  

c i r c u i t   when  t h e   m o t o r   (44 )   is   o p e r a t e d   in  a  h i g h   s p e e d  

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

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

pump  (42)   and  f o r   c a u s i n g   s a i d   m o t o r   (44)   t o   be  o p e r a t e d  

in  t h e   low  s p e e d   r a n g e ,   an  open  c e n t r e   p r o p o r t i o n i n g  

v a l v e   (86)   f o r   c o n t r o l l i n g   f l o w   f rom  t h e   pump  (42)  to   t h e  

s e c o n d   l o a d   c i r c u i t ,   s a i d   v a l v e   (86)   h a v i n g   a  v a l v e   b o d y  



( 2 0 8 )   i n c l u d i n g   an  i n l e t   p o r t   ( 1 4 4 )   in  f l u i d  

c o m m u n i c a t i o n   w i t h   t he   pump  o u t l e t ,   a  r e t u r n   p o r t   ( 1 5 4 )  

in  c o m m u n i c a t i o n   w i t h   t he   pump  i n l e t   and  a  l o a d   p o r t  

(152)   in  c o m m u n i c a t i o n   w i t h   a  l o a d   d e v i c e   ( 5 6 ) ,   s a i d  

v a l v e   (86)   i n c l u d i n g   a  s p o o l   ( 2 0 6 )   m o v a b l e   b e t w e e n   a  

c l o s e d   p o s i t i o n   and  an  open  p o s i t i o n ,   s a i d   c l o s e d  

p o s i t i o n   h a v i n g   t h e   l o a d   p o r t   ( 1 5 2 )   c l o s e d   to   t h e   i n l e t  

p o r t   ( 144 )   and  t h e   r e t u r n   p o r t   ( 154 )   open   to  t h e   i n l e t  

p o r t   ( 1 4 4 ) ,   s a i d   open  p o s i t i o n   h a v i n g   t h e   l o a d   p o r t   ( 1 5 2 )  

open   to  t h e   i n l e t   p o r t   (144)   and  t h e   r e t u r n   p o r t   ( 1 5 4 )  

c l o s e d   to   t h e   i n l e t   p o r t   ( 1 4 4 ) ,   a  s e c o n d   m a n u a l l y  
a c t u a b l e   s e l e c t o r   means   c o u p l e d   w i t h   s a i d   s p o o l   (206)   f o r  

m o v i n g   i t   b e t w e e n   t h e   c l o s e d   and  open   p o s i t i o n s   f o r  

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

( 1 5 4 )   and  i n c r e a s i n g   t h e   f l o w   to   t h e   l o a d   p o r t   ( 1 5 2 ) ,   a n d  

m o t o r   s p e e d   c o n t r o l   means   i n c l u d i n g   s w i t c h i n g   means   ( 2 1 8 )  

f o r   o p e r a t i n g   t h e   m o t o r   (44)   in  t h e   h i g h   s p e e d   r a n g e   w h e n  

t h e   s w i t c h i n g   means   (218)   i s   a c t i v a t e d ,   s a i d   s e c o n d  

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

( 2 1 8 )   f o r   a c t i v a t i n g   t h e   s w i t c h i n g   means   (218)   when  t h e  

s p o o l   ( 2 0 6 )   r e a c h e s   t h e   open   p o s i t i o n ,   w h e r e b y   t h e   p u m p  
(42)  i s   o p e r a t e d   in  t h e   low  s p e e d   r a n g e   d u r i n g   t r a n s i t i o n  

of  t h e   r e t u r n   o u t l e t   (154)   f rom  open   to   c l o s e d   a n d  

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

7.  A  work   v e h i c l e   a c c o r d i n g   to   C l a i m   6 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   c o n t r o l   means   c o m p r i s e s :  

r e g u l a t i n g   means   (66)  f o r   m a i n t a i n i n g   t h e   s p e e d   of  t h e  

e l e c t r i c   m o t o r   w i t h i n   t h e   f i r s t   p r e d e t e r m i n e d   l i m i t s  

d u r i n g   o p e r a t i o n   in  t h e   h i g h   s p e e d   r a n g e   and  w i t h i n  

s e c o n d   p r e d e t e r m i n e d   l i m i t s   d u r i n g   o p e r a t i o n   in  t h e   l o w  

s p e e d   r a n g e .  
8.  A  work   v e h i c l e   a c c o r d i n g   to  C l a i m   7 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   e l e c t r i c   m o t o r   (44)   i s   a  
s e r i e s   DC  m o t o r ,   s a i d   e n e r g i z i n g   means   i s   a  b a t t e r y   ( 6 4 ) ,  
and  s a i d   r e g u l a t i n g   means  (66)  i n c l u d e s   means   f o r  

a p p l y i n g   DC  p u l s e s   of  v a r i a b l e   m a r k / s p a c e   r a t i o   to   t h e  

m o t o r   (44)   and  means   r e s p o n s i v e   to  t h e   m o t o r   c u r r e n t   f o r  

a d j u s t i n g   t h e   m a r k / s p a c e   r a t i o   to  r e g u l a t e   t h e   m o t o r  



s p e e d   w i t h i n   s a i d   p r e d e t e r m i n e d   l i m i t s .  

9.  A  work   v e h i c l e   a c c o r d i n g   to   C l a i m   6,  7  or   8 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   v e h i c l e   i s   a  l i f t   t r u c k ,   s a i d  

f i r s t   l o a d   c i r c u i t   i s   a  p o w e r   s t e e r i n g   c i r c u i t   (46)  a n d  

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

w h e e l   ( 1 4 ) ,   s a i d   s e c o n d   l o a d   c i r c u i t   i s   a  l i f t   c i r c u i t  

(48 )   and  s a i d   s e c o n d   m a n u a l l y   a c t u a b l e   s e l e c t o r   c o m p r i s e s  

a  l i f t   c o n t r o l   l e v e r   ( 1 6 ) .  
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