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Description 

The  present  invention  relates  generally  to  an 
improved  probe  for  a  composite  analyzer  tester  for 
nondestructively  testing  and  analyzing  materials. 

The  U.S.  Patent  4,418,574  discloses  a  com- 
bined  pulsed  magnetic  and  ultrasonic  system  for 
measuring  wall  thickness  of  a  metal  wall,  such  as 
of  a  pipeline.  It  includes  a  pulsed  magnetic  reluc- 
tance  coil  16  located  close  to  the  wall,  with  the 
inductance  of  the  pulsed  coil  being  measured.  The 
distance  of  the  coil  from  the  wall  is  accurately 
determined  so  that  the  inductance  is  a  measure  of 
the  wall  thickness.  An  ultrasonic  transducer  23  is 
mounted  orthogonally  relative  to  the  magnetic 
pulse  coil  and  arranged  so  that  the  ultrasonic  en- 
ergy  pulses  are  directed  along  paths  28,  29.  In  this 
manner  reflected  ultrasonic  pulses  provide  a  mea- 
sure  of  the  distance. 

The  U.S.  Patent  4,449,411  also  discloses  a 
probe  for  combined  magnetic  and  ultrasonic  object 
testing.  The  probe  provides  for  the  derivation  from 
a  common  source  of  magnetic  flux  of  first  and 
second  magnetic  flux  portions,  respectively  for  use 
in  magnetic  and  ultrasonic  object  examination.  The 
probe  defines  a  path  therethrough  for  movement  of 
a  test  object,  such  as  a  tube,  provides  a  common 
source  of  magnetic  flux,  and  uses  portions  of  the 
flux  for  establishing  a  first  magnetic  field  for  satura- 
tion  of  the  object  to  enable  leakage  flux  measure- 
ments,  and  for  establishing  a  second  magnetic  field 
for  EMAT  (electromagnetic  acoustic  transducer) 
testing  of  the  object.  A  magnetic  flux  generator  is 
in  flux  receiving  communication  with  both  of  first 
and  second  pole  pieces  116  and  118  for  defining 
the  first  and  second  magnetic  flux  portions,  a  leak- 
age  flux  detector  is  coactive  with  the  first  flux 
portion,  and  an  EMAT  transducer  152  is  supported 
with  its  transduction  directional  sense  being  aligned 
with  the  directivity  of  the  second  flux  portion. 

The  U.S.  Patent  3,432,748  discloses  a  probe 
for  electrically  measuring  the  thickness  or  for  de- 
tecting  flaws  in  a  conductive  body.  The  probe  has 
a  flat  coil  15  and  piezoelectric  element  35  therein 
connected  by  a  non-conductive  rod  23.  The  dis- 
charge  of  a  capacitor  C2  through  the  flat  coil  15 
produces  a  counter  magnetic  field  on  the  flat  coil, 
which  in  turn  produces  a  mechanical  force  on  the 
piezoelectric  element  35,  which  produces  an  elec- 
trical  output  pulse,  which  is  amplified  and  mea- 
sured. 

The  present  invention  more  particularly  per- 
tains  to  an  improved  probe  for  a  composite  ana- 
lyzer  tester  for  nondestructively  analyzing  the 
physical  properties  and  gaging  the  thickness  of 
advanced  graphite-resin  composite  materials.  Such 
graphite-resin  composite  materials  are  being  uti- 
lized  with  greater  frequency  of  application  in  the 

construction  of  airplane  components,  such  as  for 
the  aircraft  skin  and  in  other  substructural  compo- 
nents  thereof. 

The  nondestructive  testing  of  advanced  fiber- 
5  matrix  materials,  such  as  graphite-resin  composite 

materials  and  components,  has  been  developed  to 
provide  a  high  level  of  assurance  of  the  quality  and 
structural  integrity  of  such  materials  and  compo- 
nents.  The  individual  fiber  and  matrix  material  com- 

io  ponents  that  make  up  such  a  composite  are  often 
of  non-uniform  quality  and  moreover  are  laminated 
in  different  and  varied  patterns.  Additionally,  fab- 
ricators  can  be  expected  to  make  occasional  hu- 
man  errors  in  the  number  and  spacing  of  plies  in 

75  the  layup.  Slight  changes  in  curing  cycles  and 
rates  of  heating  can  also  have  major  effects  on 
mechanical  properties,  but  no  obvious  effect  on  the 
visual  appearance  of  the  finished  parts.  In  general, 
the  deviation  in  properties  for  composite  materials 

20  on  multiple  tests  is  far  greater  than  considered 
acceptable  for  established  metal  technology.  Re- 
fined  and  improved  nondestructive  testing  appara- 
tus  and  methods  must  be  developed  to  allow  in- 
spection  to  establish,  with  greater  assurance,  the 

25  exact  quality  of  the  part  under  surveillance.  Many 
individual  inspection,  testing  and  analysis  tech- 
niques  have  been  developed  for  such  fiber-matrix 
materials,  such  as  by  acoustic  emission,  radiog- 
raphic  testing,  ultrasonic  testing,  magnetic  induc- 

30  tion  testing,  electrical  conductivity  testing,  testing 
by  liquid  penetrants,  thermal  infrared  testing,  and 
by  visual  inspections  thereof. 

In  accordance  with  the  teaching  herein,  the 
present  invention  provides  an  improved  probe  for  a 

35  composite  analyzer  tester  for  nondestructively  test- 
ing  and  analyzing  the  physical  properties  and  gag- 
ing  the  thickness  of  a  test  material.  The  improved 
probe  includes  a  probe  housing  having  a  generally 
flat  end  surface  designed  to  be  placed  flat  against 

40  the  surface  of  the  test  material.  A  magnetic  induc- 
tion  coil  is  positioned  against  the  end  surface  with 
the  central  longitudinal  axis  of  the  coil  extending 
substantially  perpendicular  thereto.  A  piezoelectric 
element  is  positioned  concentric  with  the  magnetic 

45  induction  coil  and  against  the  end  surface  also,  and 
an  eddy  current  coil  is  positioned  concentric  with 
both  the  magnetic  induction  coil  and  the  piezoelec- 
tric  element  and  against  the  end  surface  also,  with 
the  central  longitudinal  axis  of  the  eddy  current  coil 

50  extending  substantially  perpendicular  thereto. 
In  greater  detail,  the  magnetic  induction  coil 

comprises  an  annular  coil,  the  piezoelectric  ele- 
ment  has  an  annular  casing  positioned  within  the 
annular  magnetic  induction  coil,  and  the  eddy  cur- 

55  rent  coil  is  positioned  within  the  annular  casing,  all 
of  those  elements  are  positioned  at  the  flat  end  of 
the  probe  housing.  Moreover,  the  probe  housing 
comprises  a  cylindrically  shaped  housing  having 
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the  annular  magnetic  induction  coil,  the  piezoelec- 
tric  element,  and  the  eddy  current  coil  all  mounted 
therein  at  a  flat  end  thereof. 

The  foregoing  objects  and  advantages  of  the 
present  invention  for  an  improved  probe  for  a  com- 
posite  analyzer  tester  may  be  more  readily  under- 
stood  by  one  skilled  in  the  art  with  reference  being 
had  to  the  following  detailed  description  of  a  pre- 
ferred  embodiment  thereof,  taken  in  conjunction 
with  the  accompanying  drawings  wherein  like  ele- 
ments  are  designated  by  identical  reference  nu- 
merals  throughout  the  several  views,  and  in  which: 

Figure  1  is  a  front  prospective  view  of  an  em- 
bodiment  of  a  composite  analyzer  tester  instru- 
ment  disclosed  in  the  U.S.  Patent  4  745  809, 
May  24,  1988.  It  illustrates  three  different  probes 
utilized  therewith  in  the  several  tests  and  mea- 
surements  performed  by  the  instrument; 
Figure  2  illustrates  the  composite  analyzer  tester 
of  Figure  1  utilizing  an  improved  probe  con- 
structed  pursuant  to  the  teaching  of  the  present 
invention;  and 
Figure  3  is  a  partially  sectioned  view  of  only  the 
improved  probe  of  Figure  2,  illustrating  details  of 
the  construction  thereof. 

Referring  to  the  drawings  in  detail,  Figure  1 
illustrates  an  embodiment  of  a  Composite  Analyzer 
Tester  (CAT)  instrument  10  for  nondestructively 
analyzing  the  physical  properties  and  gaging  the 
thickness  of  advanced  graphite-resin  composites. 
The  CAT  instrument  10  is  capable  of  performing 
four  various  modes  of  ultrasonic,  magnetic,  and 
electrical  (eddy  current)  tests,  on  a  graphite-resin 
composite,  and  is  integrated  into  one  convenient, 
portable  cabinet  12.  All  testing  is  conducted  by 
consecutively  placing  probes  14,  16,  and  18,  all  of 
which  are  connected  to  the  instrument  10  by  plug 
jacks  13,  on  a  particular  surface  location  of  the 
material. 

The  CAT  instrument  10  consists  of  four  sys- 
tems  of  analysis/gaging  circuitry: 

System  1:  RELATIVE  AMPLITUDE  -  A 
microprocessor-based  ultrasonic  pulse-echo  cir- 
cuit  module  20  measures  the  change  in  the 
amplitude  of  an  ultrasonic  pulse  making  a  round 
trip  (reflected  as  an  echo)  through  the  material. 
This  measurement  is  made  with  the  probe  14. 
System  2:  VELOCITY  -  The  microprocessor- 
based  ultrasonic  pulse-echo  circuit  module  20 
simultaneously  measures  the  ultrasonic  velocity 
of  the  material  (and  also  uses  the  probe  (14) 
while  System  1  is  measuring  the  echo  relative 
amplitude.) 
System  3:  THICKNESS  -  A  low  frequency, 
microprocessor  based,  magnetoinduction  circuit 
module  22  measures  the  mechanical  thickness 
of  the  graphite  composite,  without  reacting  to 
the  properties  or  variation  in  the  properties  of 

the  composite.  A  ferromagnetic  sheet  of  uniform 
magnetic  permeability  is  placed  in  firm  and  in- 
timate  contact  with  the  opposite  surface  of  the 
composite  in  order  to  make  this  measurement. 

5  This  measurement  is  made  with  the  probe  16. 
System  4:  CONDUCTIVITY  -  A  high  frequency, 
microprocessor  based  eddy  current  circuit  mod- 
ule  24  is  designed  to  measure  the  relative  elec- 
trical  conductivity  or  relative  electrical  conduc- 

io  tance  of  the  graphite  composite.  The  test  fre- 
quency  and  an  eddy  current  probe  18  are  de- 
signed  to  minimize  "thickness  effects"  at  the 
thinner  end  of  the  expected  thickness  range  for 
the  composites. 

is  The  magnetic  induction  probe  16  includes  a 
magnetic  induction  coil  17  which  is  placed  adjacent 
to  the  outer  surface  of  the  test  material  such  that 
the  central  longitudinal  axis  of  the  coil  is  generally 
perpendicular  to  the  surface  of  the  material.  While 

20  using  this  circuit,  an  element  of  uniform  magnetic 
permeability  is  placed  in  close  contact  with  the 
inner  surface  of  the  test  material,  opposite  the 
placement  of  the  magnetic  induction  probe  16  on 
the  outer  surface  thereof,  to  complete  a  magnetic 

25  circuit  with  the  magnetic  induction  coil  17,  with  a 
test  material  being  located  therebetween.  The  mag- 
netic  induction  circuit  then  energizes  the  magnetic 
induction  coil  at  a  relatively  low  frequency  of  ap- 
proximately  fifty  kilohertz.  In  this  arrangement,  the 

30  test  material  essentially  acts  as  a  spacer  between 
the  coil  and  the  element,  and  the  distance  there- 
between  determines  the  impedance  of  the  mag- 
netic  circuit,  such  that  a  measurement  thereof  is 
also  representative  of  the  thickness  of  the  test 

35  material. 
The  measured  thickness  is  then  utilized  by  the 

pulse-echo  circuit  in  its  measurement  of  the  ultra- 
sonic  velocity  in  the  material,  and  can  be  entered 
therein  automatically  through  the  microprocessor  or 

40  manually.  The  acoustic  probe  14  preferably  com- 
prises  a  piezoelectric  transducer  15  which  is  ini- 
tially  pulsed  to  produce  an  ultrasonic  pulse,  and 
which  is  then  monitored  for  detection  of  the  echoed 
ultrasonic  pulse.  The  ultrasonic  pulse  circuit  prefer- 

45  ably  energizes  the  piezoelectric  transducer  with 
pulses  at  a  frequency  of  approximately  five 
megahertz.  The  pulse-echo  circuit  takes  two  sepa- 
rate  measurements,  the  acoustic  or  sonic  velocity 
through  the  test  material,  and  also  the  attenuation 

50  of  each  pulse  traversing  the  test  material  to  its 
opposite  surface  and  being  reflected  therefrom  as 
an  echo  back  to  the  probe. 

The  last  measurement  is  by  the  eddy  current 
circuit,  and  for  this  measurement  the  eddy  current 

55  probe  18  is  placed  at  the  same  location  as  the 
previous  two  probes.  The  eddy  current  probe  18 
includes  an  eddy  current  coil  19  which  is  placed 
adjacent  to  the  outer  surface  of  the  test  material 
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such  that  the  central  longitudinal  axis  of  the  coil  is 
generally  perpendicular  to  the  surface  of  the  ma- 
terial.  The  coil  is  then  energized  at  a  relatively  high 
frequency  above  one  megahertz  to  generate  an 
alternating  magnetic  field  which  induces  an  alter- 
nating  electric  field  in  the  test  material  having  eddy 
currents  and  an  alternating  magnetic  field  asso- 
ciated  therewith,  with  the  associated  magnetic  field 
affecting  the  alternating  magnetic  field  of  the  eddy 
current  coil,  such  that  the  resultant  impedance  of 
the  eddy  current  coil  in  the  eddy  current  circuit 
provides  a  measurement  of  the  electrical  conduc- 
tivity  of  the  test  material. 

Figure  2  illustrates  the  composite  analyzer  test- 
er  10  of  Figure  1  utilizing  an  improved  probe  30 
constructed  pursuant  to  the  teachings  of  the 
present  invention.  The  improved  probe  30  is  con- 
nected  to  the  unit  10  by  plug  jacks  13,  similar  to 
the  arrangement  of  Figure  1,  but  the  individual 
electrical  connectors  are  then  joined  in  one  cable 
32  leading  to  the  improved  probe  30. 

Figure  3  is  a  partially  sectioned  view  of  the 
improved  probe  30,  illustrating  details  of  the  con- 
struction  thereof.  The  improved  probe  comprises  a 
cylindrical  probe  housing  34  having  a  generally  flat 
end  surface  36  designed  to  be  placed  flat  against 
the  surface  of  the  test  material.  A  relatively  large 
annular  magnetic  induction  coil  38  is  positioned 
against  the  end  surface  with  the  central  longitudinal 
axis  of  the  coil  extending  substantially  perpendicu- 
lar  thereto.  A  piezoelectric  element  40  having  an 
annular  casing  is  positioned  concentrically  within 
the  magnetic  induction  coil  38  and  also  against  the 
end  surface  36.  An  annular  eddy  current  coil  42  is 
positioned  concentrically  within  the  piezoelectric 
element  40,  also  against  the  end  surface  36,  with 
the  central  longitudinal  axis  of  the  eddy  current  coil 
extending  substantially  perpendicular  thereto.  In 
this  arrangement,  the  magnetic  induction  coil  38, 
the  annular  casing  40  of  piezoelectric  element,  and 
the  eddy  current  coil  42  are  all  positioned  concen- 
trically  with  respect  to  each  other  at  the  flat  end  36 
of  said  probe  housing. 

The  operation  of  the  improved  probe  30  is 
similar  to  that  of  the  arrangement  of  Figure  1,  in 
that  the  magnetic  induction  coil  38,  the  piezoelec- 
tric  element  40,  and  the  eddy  current  coil  42  are 
sequentially  energized.  However,  only  one  probe  is 
utilized,  thus  eliminating  any  problems  with  proper 
positioning  of  multiple  probes. 

While  a  preferred  embodiment  of  the  present 
invention  for  an  improved  probe  for  a  composite 
analyzer  tester  is  described  in  details  herein,  it 
should  be  apparent  that  the  disclosure  and  teach- 
ing  of  the  present  invention  will  suggest  many 
alternative  designs  to  those  skilled  in  the  art.  For 
instance,  the  relative  concentric  positions  of  the 
coils  38  and  42  and  the  cylindrical  element  40  can 

be  different  in  alternative  embodiments. 

Claims 

5  1.  A  composite  analyzer  probe,  for  use  with  a 
composite  analyzer  tester  for  nondestructively 
testing  and  analyzing  the  physical  properties 
and  gaging  the  thickness  of  a  test  material, 
comprising  ;  a  probe  housing  (34)  having  a 

io  generally  flat  end  surface  (36)  designed  to  be 
placed  flat  against  the  surface  of  the  test  ma- 
terial;  a  magnetic  induction  coil  (38)  positioned 
against  said  end  surface  (36)  with  the  central 
longitudinal  axis  of  the  coil  extending  substan- 

15  tially  perpendicular  thereto;  a  piezoelectric  ele- 
ment  (40)  positioned  concentric  with  said  mag- 
netic  induction  coil  (38)  and  against  said  end 
surface  (36);  and  an  eddy  current  coil  (42) 
positioned  concentric  with  both  said  magnetic 

20  induction  coil  (38)  and  said  piezoelectric  ele- 
ment  (40)  and  against  said  end  surface  (36), 
with  the  central  longitudinal  axis  of  the  eddy 
current  coil  (42)  extending  substantially  per- 
pendicular  thereto. 

25 
2.  A  composite  analyzer  probe  as  claimed  in 

Claim  1  ,  said  magnetic  induction  coil  (38)  com- 
prising  an  annular  coil;  said  piezoelectric  ele- 
ment  (40)  comprising  an  annular  casing  posi- 

30  tioned  within  said  annular  magnetic  induction 
coil  (38);  and  said  eddy  current  coil  (42)  being 
positioned  within  said  annular  casing;  such  that 
said  magnetic  induction  coil  (38),  said  annular 
casing  of  the  piezoelectric  element  (40),  and 

35  said  eddy  current  coil  (42)  are  all  positioned  at 
the  flat  end  (36)  of  said  probe  housing  (34). 

3.  A  composite  analyzer  probe  as  claimed  in 
Claim  2,  said  probe  housing  comprising  a  cy- 

40  lindrically  shaped  housing  (34)  having  said  an- 
nular  magnetic  induction  coil  (38),  said  piezo- 
electric  element  (40),  said  eddy  current  coil 
(42)  all  mounted  therein  at  said  flat  end  (36) 
thereof. 

45 
Patentanspruche 

1.  Fuhler  fur  Analyse  eines  Composits  zur  Ver- 
wendung  mit  einem  Analysetester  fur  ein  Com- 

50  posit  zum  nicht-destruktiven  Testen  und  Analy- 
sieren  der  physikalischen  Eigenschaften  und 
Messen  der  Dicke  eines  Testmaterials  mit: 
einem  Fuhlergehause  (34)  mit  einer  im  allge- 
meinen  flachen  Endoberflache  (36),  die  so  ge- 

55  formt  ist,  flach  an  die  Oberflache  des  Testma- 
terials  angelegt  zu  werden; 
einer  magnetischen  Induktionsspule  (38),  die 
an  dieser  Endoberflache  (36)  zu  positionieren 

4 
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ist,  wobei  die  zentrale  Langsachse  der  Spule 
sich  im  wesentlichen  senkrecht  dazu  erstrek- 
kend  ist; 
einem  piezoelektrischen  Element  (40),  das 
konzentrisch  zu  der  magnetischen  Induktions- 
spule  (38)  und  an  der  Endoberflache  (36)  posi- 
tioniert  ist;  und 
einer  Wirbelstromspule  (42),  die  konzentrisch 
zu  der  magnetischen  Induktionsspule  (38)  und 
dem  piezoelektrischen  Element  (40)  sowie  an 
dieser  Endoberflache  (36)  positioniert  ist,  wo- 
bei  die  zentrale  longitudinale  Achse  der  Wir- 
belstromspule  (42)  sich  im  wesentlichen  senk- 
recht  dazu  erstreckt. 

2.  Fuhler  fur  Analyse  eines  Composits  nach  An- 
spruch  1, 
wobei  die  magnetische  Induktionsspule  (38) 
eine  Ringspule  umfaBt,  das  piezoelektrische 
Element  (40)  ein  ringformiges  Gehause  hat, 
das  in  der  ringformigen  magnetischen  Induk- 
tionsspule  (38)  positioniert  ist;  und  die  Wirbel- 
stromspule  in  dem  ringformigen  Gehause  an- 
geordnet  ist; 
wobei  die  magnetische  Induktionsspule  (38), 
das  ringformige  Gehause  des  piezoelektri- 
schen  Elements  (40)  und  die  Wirbelstromspule 
(42)  alle  an  dem  flachen  Ende  (36)  des  Gehau- 
ses  (34)  des  Fuhlers  positioniert  sind. 

3.  Fuhler  fur  Analyse  eines  Composits  nach  An- 
spruch  2, 
wobei  das  Gehause  des  Fuhlers  ein  zylin- 
drisch  geformtes  Gehause  (34)  ist,  in  dem  die 
ringformige  magnetische  Induktionsspule  (38), 
das  piezoelektrische  Element  (40)  und  die  Wir- 
belstromspule  (42)  alle  zusammen  an  dem  fla- 
chen  Ende  (36)  des  Gehauses  befestigt  sind. 

Revendicatlons 

1.  Sonde  pour  appareil  d'analyse  composite,  des- 
tinee  a  etre  utilisee  avec  un  appareil  composi- 
te  d'analyse  et  d'essai  pour  I'essai  et  I'analyse 
non  destructifs  des  proprietes  physiques  et  la 
mesure  non  destructive  de  I'epaisseur  d'un 
materiau  a  soumettre  a  I'essai,  comprenant  : 
un  boltier  de  sonde  (34)  qui  presente  une 
surface  d'extremite  (36)  sensiblement  plate, 
etudiee  pour  etre  placee  a  plat  contre  la  surfa- 
ce  du  materiau  a  soumettre  a  I'essai  ; 

une  bobine  d'induction  magnetique  (38) 
positionnee  contre  ladite  surface  d'extremite 
(36),  avec  I'axe  longitudinal  central  de  la  bobi- 
ne  oriente  sensiblement  perpendiculairement  a 
cette  surface  ;  un  element  piezo-electrique  (40) 
positionne  concentriquement  a  ladite  bobine 
d'induction  magnetique  (38)  et  contre  ladite 

surface  d'extremite  (36)  ;  et 
une  bobine  a  courants  de  Foucault  (42) 

positionnee  concentriquement  a  la  fois  a  ladite 
bobine  d'induction  magnetique  (38)  et  audit 

5  element  piezo-electrique  (40)  et  contre  ladite 
surface  d'extremite  (36),  avec  I'axe  longitudinal 
central  de  la  bobine  a  courants  de  Foucault 
(42)  orientee  sensiblement  perpendiculaire- 
ment  a  cette  surface. 

10 
2.  Sonde  pour  appareil  d'analyse  composite,  se- 

lon  la  revendication  1  ,  ladite  bobine  d'induction 
magnetique  (38)  comprenant  une  bobine  annu- 
lare  ; 

is  ledit  element  piezo-electrique  (40)  compre- 
nant  un  boltier  annulaire  positionne  dans  ladite 
bobine  d'induction  magnetique  annulaire  (38)  ; 
et 

ladite  bobine  a  courants  de  Foucault  (42) 
20  etant  positionnee  dans  ledit  boltier  annulaire  ; 

tous  ces  composants  etant  positionnes  a 
I'extremite  plate  (36)  dudit  boltier  (34)  de  la 
sonde. 

25  3.  Sonde  pour  appareil  d'analyse  composite  se- 
lon  la  revendication  2,  caracterisee  en  ce  que 
ledit  boltier  de  la  sonde  comprend  un  boltier 
(34)  de  forme  cylindrique  renfermant  ladite  bo- 
bine  d'induction  magnetique  annulaire  (38),  le- 

30  dit  element  piezo-electrique  (40)  et  ladite  bobi- 
ne  a  courants  de  Foucault  (42),  etant  tous 
montes  dans  ce  boltier,  a  ladite  extremite  plate 
(36)  du  boltier. 
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