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Description 

The  invention  is  concerned  with  apparatus  for 
analyzing  relative  movement  and  contact 
between  a  rotating  recording  disk  and  an  asso- 
ciated  read-write  head.  More  particularly,  the 
invention  is  concerned  with  analyzing  the  charac- 
teristics  of  the  interface  between  a  rotating  disk 
and  a  read-write  head  of  the  type  which,  during 
rotation  of  the  disk,  is  supported  adjacent  the  disk 
on  a  thin  film  of  air.  Such  a  read-write  head 
essentially  flies  over  the  surface  of  the  recording 
disk,  ideally  without  contacting  the  recording  disk 
at  any  time. 

Background  art 
Read-write  heads  of  this  type  have  found  par- 

ticular  application  in  data  processing  systems  in 
which  the  head  is  used  to  write  data  on  or  read 
data  from  an  adjacently  rotating  hard  or  flexible 
disk.  To  prevent  damage  to  either  the  disk  or  the 
read-write  head,  it  has  been  recognized  for  a  long 
time  that  the  surface  of  the  disk  should  be  very 
flat  and  free  of  any  bumps  or  the  like  which  might 
be  contacted  by  the  read-write  head.  Also,  the 
read-write  heads  have  been  designed  so  that  they 
will  fly  over  the  surface  of  the  rotating  disk  at  a 
very  small,  though  theoretically  constant  distance 
above  the  disk,  the  separation  between  the  read- 
write  head  and  the  disk  being  maintained  by  the 
previously  mentioned  film  of  air.  During  its  flight, 
the  head  undergoes  continuous  vibration,  pitch 
and  roll  as  the  topography  of  the  disk  changes 
beneath  the  head.  If  the  quality  of  the  disk  or  the 
read-write  head  is  poor,  occasional  rubbing  or 
sharp  contact  may  occur  between  the  disk  and  the 
read-write  head,  leading  to  damage  to  the  head  or 
to  the  disk  or  loss  of  valuable  data  or  all  of  these. 

Various  attempts  have  been  made  made  to 
provide  increased  assurance  that  such  undesir- 
able  contact  between  a  read-write  head  and  a 
recording  disk  does  not  occur.  Rigid  manufactur- 
ing  and  quality  assurance  specifications  for  both 
the  recording  disk  and  the  read-write  head  have 
been  instituted.  In  some  instances,  such  as  dis- 
closed  in  U.S.  Patent  No.  3,614,579  granted  to 
Fulton,  the  read-write  head  itself  has  been  pro- 
vided  with  a  piezoelectric  transducer  for  generat- 
ing  a  pressurized  air  film  or  squeeze  bearing 
between  the  read-write  head  and  the  recording 
disk,  the  thickness  of  the  film  being  essentially 
constant.  Other  approaches,  such  as  that  dis- 
closed  in  U.S.  Patent  No.  3,713,130  granted  to 
Armer,  have  involved  instrumenting  a  read-write 
head  with  a  piezoelectric  transducer  which  will 
detect  impact  between  the  head  and  the 
recording  disk,  the  output  signal  from  the  trans- 
ducer  being  used  to  generate  a  warning  signal  to 
the  operator.  U.S.  Patent  No.  3,842,663  granted  to 
Harting  et  al  discloses  a  resonance  analysis 
system  for  complex  machinery  in  which  the  reso- 
nance  of  the  structure  and  its  transducer  is  analy- 
zed.  U.S.—  Patent  No.  3,903,733  shows  the  use  of 
piezoelectric  devices  for  vibration  monitoring. 
The  use  of  magneto-resistive,  triboelectric  or 

capacitive  transducers  for  monitoring  the 
dynamic  performance  of  a  read-write  head  has 
been  shown  to  provide  some  useful  information; 
however,  such  transducers  typically  have  a  rather 

5  poor  signal-to-noise  ratio  making  it  difficult  to 
distinguish  different  phenomena  in  their  output. 

A  technical  article,  418  Review  of  Elect.  Comm. 
Laboratories,  Vol  28  (1980),  May-June,  No.  5—6, 
Tokyo,  Japan,  pages  405  to  414,  discloses  a 

w  system  for  detecting  two  kinds  of  contact-induced 
vibration  of  a  head-slider.  These  are  caused  by  (a) 
the  slider  rubbing  along  the  disk  surface  at  low 
disk  rotational  speed  and  (b)  impact  of  the  slider 
with  the  disk  at  higher  disk  speeds,  when  it  would 

15  normally  be  flying  over  the  disk  surface. 
Although  techniques  such  as  these  have  helped 

to  ensure  the  manufacture  of  high  quality  disks 
and  read-write  heads  and  to  minimise  undesir- 
able  head  to  disk  contact  during  use  of  such 

20  devices,  a  need  has  continued  to  exist  for  an 
apparatus  for  analysing  the  interface  between  a 
given  read-write  head  and  a  given  rotating 
recording  disk  to  determine  both  the  dynamic 
characteristics  of  the  movement  of  the  read-write 

25  head,  and  to  provide  a  measurement  of  the 
surface  condition  or  quality  of  the  recording  disk. 
Such  an  apparatus,  which  is  the  subject  of  the 
present  invention,  could  be  used  to  determine  the 
quality  of  new  or  used  recording  disks  and  to 

30  measure  the  in-flight  performance  of  new  or  used 
read-write  heads. 

Accordingly,  the  present  invention  provides  an 
apparatus  for  analysing  the  head-disk  interface  of 
a  recording  system  of  the  kind  in  which  a  read- 

35  write  head  flies  over  the  surface  of  a  rotating 
recording  disk,  comprising  a  test  head  with  flying 
characteristics  the  same  as  those  of  such  a  read- 
write  head,  support  means  for  supporting  the  test 
head  in  close  proximity  to  the  surface  of  a 

40  recording  disk  during  rotation  thereof,  transducer 
means  mounted  on  the  test  head  itself  for  con- 
verting  mechanical  vibration  of  the  test  head  into 
an  electrical  signal  and  analyser  means  for  analy- 
sing  said  electrical  signal,  as  it  is  for  example 

45  known  from  US  —  A  —  3713130,  characterised  in 
that  the  analyser  means  includes  filtration  means 
for  producing  three  spectral  components  from  the 
electrical  signal,  these  components  being  a 
higher  frequency  component  representative  of 

so  vibrations  of  the  test  head  resulting  from  contact 
between  the  test  head  and  the  disk,  an  inter- 
mediate  frequency  component  representative  of 
vibrations  of  the  test  head  resulting  from  rough- 
ness  of  the  disk  surface  over  which  the  test  head 

55  is  flying  and  a  lower  frequency  component  repre- 
sentative  of  vibrations  resulting  from  resonances 
of  any  or  all  of  the  disk,  the  support  and  the  air 
bearing  formed  between  the  disk  and  the  test 
head. 

60  A  primary  object  of  the  present  invention  is  to 
provide  an  improved  apparatus  for  monitoring 
and  analysing  contact  between  recording  disks 
and  read-write  heads  during  quality  assurance 
testing  or  normal  operation  or  both. 

65  A  further  object  of  the  invention  is  to  provide 

2 



P  0  163  1/1  t i l  

jch  an  apparatus  which  can  be  used  tor  monitor- 
g  resonant  frequencies  of  the  read-write  head 
id  its  associated  support  structure  over  a  broad 
equency  range. 
Still  another  object  of  the  invention  is  to  pro- 
de  such  an  apparatus  which  can  be  used  for 
lonitoring  the  motion  of  the  read-write  head. 
Yet  another  object  of  the  invention  is  to  provide 

jch  an  apparatus  which  can  be  used  for  relating 
lovement  of  the  read-write  head  and  contact 
etween  the  read-write  head  and  the  recording 
isk,  to  deterioration  of  or  variations  in  the 
haracteristics  of  the  surface  of  the  recording 
isk. 
A  still  further  object  of  the  invention  is  to 

rovide  such  an  apparatus  which  can  be  used  for 
lide  height  testing  of  recording  disk  in  which  it  is 
esired  to  know  the  number  of  asperity  contacts 
etween  the  disk  and  the  read-write  head  above  a 
pecified  fly  height,  as  well  as  the  disk  surface 
□ughness  and  like  uniformity. 
Another  object  of  the  invention  is  to  provide  a 

rieans  for  end  paint  detection  and  automatic 
hut-off  in  a  test  environment  such  as  in  accelera- 
ion  wear  testing,  start/stop  testing  and  load/disk 
issembly  performance  testing. 

Still  another  object  of  the  invention  is  to  pro- 
ide  such  an  apparatus  which  can  be  used  for 
tiction  testing  of  recording  disks  and  read-write 
leads  where  a  sudden  strong  torque  about  the 
jimbal  of  the  support  structure  for  the  read-write 
lead  may  give  rise  to  increases  in  pitch  and  roll  of 
he  head. 

These  objects  are  given  only  by  way  of  illustra- 
te  examples;  thus,  other  desirable  objectives 
and  advantages  inherently  achieved  by  the  dis- 
posed  invention  may  occur  or  become  apparent 
:o  those  skilled  in  the  art.  Nonetheless  the  scope 
jf  the  invention  is  to  be  limited  only  by  the 
jppended  claims. 

In  its  broadest  sense,  the  apparatus  according 
:o  the  invention  is  useful  for  analyzing  the  inter- 
:ace  between  a  recording  disk  and  a  read-write 
lead.  Transducer  means  are  provided  for  trans- 
forming  mechanical  movement  of  the  head  into 
-epresentative  electrical  signals.  These  signals 
are  analyzed  by  means  for  separating  the  signals 
into  spectral  components  representative  of  rigid 
body  acceleration  of  the  head  and  the  roughness 
of  the  movement  of  the  head  over  the  surface  of 
the  disk.  The  signals  also  may  be  separated  into 
spectral  components  representative  of  contacts 
between  the  head  and  the  disk,  the  frequency  of 
these  spectral  contacts  being  higher  than  the 
frequency  of  those  components  representative  of 
the  roughness  of  the  movement  of  the  head  over 
the  surface  of  the  disk. 

In  one  embodiment  of  the  invention,  means  are 
provided  for  rotating  a  recording  disk.  Means, 
which  may  be  an  actual  read-write  head,  are 
provided  for  simulating  the  geometry,  weight  and 
material  properties  of  such  a  head.  Means  are 
provided  for  moving  the  head  to  preselected 
positions  across  the  surface  of  a  rotating 
recording  disk.  At  least  one  piezoelectric  trans- 

produce  first  signals  in  response  to  acceleration 
or  flexure  or  both  by  the  head,  due  to  movement 
of  the  head  or  contact  thereof  with  the  rotating 
disk  or  both.  The  signals  from  the  transducer 
means  are  selectively  filtered  to  produce  second 
signals  in  a  first  relatively  low  frequency  range  in 
which  spectral  components  of  the  first  signals  are 
indicative  of  rigid  body  acceleration  of  the  head. 

7  Third  signals  are  also  produced  in  a  second, 
relatively  high  frequency  range  in  which  spectral 
components  of  the  first  signals  are  indicative  of 
contacts  between  the  disks  and  the  head.  Finally, 
the  filtering  produces  fourth  signals  in  a  third 

j  frequency  range  below  the  second  frequency 
range,  in  which  RMS  spectral  components  of  the 
first  signals  are  indicative  of  the  surface  condition 
of  the  disk  as  shown  by  the  roughness  of  flight  of 
the  head  over  the  surface  of  the  disk.  In  the 

o  preferred  embodiment,  the  disk  is  a  magnetic 
recording  disk  and  the  head  is  a  magnetic  read- 
write  head;  however,  the  invention  can  also  be 
applied  to  other  types  of  recording  disks  and 
read-write  heads  in  which  the  head  flies  above  the 

5  disk. 
In  the  preferred  embodiment  of  the  invention, 

the  head  comprises  an  outer  surface  which  faces 
away  from  the  disk.  On  this  surface  are  positioned 
four  piezoelectric  transducers,  two  at  spaced  loca- 

o  tions  near  the  leading  edge  of  the  surface  during 
rotation  of  a  disk  adjacent  to  the  head,  and  two 
positioned  at  spaced  locations  near  the  trailing 
edge  of  the  surface  during  such  rotation.  As  a 
result  of  this  configuration,  accelerations  of  the 

©  head  can  be  measured  which  are  indicative  of  roll 
and  pitch  of  the  head  during  operation.  These 
measurements  also  can  be  used  to  determine  disk 
run  out,  disk  resonances,  air  film  resonances  and 
the  like.  In  another  embodiment  of  the  invention, 

to  only  two  piezoelectric  transducers  are  provided, 
one  on  the  leading  edge  and  one  on  the  trailing 
edge  so  that  accelerations  indicative  of  pitch  of 
the  head  can  be  detected.  In  either  case,  the  first 
resonant  frequency  of  the  piezoelectric  trans- 

is  ducer  preferably  is  above  the  maximum  fre- 
quency  to  be  observed. 

The  foregoing  and  other  objects,  features  and 
advantages  of  the  invention  will  be  apparent  from 
the  following  more  particular  description  of  the 

so  preferred  embodiment  of  the  invention,  as  illus- 
trated  in  the  accompanying  drawings. 

Figure  1  shows  a  perspective,  fragmentary  view 
of  a  read-write  head  according  to  the  invention 
which  comprises  piezoelectric  transducers  on  its 

55  leading  and  trailing  edges  and  also  a  capacitance 
probe  on  its  trailing  edge. 

Figure  2A  shows  a  trace  of  the  high  frequency 
spectral  component  of  the  output  signal  of  the 
piezoelectric  transducers  shown  in  Figure  1. 

60  Figure  2B  shows  a  trace  of  a  somewhat  lower 
frequency  RMS  signal  caused  by  frequent  low 
level  contact  between  the  read-write  head  and  the 
disk  or  by  surface  roughness  on  the  disk. 

Figure  3  shows  a  schematic,  plan  view  of 
65  preferred  embodiment  of  a  read-write  head 

o 
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according  to  the  invention  which  includes  a  pair 
of  piezoelectric  transducers  at  each  of  its  leading 
and  trailing  edges. 

Figure  4A  shows  an  alternative  type  of 
piezoelectric  transducer  useful  in  the  invention. 

Figure  4B  shows  a  further  alternative  type  of 
piezoelectric  transducer  useful  in  the  invention. 

Figure  5  shows  a  schematic  view  of  a  computer 
controlled  system  for  analyzing  the  interface 
between  a  read-write  head  and  the  recording  disk 
in  accordance  with  the  invention. 

The  following  is  a  detailed  description  of  the 
preferred  embodiment  of  the  invention,  reference 
being  made  to  the  drawings  in  which  the  same 
reference  numerals  identify  the  same  elements  of 
structure  in  each  of  the  several  Figures. 

Figure  1  shows  a  perspective  view  of  a  read- 
write  head  of  the  type  especially  suited  for  use  in 
accordance  with  the  invention.  A  conventional 
suspension  arm  10,  shown  fragmentarily, 
supports  a  conventional  magnetic  read-write 
head  12  having  a  leading  edge  14  when  a  disk 
rotates  in  the  direction  indicated  adjacent  to  the 
underside  16  of  the  head.  At  the  trailing  edge  18 
of  head  12,  a  previously  known  head  motion 
detector  20  may  be  mounted  for  producing 
signals  useful  for  comparison  to  head  motion 
signals  produced  by  the  transducers  according  to 
the  embodiment  of  the  invention.  Transducer  20 
may  be  a  capacitive  device,  a  magnetoresistive 
device  or  a  triboelectric  device,  all  of  which  are 
known  in  the  art.  Leads  22  may  be  provided  for 
signals  from  transducer  20. 

In  accordance  with  the  embodiment  of  the 
invention,  a  leading  edge  transducer  24  and  a 
trailing  edge  transducer  26  are  bonded  to  the 
upper  surface  of  read-write  head  12  for  measur- 
ing  its  dynamic  performance  and  providing  infor- 
mation  concerning  an  adjacently  rotating  disk. 
Each  of  transducers  24,  26  may  comprise  a  pair  of 
oppositely  poled  blocks  28,  30  of  piezoelectric 
material  such  as  lead-zirconate-titanate  (PZT). 
Blocks  28,  30  are  separated  by  and  intimately 
glued  to  an  intermediate,  negative  electrode  32.  A 
wraparound  positive  electrode  34  extends  along 
the  bottom  surface,  up  one  end  and  along  the  top 
surface  of  each  transducer.  The  first  self  reso- 
nance  of  each  transducer  24,  26  should  be  well 
above  the  maximum  frequency  to  be  observed 
during  use  of  the  apparatus.  The  transducers  are 
quite  small,  typically  weighing  approximately  10 
mg.  For  example,  blocks  28,  30  may  be  approxi- 
mately  3.0  mm  long,  approximately  1.0  mm  wide, 
and  approximately  1.0  mm  thick.  A  pair  of  fine 
wire  leads  36,  38  are  attached  to  electrodes  32,  34 
so  that  an  output  signal  V1  is  produced  at  trans- 
ducer  24  and  an  output  signal  V2  is  produced  at 
transducer  26. 

We  have  found  that  for  signals  having  spectral 
components  in  the  1  —  50  kHz  range,  V,  is  pro- 
portional  to  the  up  or  down  acceleration  of  lead- 
ing  edge  14  and  V2  is  proportional  to  the  up  or 
down  acceleration  of  trailing  edge  18.  Accord- 
ingly,  the  sum  of  \A,  and  V2  is  proportional  to  the 
net  up  or  down  acceleration  of  read-write  head 

12.  And,  the  difference  between  V,  and  V2  is 
proportional  to  the  pitch  of  read-write  head  12  as 
it  flies  along  above  the  surface  of  an  underlying 
recording  disk.  The  components  of  the  signal  in 

5  the  frequency  range  can  also  be  configured  to 
give  a  measure  of  disk  run-out,  various  disk 
resonances  and  the  air  bearing  resonances. 

In  accordance  with  the  embodiment  of  our 
invention,  the  output  from  either  transducer  24  or 

10  transducer  26  is  filtered  to  produce  its  spectral 
components  in  the  200  —  300  kHz  range.  We  have 
found  that  in  this  range  sharp  contacts  with  the 
adjacent  recording  disk  will  produce  a  bell  mode 
vibration  occurring  at  about  the  mounted 

is  resonant  frequency  of  the  head  and  its  support 
structure  and  having  a  trace  such  as  shown  in 
Figure  2A.  The  number  of  such  transients  at  a 
given  frequency  for  a  given  radial  head  position  is 
equal  to  the  number  of  such  sharp  contacts.  This 

20  number  is  an  indication  of  disk  quality  and  also 
can  be  used  for  glide  height  testing  of  heads. 

On  the  other  hand,  if  the  output  from  either 
transducer  24  or  26  is  filtered  to  produce  its 
spectral  components  in  the  100  —  200  kHz  range, 

25  we  have  found  that  in  this  range  the  signal  from  a 
rough  or  worn  disk  will  have  an  increased  RMS  or 
base  line  level  as  shown  in  Figure  2B  (relative  to  a 
new  disk),  at  points  separated  in  time  from  sharp 
contacts  of  the  type  shown  in  Figure  2A.  This  RMS 

30  level  is  indicative  of  frequent  low  level  contact  or 
scuffing  between  the  read-write  head  and  the 
disk.  The  magnitude  of  the  disk  RMS  level  can  be 
correlated  to  surface  conditions  such  as  rough- 
ness  and  degree  of  wear  of  the  disk  itself.  As  the 

35  RMS  level  increases  for  a  given  disk,  the  wear  out 
time  for  the  disk  and  the  likelihood  of  head  crash 
can  be  predicted,  based  on  empirical  data 
accumulated  for  disks  for  a  given  type.  The 
magnitude  of  this  RMS  level  on  new  disks  can 

40  also  be  correlated  to  insufficient  lubrication  on 
the  disk  since  the  lubrication  tends  to  smooth  out 
roughness;  and  to  debris  pickup  on  the  head. 

The  RMS  signal  shown  in  Figure  2B  appears  to 
arise  from  several  phenomena  and,  at  least  at  low 

45  to  mid  amplitude  RMS,  is  not  associated  with  the 
discrete  contacts.  Very  high  RMS  levels  may  arise 
from  contacts  so  numerous  that  they  are  spaced 
less  than  the  length  of  read-write  head  12.  One 
cause  of  an  RMS  increase  is  lubrication  pick  up 

so  from  the  recording  disk  on  leading  edge  14.  This 
lubrication  pick  up  spoils  the  air  bearing  surface, 
causing  instabilities  and  excess  vibration.  The 
plate  resonances  of  read-write  head  12  are  sensi- 
tive  indications  of  this  type  of  problem. 

55  Figure  3  shows  a  plan  view  of  a  read-write  head 
12  having  the  preferred  configuration  of  the 
invention  in  which  four  piezoelectric  transducers 
are  used.  At  leading  edge  14,  transducers  40,  42 
are  positioned  at  opposite  corners  of  head  12; 

60  while  at  trailing  edge  18,  transducers  44,  46  are 
positioned  at  opposite  corners.  Each  such  trans- 
ducer  is  similar  in  basic  structure  to  transducers 
24,  26  in  Figure  2  through  smaller,  with  length, 
width  and  thickness  all  being  about  1.0  mm  and 

65  weight  being  about  3.0  mg.  The  output  voltages 
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rom  leading  edge  transducers  40,  42  are  V1  and 
'3  and  from  trailing  edge  transducers  44,  46  are 
I  z  and  V4.  If  the  output  voltages  are  filtered  to  the 
—50  kHz  range,  the  net  up  or  down  acceleration 
)f  read-write  head  12  is  determined  by: 

A=Ka[(V1+V3)+(V2+V4)](  (1) 

vhere  Ka  is  a  constant.  This  is  a  measure  of  air 
)earing  and  disk  runout.  The  pitch  P  of  read-write 
lead  12  is  determined  by: 

P=KPHV1+V,)-(V2+V4)L  (2) 

vhere  Kp  is  a  constant.  Finally,  the  roll  R  of  read- 
vrite  head  12  is  determined  by: 

R=Kr[(V1+V2)-(V3+V4)l,  (3) 

vhere  Kr  is  a  constant.  By  examining  separately 
he  spectra  of  the  output  signals  from  each 
ransducer,  it  can  be  determined  which  modes  are 
due  to  pitch,  roll  and  vertical  acceleration,  yield- 
ng  data  for  comparison  to  analytical  models. 

In  the  200—300  kHz  range,  the  output  from  any 
3ne  of  transducers  40  —  46  can  be  used  to  monitor 
:he  occurrence  of  sharp  contacts  between  the 
lead  and  the  disk  as  indicated  by  bell  mode 
/ibrations  of  the  sort  illustrated  in  Figure  2A. 
Similarly  in  the  100—200  kHz  range,  the  output 
signal  from  any  one  of  transducers  40  —  46  can  be 
used  to  produce  the  base  line  or  RMS  signal  of  the 
sort  shown  in  Figure  2B  to  provide  an  indication 
of  the  roughness  of  the  flight  of  the  read-write 
head  over  the  surface  of  the  disk. 

Figures  4A  and  4B  illustrate  schematically  types 
of  transducers  suitable  for  use  in  the  embodi- 
ments  of  Figures  1  and  Figure  2.  A  unimorph  PZT 
transducer  48  having  a  pair  of  electrodes  50,  52  or 
a  bimorph  PZT  transducer  54  having  a  pair  of 
electrodes  56,  58  can  be  used  to  measure  the 
movement  and  flexure  of  read-write  head  12  in 
the  manner  previously  described. 

Figure  5  shows  a  schematic  view  of  a  computer 
controlled  system  particularly  useful  in  accord- 
ance  with  the  present  invention.  A  recording  disk 
60,  which  may  be  a  hard  or  flexible  disk  of  the 
types  commonly  known,  is  supported  for  rotation 
by  a  disk  drive  62.  A  stepper  motor  64  is  provided 
to  move  suspension  arm  10  and  read-write  head 
12  so  that  a  map  can  be  obtained  of  characteris- 
tics  of  the  disk,  its  interface  with  the  head  and 
characteristics  of  the  head.  The  output  signals 
from  transducers  24,  26  or  40—46  are  passed 
separately  to  a  suitable  preamplifier  68  for  about 
70x  amplification,  after  which  they  are  directed  to 
band  pass  filters  70,  72  and  74  which  pass  spectral 
components  in  the  0—50  kHz,  100—200  kHz  and 
200  —  300  kHz  ranges,  respectively.  The  outputs  of 
filters  7fj  —  74  are  directed  to  a  conventional  digital 
oscilloscope  76  where  the  analog  signals  are 
converted  to  digital  form  and  displayed.  For 
comparison  purposes,  a  suitable  signal  amplify- 
ing  and  smoothing  circuit  78  may  be  used  to 
adjust  the  output  signal  from  transducer  20  for 

simultaneous,  parallel  aispiay  Dy  oscilloscope  /o. 
In  some  applications  of  the  invention,  the 
apparatus  may  be  manually  controlled  and  the 
outputs  of  filters  70  —  74  can  be  connected  to  a 

5  recorder  or  oscilloscope  for  direct  visual  analysis 
at  each  radial  position  of  head  12  on  disk  60. 
Rather  than  using  band  pass  filters,  Fourier  analy- 
sis  can  be  applied  to  generate  the  desired  spectral 
components  of  the  signals  from  the  piezoelectric 

o  transducers. 
Preferably,  however,  the  signals  in  each  fre- 

quency  range  are  fed  separately  over  a  suitable 
cable  80  to  a  general  purpose  digital  computer  82 
where  the  information  in  these  signals  may  be 

'5  further  processed  for  display  on  a  printer  84  and 
retention  in  a  storage  means  86.  To  permit  analy- 
sis  of  the  interface  between  read-write  head  12 
and  recording  disk  60  at  a  variety  of  radial 
locations  on  the  disk,  the  disk  drive  62  and 

;o  stepper  motor  64  may  be  controlled  by  computer 
82  by  means  of  signals  passed  over  suitable 
conductors  88  and  90. 

Claims 
?5 

1.  Apparatus  for  analysing  the  head-disk  inter- 
face  of  a  recording  system  of  the  kind  in  which  a 
read-write  head  flies  over  the  surface  of  a  rotating 
recording  disk,  comprising 

jo  a  test  head  with  flying  characteristics  the  same 
as  those  of  such  a  read-write  head, 

support  means  (10)  for  supporting  the  test  head 
in  close  proximity  to  the  surface  of  a  recording 
disk  during  rotation  thereof, 

35  transducer  means  (24,  26)  mounted  on  the  test 
head  itself  for  converting  mechanical  vibration  of 
the  test  head  into  an  electrical  signal  and 

analyser  means  (68,  70,  72,  74)  for  analysing 
said  electrical  signal,  characterised  in  that: 

40  the  analyser  means  includes  filtration  means 
(70,  72,  74)  for  producing  three  spectral  com- 
ponents  from  the  electrical  signal,  these  com- 
ponents  being 

a  higher  frequency  component  representative 
45  of  vibrations  of  the  test  head  resulting  from 

contact  between  the  test  head  and  the  disk, 
an  intermediate  frequency  component  repre- 

sentative  of  vibrations  of  the  test  head  resulting 
from  roughness  of  the  disk  surface  over  which  the 

so  test  head  is  flying  and 
a  lower  frequency  component  representative  of 

vibrations  resulting  from  resonances  or  any  or  all 
of  the  disk,  the  support  and  the  air  bearing  formed 
between  the  disk  and  the  test  head. 

55  2.  Apparatus  as  in  claim  1  in  which  the  filtration 
means  comprises  a  plurality  of  band-pass  filters 
(70,  72,  74). 

3.  Apparatus  as  in  claim  1  in  which  the  filtration 
means  comprises  Fourier  analysis  means. 

60  4.  Apparatus  as  in  any  preceding  claim  in  which 
the  transducer  means  includes  a  transducer 
element  located  near  a  leading  edge  of  the  test 
head  and  a  transducer  element  located  near  the 
trailing  edge  of  the  test  head. 

65  5.  Apparatus  as  in  any  preceding  claim  in  which 

b 
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the  transducer  means  includes  a  transducer 
element  located  nearan  inner  edgeofthe  test  head 
and  a  transducer  element  located  near  an  outer 
edge  of  the  test  head. 

6.  Apparatus  as  in  any  preceding  claim  in  which 
the  analyser  means  includes  means  (76,  82,  86)  for 
storing  and  processing  the  spectral  components. 

7.  Apparatus  as  in  any  preceding  claim  in  which 
the  disk  is  a  magnetic  disk  and  a  the  read-write 
head  is  a  magnetic  read-write  head. 

8.  Apparatus  as  in  any  preceding  claim  in  which 
the  transducer  means  is  piezoelectric,  the  first  self- 
resonant  frequency  of  each  piezoelectric  trans- 
ducer  element  being  above  those  of  the  spectral 
components  produced  by  the  analyser  means. 

Patentanspruche 

1.  Vorrichtung  zur  Analyse  der  Kopf-Platten- 
grenzflache  eines  Aufzeichnungssystems  einer 
Art,  bei  welcher  der  Lese-Schreibkopf  uber  der 
Oberflache  einer  rotierenden  Aufzeichnungsplatte 
fliegt,  mit 

einem  Testkopf  mit  Flugcharakteristiken,  die  mit 
denen  eines  solchen  Lese-Schreibkopfs  uberein- 
stimmen, 

Tragermitteln  (10)  zum  Haltern  desTestkopfs  in 
enger  Nahe  zur  Oberflache  einer  Aufzeichnungs- 
platte  wahrend  deren  Rotation, 

auf  dem  Testkopf  seibst  angebrachten  Wandler- 
mittein  (24,  26)  zur  Umwandlung  einer  mechani- 
schen  Vibration  des  Testkopfs  in  ein  elektrisches 
Signal  und 

Analysiermitteln  (68,  70,  72,  74)  zur  Analyse  des 
elektrischen  Signals,  dadurch  gekennzeichnet, 
dafc 

die  Analysiermittel  Filtermittel  (70,  72,  74)  zum 
Erzeugen  dreier  Spektralkomponenten  aus  dem 
elektrischen  Signal  enthalt,  wobei  diese  Kompo- 
nenten 

eine  Komponente  hoherer  Frequenz,  welche 
Vibrationen  des  Testkopfs  darstellt,  die  aus  einer 
Beruhrung  zwischen  dem  Testkopf  und  der  Platte 
herriihren, 

eine  Zwischenfrequenzkomponente,  welche 
Vibrationen  des  Testkopfs  darstellt,  die  von  einer 
Rauhigkeit  der  Plattenoberflache,  fiber  welcher 
der  Testkopf  fliegt,  herriihren,  und 

eine  Komponente  niedrigerer  Frequenz,  welche 
Vibrationen  darstellt,  die  von  Resonanzen  einer 
oder  aller  Platten",  des  Tragers  und  des  zwischen 
der  Platte  und  dem  Testkopf  ausgebildeten  Luftla- 
gers  herruhren,  sind. 

2.  Vorrichtung  nach  Anspruch  1,  bei  welcher  die 
Filtermittel  eine  Anzahl  von  BandpaBfiltern  (70,72, 
74)  umfassen. 

3.  Vorrichtung  nach  Anspruch  1,  bei  welcher  die 
Filtermittel  Fourier-Anafysemittel  umfassen. 

4.  Vorrichtung  nach  irgendeinem  vorstehenden 
Anspruch,  bei  welcher  die  Wandlermittel  ein 
Wandlerelement,  welches  nahe  der  Vorderkante 
des  Testkopfs  angeordnet  ist,  und  ein  Wandlerele- 
ment,  welches  nahe  der  hinteren  Kante  des  Test- 
kopfs  angeordnet  ist,  enthalten. 

5.  Vorrichtung  nach  irgendeinem  vorstehenden 

Anspruch,  bei  welcher  die  Wandlermittel  ein 
Wandlerelement,  welches  nahe  einer  Innenkante 
des  Testkopfs  angeordnet  ist,  und  ein  Wandlerele- 
ment,  welches  nahe  der  AufSenkante  des  Test- 

5  kopfs  angeordnet  ist,  enthalten. 
6.  Vorrichtung  nach  irgendeinem  vorstehenden 

Anspruch,  bei  welcher  die  Analysiermittel  Mittel 
(76,  82,  86)  zum  Speichern  und  Verarbeiten  der 
Spektralkomponenten  enthalten. 

10  7.  Vorrichtung  nach  irgendeinem  vorstehenden 
Anspruch,  bei  welcher  die  Platte  eine  Magnet- 
platte  und  der  Lese-Schreibkopf  ein  magnetischer 
Lese-Schreibkopf  ist. 

8.  Vorrichtung  nach  irgendeinem  vorstehenden 
is  Anspruch,  bei  welcher  die  Wandlermittel  piezoe- 

lektrisch  sind,  wobei  die  erste  Eigenresonanzfre- 
quenz  eines  jeden  piezoelektrischen  Wandlerele- 
ments  oberhalb  denjenigen  der  von  den  Analysier- 
mitteln  erzeugten  Spektralkomponenten  liegt. 

20 
Revendications 

1  .  Un  dispositif  pour  I'analyse  de  i'interface  tete/ 
disque  d'un  systeme  d'enregistrement  du  type 

25  dans  lequel  une  tete  de  lecture/ecriture  survole  la 
surface  d'un  disque  d'enregistrement  tournant, 
comprenant: 

—  une  tete  d'essai  dont  les  caracteristiques  de 
survol  sont  les  memes  que  celles  de  ladite  tete  de 

30  lecture/ecriture, 
—  des  moyens  support  (10)  pour  supporter  la 

tete  d'essai  au  voisinage  etroit  de  la  surface  d'un 
disque  d'enregistrement  pendant  la  rotation  de 
celui-ci, 

35  —  des  moyens  transducteurs  (24,  26),  montes 
sur  la  tete  d'essai  elle-meme,  pour  convertir  les 
vibrations  mecaniques  de  la  tete  d'essai  en  un 
signal  electrique,  et 

■  —  des  moyens  analyseurs  (68,  70,  72,  74)  pour 
40  analyser  ce  signal  electrique, 

caracterise  en  ce  que  les  moyens  analyseurs 
comprennent  des  moyens  de  filtrage  (70,  72,  74) 
donnant  a  partir  du  signal  electrique  trois  compo- 
sants  spectrales,  ces  composantes  etant: 

45  —  une  composante  a  haute  frequence,  represen- 
tative  des  vibrations  de  la  tete  d'essai  resultant  des 
contacts  entre  la  tete  de  test  et  le  disque, 

—  une  composante  a  frequence  intermediate, 
representative  des  vibrations  de  la  tete  d'essai 

so  resultant  de  la  rugosite  de  la  surface  du  disque 
survolee  par  la  tete  d'essai,  et 

—  une  composante  a  basse  frequence,  represen- 
tative  des  vibrations  resultant  de  resonances  du 
disque  et/ou  du  support  et/ou  du  palier  a  air  forme 

55  entre  le  disque  et  la  tete  d'essai. 
2.  Le  dispositif  de  la  revendication  1  ,  dans  lequel 

les  moyens  de  filtrage  comprennent  une  pluralite 
de  filtres  passe-bande  (70,  72,  74). 

3.  Le  dispositif  de  la  revendication  1  ,  dans  lequel 
60  les  moyens  de  filtrage  comprennent  des  moyens 

d'analyse  de  Fourier. 
4.  Le  dispositif  de  i'une  des  revendications 

precedentes,  dans  lequel  les  moyens  transduc- 
teurs  comprennent  un  element  transducteur  situe 

65  au  voisinage  d'un  bord  avant  de  la  tete  d'essai  et 
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i  element  transducteur  situe  au  voisinage  a  un 
3rd  arriere  de  la  tete  d'essai. 
5.  Le  dispositif  de  I'une  des  revendications 
'ecedentes,  dans  lequel  les  moyens  transduc- 
ers  comprennent  un  element  transducteur  situe 
j  voisinage  d'un  bord  interieur  de  la  tete  d'essai 
:  un  element  transducteur  situe  au  voisinage 
un  bord  exterieur  de  la  tete  d'essai. 
6.  Le  dispositif  de  I'une  des  revendications 

recedentes,  dans  lequel  les  moyens  analyseurs 
jmprennent  des  moyens  (76,  82,  86)  pour 
lemoriser  et  traiter  les  composantes  spectrales. 

precedentes,  dans  lequel  le  disque  est  un  disque 
magnetique  et  la  tete  de  lecture/ecriture  est  une 
tete  de  lecture/ecriture  magnetique. 

8.  Le  dispositif  de  I'une  des  revendications 
precedentes,  dans  lequel  les  moyens  transduc- 
teurs  sont  piezoelectriques,  la  premiere  frequence 
de  resonance  propre  de  chaque  element  trans- 
ducteur  piezoelectrique  etant  situee  au-dessus 
des  frequences  des  composantes  spectrales  pro- 
duces  par  les  moyens  analyseurs. 
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