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)escription 

The  present  invention  relates  to  a  magnetic  disk  drive,  and  more  particularly  to  a  temperature 
:ompensating  mechanism  for  positioning  of  a  magnetic  head  on  a  magnetic  disk,  which  writes  or  reads 
nformation  to  or  from  the  disk. 

A  so-called  Winchester  magnetic  disk  drive  has  a  hard  magnetic  disk  with  a  diameter  of  5.25  inches 
ca.  13.34  cm)  or  8  inches  (ca.  20.3  cm),  which  has  several  hundred  of  circular  recording  tracks  per  inch  with 
spacing  of  only  several  tens  microns  between  adjacent  tracks.  In  order  to  satisfactorily  function  such 
■nagnetic  disk  drive,  it  is  required  to  accurately  position  the  magnetic  head,  which  writes  and  reads 
nformation  to  and  from  these  record  tracks,  to  the  tracks  within  predetermined  error,  for  example  error  of 
several  microns. 

By  the  way,  even  if  the  positioning  can  be  performed  within  the  predetermined  error  at  certain 
:emperature,  rise  or  drop  of  temperature  causes  each  component  constituting  the  magnetic  disk  drive  to 
sxpand  or  contract  with  their  linear  expansion  coefficient,  which  temperature  change  varies  the  relative 
oositioning  between  the  track  and  the  magnetic  head,  so  that  the  magnetic  head  cannot  be  positioned  to 
the  track  within  the  predetermined  error  any  more.  If  it  is  assumed  that  ail  the  components  constituting  the 
magnetic  disk  drive  have  same  linear  expansion  coefficient,  displacement  of  the  magnetic  head  relative  to 
the  track  can  be  prevented  because  all  of  them  expand  or  contract  in  a  same  ratio,  and  do  not  vary  the 
relative  positioning  between  the  track  and  the  magnetic  head.  However,  it  is  impossible  in  practice  because 
components  of  material  with  various  linear  expansion  coefficients  are  used. 

Thus,  conventionally  the  relative  displacement  between  the  magnetic  head  and  the  track  due  to 
temperature  change  is  compensated  by  incorporating  a  servo  system  in  the  magnetic  disk  drive.  However, 
this  increases  the  cost  of  the  drive,  and  therefore  is  difficult  to  employ  in  a  relatively  low  cost  magnetic  disk 
drive. 

Thus,  various  temperature  compensating  mechanism  for  the  position  of  the  magnetic  head  of 
relatively  low  cost  are  conventionally  proposed  with  mechanical  elements.  One  of  them  is  disclosed  in  the 
Japanese  Laid-open  Patent  Application  No.  1695/80,  in  which  a  head  actuator  for  positioning  the  magnetic 
head  to  a  predetermined  track  on  the  magnetic  disk  comprises  a  step  motor,  two  metal  bands  and  a  swivel 
arm,  a  pulley  mounted  on  the  shaft  of  said  step  motor  housing  coil  springs  exerting  tensile  force  on  the 
metal  bands,  thereby  the  temperature  compensation  being  performed. 

However,  although  the  temperature  compensating  mechanism  disclosed  in  the  Japanese  Laid-open 
Patent  Application  No.  1695/80  performs  the  temperature  compensation  with  the  coil  springs,  it  fails  to 
indicate  how  to  perform  optimum  temperature  compensation  in  the  practical  use,  and  how  to  determine 
the  coil  springs  that  perform  the  optimum  temperature  compensation,  that  is,  how  to  select  the  length,  the 
number  of  turns,  the  spring  coefficient,  the  linear  expansion  coefficient  or  the  like  for  the  optimum  coil 
springs.  Also,  since,  in  the  prior  art,  the  coil  springs  are  housed  in  the  pulleys,  it  is  required  to  remove  the 
coil  springs  from  the  pulleys  and  replace  them  every  time  the  optimum  springs  are  selected,  which  is 
cumbersome  and  causes  complicated  construction  to  lead  to  disadvantageous  cost.  In  addition,  the  prior 
art  requires  two  metal  bands,  which  further  complicates  the  construction  and  increases  the  cost. 

The  predominant  object  of  the  invention  is  to  provide  a  temperature  compensating  mechanism  for 
positioning  of  a  magnetic  head  of  a  magnetic  disk  drive  that  overcomes  the  above  mentioned  drawbacks,  is 
of  relatively  low  cost,  and  can  be  easily  adjusted  by  its  simple  configuration. 

The  above  object  is  basically  solved  by  the  features  laid  down  in  the  independent  claims  1  and  4. 
Further  embodiments  of  the  invention  are  laid  down  in  the  respective  subclaims. 

When  the  temperature  changes,  an  embodiment  of  the  temperature  compensating  mechanism 
according  to  the  invention  causes  relative  change  in  length  between  the  distance  of  two  spaced  points  of 
the  movable  member  and  the  length  of  connecting  structure  secured  to  said  two  points.  Since  the  spring 
coefficient  for  one  half  of  the  connecting  structure  differs  from  that  of  the  other  half  bordering  on  the 
pulley,  force  caused  in  one  half  of  the  connecting  structure  by  said  relative  change  in  the  length  differs  from 
that  in  the  other  half  bordering  the  pulley.  Thus,  the  difference  in  these  forces  moves  the  movable  member 
to  a  location  where  the  force  is  balanced.  The  amount  of  such  movement  is  the  amount  of  temperature 
compensation  to  offset  the  relative  position  change  between  the  magnetic  head  and  the  record  track 
caused  by  the  temperature  change. 

Choosing  the  spring  coefficient  for  one  half  and  the  other  half  of  the  connecting  structure  bordering  on 
the  pulley  may  be  attained  by  choosing  spring  coefficients  for  springs  that  serves  to  secure  ends  of  the 
band  of  the  connecting  structure  to  the  two  spaced  points  of  the  movable  member.  Said  springs  may  be 
leaf  springs,  of  which  spring  coefficients  can  be  easily  chosen  by  changing  their  length  and  thickness. 

The  relative  change  in  length  due  to  the  temperature  change  between  the  connecting  structure  and  the 
two  points  of  the  movable  member  may  be  caused  by  making  the  linear  expansion  coefficient  of  material 
constituting  the  band  of  the  connecting  structure  differ  from  that  of  material  constituting  the  movable 
member  between  the  two  points.  For  example,  the  material  constituting  the  movable  member  between  the 
two  points  may  be  aluminum  with  relatively  high  linear  expansion  coefficient,  while  the  material 
constituting  the  band  may  be  stainless  steel  with  relatively  low  linear  coefficient. 

Another  embodiment  of  the  invention  employs  a  bimetal  as  the  spring  of  the  connecting  structure.  The 
bimetal  deforms  under  temperature  change,  thereby  generating  force  through  the  connecting  structure  for 
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moving  the  movable  member  to  perform  the  temperature  compensation.  Furthermore,  if  it  is  arranged  that 
the  relative  change  in  length  is  not  caused  by  the  temperature  change  between  the  length  of  the  connecting 
structure  and  the  distance  between  the  two  points  of  the  movable  member  except  by  the  bimetal,  the 
difference  of  the  amount  of  temperature  compensation  for  the  inner  and  the  outer  tracks  on  the  magnetic 

s  disk,  which  is  observed  in  the  previous  embodiment,  can  be  eliminated  to  make  it  always  constant 
regardless  the  location  of  the  tracks  so  as  to  provide  optimum  amount  of  compensation  anywhere. 

The  following  describes  embodiments  of  the  invention  in  connection  with  the  appended  drawing  in 
which: 

Fig.  1  shows  a  plan  view  illustrating  the  temperature  compensating  mechanism  for  positioning  of  the 
w  magnetic  head  of  the  magnetic  disk  drive  of  a  first  embodiment  according  to  the  invention; 

Fig.  2  shows  a  plan  view  of  a  band  used  in  said  embodiment; 
Fig.  3  shows  a  schematic  view  briefly  illustrating  the  mechanism  of  Fig.  1  for  explaining  the  effect  of 

said  embodiment; 
Fig.  4  shows  the  spring  system  of  said  embodiment  for  explaining  the  effect  of  said  embodiment; 

is  Fig.  5  shows  a  diagram  illustrating  the  TTS  (thermal  track  shift)  of  the  magnetic  head  from  each  track 
where  AT  =  48°C  (T2  =  52°C  and  T-,  =  4°C),  with  TTS  on  the  ordinates  and  the  track  location  on  the 
abscissas;  and 

Fig.  6  shows  a  view  schematically  illustrating  the  temperature  compensating  mechanism  for 
positioning  of  the  magnetic  head  of  the  magnetic  disk  drive  of  a  second  embodiment  according  to  the 

20  invention. 
Fig.  1  shows  a  magnetic  disk  drive  mounted  with  the  temperature  compensation  mechanism  for 

positioning  of  the  magnetic  head  according  to  an  embodiment  of  the  invention,  wherein  1  is  a  hard 
magnetic  disk  that  is  rotated  by  a  spindle  motor  (not  shown)  mounted  on  a  base  of  aluminum  2.  A  number 
of  record  tracks  are  coaxially  arranged  on  the  magnetic  disk  1,  the  innermost  one  of  tracks  being  indicated 

25  by  IN,  the  outermost  one  by  OUT,  and  the  central  one  by  CTR.  The  magnetic  disk  1  itself  is  made  of 
aluminum,  each  surface  of  which  is  applied  with  magnetic  material  such  as  iron  oxide,  and  then  coated 
with  a  protective  film.  Assuming  that  the  magnetic  disk  1  has  a  diameter  of  5.25  inches  (ca.  13.34  cm),  its 
one  surface  is  arranged  with  several  hundred  record  tracks  in  a  density  of  several  hundred  tracks  per  inch 
(=  2.54  cm),  with  the  spacing  of  only  several  tens  microns  between  each  track.  3  indicates  a  magnetic  head 

30  that  magnetically  writes  or  reads  information  in  or  from  the  record  track.  The  magnetic  head  3  is  slightly 
floated  (about  0.5  urn)  by  air  flow  over  the  magnetic  disk  rotating  in  a  high  speed  (about  3,600  rpm),  and 
accesses  each  track  to  perform  writing  or  reading  of  information.  The  magnetic  head  3  has  a  well-known 
construction.  The  access  to  each  track  by  the  magnetic  head  3  is  performed  through  a  movable  member  4 
that  movably  supports  the  magnetic  head.  The  movable  member  4  consists  of  a  head  suspension  5  directly 

35  supporting  the  head  3,  an  actuator  arm  7  one  end  of  which  is  mounted  on  a  pivot  shaft  6  pivotably 
supported  by  the  base  2,  a  head  arm  8  connecting  the  actuator  arm  7  and  the  head  suspension  5,  and  a 
spring  support  9  fixed  on  the  other  end  of  the  actuator  arm  7  so  as  to  extend  in  substantial  arc.  The  movable 
member  as  a  whole  is  supported  by  a  pivot  shaft  6  parallel  to  the  rotating  shaft  of  the  magnetic  disk  1,  and 
is  rotatable  on  the  base  2  around  the  shaft  6.  The  movable  member  4  is  made  of  aluminum  except  the  head 

40  suspension  5  that  is  made  of  stainless  steel.  10  indicates  a  pulley,  which  has  a  rotating  shaft  parallel  to  that 
of  the  magnetic  disk  1.  Said  shaft  of  the  pulley  is  connected  to  the  step  motor  (not  shown).  The  outer 
cylindrical  surface  of  the  pulley  10  is  wound  with  a  metal  band  11  as  one  shown  in  Fig.  2.  The  band  11  is 
spot  welded  at  its  central  bulge  to  the  pulley  10  so  that  the  welded  portions  do  not  overlap  with  the  other 
portions  of  band  11.  The  elongated  narrow  portion  at  one  end  of  the  band  is  inserted  into  the  elongated 

45  hole  at  the  other  end  to  be  wound  around  the  outer  surface  of  the  pulley  10.  Each  end  of  band  11  extends  in 
substantially  opposite  tangential  direction  on  the  outer  surface  of  the  pulley  10,  and  is  secured  to  one  of 
two  spaced  points  of  the  spring  support  9  through  leaf  like  spring  12  or  13.  The  inner  and  the  outer  ends  of 
the  band  11  (the  inner  end  means  that  nearest  to  the  center  of  the  magnetic  disk  1,  while  the  outer  end 
means  that  farthest  from  the  center)  are  spot  welded  to  the  inner  and  the  outer  springs  12  and  13, 

so  respectively.  They  are  bent  at  ends  where  the  band  1  1  contacts,  not  to  damage  the  band,  and  their  ends 
close  to  the  spring  support  9  are  fixed  on  the  support  9  with  bolts.  They  exert  tensile  force  on  the  band  1  1  . 
Their  spring  coefficients  can  be  freely  selected  by  changing  their  material,  thickness  and  length  (the  height 
projected  from  the  spring  support  9).  The  pulley  10,  the  band  11  and  the  springs  12  and  13  are  made  of 
stainless  steel.  The  stainless  steel  has  lower  linear  expansion  coefficient  than  that  of  aluminum. 

55  The  movable  member  4,  the  pulley  10,  the  band  11,  the  springs  12  and  13  and  the  step  motor  (not 
shown)  constitute  the  head  actuator  that  causes  the  magnetic  head  to  access  a  desired  record  track  on  the 
magnetic  disk.  When  the  step  motor  (not  shown)  receives  a  signal  and  rotates  counterclockwise  (or  clock- 
wise)  in  a  predetermined  angle,  it  causes  the  pulley  10  to  rotate  by  the  same  angle  in  the  same  direction, 
the  outer  side  (or  the  inner  side)  of  the  band  1  1  to  be  taken  up  by  the  pulley  10,  and  the  inner  side  (or  the 

60  outer  side)  of  the  band  11  to  be  fed  from  the  pulley  10,  so  that  the  actuator  arm  7  is  rotated  clockwise  (or 
counterclockwise)  around  the  pivot  shaft  6,  and  causes  the  magnetic  head  3  to  radially  move  inwardly  (or 
outwardly)  on  the  magnetic  disk  1  and  to  access  a  desired  record  track. 

In  order  to  satisfactorily  function  the  magnetic  disk  drive,  it  is  required  that  the  magnetic  head  3 
accesses,  or  is  positioned  to  the  record  track  on  the  magnetic  disk  within  a  predetermined  error,  for 

65  example,  several  microns.  This  means  that,  if  any  relative  displacement  is  caused  between  the  magnetic 

3 
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lead  3  and  the  record  track  because  of  temperature  change,  the  temperature  compensation  tor 
jompensating  it  should  be  always  provided  when  the  magnetic  head  3  accesses  the  record  track. 

The  embodiment  has  a  temperature  compensating  mechanism  for  positioning  of  the  magnetic  head 
for  performing  such  temperature  compensation  that  comprises  a  connecting  structure  consisting  of  the 
aand  1  1  and  the  springs  12  and  13  for  connecting  the  pulley  10  and  the  movable  member  4  (constituting  a 
spring  system),  and  the  movable  member  4  of  which  two  points  are  secured  to  the  band  11  through  the 
springs  12  and  13.  The  effect  of  the  temperature  compensating  mechanism  is  briefly  explained.  The 
difference  of  the  linear  expansion  coefficients  of  the  band  1  1  and  the  element  between  two  points  of  the 
spring  support  9  causes  relative  change  in  length  between  both  components  by  the  temperature  change, 
which  relative  change  in  length  is  converted  into  force  by  the  spring  system  that  consists  of  the  band  11 
and  the  springs  12  and  13.  Said  force  varies  the  force  of  the  spring  system  that  is  balanced  for  previous 
temperature,  which  system  rotates  the  movable  member  around  the  pivot  shaft  6  to  balance  said  variation 
in  force,  so  that  it  compensates  the  displacement  between  the  magnetic  head  and  the  record  track  because 
of  the  temperature  change. 

Fig.  3  schematically  describes  the  effect  of  the  temperature  compensating  mechanism  for  positioning 
of  the  magnetic  head  of  the  embodiment.  The  following  symbols  are  defined  to  explain  the  effect  of  the 
mechanism.  Now,  the  inside  means  the  side  close  to  the  center  of  the  magnetic  disk  bordering  on  the 
pulley  10,  while  the  outside  means  the  side  far  from  the  center. 

Symbol  Meaning  of  symbol 

KB0  :  Spring  coefficient  at  the  outside  of  the 
band  11 

KB|  :  Spring  coefficient  at  the  inside  of  the 
band  11 

Kso  :  Spring  coefficient  of  the  spring  (outside)  13 

KS|  :  Spring  coefficient  of  the  spring  (inside)  12 

K0  :  Spring  coefficient  of  the  spring  system  con- 
stituted  by  KB0  and  Kso 

K|  :  Spring  coefficient  of  the  spring  system  con- 
stituted  by  KB)  and  Ks, 

a  :  Linear  expansion  coefficient  of  the  band  1  1 
(stainless  steel) 

b  :  Linear  expansion  coefficient  of  the  spring 
support  9  (aluminum) 

a  :  Linear  expansion  coefficient  of  the  head 
suspension  5 

F,  :  Force  on  the  band  11  (inside)  generated 
by  temperature  change 

F0  :  Force  on  the  band  11  (outside)  generated  by  temperature  change 

5,  :  Amount  of  relative  displacement  of  the 
band  11  to  the  spring  support  9  generated 
by  temperature  change  (inside) 

50  :  Amount  of  relative  displacement  of  the 
band  11  to  the  spring  support  9  generated 
by  temperature  change  (outside) 

A5  :  Amount  of  movement  of  the  movable  member  4 
at  the  position  of  the  band  11  generated  by 
temperature  change 

AT  :  Amount  of  temperature  change  (T2  (after 
change)  —  T,  (before  change)) 
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The  pulley  10  can  be  considered  by  the  hold  torque  ot  step  motor  to  De  in  a  relatively  Tixeu  &idie 
jompared  with  the  pivot  shaft  6.  Therefore,  the  amount  of  temperature  compensation  can  be  calculated  as 
ollows  by  taking  the  balance  of  force  around  the  pivot  shaft  6  into  consideration. 

The  band  11  is  made  of  stainless  steel  and  has  the  linear  expansion  coefficient  a,  while  the  spring 
support  9  is  made  of  aluminum  and  has  the  linear  expansion  coefficient  b.  Therefore,  when  the 
:emperature  rises,  the  band  11  contracts  relative  to  the  spring  support  9  mounted  therewith  because  of 
>uch  difference  in  the  linear  expansion  coefficients.  If  the  amount  of  contraction  is  5,  for  the  inside  from  the 
Dulley  10  and  50  for  the  outside, 

5,  =  (Ta-T,)  (b-a)  x  I, 

50  =  (Ta-T,)  (b-a)  x  l0 

where  I,  and  l0  are  the  inside  and  the  outside  length  of  the  band  n,  respectively,  i  ne  relative  wnir*uu..  » 
the  equation(1)is  converted  to  force  through  the  spring  system  consisting  of  the  band  11  and  the  spring  12 

is  or  13. 
F,  =  K,  5,  =  K,  (b-a)  I,  AT 

F0  =  K0  50  =  K0  (b-a)  iQ  AT 

20  where  K,  and  KQ  are  the  spring  coefficients  of  the  spring  system  consisting  of  the  band  1  1  and  the  spring  1  2 
or  13,  which  are  calculated  by  the  following  equation: 

i 

2S  VKbi  +  l/Kei 

1/K.bo  + 

The  movable  member  4  rotates  around  tne  pivot  snare  b  io  Daiancetneroree  r0anu  r,  BA(ji«3a»cu  uy  u.c 
equation  (2).  If  A5  is  the  movement  of  the  movable  member  4  on  the  band  11  around  the  pivot  shaft  6 
required  to  reach  the  balance  with  such  relative  contraction  of  the  band  1  1  due  to  the  temperature  rise,  the 
following  relation  is  established: 

35  F0  +  K0  A5  =  F,  -  K,  A5  (4) 

Therefore,  from  the  equation  (4)  the  movement  Ao  is: 

F,  —  F0  K|l|  —  K0li 
A6=  = 

"0  K0  +  K,  K0  +  K, 

F|  -  F0  Kih  -  K.o'o 
^5=  =  (b-a)  AT  (5) 

Here,  the  symbol  for  Ao  is  positive  in  the  direction  to  relatively  move  tne  magnetic  nedu  o  uuiwamiy. 
Fig.  4  shows  the  movement  A5  and  a  schematic  view  of  the  spring  system  consisting  of  the  band  1  1  and  the 
spring  12  or  13. 

45  The  movement  A6  as  described  is  nothing  but  the  movement  of  the  movable  member  4  on  the  band 
1  1  .  To  make  the  movement  A5  the  amount  of  temperature  compensation,  it  is  required  to  consider  a  ratio 
between  the  distance  Y  (the  center  of  the  pivot  shaft  6  to  the  magnetic  head  3)  and  the  distance  X  (the 
center  of  the  pivot  shaft  6  to  the  band  1  1  ).  If  this  ratio  is  C  =  Y/X,  the  amount  of  temperature  compensation, 
or  the  distance  that  the  magnetic  head  3  is  moved  by  the  temperature  compensating  mechanism  for 

50  positioning  of  the  magnetic  head,  becomes  CAS. 
The  amount  of  temperature  compensation  CAS  acts  to  offset  the  relative  displacement,  or  the  mis- 

position,  between  the  magnetic  head  3  and  the  record  track  due  to  temperature  change.  Now  it  is  assumed 
to  calculate  the  displacement  between  the  magnetic  head  3  and  the  record  track  due  to  the  temperature 
change  that  all  the  components  of  the  magnetic  disk  drive  other  than  the  above-mentioned  temperature 

55  compensating  mechanism  are  made  of  aluminum.  Then,  since  all  components  other  than  the  head 
suspension  are  of  aluminum,  they  expand  or  contract  in  a  same  ratio  to  temperature  change,  so  that  no 
displacement  or  misposition  is  caused  between  the  magnetic  head  3  and  the  record  track  on  the  magnetic 
disk.  Therefore,  only  the  head  suspension  causes  the  misposition  between  the  magnetic  head  3  and  the 
record  track.  The  amount  of  misposition  can  be  calculated  by  the  following  equation  if  the  length  of  the 

60  head  suspension  is  L: 
L  x  (b-a)  x  AT  <6> 

This  amount  of  misposition  is  the  amount  to  outwardly  shift  the  magnetic  head  3  relative  to  the  record 
trsck 

65  By  adding  the  amount  of  temperature  compensation  A5  by  the  above-mentioned  temperature 

t> 
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compensating  mechanism  to  the  amount  of  misposition  due  to  the  temperature  change,  the  net  amount  of 
TTS  (thermal  track  shift)  between  the  magnetic  head  3  and  the  record  track  according  to  the  temperature 
variation  is: 

KJi  —  K0I0 
5  TTS  =  CAT  (b  -  a)  +  L  (b  -  a)  AT  (7) 

K0  +  K, 

I  K|l|  -  Kolo 
TTSotr  =  —  CAT  (b  -  a)  +  L  (b  -  a)  AT  (8) 

«  2  K0  +  K, 

Since  the  net  amount  of  TTS  (7)  depends  on  the  inner  length  I,  and  the  outer  length  l0of  the  band  11,  or 
the  location  of  track,  the  spring  coefficients  K,  and  K0,  or  the  spring  coefficients  Kso  and  Ks,  of  the  springs  12 
and  13  are  selected  to  make  the  TTSCTr  (8)  at  the  central  track  CTR  (I,  =  I/2,  l0  =  I/2)  zero. 

75  The  graph  A  in  Fig.  5  shows  the  TTS  at  AT  =  48°C  by  making  T,  =  4°C,  T2  =  52°C.  Thus,  as  shown  in  A, 
it  becomes  possible  to  keep  the  TTS  within  desired  plus  or  minus  several  microns  for  ail  tracks.  The  graph  B 
shows  the  TTS  at  the  same  temperature  variation  between  the  magnetic  head  and  the  record  track  where 
the  temperature  compensating  mechanism  of  the  embodiment  is  not  provided,  which  obviously  exceeds 
the  allowable  limit.  The  inclination  of  A  mainly  depends  on  the  difference  of  the  linear  expansion  co- 

20  efficients  for  the  band  11  and  the  spring  support  9. 
Fig.  6  shows  the  second  embodiment,  wherein  same  amount  of  temperature  compensation  is  provided 

regardless  the  position  of  track.  In  this  embodiment,  the  band  21  has  the  same  linear  expansion  coefficient 
as  that  of  material  constituting  the  element  between  two  points  of  the  spring  support  9.  It  is  arranged  that 
no  relative  change  in  length  is  caused  between  both  elements  even  when  temperature  changes.  Further- 

25  more,  in  this  embodiment,  the  spring  22  is  of  a  bimetal  structure  and  causes  displacement  in  proportion  to 
temperature  change.  Ail  other  arrangements  are  same  in  the  previous  embodiment.  Now,  the  effect  of  the 
temperature  compensating  mechanism  of  this  embodiment  is  explained  by  using  same  symbols  as 
described  for  the  previous  embodiment.  If  temperature  changes,  the  bimetal  spring  22  displaces  in  the 
longitudinal  direction  of  the  band  21  in  proportion  to  the  temperature  change,  and  therefore  it  is  considered 

30  apparently  that  the  inner  length  of  the  band  21  varies  by  5,  to  the  spring  support  9.  Namely, 

5,  =  ( T 2 - T , ) x P  

where  P  is  displacement  of  the  bimetal  spring  22  per  unit  temperature  in  the  longitudinal  direction  of  the 
35  band  22. 

On  the  other  hand,  there  is  no  relative  change  in  length  of  the  band  21  to  the  outer  spring  support  9, 
and  50  =  0. 

The  relative  change  in  length  of  the  inner  side  of  band  21  is  converted  into  force  through  the  spring 
system. 

40  F,  =  K,5,  =  K,P  (T2  -  T-,) 

On  the  other  hand,  F0  =  0.  If  A5  is  the  movement  of  the  movable  member  4  around  the  pivot  shaft  6  on 
the  band  21  to  balance  these  force  F,  and  F0,  the  following  relation  is  established: 

45  K0A5  =  F,  -  K,A5 
Thus,  the  movement  A5  is: 

F,  K,P  (T2  -  T,) 
A5  =  = 

so  K0  +  K,  K0  +  K, 

A  proportional  constant  C  is  multiplied  to  make  the  above  the  displacement  at  the  location  of  magnetic 
head  3,  or  the  amount  of  temperature  compensation  for  the  magnetic  head  3: 

55  OCPOa-T,)  CK.PAT 
CA5  =  = 

K0  +  K|  K0  +  K, 
The  temperature  compensation  CAS  depends  on  the  temperature  change  AT,  the  unit  displacement  P 

of  the  bimetal  and  the  spring  coefficients  K,  and  K0,  but  does  not  depend  on  the  length  (I,  and  l0)  of  the  band 
60  21.  Therefore,  differing  from  the  previous  embodiment,  this  embodiment  provides  same  amount  of 

temperature  compensation  CAS  to  all  tracks.  This  allows  to  eliminate  the  displacement  between  the 
magnetic  head  3  and  the  record  track  as  indicated  by  the  equation  (6)  to  zero  for  all  track  locations.  Thus,  it 
is  possible  in  this  embodiment  to  make  the  net  amount  of  TTS,  which  is  a  sum  of  the  temperature 
compensation  CAS  and  the  misposition  between  the  magnetic  head  and  the  record  track,  zero  for  all  track 

65  locations.  This  condition  is  shown  by  C  in  Fig.  5  where  T-i  =  4°C,  T2  =  52°C  and  AT  =  48°C. 

45 

Thus,  the  movement  AS  is: 

50 

6 
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Although,  in  the  embodiments  as  aescrmea  aoove,  tne  movaoie  ineniuci  t  ^unou^^o  a  , 
:tuator,  it  may,  of  course,  constitute  a  linear  actuator  that  moves  linearly.  In  addition,  the  means  in  the 
ivention  that  provides  different  spring  coefficients  to  one  half  of  the  connecting  structure  and  the  other 
alf  bordering  on  the  pulley  may  be  one  that  changes  the  spring  coefficient  for  the  portion  of  band  close  to 
ie  center  of  the  disk  from  pulley  and  the  portion  far  from  the  center.  These  spring  coefficients  may  be 
aried  by,  for  example,  changing  the  thickness  of  the  band.  Furthermore,  the  means  for  relatively  varying 
ie  length  of  the  connecting  structure  and  the  movable  member  may  be  constituted  by  providing  same 
near  expansion  coefficient  to  the  band  and  the  material  constituting  the  element  between  two  points  of 

ie  movable  member,  but  different  linear  expansion  coefficient  to  the  material  constituting  the  pulley. 
As  described,  this  invention  can  provide  a  temperature  compensating  mechanism  for  positioning  of  a 

lagnetic  head  of  a  magnetic  disk  drive  that  is  relatively  low  cost,  has  a  simple  construction  and  can  be 
asily  adjusted.  Since,  in  the  invention,  the  mechanism  providing  the  temperature  compensation  is  definite 
nd  the  amount  of  the  compensation  is  easily  calculated,  it  can  be  easily  designed  to  provide  optimum 
imperature  compensation  to  various  magnetic  disk  drives.  Furthermore,  the  first  embodiment  can  be 
asily  adjusted  to  provide  optimum  amount  of  temperature  compensation  because  the  spring  coefficient  of 
ie  connecting  structure  can  be  easily  changed,  for  example,  only  by  changing  the  thickness  or  the  length 
f  the  leaf  spring.  In  addition,  the  second  embodiment  can  perform  more  accurate  temperature 
ompensation  because  it  can  always  provide  same  amount  of  the  temperature  compensation  regardless 
ie  location  of  the  track. 

Maims 

1  A  temperature  compensating  mechanism  for  positioning  of  a  magnetic  head  of  a  magnetic  disk  drive 
hat  comprises  a  movable  member  (4)  supporting  said  magnetic  head  (3)  and  a  pulley  (10)  for  driving  said 
novable  member,  characterized  by  a  connecting  structure  including  a  band  (11)  especially  wrapped  on 
laid  pulley  and  connecting  two  spaced  points  of  said  movable  member  and  spring  means  (12,  13  on  each 
iide  of  said  pulley  exerting  tensile  force  on  said  band,  wherein  a  linear  expansion  coefficient  (a)  for  said 
>and  is  made  different  from  that  (b)  of  an  element  between  said  two  points  of  said  movable  member,  the 

spring  coefficient  (K,)  of  one  half  of  said  connecting  structure  for  connecting  the  pulley  and  either  one 
inside)  of  the  two  points  of  the  movable  member  and  the  spring  coefficient  (K0)  of  the  other  half  (outside) 
if  the  connecting  structure  for  connecting  the  pulley  and  another  point  of  the  movable  member  are  chosen 

so  that  displacement  (TTS)  between  the  magnetic  head  and  a  record  track  on  a  magnetic  disk  (1)  due  to 

emperature  change  (AT)  is  compensated  by  a  displacement  of  the  movable  member  resulting  from  a  force 

generated  within  the  connecting  structure  due  to  change  in  distance  between  the  two  points  of  the 
-novable  member  caused  by  said  temperature  c h a n g e . . . . .   u 

2.  A  mechanism  as  claimed  in  claim  1  wherein  said  spring  means  (12,  13)  is  positioned  between  each 
=nd  of  said  band  (11)  and  each  of  said  two  points  of  said  movable  member. 

3  A  mechanism  as  claimed  in  claim  1  or  2  wherein  said  spring  coefficient  of  one  half  of  said  connecting 
structure  for  connecting  the  pulley  and  either  one  of  the  two  points  of  the  movable  member  and  said  spring 
coefficient  of  the  other  half  of  the  connecting  structure  for  connecting  the  pulley  and  another  point  of  the 
movable  member  being  chosen  by  choosing  spring  coefficients  of  these  spring  means. 

4  A  temperature  compensating  mechanism  for  positioning  of  a  magnetic  head  of  a  magnetic  disk  drive 
that  comprises  a  movable  member  (4)  supporting  said  magnetic  head  (3)  and  a  pulley  (10)  for  driving  said 
movable  member,  characterized  by  a  connecting  structure  including  a  band  (11)  especially  wrapped  on 
said  pulley  and  connecting  two  spaced  points  of  said  movable  member  and  spring  means  (12,  22)  on  each 
side  of  said  pulley  exerting  tensile  force  on  said  band,  wherein  one  of  said  spring  means  is  a  bimetal  spring, 
the  spring  coefficient  (K,)  of  one  half  of  said  connecting  structure  for  connecting  the  pulley  and  either  one 
(inside)  of  the  two  points  of  the  movable  member  and  the  spring  coefficient  (K0)  of  the  other  half  (outside) 
of  the  connecting  structure  for  connecting  the  pulley  and  another  point  of  the  movable  member  are  chosen 

so  that  displacement  (TTS)  between  the  magnetic  head  and  a  record  track  on  a  magnetic  disk  (1)  due  to 
temperature  change  (AT)  is  compensated  by  a  displacement  of  the  movable  member  resulting  from  a  force 

generated  within  the  connecting  structure  due  to  change  in  distance  between  the  two  points  of  the 
movable  member  caused  by  said  temperature  change. 

5.  A  mechanism  as  claimed  in  claim  4  wherein  said  spring  means  (12,  22)  is  positioned  between  each 
end  of  said  band  (11)  and  each  of  said  two  point  of  said  movable  member. 

6.  A  mechanism  as  claimed  in  claim  4  or  5  wherein  said  spring  coefficient  of  one  half  of  said  connecting 
structure  for  connecting  the  pulley  and  either  one  of  the  two  points  of  the  movable  member  and  said  spring 
coefficient  of  the  other  half  of  the  connecting  structure  for  connecting  the  pulley  and  another  point  of  the 
movable  member  being  chosen  by  choosing  spring  coefficients  of  these  spring  means. 

Patentanspruche 

1.  Temperaturausgleichsmechanismus  zum  Positionieren  eines  Magnetkopfes  eines  Magnetplatten- 
antriebs,  mit  einem  den  Magnetkopf  (3)  stiitzenden  beweglichen  Teil  (4)  und  einer  Rolie  (10)  zum  Antrieb 
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des  beweglichen  Teils,  gekennzeichnet  durch  eine  Verbindungsstruktur,  welche  ein  insbesondere  auf  die 
Rolle  gewickeltes  Band  (1  1  )  enthalt  und  zwei  beabstandete  Punkte  auf  dem  beweglichen  Teii  verbindet,  und 
mit  einer  Feder  (12,  13)  auf  jeder  Seite  der  Rolle,  die  eine  Zugkraft  auf  das  Band  ausiibt,  wobei  ein  linearer 
Expansionskoeffizient  (a)  fur  das  Band  unterschiedlich  von  dem  (b)  eines  Elementes  zwischen  den  zwei 
Punkten  des  beweglichen  Teils  gemacht  wird,  und  wobei  der  Federkoeffizient  (K,)  von  einer  Halfte  der 
Verbindungsstruktur  zum  Verbinden  der  Rolle  mit  einem  (inneren)  der  zwei  Punkte  des  beweglichen  Teils, 
und  der  Federkoeffizient  (K0)  der  anderen  Halfte  (aulSeren)  der  Verbindungsstruktur  zum  Verbinden  der 
Rolle  mit  einem  anderen  Punkt  des  beweglichen  Teils  so  gewahlt  wird,  dalS  eine  Verschiebung  (TTS) 
zwischen  dem  Magnetkopf  und  einer  Aufzeichnungsspur  auf  einer  Magnetplatte  (1)  aufgrund  einer 
Temperaturanderung  (AT)  durch  eine  Verschiebung  des  beweglichen  Teils  ausgeglichen  wird  ais  Folge 
einer  Kraft,  die  innerhalb  der  Verbindungsstruktur  aufgrund  einer  durch  die  Temperaturanderung 
verursachten  Anderung  der  Distanz  zwischen  den  zwei  Punkten  des  beweglichen  Teils  erzeugt  wurde. 

2.  Mechanismus  nach  Anspruch  1,  bei  welchem  die  Feder  (12,  13)  zwischen  jedem  Ende  des  Bandes 
(11)  und  jedem  der  zwei  Punkte  des  beweglichen  Teils  angebracht  ist. 

3.  Mechanismus  nach  Anspruch  1  oder  2,  bei  welchem  der  Federkoeffizient  einer  Halfte  der 
Verbindungsstruktur  zum  Verbinden  der  Rolle  mit  einem  der  zwei  Punkte  des  beweglichen  Teils  sowie  der 
Federkoeffizient  der  anderen  Halfte  der  Verbindungsstruktur  zum  Verbinden  der  Rolle  mit  einem  anderen 
Punkt  des  beweglichen  Teils  dadurch  gewahlt  werden,  dafc  Federkoeffizienten  dieser  Feder  gewahlt 
werden. 

4.  Temperaturausgleichsmechanismus  zum  Positionieren  eines  Magnetkopfes  eines  Magnetplatten- 
antriebs,  mit  einem  den  Magnetkopf  (3)  stiitzenden  beweglichen  Teil  (4)  und  einer  Rolle  (10)  zum  Antrieb 
des  beweglichen  Teils,  gekennzeichnet  durch  eine  Verbindungsstruktur,  welche  ein  insbesondere  auf  die 
Rolle  gewickeltes  Band  (11)  enthalt  und  zwei  beabstandete  Punkte  auf  dem  beweglichen  Teil  verbindet,  und 
mit  einer  Feder  (12,  22)  auf  jeder  Seite  der  Rolle,  die  eine  Zugkraft  auf  das  Band  ausiibt,  wobei  eine  der 
Federn  eine  Bimetallfeder  ist  und  der  Federkoeffizient  (K|)  von  einer  Halfte  der  Verbindungsstruktur  zum 
Verbinden  der  Rolle  mit  einem  (inneren)  der  zwei  Punkte  des  beweglichen  Teils  und  der  Federkoeffizient 
(K0)  der  anderen  Halfte  (aulSeren)  der  Verbindungsstruktur  zum  Verbinden  der  Rolle  mit  einem  anderen 
Punkt  des  beweglichen  Teils  so  gewahlt  wird,  daB  eine  Verschiebung  (TTS)  zwischen  dem  Magnetkopf  und 
einer  Aufzeichnungsspur  auf  einer  Magnetplatte  (1)  aufgrund  einer  Temperaturanderung  (AT)  durch  eine 
Verschiebung  des  beweglichen  Teils  ausgeglichen  wird  als  Folge  einer  Kraft,  die  innerhalb  der 
Verbindungsstruktur  aufgrund  einer  durch  die  Temperaturanderung  versursachten  Anderung  der  Distanz 
zwischen  den  zwei  Punkten  des  beweglichen  Teils  erzeugt  wurde. 

5.  Mechanismus  nach  Anspruch  4,  bei  welchem  die  Feder  (12,  22)  zwischen  jedem  Ende  des  Bandes 
(11)  und  jedem  der  zwei  Punkte  des  beweglichen  Teils  angebracht  ist. 

6.  Mechanismus  nach  Anspruch  4  oder  5,  bei  welchem  der  Federkoeffizient  einer  Halfte  der 
Verbindungsstruktur  zum  Verbinden  der  Rolle  mit  einem  der  zwei  Punkte  des  beweglichen  Teils  sowie  der 
Federkoeffizient  der  anderen  Halfte  der  Verbindungsstruktur  zum  Verbinden  der  Rolle  mit  einem  anderen 
Punkt  des  beweglichen  Teils  dadurch  gewahlt  werden,  daB  Federkoeffizient  dieser  Feder  gewahlt  werden. 

Revendications 

1.  Un  mecanisme  de  compensation  de  temperature  destine  a  positionner  une  tete  magnetique  d'une 
unite  d'entralnement  de  disque  magnetique  qui  comprend  un  element  mobile  (4)  supportant  ladite  tete 
magnetique  (3)  et  une  pouiie  (10)  pour  entrainer  ledit  element  mobile,  caracterise  par  une  structure  de 
liaison  comprenant  une  bande  (11)  specialement  enroulee  sur  ladite  pouiie  et  reliant  deux  points  espaces 
dudit  element  mobile  et  des  moyens  elastiques  (12,  13)  sur  chaque  cote  de  ladite  pouiie  exercant  une  force 
de  tension  sur  ladite  bande,  dans  lequel  un  coefficient  de  dilatation  lineaire  (a)  de  ladite  bande  est  rendu 
different  de  celui  (b)  d'un  element  situe  entre  lesdits  deux  points  dudit  element  mobile,  Ie  coefficient 
elastique  (K,)  d'une  moitie  de  ladite  structure  de  liaison  destinee  a  relier  la  pouiie  et  I'un  quelconque 
(interieur)  desdits  deux  points  de  I'element  mobile  et  Ie  coefficient  elastique  (KE)  de  I'autre  moitie 
(exterieure)  de  la  structure  de  liaison  destinee  a  relier  la  pouiie  et  une  autre  point  de  I'element  mobile  sont 
choisis  de  telle  fagon  que  Ie  deplacement  (decalage  thermique  de  piste  ou  TTS)  entre  la  tete  magnetique  et 
une  piste  d'enregistrement  d'un  disque  magnetique  (1)  du  a  la  variation  de  temperature  (AT)  soit 
compense  par  un  deplacement  de  I'element  mobile  resultant  d'une  force  engendree  a  I'interieur  de  la 
structure  de  liaison  du  a  une  variation  de  distance  entre  deux  points  de  I'element  mobile  provoquee  par 
ladite  variation  de  temperature. 

2.  Un  mecanisme  selon  la  revendication  1,  dans  lequel  ledit  moyen  elastique  (12,  13)  est  positionne 
entre  chaque  extremite  de  ladite  bande  (11)  et  chacun  desdits  deux  points  dudit  element  mobile. 

3.  Un  mecanisme  selon  la  revendication  1  ou  2,  dans  lequel  ledit  coefficient  elastique  d'une  moitie  de 
ladite  structure  de  liaison  destinee  a  relier  la  pouiie  et  I'un  quelconque  des  deux  points  de  I'element  mobile 
et  ledit  coefficient  elastique  de  I'autre  moitie  de  la  structure  de  liaison  destinee  a  relier  la  pouiie  et  un  autre 
point  de  I'element  mobile  est  choisi  en  choisissant  des  coefficients  elastiques  de  ces  moyens  elastiques. 

4.  Un  mecanisme  de  compensation  de  temperature  destine  a  positionner  une  tete  magnetique  d'une 
unite  d'entramement  de  disque  magnetique  qui  comprend  un  element  mobile  (4)  supportant  ladite  tete 
magnetique  (3)  et  une  pouiie  (10)  pour  entrainer  ledit  element  mobile,  caracterise  par  une  structure  de 
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liaison  comprenant  une  bande  (11)  specialement  enrouiee  sur  laaue  pouiie  ei  rendiu  ucua  h""i«  " H " ^  
dudit  element  mobile  et  des  moyens  elastiques  (12,  22)  sur  chaque  cote  de  ladite  pouiie  exergant  une  force 
de  tension  sur  ladite  bande,  dans  lequel  au  moins  un  desdits  moyens  elastiques  est  un  ressort  bilame,  Ie 
coefficient  elastique  (K,)  d'une  moitie  de  ladite  structure  de  liaison  destinee  a  relier  la  pouiie  et  I'un 
quelconque  (interieur)  desdits  deux  points  de  I'element  mobile  et  Ie  coefficient  elastique  (KE)  de  I'autre 
moitie  (exterieure)  de  la  structure  de  liaison  destinee  a  relier  la  pouiie  et  une  autre  point  de  I'element 
mobile  sont  choisis  de  telle  fagon  que  Ie  deplacement  (decalage  thermique  de  piste  ou  TTS)  entre  la  tete 
magnetique  et  une  piste  d'enregistrement  d'un  disque  magnetique  (1  )  du  a  la  variation  de  temperature  (AT) 
soit  compense  par  un  deplacement  de  I'element  mobile  resultant  d'une  force  engendree  a  I'interieur  de  la 

1  structure  de  liaison  du  a  une  variation  de  distance  entre  deux  points  de  I'element  mobile  provoquee  par 
ladite  variation  de  temperature. 

5.  Un  mecanisme  selon  la  revendication  4,  dans  lequel  ledit  moyen  elastique  (12,  22)  est  positionne 
entre  chaque  extremite  de  ladite  bande  (11)  et  chacun  desdits  deux  points  dudit  element  mobile. 

6.  Un  mecanisme  selon  la  revendication  4  ou  5,  dans  lequel  ledit  coefficient  elastique  d'une  moitie  de 
»  ladite  structure  de  liaison  destinee  a  relier  la  pouiie  et  I'un  quelconque  des  deux  points  de  I'element  mobile 

et  ledit  coefficient  elastique  de  I'autre  moitie  de  la  structure  de  liaison  destinee  a  relier  la  pouiie  et  un  autre 
point  de  I'element  mobile  est  choisi  en  choisissant  des  coefficients  elastiques  de  ces  moyens  elastiques. 
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