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Background of t h e  Invent ion  

The p r e s e n t  i nven t ion  i s  d i r e c t e d  t o  an improved eddy c u r r e n t  

i n spec t ion  t e s t  probe.  I n  p a r t i c u l a r ,  t h e  p r e s e n t  i nven t ion  i s  

d i r e c t e d  t o  an  improved dual  c o i l  bobbin probe capable of d e t e c t i n g  

f laws i n  steam genera tor  o r  o t h e r  h e a t  exhanger tub ing  w i t h  only 

5 one pas s  of t h e  probe. The United S t a t e s  Government has r i g h t s  i n  

t h i s  i nven t ion  pursuant  t o  Cont rac t  No. N00024-79-C-4026 between 

t h e  Department of  Energy and Westinghouse Corporat ion.  

Dual c o i l  bobbin probes have been used i n  s tandard  non- 

d e s t r u c t i v e  in spec t ion  of workpieces,  such a s  tub ing  o r  p i p e s .  

10 The s tandard  dua l  c o i l  bobbin probe des ign  usua l ly  c o n s i s t s  of  two 

c l o s e l y  spaced p a r a l l e l  c o i l s  ( e .g .  0.032 inch)  wi th  t h e  axes of 

t h e  c o i l s  co inc iden t  wi th  t h e  long a x i s  of t h e  tube .  The c o i l s  a r e  

wound about  a  non-conductor ( i n s u l a t o r )  normally made of p l a s t i c .  

A l t e r n a t i v e l y ,  an  e n c i r c l i n g  c o i l  may be used. An e n c i r c l i n g  c o i l  

15 i s  made i n  t h e  same b a s i c  manner a s  t h e  bobbin probe,  except  a  

ho le  i s  d r i l l e d  c o a x i a l l y  through t h e  t e s t  c o i l  t o  permi t  t h e  tube  



being inspected to pass through the encircling coil during 

testing. During operation, an oscillating current is passed 

through the probe coils, producing an alternating electromagnetic 

field around the coils. This field induces alternating eddy 

5 currents in any conductive material (e.g. tube walls) within the 

field. These alternating eddy currents produce a counter 

electromagnetic field which interacts with the voltage in the 

driving coils in a typical transformer action. The voltage on the 

driving coils is modified by the physical characteristics of the 

10 tube wall. These modifying characteristics include electrical 

conductivity, magnetic permeability, inside diameter, wall thick- 

ness, and the presence of defects in the tube wall. All of these 

characteristics except for tube wall defects are essentially 

balanced out by use of the dual coils which form opposing legs of 

15 an electrical bridge. This bridge becomes unbalanced in first one 

direction when a single coil senses a defect, and then becomes 

unbalanced in the opposite direction when the defect passes the 

other coil. The bridge output is monitored for these unbalanced 

states which indicate the presence of wall defects. This 

20 monitoring technique is well known and has become the basis for 

commercially available eddy current tube testing equipment. 

A standard dual coil.bobbin probe cannot reliably detect 

cracks in tube walls if the cracks are oriented in the 

circumferential direction. This is because the direction of the 

25 eddy current flow created with the standard probe is also in the 



c i r cumfe ren t i a l  d i r e c t i o n .  I n  o rde r  f o r  t h e  c rack  o r  d e f e c t  t o  be 

d e t e c t e d ,  it must i n t e r r u p t  t h e  flow of eddy c u r r e n t s  which w i l l  

a l t e r  t h e  balance of t h e  e l e c t r i c a l  b r idge .  For t h i s  i n t e r r u p t i o n  

t o  t ake  p l a c e ,  t h e  flow of eddy c u r r e n t s  must be a t  an  ang le  t o  

5 t h e  d i r e c t i o n  of t h e  c rack  o r  d e f e c t .  Because t h e  c i r cumfe ren t i a l  

c rack  i s  not  a t  an angle  t o  t h e  eddy c u r r e n t  f low,  t h e r e  i s  no 

s i g n i f i c a n t  i n t e r r u p t i o n  of t h e  eddy c u r r e n t ,  and t h e r e f o r e ,  no 

s i g n i f i c a n t  imbalance i n  t h e  e l e c t r i c a l  b r idge  i s  recorded.  

I n  t h e  p a s t ,  s e v e r a l  probes have been designed t o  t ake  

10 advantage of t h e  angular  eddy c u r r e n t  flow concept .  One such 

probe i s  termed a  "pancake probe."  This probe has a  s i n g l e  c o i l  

wi th  an a x i s  perpendicular  t o  t h e  su r f ace  of t h e  tube .  The 

pancake probe s u c c e s s f u l l y  enables  t h e  ope ra to r  t o  d e t e c t  d e f e c t s  

i n  any o r i e n t a t i o n .  However, i t s  main disadvantage i s  t h a t  only a  

15 small  segment of t h e  workpiece ( e .g .  tube)  being examined can be 

inspec ted  i n  one pas s .  Accordingly, it i s  necessary  t o  use 

mul t ip l e  scans ( i . e . ,  e i g h t  s cans )  t o  i n s p e c t  t h e  e n t i r e  

workpiece. 

Another probe design which has been under i n v e s t i g a t i o n  i s  

20 t h e  45' angle  dua l  c o i l  bobbin probe,  which possesses  p a r a l l e l  

c o i l s  a t  a  45' angle  from t h e ' t r a n s v e r s e  a x i s  of t h e  probe.  This 

des ign  has exh ib i t ed  some success  i n  d e t e c t i n g  a l l  types  of 

d e f e c t s ,  b u t  it a l s o  r e q u i r e s  mu l t ip l e  scans f o r  complete inspec-  

t i o n  (i.e. four  scans f o r  t h e  circumference of a  t u b e ) .  



An eddy current test probe which is not only multi- 

directional but also can scan the workpiece in a single pass has 

not been developed until the present time. The multi-directional 

angle probe of the present invention fulfills this long felt need 

5 in the field of non-destructive testing of workpieces by eddy 

current inspection techniques. 

Summary of the Invention 

It is the primary object of the present invention to provide 

a new and improved eddy c~irrent inspection apparatus. 

It is a further object of the present invention to provide a 

new and improved eddy current inspection apparatus for detection 

of circumferential cracks or defects in workpieces. 

It is a still further object of the present invention to 

provide a new and improved eddy current inspection apparatus for 

15 detection of circumferential cracks or defects in tubular 

workpieces with a single scan. 

It is another object of the present invention to provide a 

new and improved eddy current inspection apparatus for detection 

of circumferential cracks or defects in steam generator or other 

2 0 heat exchanger tubing. 

It is still another object of the present invention to 

provide a new and improved eddy current inspection apparatus for 

single scan detection of circumferential cracks or defects in 

steam generator or other h.eat exchanger tubing. 



It is still another object of the present invention to 

provide a new and improved eddy current inspection apparatus for 

detection of circumferential cracks or defects in tubular work- 

pieces that can be adapted for use inside or outside such work- 

5 pieces. 

Additional objects, advantages and novel features of the in- 

vention will be set forth in part in the description which follows, 

and in part will become apparent to those skilled in the art upon 

examination of the following or may be learned by practice of the 

10 invention. The objects and advantages of the invention may be 

real'ized and attained by mea'ns of the instrumentalities and 

combinations particularly pointed out in the appended claims. 

To achieve the foregoing and other objects and in accordance 

with the purpose of the present invention, as embodied and broadly 

15 described herein, a multi-directional eddy current inspection 

apparatus constructed in accordance with the present invention may 

comprise a non-conductive body about which two closely spaced 

coils have been disposed such that the planes containing the coils 

intersect the axio of the body. T l ~ e  planes coiltaining the coils 

20 form first and second acute angles with the axis, are nonparallel 

one to the other, and have different angular positions about the 

axis. 

In a preferred embodiment, the coils are disposed at an angle 

of about 45' to the axis of the core material, and the planes 

25 containing the two coils are at an angle of a'bout 60° to each 

other. 



In another preferred embodiment of the present invention the 

non-conductive body comprises a plastic. 

In another preferred embodiment, the apparatus comprises a 

probe for use inside a workpiece. 

5 In still another preferred embodiment, the apparatus comprises 

an encircling coil for use outside a workpiece. 

The multi-directional apparatus of the present invention can 

detect defects of various types regardless of orientation with 

only a single scan. This not only provides a more complete 

10 inspection using a single probe or encircling coil, but also 

significantly.reduces inspection time because the need for 

multiple inspections is eliminated. 

Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and form 

15 a part of the specification, illustrate several preferred embodiments 

of the present invention and, together with the description, serve 

to explain the principles of the invention. In the drawings: 

Fig. la is an elevational view of a preferred embodiment of 

an eddy current inspection apparatus according to the present 
\ 

20 invention; 

Fig. lb is a view of the apparatus illustrated in Fig. la but 

rotated 90' about its long axis; 

Fig. 2 is an elevational view similar to Fig. 1 with parts 

broken out and in cross-section; 

25 Fig. 3a is an elevational view of a tubular body sectioned to 

form part of the inspection apparatus according to the invention. 



Fig. 3b is an elevational view of the sectioned tubular body 

of Fig. 3a assembled with a solid cylinder to form an eddy current 

inspection apparatus according to the invention. 

Fig. 4a is an illustration of strip chart recordings of the 

5 signals produced by a standard' dual coil bobbin probe in response 

to certain defects in a tube. 

Fig. 4b is an illustration of strip chart recordings of the 

signals produced by a pancake probe in response to certain defects 

in a tube. 

1 0  Fig. 4c is an illustration of strip chart recordings of the 

signals produced by a 45' angle probe in response to certain 

defects in a tube. 

Fig. 4d is an illustration of strip chart recordings of the 

signals produced by an eddy current inspection probe according to 

15 the invention in response to certain defects in a tube. 

Fig. 5 is an illustration of strip chart recordings of the 

signals produced by an eddy current inspection probe according to 

the invention in response to certain defects in a tube. 

Fig. 6 is a fragmentary elevation with parts broken out and 

20 in cross-section, illustrating an eddy current inspection probe 

encircling coil according to the invention. 

Description of'a Preferred Embodiment 

Referring now to Figs. la and lb, an eddy current inspection 

apparatus cousLructed in accordance with the present invention is 

25 illustrated and generally designated P. Probe P includes a 

generally cylindrical probe body 2 comprised of electrically 



non-conductive m a t e r i a l ,  such a s  p l a s t i c .  P a r t i c u l a r l y ,  body 2  

may be formed of mica r t a ,  nylon, epoxy r e s i n s ,  o r  o t h e r  e l e c t r i c a l l y  

non-conductive m a t e r i a l s ,  and which a r e  s u f f i c i e n t l y  s t r o n g  t o  

permit  t h e  formation of a  groove, e .g .  by machining. 

5 Probe body 2 has an a x i s  8  perpendicular  t o  a r e f e rence  p lane  

36. Co i l s  4 and 6  a r e  disposed about  probe body 2 ,  p r e f e r a b l y  by 

winding, and l i e  spaced a p a r t  i n  r e s p e c t i v e  p l anes .  Co i l s  4 and 6  

a r e  comprised of e l e c t r i c a l l y  conductive m a t e r i a l  such a s  copper.  

The p lanes  coa t a in ing  c o i l s  4  and 6  a r e  i n t e r s e c t e d  by a x i s  8 ,  

10 forming r e spec t ive  f i r s t  and second acu te  ang le s .  The a c t u a l  

angles  of t h e  c o i l s  a r e  no t  c r i t i c a l ,  s o  long a s  t h e  p l anes  

conta in ing  c o i l s  4 and 6  a r e  a t  an acu te  angle  t o  each o t h e r ,  

r a t h e r  than  p a r a l l e l ,  and a r e  no t  perpendicular  t o  t h e  a x i s  of t h e  

probe. A d i f f e r e n c e  of 5O, f o r  example, i n  t h e -  angles  of t h e  

15 c o i l s ,  would n o t  make a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  performance. 

of  probe P. The f i r s t  and second a c u t e  angles  formed by t h e  

i n t e r s e c t i o n  of c o i l s  4  and 6  r e s p e c t i v e l y  wi th  a x i s  8  have 

d i f f e r e n t  angular  p o s i t i o n s  about a x i s  8 ,  p r e f e r a b l y  about  90' 

r e l a t i v e  t o  one another ;  t h u s ,  t h e  p lanes  conta in ing  c o i l s  4 and 6  

20 i n t e r s e c t  a t  an  a n g l e . .  P r e f e r a b l y ,  t h e  p lanes  conta in ing  c o i l s  4 

and 6  form i d e n t i c a l  angles  of 45O wi th  t h e  a x i s  8 wi th  t h e  p lane  

conta in ing  one c o i l  being loca t ed  90° about  a x i s  8  from a  p o s i t i o n  

p a r a l l e l  t o  t h e  p lane  conta in ing  t h e  o t h e r  c o i l .  The p l anes  

eon ta l a ing  c o i l s  4  and 6 i n t e r s e c t  each o t h e r ,  p r e f e r a b l y  a t  an 

25 angle  of about 60° t o  each o t h e r .  



The spac ing  of t h e  c o i l s  a l s o  i s  n o t  c r i t i c a l ,  w i th in  c e r t a i n  

l i m i t a t i o n s .  Co i l s  4 and 6 must be a s  c l o s e  t o  each o t h e r  a s  

p r a c t i c a l  a s  long a s  they  do no t  over lap .  I n  a  p r e f e r r e d  

embodiment f o r  i n spec t ing  112" diameter  t ub ing ,  c o i l s  4 and 6  

5 c o n s i s t  of approximately 100 t u r n s  each of 0.0035 inch  diameter  

copper wire .  Transmission of e l e c t r i c a l  s i g n a l s  through t h e  wal l s  

of t h e  tube  riot being p o s s i b l e ,  a  s i g n a l  cab le  i s  necessary .  

Re fe r r ing  t o  F ig .  2 ,  an  a x i a l  bore 10 i n  t h e  probe 2  al lows lead  

wires  12 t o  be connected t o  t h e  s i g n a l  cab le  14 from t h e  eddy 

10 c u r r e n t  ins t rument ,  no t  shown. The eddy c u r r e n t  ins t rument  

s u p p l i e s  *a vo l t age  t o  c o i l s  4 and 6 ,  and monitors t h e  changes i n  

t h e  vo l t age  on t h e  c o i l s  a s  t hey  encounter  wa l l  d e f e c t s .  Lead 

wires  12 may a l s o  l i e  i n  a  groove extending i n  an a x i a l  d i r e c t i o n  

along t h e  s u r f a c e  of t h e  cy l inde r  f o r  connect ion t o  cable  14.  
/ 

15 Cable 14 u s u a l l y  i s  coax ia l  wi th  t h e  probe body t o  permit  

i n s e r t i o n  i n t o  t h e  tube  being inspec ted .  

One method of making an eddy c u r r e n t  i n spec t ion  probe 

according t o  t h e  invent ion  i s  shown i n  F igs .  3a and 3b. A hole  i s  

d r i l l e d  i n  t h e  c e n t e r  of cy l inde r  16 approximately 118 inch  

20 smal le r  i n  diameter  than  c y l i n d e r  16. A f i r s t  c u t  i s  made i n  

cy l inde r  16 a t  an  acu te  angle  t o  t h e  a x i s  of t h e  c y l i n d e r .  A 

second c u t  i s  t hen  made i n  cy l inde r  16  a t  an angle  t o  t h e  f i r s t  

c u t ,  making t h r e e  p i e c e s ,  18 ,  20, 22. The p i eces  18 ,  20,  22 a r e  



then slipped on a solid cylinder 24, of the same material as 

cylinder 16 or some other nonconducting material, and fixed in 

place, leaving grooves 26, 28 approximately 1/16 inch deep in the 

surface of the probe body 2. Bullet nose 30 is,machined after 

5 assembly. Axial bore 10 may be drilled in cylinder 24 before or 

after assembly. The cross-section of the grooves resulting from 

this method varies in shape from a rectangle to a parallelogram. 

Other methods are also available for producing grooves 26, 28 

on an angle. For example, a numerically controlled milling cutter 

10 can be programmed to machine the grooves in a cylinder of plastic 

.material. This method would provide a uniform rectangular cross- 

section around the entire circumference of probe 2. It is also 

possible to make the entire probe using an injection mold. The 

differences in cross-section resulting from these alternate methods 

15 of manufacture are small, and are not sufficient to provide a 

difference in test results in the application of the eddy current 

test herein described. 

Once the probe body 2 is assembled, the coils 4, 6 are wound 

in the grooves 26, 28. The air spaces around coils 4, 6 are 

2 0 filled with a non-conductive, adhesive coating, such as epoxy 

resin, to protect the coils and hold them in place. 

In an alternative embodiment, the configuration of coils 4, 6 

used in probe 2 can be incorporated in an encircling coil 32, 

shown in Fig. 6, for inspecting pipe or tubing 34 on the mill as 

25 it is being manufactured. Encircling coil 32 is made in the same 

basic manner as probe 2, except that a hole is drilled coaxially 



through encircling coil 32 to permit the tube being inspected to 

pass through the coil during testing. 

In use, probe body 2 is inserted into the workpiece (pipe or 

tubing). Spacers or alignment guides (not shown) serve to center 

5 the probe body 2 inside the workpiece, and minimize the motion 

relative to the workpiece. Any of several standard spacer designs 

currently used on standard bobbin probes can be used. Usually, 

the probe is inserted rapidly, for example with compressed air or 

a pushing cable. It is then withdrawn at a fixed rate of speed 

10 appropriate to the device being used for recording the transmitted 

electrical signals. As probe , 2 0  is withdrawn, an oscillating 

current is passed through coils 4, 6 producing an alternating 

electromagnetic field around the coils. This field induces 

alternating eddy currents in that portion of the workpiece within 

15 the field. These alternating eddy currents in turn produce a 

counter electromagnetic field which interacts with the voltage in 

coils 4, 6 in a typical transformer action. The voltage on coils 

4, 6 is modified by the physical characteristics of the workpiece, 

e.g., electrical conductivity, magnetic permeabili-ty, inside 

20 diameter, wall thickness, and the presence of defects in the 

workpiece. All of these characteristics except for defects are 

essentially balanced out by use of the coils 4, 6 which form 

opposing legs of an electrical bridge. The bridge becomes 

unbalanced first in one direction, when the first coil senses a 

25 defect, then becomes unbalanced in the opposite direction when the 

defect passes by the second coil. Thus, coils 4, 6 operate as a 



balanced bridge, like other dual coil probes, but relatively 

uniform sensitivity is gained over all the probe's circumference. 

Thus, depending on the orientation of coils 4, 6 to the defect, 

one, the other, or both will to varying degrees detect any crack, 

5 from transverse to longitudinal, as well as pits and holes. 

The output signals from the electrical bridge are monitored 

for these unbalanced conditions, which indicate the presence of 

defects. Monitoring is carried out by observing the signals on a 

cathode ray tube (CRT) screen or a strip chart recorder, not 

10 shown, connected to probe body 2 through cable 14. This technique 

is well known and is the basis for most commercially available 

eddy current tube testing equipment. However, the defect signals 

obtained using the eddy current inspection apparatus of the present 

invention are not the same as those obtained using the con- 

15 ventional dual bobbin probe. Specifically, a higher than normal . 

background signal is experienced, primarily because the two coils 

of the multi-directional eddy current inspection probe are 

separated and at different orientations, and thus are more 

sensitive to gradual variations in tube properties than are 

20 closely, uniformly spaced coils of a conventional dual coil bobbin 

probe. 

The principle of inspection for encircling coil 32 is 

essentially the same as for probe 2. However, because encircling 



c o i l  32 provides  f o r  a  s ingle-pass- through t e s t  a s  compared t o  t he  

i n s e r t i o n  t e s t  of probe 2 ,  which may r e q u i r e  withdrawal ,  it saves 

a t  l e a s t  h a l f  t h e  time of a  t e s t  u s ing  probe 2. 

I n  o rde r  t o  show t h e  e f f e c t i v e n e s s  of t h e  m u l t i - d i r e c t i o n a l  

5 eddy c u r r e n t  probe of t h e  p r e s e n t  i nven t ion  a s  compared wi th  t h e  

o t h e r  eddy c u r r e n t  probes p r e s e n t l y  i n  u s e ,  t h e  fol lowing t e s t s  

were made. A s tandard  dua l  c o i l  bobbin, a  pancake, a  45' a n g l e ,  

and a  m u l t i - d i r e c t i o n a l  probe were i n s e r t e d  i n t o  a  tube  having a  

0.047 inch  t h i c k  wa l l  and an  o u t e r  diameter  of 0.50 inch ,  and 

10 having a  through hole  of .046 inch  diameter  and t h r e e  0.14 inch  

long t ransver ' se  notches of depths ..020 inch ,  .028 inch ,  and .031 

inch.  The .020 inch  deep notch i s  below t h e  th re sho ld  f o r  

r e l i a b l e  d e t e c t i o n  i n  a l l  f o u r  probes.  Four passes  were made wi th  

each probe,  t h e  c o i l s  being o r i e n t e d  a t  0° ,  90°, 180°, and 270° t o  

15 t h e  o r i e n t a t i o n  of t h e  d e f e c t s ,  and t h e  s i g n a l s  recorded on a  

s t r i p  c h a r t .  

As shown i n  F ig .  ha,  t h e  ~ t s n d a r d  dua l  c o i l  bobbin probe 

ha rd ly  d e t e c t s  t h e  t r a n s v e r s e  notches ,  which a r e  very  narrow, and 

t h e r e f o r e  have e s s e n t i a l l y  no l o n g i t u d i n a l  component. The ho le  

2 0  response,  however, i s  very  pronounced, and i s  de t ec t ed  r e g a r d l e s s  

of t h e  p robe ' s  o r i e n t a t i o n .  A s  shown i n  Fig .  4b, t h e  pancake 

s t y l e  probe acceptab ly  d e t e c t s  t h e  hole  and t h e  two l a r g e s t  notches 

when t h e  o r i e n t a t i o n  of t h e  probe i s  optimized f o r  a  maximum 

s i g n a l .  A t  a l l  o t h e r  o r i e n t a t i o n s ,  however, no s i g n a l  i s  obta ined  



from any defect. As shown in Fig. 4c,.the 45O probe detects the 

notches on only two of the four probe passes, when the probe coils 

are oriented at O0 and 180' to the orientation of the deiects. As 

shown in Fig. 4d, the multi-directional angle probe of the present 

5 invention, however, detects all four defects at all four orientations. 

The peak-to-peak signal, designated A-A, B-B, C-C, and D-D, is 

nominally the same at each orientation for a particular defect 

depth although some notch signals may be more positive or negative 

than the corresponding signal obtained at different probe 

10 orientations. This is a function of which of the two coils is 

more affected by the notches. No particular probe orientation 

would be required to assure discovery of the two larger notches 

and the through hole on a single pass. The encircling coil design 

according to the invention, i.e. having its coils in the same 

15 configuration as the multi-directional probe, has responses almost 

identical to those shown in Fig. 4d. 

In order to show the ability of the multi-directional angle 

coil probe to detect notches in directions other than transverse, 

a multi-directional angle probe was inserted into a tube having a 

2 0 .046 inch diameter through hole, a .030 inch deep transverse 

notch, a .028 inch deep axial notch, and a .031 inch deep 45O 

notch. Again, four passes were made, the probe coils being 

oriented at 0°, 90°, 180°, and 270° to the orientation of the 

defects. As shown in Fig. 5, transverse and longitudinal cracks 

25 (signals B-B, C-C) were detected with almost the same degree of 

sensitivity at each orientation, and a crack oriented at an angle 



(signal D-D) was detected as or more easily than those which are 

transverse or longitudinal. 

The foregoing description of a preferred embodiment of the 

invention has been presented for purposes of illustration and 

5 description and is not intended to be exhaustive or to limit the 

invention to the precise form disclosed. It was chosen and 

described in order to best explain the principles of the invention 

and their practical application to thereby enable others skilled 

in the art to best utilize the invention in various embodiments 

10 and with various modifications as are suited to the particular use 

contemplated. It is intended that the. scope of the invention be 

defined by the claims appended hereto. 
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MULTI - DIRECTIONAL ANGLE COIL PROBE 



Abstract 

Apparatus is described for detecting flaws in a tubular 

workpiece in a single scan. The coils of a dual coil bobbin eddy 

current inspection'probe are wound at a 4 5 O  angle to the transverse 

axis of the probe, one coil having an angular position about the 

5 axis'about 90' relative to the angular position of the other coil, 

and the angle of intersection of the planes containing the coils 

being about 6 0 ° .  




