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<y  ran  construction. 
j)  A  fan  comprising  a  rotatable  fan  shaft  (10),  a  hub  (14,  15) 
lounted  on  the  shaft,  a  plurality  of  blades  (16),  the  axes  of 
'hich  extend  generally  radially  outwardly  with  respect  to  the 
Kis  of  rotation  of  the  fan  shaft,  the  inner  ends  of  the  blades 
16)  being  connected  to  the  shaft  by  a  torsion  bar  spring  (24) 
scured,  at  one  end  (22),  directly  to  the  inner  end  of  each 
lade  (16)  and,  at  the  other  end  (26),  directly  to  the  shaft  (10), 
le  torsion  bars  each  serving  to  act  as  a  strut  to  transmit  the 
lade  axial  loads. 
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VAN  CONSTRUCTION 

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

t h e r e t o   a  hub  and  a  p l u r a l i t y   of  b l a d e s ,   t he   a x e s   of  w h i c h  
e x t e n d   g e n e r a l l y   r a d i a l l y   o u t w a r d l y   w i t h   r e s p e c t   to  t he   a x i s  

5  of  r o t a t i o n   of  the   fan   s h a f t .   The  b l a d e s   may  e i t h e r   b e  
f i x e d   b l a d e s   in  w h i c h   c a s e   t h e y   a r e   s e c u r e d   to  t he   hub  b y  
b o l t e d   b l a d e   r o o t   f l a n g e s   o r ,   t h e y   can  be  v a r i a b l e   p i t c h  
b l a d e s   w h i c h   i n v o l v e   c o m p l e x   b l a d e   b e a r i n g   s u s p e n s i o n  
s y s t e m s   a l l o w i n g   a l l   of  t he   b l a d e s   to  be  p i v o t e d   a b o u t   t h e i r  

LO  r e s p e c t i v e   a x e s   s i m u l t a n e o u s l y .  

D u r i n g   o p e r a t i o n   of  t he   f a n s ,   w h e t h e r   t h e y   be  of  t h e  
f i x e d   or  t h e   v a r i a b l e   p i t c h   t y p e ,   t h e r e   w i l l   be  s u b s t a n t i a l  
l o a d   c a u s e d   by  the   b l a d e s   w h i c h   i s   b o r n e   by  t he   hub .   T h e  
hub  u s u a l l y   i n c l u d e s   a  r a d i a l   s u p p o r t   p l a t e   c o n n e c t e d   to  t h e  

L5  f an   s h a f t   and  a  hub  r i n g   a t   t he   o u t e r   edge   of  t he   s u p p o r t  
p l a t e ,   on  w h i c h   t h e   b l a d e s   a r e   m o u n t e d .   The  l o a d   i s  
a c c o m m o d a t e d   by  the   hub  w h i c h   r e q u i r e s ,   n o r m a l l y ,   a  c o m p l e x ,  
h i g h   s t r e n g t h   s t r u c t u r a l   r im  and  s u p p o r t   p l a t e .  

I t   i s   now  p r o p o s e d ,   a c c o r d i n g   to  t he   p r e s e n t  
20  i n v e n t i o n ,   to  p r o v i d e   a  f an   c o m p r i s i n g   a  r o t a t a b l e   f a n  

s h a f t ,   a  hub  m o u n t e d   on  t he   s h a f t ,   a  p l u r a l i t y   of  b l a d e s ,  
t h e   a x e s   of  w h i c h   e x t e n d   g e n e r a l l y   r a d i a l l y   o u t w a r d l y   w i t h  
r e s p e c t   to  the   a x i s   of  r o t a t i o n   of  t he   fan   s h a f t ,   means   t o  
mount   t he   i n n e r   ends   of  t he   b l a d e s   on  the   hub ,   s a i d   m e a n s  

15  i n c l u d i n g   a  t o r s i o n   bar   s p r i n g   s e c u r e d ,   a t   one  e n d ,   d i r e c t l y  
to  t he   i n n e r   end  of  e a c h   b l a d e ,   and ,   a t   t he   o t h e r   e n d ,  
d i r e c t l y   to  the   s h a f t ,   and  each   s e r v i n g   to  a c t   as  a  s t r u t   t o  
t r a n s m i t   t he   b l a d e   a x i a l   l o a d s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   p r o v i s i o n   of  a  t o r s i o n  
10  bar   s p r i n g   as  t h e   m o u n t i n g   means   fo r   the   i n n e r   end  of  e a c h  
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b l a d e   is   a  v e r y   s i m p l e   m e t h o d   of  m o u n t i n g   t h e   b l a d e   and  y e t  

e l i m i n a t e s   t h e   r e q u i r e m e n t   fo r   any  f u r t h e r   b l a d e   a x i a l  

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

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

5  f l a n g e s ,   l a r g e   b o l t s ,   l a r g e   hubs   and  c o m p l e x   b l a d e   b e a r i n g  

s u s p e n s i o n   s y s t e m s .   In  f a c t ,   b e c a u s e   of  t he   a b s o r p t i o n   o f  

t h e   v i b r a t i o n   and  t he   r e m o v a l   of  t he   r e q u i r e m e n t   f o r  

c a r r y i n g   t h e   l o a d s   on  t h e   hub  r i m ,   t he   w h o l e   b l a d e   m o u n t i n g  

s t r u c t u r e   in  t he   fo rm  of  t h e   hub  and  the   s h a f t   can  be  of  a  

10  l e s s   r o b u s t   n a t u r e   t h a n   has   h i t h e r t o   been   n e c e s s a r y ,   w h i c h  

s i g n i f i c a n t l y   r e d u c e s   t he   c o s t   as  w e l l   as  t he   w e i g h t   of  t h e  

f a n .  

Each  b l a d e   may  be  p r o v i d e d   w i t h   a  b l a d e   r o o t   b o s s  

e n g a g a b l e   in  a  r e c e s s   in  t h e   hub  and  s a i d   one  end  of  t h e  

15  t o r s i o n   bar   can  be  c o n n e c t e d   to  the   b l a d e   r o o t   b o s s .  

The  p r o v i s i o n   of  a  t o r s i o n   ba r   can  a p p l y   to  c o n s t a n t  

p i t c h   f a n s ,   in  w h i c h   c a s e   t h e r e   is   no  need   f o r   h e a v y   b o l t i n g  

f l a n g e s ,   as  m e n t i o n e d   a b o v e .   A l t e r n a t i v e l y ,   t h e   t o r s i o n   b a r  

can  be  p r o v i d e d   in  a  f an   h a v i n g   p i t c h   c o n t r o l   means   to  v a r y  
20  t he   p i t c h   of  a l l   t he   b l a d e s   s i m u l t a n e o u s l y .   The  t o r s i o n   b a r  

can  be  so  d e s i g n e d   t h a t   t he   r e s u l t i n g   r o t a t i o n   of  t he   b l a d e s  

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

t w i s t i n g   of  t h e   a s s o c i a t e d   t o r s i o n   bar   s p r i n g s .   W h i l e   t h i s  

w i l l   p r o v i d e   a  c e r t a i n   t o r s i o n a l ,   r e s i l i e n t   r e s t o r i n g  
25  momen t ,   i f   t he   t o r s i o n   bar   is  in  i t s   r e l a x e d   c o n d i t i o n   a t  

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

r e s i l i e n t   r e s t o r i n g   moment   need   no t   p r o d u c e   any  p r o b l e m .  
W h i l e   t h e   p i t c h   c o n t r o l   means   can  be  p r o v i d e d   a t   a n y  

p o s i t i o n   a l o n g   the   l e n g t h   of  t h e   t o r s i o n   b a r s ,   i t   i s  

30  p r e f e r a b l y   p r o v i d e d   a d j a c e n t   t h e   one  end  of  t h e   t o r s i o n   b a r  

w h i c h   is   a t t a c h e d   to  t he   b l a d e   r o o t .  

In  o r d e r   t h a t   t he   p r e s e n t   i n v e n t i o n   may  more  r e a d i l y  
be  u n d e r s t o o d ,   t he   f o l l o w i n g   d e s c r i p t i o n   i s   g i v e n ,   m e r e l y   b y  

way  of  e x a m p l e ,   r e f e r e n c e   b e i n g   made  to  t he   a c c o m p a n y i n g  
35  d r a w i n g s   in  w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w ,   p a r t l y   i n  
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s e c t i o n ,   of  one  e m b o d i m e n t   of  a  f a n   a c c o r d i n g   to  t h e  
i n v e n t i o n ;   a n d  

F i g u r e   2  i s   a  s i m i l a r   v i ew  of  a  s e c o n d   e m b o d i m e n t .  
R e f e r r i n g   now  to  F i g u r e   1  of  t h e   d r a w i n g s ,   t he   f a n  

5  i l l u s t r a t e d   t h e r e i n   i n c l u d e s   an  i m p e l l e r   or  fan   s h a f t   10  
c a r r y i n g   an  i m p e l l e r   hub  12  i n c l u d i n g   a  s u p p o r t   p l a t e   14  a n d  
a  hub  r im  1 5 .  

M o u n t e d   a t   c i r c u m f   e r e n t i a l l y   s p a c e d   l o c a t i o n s   a r o u n d  
t h e   r im  14  a r e   a  p l u r a l i t y   of  b l a d e s   16  e a c h   h a v i n g ,   a t  

10  t h e i r   r a d i a l l y   i n n e r   end ,   a  b l a d e   r o o t   b o s s   20  w h i c h   i s  
s e c u r e d   to  one  end  22  of  a  t o r s i o n   bar   s p r i n g   24.  The  o t h e r  
end  26  of  t he   t o r s i o n   bar   s p r i n g   is   s e c u r e d   d i r e c t l y   t o  
i m p e l l e r   s h a f t   10.   The  t o r s i o n   bar   s p r i n g s   may  be  s e c u r e d  
in  any  way  to  t he   s h a f t   and  to  t he   b l a d e   r o o t   b o s s e s ,   e . g .  

L5  by  w e l d i n g ,   in   o r d e r   to  f a c i l i t a t e   t h e i r   r e m o v a l   and  t h e  
r e m o v a l   of  t h e   i n d i v i d u a l   b l a d e s ,   h o w e v e r ,   t h e y   a r e  
p r e f e r a b l y   t h r e a d e d   a t   t h e i r   e n d s   and  s c r e w e d   i n t o   t h r e a d e d  
b o r e s   2 5 , 2 7   in  t he   s h a f t   and  b l a d e   r o o t   b o s s e s   r e s p e c t i v e l y .  
S u i t a b l e   l o c k i n g   m e a n s ,   such   as  l o c k   n u t s   ( n o t   shown)  a r e  

20  a d v a n t a g e o u s l y   p r o v i d e d .  
The  b l a d e   r o o t   b o s s e s   20  a r e   of  f  r u s t o - c o n i c a l   f o r m  

and  a r e   e n g a g e d   in  c o r r e s p o n d i n g   r e c e s s e s   28  in  the   hub  r i m  
1 5 .  

By  p r o v i d i n g   the   t o r s i o n   bar   s p r i n g   24  f o r   e a c h   b l a d e ,  
55  w h i c h   a c t s   as  a  s t r u t   d i r e c t l y   c o n n e c t i n g   t he   b l a d e   r o o t  

b o s s   20  to  t he   i m p e l l e r   s h a f t   10,  t h e r e   i s   no  need   to  m a k e  
t h e   s u p p o r t   p l a t e   14  or  t he   hub  r im  15  as  h e a v y   s t r u c t u r a l  
e l e m e n t s ,   as  t he   t o r s i o n   bar   s p r i n g s   b e a r   n e a r l y   a l l   t h e  
l o a d .   Any  v i b r a t i o n   w h i c h   o c c u r s   in  t h e   b l a d e s   i s  

0  a c c o m m o d a t e d   by  f l e x i n g   of  t he   t o r s i o n   bar   s p r i n g s   and  t h e  
s p r i n g   e f f e c t   t e n d s   to  damp  ou t   t h e   v i b r a t i o n .   For  b o t h   o f  
t h e s e   r e a s o n s ,   even   w i t h   l a r g e r   f a n s ,   i t   i s   no t   n e c e s s a r y   t o  
u t i l i z e   even   l a r g e r   and  l a r g e r   b e a r i n g s ,   s u p p o r t   p l a t e s   a n d  
hub  r i m s   as  w e l l   as  l a r g e r   s h a f t s .  

5  R e f e r r i n g   now  to  F i g u r e   2  l i k e   p a r t s   have   b e e n  
i n d i c a t e d   by  l i k e   r e f e r e n c e   n u m e r a l s .   H o w e v e r ,   i t   w i l l   b e  
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s e e n   t h a t   a d j a c e n t   the   o u t e r   end  of  t he   t o r s i o n   bar  s p r i n g s  

24  a r e   m o u n t e d   a  r e g u l a t e d   and  b a l a n c e   l e v e r   a s s e m b l y   30  

h a v i n g   arms  31,  one  of  w h i c h   is   p r o v i d e d   w i t h   a  t h r u s t   b l o c k  

32  e n g a g e d   in  a  c h a n n e l   36.  I t   w i l l   be  s e e n   t h a t   t he   h u b  

s u p p o r t   p l a t e   14  has   m o u n t e d   t h e r e w i t h i n   an  a c t u a t o r   s u p p o r t  

b e a r i n g   34  w i t h i n   w h i c h   i s   m o u n t e d   an  h y d r a u l i c   a c t u a t o r   3 5 ,  

t he   a c t u a l   m o v e m e n t   of  w h i c h   is   c o n t r o l l e d   by  a  s p o o l   v a l v e  

37  m o u n t e d   on  a  r o t a t i n g   u n i o n   31.  An  a c t u a t o r   p i s t o n  

r e t a i n i n g   rod  33  i s   shown  w i t h i n   a  r e g u l a t i n g   d i s c   39  w h i c h  

0  i s   p r o v i d e d   w i t h   t he   e x t e r n a l   c h a n n e l   36  in  w h i c h   t he   b l o c k  

32  i s   m o u n t e d .  

The  s i g n a l   f rom  the   s p o o l   v a l v e   37  c a u s e s   t he   a c t u a t o r  

34  to   c a u s e   a x i a l   m o v e m e n t   of  t he   r e g u l a t i n g   d i s c   35  and  i t s  

a s s o c i a t e d   c h a n n e l   36  w h i c h   c a u s e s   a x i a l   m o v e m e n t   w i t h  

.5  r e s p e c t   to  t he   s h a f t   of  t h e   f a n ,   of  t he   t h r u s t   b l o c k   3 2 ,  

w h i c h   in  t u r n   c a u s e s   p i v o t i n g   of  e a c h   t o r s i o n   bar   24  and  i t s  

a s s o c i a t e d   b l a d e   16  a b o u t   t he   a x i s   of  t h a t   t o r s i o n   b a r  

t h e r e b y   to  a d j u s t   t h e   a n g l e   of  e a c h   b l a d e .   I t   w i l l   b e  

a p p r e c i a t e d   t h a t   a l l   of  t he   b l a d e s   16  a r e   a d j u s t e d   in  t h e  

10  same  way  s i m u l t a n e o u s l y .   T h i s   a d j u s t m e n t   m o v e m e n t   i s  

a c c o m m o d a t e d   w i t h i n   t he   t w i s t i n g   c a p a b i l i t y   of  e a c h  

r e s p e c t i v e   t o r s i o n   bar   s p r i n g   24,  w h i l e   s t i l l   a l l o w i n g   t h e  

l a t t e r   to  a b s o r b   b l a d e   v i b r a t i o n s .  
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•  «  c o m p r i s i n g   a  r o t a t a o i e   t a n   s h a f t   ( 1 0 ) ,   a  h u b  
( 1 4 , 1 5 )   m o u n t e d   on  t h e   f an   s h a f t ,   a  p l u r a l i t y   of  b l a d e s  
( 1 6 ) ,   t h e   a x e s   of  w h i c h   e x t e n d   g e n e r a l l y   r a d i a l l y   o u t w a r d l y  

w i t h   r e s p e c t   to  t he   a x i s   of  r o t a t i o n   of  t h e   f an   s h a f t   a n d  
3  means   (24)  to  mount   t he   i n n e r   e n d s   of  t he   b l a d e s   on  the   h u b ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   means   to  mount   t h e   b l a d e s   i n c l u d e  
a  t o r s i o n   bar   s p r i n g   (24)  s e c u r e d ,   a t   one  end  ( 2 2 ) ,   d i r e c t l y  
to  t he   i n n e r   end  of  t he   b l a d e   (16)  and ,   and  a t   t h e   o t h e r   e n d  
( 2 6 ) ,   d i r e c t l y   to  the   s h a f t   ( 1 0 ) ,   and  each   s e r v i n g   to  a c t   a s  

10  a  s t r u t   to  t r a n s m i t   t h e   b l a d e   a x i a l   l o a d .  

2.  A  f an   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  
t he   i n n e r   end  of  e a c h   b l a d e   (16)  is   p r o v i d e d   w i t h   a  b l a d e  
r o o t   b o s s   (20)  e n g a g e a b l e   in  a  r e c e s s   (28)  in  t he   h u b  
( 1 4 , 1 5 )   and  in  t h a t   s a i d   one  end  (22)  of  t he   t o r s i o n   b a r  

L5  s p r i n g   (24)  is   c o n n e c t e d   to  s a i d   b l a d e   r o o t   b o s s   ( 2 0 ) .  

3.  A  f an   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   one  end  of  t he   t o r s i o n   bar   s p r i n g s   a r e   t h r e a d e d   ( a t   2 7 )  
and  a r e   s c r e w e d   i n t o   t h r e a d e d   b o r e s   in  the   a s s o c i a t e d   b l a d e  
r o o t   b o s s   (20  )  . 

!0  4.  A  f an   a c c o r d i n g   to  c l a i m   1,  2  or  3,  c h a r a c t e r i s e d  
in  t h a t   p i t c h   c o n t r o l   means   a r e   p r o v i d e d   to   v a r y   t he   p i t c h  
of  a l l   of  t he   b l a d e s   s i m u l t a n e o u s l y ,   t he   r e s u l t i n g   r o t a t i o n  
of  t he   b l a d e s   a b o u t   t h e i r   i n d i v i d u a l   a x e s   b e i n g   a c c o m m o d a t e d  
by  s u i t a b l e   t w i s t i n g   of  the   a s s o c i a t e d   t o r s i o n   ba r   s p r i n g .  

5  5.  A  f an   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   p i t c h   c o n t r o l   means   ( 3 0 - 4 0 )   a r e   p r o v i d e d   a d j a c e n t   t h e  
s a i d   one  ends   (22)  of  t he   t o r s i o n   bar  s p r i n g s   ( 2 4 ) .  
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