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>«)  Construction  of  fan  blades. 

(57)  A  cooling  fan  for  an  engine  or  motor  is  constructed  so  that 
the  blades,  at  least,  are  formed  of  shape  memory  material. 
The  construction  procedure  is  such  as  to  cause  the  material  to 
assume  one  condition,  in  which  the  angle  of  attack  for  the 
blades  is  relatively  low,  for  temperatures  below  a  threshold 
value  and  to  assume  another  condition,  in  which  the  angle  of 
attack  of  the  blades  is  relatively  high.fortemperatures  above 
the  threshold  value. 
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Acooling fan for an engine or motor is constructed so that 
the  blades,  at  least,  are  formed  of  shape  memory  material. 
The construction  procedure is such  as to cause the material to 
assume  one  condition,  in  which  the  angle  of  attack  for  the 
blades  is  relatively  low,  for  temperatures  below  a  threshold 
value  and  to  assume  another  condition,  in  which  the  angle  of 
attack  of the  blades  is  relatively  high, fortemperatures  above 
the  threshold  value. 



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  fans,   and  in  p a r t i c u l a r   t o  

fans  s u i t a b l e   for  c o o l i n g   engines   or  m o t o r s .  

I t   is  very  o f t en   advan tageous   for  an  engine ,   such  as  a n  

i n t e r n a l   combustion  engine  or  for  an  e l e c t r i c   motor  to  have  a  

fan  to  cool  i t   dur ing  o p e r a t i o n .   Nearly  a l l   e l e c t r i c   m o t o r s  

are  provided  with  such  f ans .   One  of  the  problems  of  e l e c t r i c  

motors  provided  with  fans  is  tha t   they  gene ra t e   a  r a t h e r   h i g h  

noise   l e v e l .  

According  to  the  i n v e n t i o n   from  one  aspect   t h e r e   i s  

provided  a  r o t a r y   fan  having  blades  c o n s t r u c t e d   of  shape  memory 
m a t e r i a l   and  capable   of  assuming  a  f i r s t   angle  of  a t t a c k   a t  

t e m p e r a t u r e s   below  a  t h r e s h o l d   value  and  a  second  angle  o f  

a t t a c k ,   g r e a t e r   than  the  f i r s t ,   at  a  t e m p e r a t u r e   above  s a i d  

t h r e s h o l d   v a l u e .  

According  to  the  p r e s e n t   i n v e n t i o n ,   from  ano ther   aspect   a  

fan  is  p rovided ,   which  may  be  used  for  cool ing   an  engine  o r  

motor,  in  which  the  b lades   have  a  small   angle  of  a t t a c k   a t  

ambient  t e m p e r a t u r e s ,   and  due  to  being  made  of  a  shape  memory 

m a t e r i a l ,   for  example  shape  memory  brass   or  a  

c o p p e r - z i n c - a l u m i n i u m   a l l o y   known  as  "Be t a l l oy   N-1040"  and 

manufac tured   by  Raychem  Inc .   of  C a l i f o r n i a ,   U.S.A. ,   wi l l   de fo rm 

to  give  a  normal  fan  angle   of  a t t a c k   at  a  t e m p e r a t u r e   above  a  

p a r t i c u l a r   t h r e s h o l d   va lue .   An  example  of  such  a  t h r e s h o l d  

va lue ,   s u i t a b l e   for  use  with  an  e l e c t r i c   motor,  is  50  to  70oC. 

The  fan  is  a d v a n t a g e o u s l y   punched  out  from  shee t   m e t a l  

shape  memory  m a t e r i a l   so  as  to  have  a  disc  form  at  ambient  

t e m p e r a t u r e .   When  i t   is  r a i s e d   to  an  e l eva ted   t e m p e r a t u r e ,   f o r  



example  50  to  70°C,  then  provided  tha t   the  fan  has  an  

a p p r o p r i a t e   c o n s t r u c t i o n   h i s t o r y ,   the  punched  out  b l a d e s   of  t h e  

disc   w i l l   i n c l i n e   to  the  d e s i r e d   fan  angle ,   so  t h a t   a i r   i s  

p r o j e c t e d  o v e r   the  windings   of  the  m o t o r .  

This  is  p a r t i c u l a r l y   advantageous   with  an  e l e c t r i c   m o t o r ,  

because  the  h e a t i n g   of  the  motor  takes   place  main ly   when  u n d e r  

load  at  low  speeds .   The  no ise   of  the  motor,  however,   i s  

h i g h e s t   when  the  motor  is  o p e r a t i n g   at  a  high  s p e e d .  

Thus  with  the  c o n s t r u c t i o n   accord ing   to  the  p r e s e n t  

i n v e n t i o n ,   when  the  motor  s t a r t s   o f f ,   the  "fan"  w i l l   be  

e s s e n t i a l l y   d i s c - s h a p e d ,   and  w i l l   make  s u b s t a n t i a l l y   no  n o i s e .  

As  the  c u r r e n t   bu i lds   up,  the  motor  i t s e l f   wi l l   i n c r e a s e   i n  

t e m p e r a t u r e ,   and  the  fan  w i l l   a lso   i n c r e a s e   in  t e m p e r a t u r e ,  

because  i t   wi l l   be  connec ted   t h e r e t o   d i r e c t l y .   The  fan  b l a d e s  

wi l l   then  begin  to  a l t e r   or  form  due  to  the  shape  memory 

c h a r a c t e r i s t i c s   of  the  m e t a l ,   and  t h i s   wi l l   p r o j e c t   a i r  o v e r   t h e  

a r m a t u r e ,   thus  coo l ing   i t   down.  When  the  motor  o p e r a t e s   a t  

f u l l   speed,   the  a c t u a l   r o t a t i o n   of  t h e  m o t o r   w i l l   i t s e l f   i n d u c e  .  

a  c o o l i n g ,   and  the  c u r r e n t   demand  w i l l   be  g r e a t l y   reduced ,   i n  

any  even t ,   so  tha t   the  r e q u i r e m e n t   for  a  fan  w i l l   drop.  Thus ,  

when  the  motor  o p e r a t e s   at  f u l l   speed,   the  t e m p e r a t u r e   of  t h e  

a rmature   w i l l   drop,  and  the  "fan"  w i l l   reassume  i t s   d i s c - l i k e  

c o n f i g u r a t i o n ,   thus  r e d u c i n g   s i g n i f i c a n t l y   the  n o i s e .  

I f   the   fan  is  of  d i s c   form  at  ambient  t e m p e r a t u r e ,   t h e  

a n g l e  o f   a t t a c k   w i l l ,   of  cour se ,   then  be  zero.   I t   is  p o s s i b l e ,  

however,   for  the  blades  to  have  a  sma l l e r   t h a n  n o r m a l   angle  o f  

a t t a c k   at  ambient  t e m p e r a t u r e .  

A  t y p i c a l   c o n s t r u c t i o n   p rocedure   for   a  fan  in  a c c o r d a n c e  

w i t h  o n e   example-of   the  i n v e n t i o n   w i l l   now  be  d e s o r i b e d   w i t h  

r e f e r e n c e   to  the  accompanying  drawings  which  show  a  fan  i n  

v a r i o u s   s t a g e s   of  c o n s t r u c t i o n .  

The  fan  is  i n i t i a l l y   formed  (Fig.   1(a))  as  a  f l a t   disc  1 

with  r a d i a l   s l o t s   such  as  2  d e f i n i n g   the  b l a d e s ,   such  as  3,  o f  

the  fan.  A  c e n t r a l   boss  4  is  p rov ided ,   and  t h i s   member  may  o r  

may  not  be  formed  of  shape  memory  m a t e r i a l .   I t   can  be 

advan tageous   for  t h e  b o s s   4  to  be  formed  of  m a t e r i a l   of  h i g h  



thermal   c o n d u c t i v i t y   so  a s  t o   a s s i s t   heat  flow  to  the  v i c i n i t y  

of  the  b l a d e s .  

As  shown  in  F igure   1(b),  the  blades  are  t w i s t e d ,   by  cold  o r  

hot  shap ing ,   to  form  blades  with  a  normal  angle  of  a t t a c k   f o r  

s u c h  f a n s   ( e . g . 2 5 °  -   3 5 0 ) .  

The  so  formed  fan  is  then  heated  to  give  a u s t e n i t i c   c r y s t a l  

s t r u c t u r e   (beta   or  pa ren t   phase)  then  r a p i d l y   cooled ,   o r  

s u b j e c t e d   to  s t r e s s   whose  magnitude  is  r e l a t e d   to  t e m p e r a t u r e ,  

to  give  c r y s t a l   form  of  m a r t e n s i t e .  

As  the  next  s t ep   in  the  p rocedure ,   the  fan  is  r e - f o r m e d ,   a t  

room  t e m p e r a t u r e ,   i n to   a  d i s c - s h a p e d   p l a t e   ( i . e .   m a t e n s i t e   u n d e r  

s t r e s s ) .   The  s t r u c t u r e   is  " t r a i n e d "   by  r e p e a t i n g   s eve ra l   t i m e s  

the  f o r e g o i n g   sequence  of  " b e t a t i z i n g " .   quenching ,   deforming  and 

then  b e t a t i z i n g   a g a i n .  

When  the  c o n s t r u c t i o n   procedure   is  comple te ,   the  f a n '  

assumes  i t s   d i s c - l i k e   shape  at  r e l a t i v e l y   low  t e m p e r a t u r e s   b u t  

r e v e r t s   to  t h i s   f a n - l i k e   form,  with  angle  of  a t t a c k   2 5 0  -  

35°,   when  i t s   t e m p e r a t u r e   is  r a i s ed   to,  say,  50°C  to  70°C.  

It   can  be  shown  t h a t ,   for  shape  memory  m a t e r i a l s ,   t h e  

r e l a t i o n s h i p  

where  t  r e p r e s e n t s   the  m a t e r i a l ' s   t h i c k n e s s ,  

Z  r e p r e s e n t s   the  blade  root  w i d t h  
ε   r e p r e s e n t s   the  s t r a i n ,  a n d  
@  r e p r e s e n t s   the  blade  a n g l e  

On  the  bas i s   of  the  f o r e g o i n g   r e l a t i o n s h i p ,   and  assuming  a  

c e r t a i n   maximum  value  for  the  s t r a i n   f a c to r   ( t y p i c a l l y   3%) 

curves  can  be  drawn  of  m a t e r i a l   t h i cknes s   p l o t t e d   a g a i n s t   b l a d e  

angle  and  i t   can  be  shown  tha t   d i f f e r e n t   curves  are  produced  by 

d i f f e r e n t   blade  root   w i d t h s .  



For  example,  a  blade  angle  of  30°  co r responds   t o :  

(a)  a  m a t e r i a l   t h i c k n e s s   of  app rox ima te ly   0.70mm  for   a  

b l a d e   root   width  of  6mm,  o r  

(b)  a  m a t e r i a l   t h i c k n e s s   of  app rox ima te ly   1.50mm  for   a  

blade  root   width  of  12mm,  o r  

(c)  a  m a t e r i a l   t h i c k n e s s   of  app rox ima te ly   2.20mm  for   a  

blade  root   width  of  18mm. 



1.  A  r o t a r y   fan  having  b lades   c o n s t r u c t e d   of  shape  memory 

m a t e r i a l   and  capable   of  assuming  a  f i r s t   angle  of  a t t a c k   a t  

t e m p e r a t u r e s  b e l o w   a  t h r e s h o l d   value  and  a  second  angle  of  a t t a c k ,  

g r e a t e r   than  the  f i r s t ,   at  t e m p e r a t u r e s   above  sa id   t h r e s h o l d   v a l u e .  

2.  A  fan  accord ing   to  Claim  1  wherein  the  shape  memory 
m a t e r i a l   compr i ses   shape  memory  b r a s s .  

3.  A  fan  accord ing   to  Claim  1  wherein  the  shape  memory 

m a t e r i a l   compr ises   an  a l loy   of  copper ,   zinc  and  aluminuim,  known  a s  

B e t a l l o y   N - 1 0 4 0 .  

4.  A  fan  accord ing   to  any  p reced ing   claim  formed  with  a  b o s s  

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

5.  A  fan  acco rd ing   to  any  p reced ing   claim  wherein  sa id   f i r s t  

angle  of  a t t a c k   is  s u b s t a n t i a l l y   zero  and  said  second  angle  o f  

a t t a c k   is  in  the  range  from  25°  to  350 .  

6.  A  fan  a c c o r d i n g  t o   any  p reced ing   claim  wherein   t h e  

t h r e s h o l d   value  of  t empera tu re   is  in  the  range  from  54°C  to  70°C.  

7.  A  fan ,   for  cool ing  an  engine  or  motor,  in  which  the  b l a d e s  

have  a  smal l   angle  of  a t t a c k   at  ambient  t e m p e r a t u r e s   and  deform  t o  

give  a  g r e a t e r   angle  of  a t t a ck   at  t e m p e r a t u r e s   above  a  t h r e s h o l d  

va lue ,   where in   the  blades  are  formed  of  a  shape  memory  m a t e r i a l .  

8.  A  fan  s u b s t a n t i a l l y   as  he re in   d e s c r i b e d .  
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