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ABSTRACT 

An equipant mitable  for the looation of rmrfaoe or sub- 
-god flan in nomqgmtia metals i s  desoribed. A predetermined 
ptt8rn ef oleofa ddv a w  i r  inducted in a perfeot t e s t  sample 
bl dwW rn pioleup o o i l s  properly d i s -  
po146 in relatiom sure only the departures of 
t b  e - r r t  puwru rrwa b n a  yrrbbwru AD thb prf  e ~ t  smp'le. The 
drprturlsr m indioated on a meter or laay be reoorded. Performsnos 
data we giwn for a universal lqpe of searoh unit espeoially adapted 
for g.mr8l SVmyr. 



1. This problem rras authoriced by Bureau of Aetonrutios Projeot 
170-40 of 28 lavembor 1939. 

s t . h t  ,of Prob54aa 

2, During the l a s t  deoade sscrsral admirable mbthods have been 
dew~1ap.d tap. tho nandestruotivm te8ting of m t a l l i o  objeots. These 
moth& are priwripally of use in te r t lng  magasti0 m t e r i a l s  or i n  
oastkyr dwn the extent of the f lrn i r  oonpy~b le  t o  the dlnmnrionr 
of the u t i o l e  under fs t. The l i m i t a t i ~ ~ ~  of tb + a r i O ~ s  l ~ b t h ~ d s  ham 
been m M  by 0thor8~. and r rill. thwriore. not dirou8s them a t  
length bra. T b  produotion of nonferrou8-mtal sheets. oaet ings~ and 
fabrioatad unit8 bas inareasod rapidly In reoent yearsr and it has be- 
oams impormt tm dewise a mbfhod esp.aially mi table  for t h i s  - of 
1 l u p . a t i o ~ a .  Mmwvar, solab of the stainless steels .re  baing widely 
ueod uul korum they i r e  ersential ly nonnagnstior they too. require 
rrsthoda af' tort rlmiltu. to thorn u W  i n  the testing of oopper or 
alwdnua. A lmWrtsuotive t o r t  i s  desired fo r  tho looation of flaw8 
in these Mads of matwialr. 

3. If a differerne of eleotr loal  potential l a  applied betwoen 
tro paintr i n  a oomduotbr ur elootrieal ourrent \rill flow. The 
distr ibution of t h i s  eleatria81 ourrent nil1 affeoted by ohange8 
of oomlwt i~ I fy  along its path. F l a w  aontainsd In material through 
-oh tha ourrent flm w l l l  in general ouure a diffarent dirtribu- 
t i an  of elwfria ourrent than muld oowr i n  similar piem of material 
that aont8Ined no flaw. Thus a study of the ourrent distribution i n  an 
elootr ioal  oanduotar o m  be used a r  8 mbam of flaw dotootion. 

4. Skoh 8 proocbdWb Wploylng rtebdy almotrio ourrents h.8  been 
ouaserriul i n  geophyr l a d  p P O r ~ ~ t b g  where reprobuoible oontaa t s  
ud potun th l r  era porribla* EolmnrO barnurn of the d i f f ioul t ies  in 
wouring rwh aontaotr w i t h  m0~8ble rearoh e q u i p n t r  the ourrent-dis- 
tribution method ~ l o y ~  8t-d~ 0-tr or p o t o n t i ~ l r  h a  been 
lugoly  d 1 ~ u d . d  a r  B ter t ing d ~ ~ i o a m  The diif ioult iaa ju r t  out- 
lined my k av0ib.d md th. prinaip.1 8dt.nfagar of the eleotrio- 
wrronfi.blrfiibution v thod  m y  k p ren rwd  If r oonrtantly ohmnging 
ouatant i r  indued in the t a r t  -10 by m i k b l o  alternating argnOtio 
f b ld r .  

6. If b~ loQ(t k.n lcaorrn fhrt Ir = p t i o  field .dj80enf 
to 8 larrtsllio d o t e r  induqes I n  fh.f oonduator a r y s w  of ourrentr 
-oh depend8 upon th. g o m t r y e  tho e b o t r i o a l  ooduotivi ty of tho 
rf.1, the fmquonoy, Bad tho a g n e t i o  intenritiy of the exalting souroa. 



'ine =r 
induoec 
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The depth of penatration of the ourrent induoed i n  the nmtmllio ob3eot 
depedu upon the frequenoy of tha al ternat ing mrrrcnetio f i e l d  seleoted 
for o ~ e r a t i o ~ ~ m  The lower the  frequenoy of t h c  gnstio f i e l d  
the gr0a-l. ell b. th6 depth of  penetration c i eddy our- 
rent. Thus, i n  the design of equipmnt one m bquenoy of 
operatian on the k a i s  of the  type of flaw to be looatedm wsent 
investigation weeded along hm e n o r a l  direotions* , the  
derelopmsnt of men* t o  operate a t  low oomeroial  freql I and 
desiglwd ta l b r w  r lam whioh m y  or l a y  not uxler l ie  a e \ l o ~ ~ ~ n c i a l  
thioknesr of so l id  homogeabous metal8 cleoond. the developrant of equip- 
ment t o  opento a t  a fhquenoy of -am thouaaads of oyoles per seoond 
fo r  tho deteotion of very small surfroe f lam.  The debating equip-nf 
fo r  both methods is  the saw in prinoiple but the teohniques adopted 
in oarrying ou t  the mbasursmr~lt of the magnitude of the f l a m  a re  oon- 
aidorably different.  The apparatus d e s o r i b d  i n  t M s  r e  r t  w i l l  be 
operated a t  a f a i r l y  la frequemy (60 oyoles per seoondr 

The pr 
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6r The theoret iaal  a s p o t s  of the penetration of nw~gmtio f i e l d s  
d e leot r io  ourrents in to  a simple oonduoting boQt is not very olear- 
out a t  the present timem An exumination of the problem has been oarried 
forrmrd by 1. Lyom2 who has worked out a sr t iefaotory oaloulatian f o r  
tho shielding due to spheres and oylinderr a t  frequenoies exassding 
1000 oyoles. Beoause of the d i f f iou l t  gaoaastry involved i n  the preuenf 
equipment and the meh lower frequenoy employed, the  ohaxe  of ourrent 
density and phrso do not o h e o k ~ l l  with wonst results.  For t h i s  
reason we prefer t o  out l ine only the experimental feo ts  a s  deduoed from 
msasursmsnt. It should be msntioned in passing tha t  t he  piokup devioe 
whioh we haos employed has shown so- saturation a t  the exoiting our- 
rents  used and therefore the observetionnl data nuy be subjeot t o  om- 
reotion before it i s  oompued with a theory. 

The Piokup Unit md the Theory of Its Operation , 

7. The prinaiple of flaw deteotion t o  be desoribed r e s t s  on the 
f a o t  t ha t  a given ~eomst r ioa l  arrangement of an al ternat ing mgnetio 
f i e l d  adjaoent to a metallio body induoes a systenratio pattern of 
e leo t r io  ourrents within the  metal whioh oan be eas i ly  reproduoed 
and analysed by appropriate nragnetio piokups. The simplest form of 
the prinoiple employed m y  be beat understood by referenos t o  Figure 1. 
Imagbe an  eleotro-nragnet exoited by al ternat ing ourrent i n  ooil  13. 
A slot. 14. is  out i n  the piokup un i t  to reduoe eddy ourrents in the  
unit. The path f o r  the al ternat ing magnetio f lux  i s  along the inner 
oylindor. aoross the a i r  gap 2-1 or 5-6. through the outer cylinder, 
and oonneotingnasher. 8-9. These parts  a re  oonstruoted of iron 
w i t h  good magnetio properties. If the permeability of the inner 
cylinder, 2-5. i s  large oompared t o  air . then the spaoe within t h i s  
oylinder w i l l  be nearly f ree  of megnetio flux. Psrts 3 and 4 are  two 
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(see opposite page f o r  Fig. 1) 

Figure 1. Piokup Unit . 
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mmll lpagnstio rods on whioh a re  wound about 7600 turns  of wire. This 
i s  oalled the piokup ooil. With pa r t  7 these rods form a long horseshoe 
magnetio path, t he  reluotanoe,of whioh i s  small oompared with t he  reluo- 
tame aoross the a i r  gap 3 4 .  Par t  12 i s  a small brass oylinder that 
serves t o  i so l a t e  pa r t s  3 4 - 7  from the  exai t ing msgnetio f i e l d  and so 
heJps t f i e l d  free el he inner oy l i  An 
equal a 4. The o o i l  20  se 
rods er he sans direo l t h in  
these row Amuos oppoarrrg puwnua+s.  Anus the  resu l t ing  pwcsnbial 
from both a o i l s  oan be balanoed to cero even though so- of the exoit- 
ing arrgastio f i e l d  traverses the  rods. If there  i s  a differsnoe of 
raagmtio po tunt ia l  betnsen 3 and 4, (a magnetio f i e l d  tangential  t o  
the faoo of t h e  piokup u n i t )  msgnetio f l ux  w i l l  go through the tm 
zpds in opposite direat ions  aad voltages induoed i n  the t w u  part8 of 
the piokup oo i l  due t o  a ohrllge of this f lux  w i l l  be additive. For 
a given frequenoy f l u  ohange the  r e su l t an t  voltage aoross the piokup 
0011 terminale, 10, w i l l  be a m a e w e  of the differonoe of mgnet io  
potantla1 between 3 and 4 (or of the t a ryen t i a l  oaonponat of the  
mgnet io  f ie ld) .  PrqythinC; that dis turbs  the  ~ y n m r s t r y  of ths exoi t i ry  
aaynetio f i e l d  wlth respeot to a (A-A of Figure l ) ,  through the  
u i r  of the piokup unit and perpc ar t o  a plane oontaining rods 
3 and 4. w i l l  oause a llygnetio dbrsrorme of po ten t ia l  betmeen 3 and 
4. Thaefare, anything t h a t  dis turbs  the  exai t ing n m p t i o  f i e l d  

OIIb  Side of plane A-A dif ferent ly  than the  other s ide w i l l  r e s u l t  
in 8 voltage aororr tho t d n a l a  of t he  piohrp ooil. 
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If this piokup unit i r  plaoed pole down upon r hamogemaus 
6- ab ~ l e o t r i o a l l ~  eanduoting mt.1, then th &met of mbtal w i l l  
I D a r h c  turn of a tranrfarmsr and 8 y s W  of 
a r eleot arrentr  r r i l l  be lndwed a r  is sham in  Figure 
2 Ir'WW Lrline oraok dovelope iR thm h a ~ g e n e o u s  
m-1 p&Co uadsr t ) b  of t h e  exoit lng sleotrorrgamt. The ourreat  

trrmh a i r  r ld  t h e  o i rou la r  ourront ryetern are broken 
UP to k replaoed by n t  rystemu rlmllrr to o I n  Figure 20 These 
eddy ourrents produos ~ ~ ~ ~ a s t l o  f i s l d r  in the u-1 oouuur. 





(see opposite page for  Fig. 2 )  

Figure 2 Wdy Currents Induoed i n  a Ifomogeneous 
ldetallio Plate by the Yiokup Unit 

9. If the piokup uni t  is moved about on plate  a of Figure 2, 
without approaohing too olosely the edges of the plater no voltage 
w i l l  be generated i n  the piokup oo i l  a s  the mgnstio disturbanoe 
mused by the eddy ourrents a re  symmstrioal not only with respeot t o  
plane A-A (see Figure 1)  but w i t h  respeot t o  the axis  of the piokup 
unit. If the piokup miit is m m d  aoross plate  OB with plane A-A 
kept pa ra l l e l  t o  the oraok. then a s  the oraok is approaohed the  mag- 
netio disturbanoe oaused by the eddy ourrents w i l l  not be symmtrioal 
w i t h  respeot t o  plane A-A. and a piokup ao i l  voltage a s  i l lus t ra ted  i n  
Figure 26 w i l l  result .  ahen plane A-A i a  direot ly over the  oraok the 
aagnetio disturbanoes or  both sides of the plans w i l l  be the sama and 
there w i l l  be sero p i o h p  ooi l  voltage. When plane A-A moves from one 
side of the oraok to the  other the direotion of ptokup oo i l  voltage 
w i l l  be revsrssd. 

1 
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&ant ' 

ipeot t l  

with p: 

0. It is fmpa to note the e f feo t  of the orientation of 
A-A w i t h  res  o a flaw. If the piokup un i t  should be moved 

8 the O ~ B O ~ B  lane A-A perpendioular t o  the omok, the mag- 
netio disturbantlea on both sides of the  plal in the same, 
regardless of position, and there would be r ~ l t a g e  generated. 
In looking fo r  flaws it w i l l  be neoeesary, 1 aoan the piece 
in t w  direotionsB preferably a t  r igh t  anglba w o - u r r  ~ k h e r ,  in order 
that i t  may be oertain t h a t  the piokup uni t  has not moved aoross a flaw 
i n  suoh a mmner as t o  have balnnoed m a p t i a  disturbanoes on e i ther  
s ide of the plane A-A. 
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11. It i r  evident from an examination of thd eurrbnts induoed in 
the mstall io sample and the resul t ing piokup ooi l  voltages of Figure 
20 and d thnt it is most essent ia l  that the e leo t r ioe l  indioator. 



oooperating w i t h  the piokup unit, sha l l  be phase-sensitive, i.e., it 
i s  essent ia l  t ha t  the  indicating e l e c t r i a l  laster reverse direotion 
when the phaae of the al ternat ing ourrent f romthe  piokup a o i l  reverses, 
fo r  it is  only by euoh means tha t  the exaot position of the flaw i s  
easi ly  detenained. A pan-phase-sensitive piokup would, upon movemsnt 
across the flaw. show a minimum potent ial  between two maxina, and t h i s  
might eas i ly  be misinterpreted. In the  present apparatus the piokup 
ooil  i a  made phase-sensitive by the adoption of sams type of synchronous 
meohaniosl r e o t i f i e r  whioh i a  arranged to rec t i fy  the alternating 
ourrent pioked up by the deteotor coil. 

The Eleotrioal Cirouit 

12. The o i rou i t  diagram aad, pans1 oontrols a r e  e h m  i n  Plates 1 
and 2. Power i s  obtained by aormecting t o  a 110 vol t  eupply operat- 
lng a t  any oommeraial frequeaoy (not D.c.) and olosing the input d t o h .  
A current of 1/8 or  1/4 ampere oan be supplied to the exoiting ooil ,  
E, of the piokup u n i t  by opening or olosing enitoh S2. The sens i t iv i ty  
of the piokup uni t  i s  nearly d i rec t ly  proportional t o  the exoiting 
current up t o  about- l/2 ampere. 

- - 
5 Weatern Eleotrie polariced relay R, i s  used as a meohaniaal 

rec  The time of t r a n s i t  fo r  the armature oan be made very short 
( 1/ ~oond) and the relay oan be made t o  operete up t o  500 cyoles 
per UWUVLA~.  The ourrent from the piokup ooi l r  l'r i s  passed through 
the r eo t i f i e r  t o  the D.C. measuring instruments. 

kup un: 
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; a horn 
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14. In oaae thdre is  a ourrent from the piokup co i l  when the 
pic L t  i s  plaoed against ogeneaua metal or held fo r  a i r  the 
" de ~stdr," R2. should t d u n t i l  the meter reads zero. This 
Pro s very small voltage s R4 t ha t  oan be made to  buak the 
voltage generated i n  P. 

15. Cirouit  oonstants have been adjusted 80 tha t  the red t i f ica t ion  
takes plaoe a t  the p ~ r t  of the aycle required f o r  best sensitivity. 
The resistanoes R7 and make up a oonstRnt impednnoe shunt 80 that  
the resistnnce of the ou "a, t o i rcu i t  is  oonstant regardless of the 
sens i t iv i ty  uaed. d i th  g~lvanorneter and miaromster r e s i a t~nces ,  as 
ahown i n  ? late  1, e i ther  may be used without ohanging the o i roui t  re- 
sietanae. B i t o h  S .allows the sens i t iv i ty  of the meter i n  use t o  
be ohanged by a f ao 2 or of ten. s4 puts e i ther  the mioroanrmet;ar or 
galvanometer i n  the  oirouit. 

~ I ~ X J P S  AND RESULTS - 

16, The amount of plakup ooi l  ourrent has been determined as the 
piakup unit has s o d  f l a t  plats8 of various thiakneaa and aontaining 
a r t i f i o i a l l y  plaoed flm a t  known positions. The ourvea shown w e  f o r  



em or i en t a t i on  of t he  piokup un i t  w i t h  respeot t o  the  flaw, suoh t h n t  
maximum ourrent  is obtained (see pnragraphs 9 and 10). 

17. A flaw i d  r e fe r red  t o  a s  " t o t n l  f l d '  when it penetrntes 
oompletely through a p l a t e  oontain- it. The flnws oonstruoted have 
been made s t r a i g h t  and .perpendioular t o  t he  surfaoes of p l a t e s  oon- 
tnining them. 

Curves and P lo t s  of Data -- 
18. The mximwn piokup o o i l  ourrent  caused by a t o t a l  flaw i n  

materiala of vnrioua thioknoaaea i s  shom in p l a t e  4. Plate  5 i l l ua -  
t r n t e s  the ourrent oauaed by t o t a l  f l a w  of vnrying length i n  p l a t e s  
of n given thickmas.  These ourves show, a s  expeoted. t h a t  the  in- 
d ioator  ourrent  inorensee qu i te  l i nea r ly  f o r  inoreesea i n  s i t e  f o r  
t o t a l  flawa of smll thioknesses (up t o  l/8 inoh) or shor t  lengths up 
t o  3/4 ihoh. 
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19. It may be seen from the  ouroes of P la te  6 t h n t  t he  materials  
studied give indiontions whioh nre g r ea t e s t  f o r  oopper, l e s s  f o r  
aluminun s t i l l  l e s s  f o r  duraluminr and qu i te  small f o r  lead and 18-8 
s t a in l e s s  s teel .  IIenoe t he  indioationa nre i n  the same r e l a t i v e  order 
a8 a re  t h e  e l eo t r i oa l  oonduotivit ies of t he  metnls. It i s  illuminat- 
ing t o  oompare P la te  6 wi th  somewhat similar  ourves of P la tes  7 and 8 
whioh were obtained with the  same type of t o t a l  f law as  employed i n  
Pla te  6, but in these f i gu re s  an overlying sheet of so l id  metal equal 
i n t h i o k n e s s  t o  the f law was plaoed over it. It may be seen from these 
ourves t h a t  the  posi t ion of the  flaw i s  a s  read i ly  determined a s  when 

so l id  : sbove i t h a t  the  in tens i ty  of the 
1 i s . r e l  ~y a oo able faotor. It i s  in te res t ing  
t h a t  t l t i ve  r e of lead i n  r e l a t i o n  t o  oopper 

A =  tl;~-wttuy ~xmX'eaSB\r nrzrrrA the  flaw r a  eub~mrged under so l i d  metql. 
This change in r e l ~ t i v e  reaponse is  o b ~ i 0 ~ 8 l y  due t o  t he  larger  cur- 
r e n t s  o i rcu la t ing  i n  the overlying metal when t he  aonduotivity of t h i s ,  
metal i s  large. If a f law i s  deeply submerged under highly aonduoting 
m t a l a  shielding e l eo t r i o  ourrents induoed i n  t h e  surf aoe layers 
produoe oounter-magnetio f i e l d s  t ha t  reduoe t he  f i e l d  deep i n  t he  
metal. Thereforer a t  the depth of suoh a flaw, r e ln t i ve ly  small our- 
r en t s  may flow, The magnitude of these surfnoe shielding ourrents in- 
oreases RE t h e  oonduotivity and frequency inoreases m d  hence one may 
reduoe t h e i r  e f f e c t  by employing a sui tably  low frequency. Thus fo r  
a given metal om may s e l e c t  a frequenoy which w i l l  be suf f io ien t ly  
penetrat ing t o  reaoh ~ n y  presumed defeot. The ourves of Pla te  9 show 
haw tile indioator currents d e o r e ~ s e  a t  various frequencies a s  the  
thickness of the  over lyi~lg  so l id  metal inoreases. It should be olear 

;hat if  oate a f law under 1/2 in. of 
le mst y low frequenoy or e l s e  use e. 

VCJL-J O C Z U J A ~ A V W  p ~ d u p  unit.  
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:ONCLUSIONS AND RECOMBdENDJ-T IONS 

?aots Established 

20. Flaws o r  cracks i n  metall ic conductors t h a t  have an area, or  
a component of area, extending perpendicularly t o  the surface w i l l  
under oer ta in  conditions be indicated by the  f law detector. The oondi- 
t i o n s  under whioh the  f law detector  may not locate  a flaw of t he  type - 
specified above are r 

(a)  The f law i s  too deeply owered by sol id  metal (see 
Pla te  9 ) .  For t h e  apparatus desoribed i n  t h i s  repor t  
a f lew 3/4 inoh long and 1/8 inoh deep covered by 3/8 
inch unin i s  j u s t  deteotable. 

(b) The 1 rew. or  oomponent of the f law perpendioular t o  
the  U W ~ R O ~ ~  i s  t oo  small ( i ~ l e t e s  4, 5, 6 and 9). 

(0) The aurfaoe of t he  metal i s  too rough or has too 
small a rndius of o w a t u r e .  Speoial j i g s  or pickup 
c o i l s  must be used f ~ r  surfaoes having a shor t  ( l e s s  
than 12 inches) r ~ d i u s  of curvature. 

(d) The or ienta t ion of t he  piokup u n i t  during soanning 
(see paragraphs. 8 and 9) has been euch t h a t  f law i s  
not  indicated. The aoanning must be performed i n  two 
di rea t ions  t o  el iminate t h i s  poss ibi l i ty .  

Leas of 

greater 
-----a- 

21. F l a m  t h a t  run p a r a l l e l  t o  t h e  surfaoe of a aonduotor a r e  not  
deteotable  un: ' oonsiderable width. 

22. The 1 I the oonduotivity of a metal the greeter  w i l l  be 
the  indioator ourrefit due t o  a swfaoe  flaw. 

23. The greater  t h e  oonduotivity of a metal the  more rapidly  w i l l  
the  indioations due to a f law disappear a s  i t s  depth below the surfaoe 
increases. This i s  due t o  the  greater  shielding e f f e c t  of t h e  be t t e r  
00nduot0r . 

24. The lower the frequenoy of t h e  exoi t ing ourrent  t he  greater  
0- be depth below the  surfaoe a t  orhioh a f law oan be detested. 

SUIdUARY AND DISCUSSION 

Conditlond =oh fhs Flaw Deteotor w i l l  not be useful. 

h i s  ;el 

. In or 
tod i n  
h.. &I.- 

a t  a f law m y  be deteotable it i s  neoessary t h a t  it 
b manner t h a t  it w i l l  d i s tu rb  the  eddy ourrent  flow 
set up LJ rggw wnu,,,ng f i e ld .  With the piokup u n i t  a s  desoribed i n  
t ? o r t  t h  oed eddy ourrents  w i l l  i n  general flow i n  planes 



APPENDIX I 

Instruotions f o r  Operation 

The flaw deteotor apparatus oonsists of four essent ia l  par t s  
(see Plates 1. 2 and 3). 

I - the  piokup unit 
2 - the meohanioal reot-flier 
3 - the ourrent indioators 
4 - the cero ad3ustor. 

To make the flaw deteotor ready f o r  operation the follarring 
prooedure may be follarrsdt 

1 - Comreot the piokup uni t  t o  i t s  aable and oonnsct the 
cable to i t e  oonneotion on the panel. 

2 - Conneot the galvanometer t o  i t s  oonneotion on the 
panel. (~lvmys have galvanometer oirouited 
when it iKnoved. ) - 

3 - Throw uwitoh S4 t o  "bf side. The l e t t e r s  M an3 G 
stand fo r  microammter and galvanometer, respectively. 

4 - Throw the  instrument s e n s i t i v i q  srritoh, S3, t o  the "L" 
side.  he instrument sens i t iv i ty  i s  increased by a 
faotor  of 10 by ohanging t h i s  d t o h  & "L" t o  "Po) 

5 - Thrm t he  0011 sens i t iv i ty  d t o h  S2 t o  the "L" side. 
(One ezig=an ampere goes through the piokup uni t  
exoiting co i l  when t h i s  a t o h  is on the "L" side and 
1/4 ampere when it i s  on the "I?" side. This ohangea 
the sens i t iv i ty  by approximately a faotor of two.) 

6 - Plug in t o  110 v o l t s  AoCo where indioatsd atxl olose the 
i n  t emitoh S1. The p i l o t  l i gh t  should indioate 
*the p a n r  is  applied. 

7 - W i t h  the piokup unit plaoed faoe dorm on a homogeneous 
pa r t  of-a  metal t o  be soannod, turn  the zero adjustor 
R2. u n t i l  no ourrent i s  indioated. 

8 - Inorease the  sens i t iv i ty  a s  desired and make suitable 
ohawes of the There may be some 
variations of a t  high sens i t iv i ty  
due mainly to the msohanioal reot i f ier .  T h e  velooity 
of soanning should not be more than om inoh per aeaond 
Kith the miaroarmraster i n  the o i roui t  and. for  oareful work 
with the galvanomter i n  the o i r au i t  the v e l w  i t y  should 
not be more than l/2 inoh per seoond. 
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Care must be taken t o  hold the  f'aoe of the  piokup uni t  in 
good oontaat *th th. mtal being aoanad a8 rooking or  l i f t ing ef 
one edge of the piokup u n i t  w i l l  oruee uputiaur indioator reading80 

Th. piohrp un i t  should 'be held 80 that the r l o t  (me F i v e  1 
or P h f s  8) i a  tarrard the  pereon hold- it, and t h e  direotion of motion 
should be from l e f t  to r igh t  in a plum eontalnin(; the f l a t  sides of 
the plUg Oonnootion af the piakup unit. If this is bone 8 positiWJ 
deflsotion (to tha r igh t )  of the  mforoamaabter w i l l  r eeu l t  when the  flaw 
i r  being approaohd. Thir ourrent w i l l  reaoh i ts  nraximum when the axin 
d the  p i o h p  un i t  i s  approximately lJ8 imh from the flaw, it w i l l  
re turn to sera when the  axis i s  dlreot ly over the flaw, and it w i l l  
n iw  t o  negntir .  when approxin te ly  l/8 laoh b~yond the  
flaw. Thir type o u m  i a  shown i n  the f igure belcnr. 

Figure 1 - Charaoterirtio Curve Due to a Cnok-like Flaw 

The galtanombtsr should be so oanneoted t h a t  it w i l l  d n g  in the 
same direotion as the mioroaxmeter. Variations of irdioator ourrent 
t h a t  are not of the  type indioated by Figure 1 above are not due t o  
oraok-like flawa. They my be due to m f a a e  i r regular i t ies ,  large 
flaws. edge effeots,  rooking of the piakup unit, o r  many other aauaes. 
A o u m  of the  oharaoteristio type enables flaws of t h i e  type to be 
looated in sp i t e  of other variations. 

The bohanioal Rea t i f iw  

It i s  not expeoted that the  oontaot in the  meohanioal rea t i -  
f ier sha l l  need attention. If, however, the variations in ga1vsl)oms t e r  
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Lt)t~~ed 
:he pos - A - - L  

adings st high 'ssnri t ivify beoombs large, oauses suoh a s  line voltage 
r ia t ions or poor oontaota have bsen eliminated, the oontaots of the  
~ t i f  i e r  should be 01 The point  o i f ioat ion i e  determined 
a large extent by I i t i o n  of t he  Ler oontaot points. As 
s sens i t iv i ty  of thb ~ lawument  depends this  point of reot i f ioa-  

tion oare ahauld be taken tha t  tha, oontaots be returned to t he i r  original 
posi tions. 

f rea t :  
r eo t i f :  
1 upon a 
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PLATE 1 
(continued ) 

Input e 

.- - -  . 

witoh 

" C o i l  Sansiti rmtot l  for omnging exoiting ourrent 

for oh 

mter o 

t L igh t  

"I lnwrnal bindang poazs ror  aswr aonmotibns for measurin, 
the exoiting ourren 

0.1. External binding post8 for galranomster 

up unit'' Coil c 

. . 
u r L -  aioml reot i f  ier F ' Field r 

R ' Bohan: 

Trsnsfo-r - 2-1/2 v o l t  seoandery, oenter tapped 

50 mxtt resietor tappmd to give eraiting ourrent of 0.125 or 
0.260 aaperea. 910 ohm total, 

Clsroata t  260 ohmn - rero adjuster 





Internal V i e w  of Flaw P e t e c t o r  Assembly 

Fla te  3 
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