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57 ABSTRACT 
An apparatus for the detection of hairline cracks in 
ferro-magnetic billets is disclosed. Alternating current 
is used to heat the surface of the billet whereby mag 
netic powder on the surface of the billet melts to show 
imperfections in the surface of the billet. 
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APPARATUS FOR INSPECTION OF 
FERRO-MAGNETIC BLLETS 

This is a division of application Ser. No. 403,602, 
filed Oct. 4, 1973, now U.S. Pat. No. 3,845,383. 
The present invention relates to a method and appa 

ratus for the magnetic inspection of ferro-magnetic bil 
lets to determine cracks and scratches in the surface 
thereof. 
Magnetic inspection equipment for inspecting ferro 

magnetic billets is well known in the prior art for detec 
tion of scratches and cracks in elongated ferro 
magnetic objects. The procedure is used largely be 
cause many of the cracks are so narrow that they are 
not visible to the naked eye. When an electric current 
is passed through an elongated ferro-magnetic object in 
its longitudinal direction, a magnetic field is created at 
a right angle to the direction of the current. This field, 
however, will be very much influenced by cracks and 
scratches, even when extremely fine cracks are in 
volved. The shape of the magnetic field is made visible 
by sprinkling a magnetic powder on the surface of the 
billet and, because of the way that the magnetic powder 
aligns itself, cracks and scratches not visible to the 
naked eye become easily discernible. 
The magnetic powder, usually an iron powder to 

which a fluorescent substance has been added, is finely 
distributed over the surface of the billet usually by rota 
tion of the billet under the powder source. Excess pow 
der is removed by gravity by continuing rotation of the 
billet for one extra revolution after it has been coated 
with the magnetic powder. An operator then inspects 
the billet under ultraviolet light. Because of the varia 
tion in the magnetic field due to cracks and scratches 
these are easily visible to the operator who can then 
mark them with for example chalk so that they will be 
easily located for subsequent treatment. 
Of course, the disadvantage to the foregoing proce 

dure is that it is time consuming and expensive to have 
to have an operator to individually mark each crack by 
hand. Of course, others have tried to make the mag 
netic inspection process automatic so that the operator 
is not necessary. For example, an attempt has been 
made to employ a powder mixture containing sub 
stances which will, upon heating, cause adhesion of the 
powder mixture in those areas where the magnetic field 
has caused the powder to be concentrated due to a 
crack or scratch. Various forms of heat have been en 
ployed for this purpose including oil and propane burn 
ers and infra-red quartz lamps. These forms of heat, 
while accomplishing the desired result of eliminating 
the operator, have many serious drawbacks. These 
forms of heat cause a strong heating not only of the 
powder but also of the surrounding areas of the billet. 
It is therefore necessary to employ a powder mixture 
with a comparatively high melting point so that the 
powder does not melt or form aggregates before it is 
sprinkled on the billet from the heat generated by the 
burners or lamps. However, elevation of the melting 
point of the powder necessitates an increased supply of 
heat to melt it which results in a vicious cycle of even 
higher melting points and temperatures and, as a prac 
tical matter, this form of automatic detection is not fea 
sible. 
The applicant has now discovered means by which 

automatic magnetic inspection of elongated ferro 
magnetic objects can be carried out without the disad 
vantages of the prior art processes. The applicant ac 
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2 
complishes this result by passing an alternating electric 
current through the billet after the magnetic powder 
has been applied to the surface of the billet by the mag 
netizing operation previously described. The magnetic 
powder comprises finely divided iron or iron alloys and 
a powdered coloring agent which is capable of adhering 
to the billet surface by heating. The alternating current 
which passes through the billet heats the surface of the 
billet without heating the rest of the billet or surround 
ing equipment thereby supplying sufficient heat for 
melting the color pigment on the surface of the billet 
but not supplying heat which melts or causes aggrega 
tion of powder not yet applied. 

Alternating current, when applied to elongated ferro 
magnetic objects has a pronounced "skin' effect. By 
this it is meant that the surface of the billet is heated 
but the remainder of it is not. This has the twofold ad 
vantage of requiring relatively modest amounts of en 
ergy to heat the surface of the billet since it is the only 
part of the billet being heated and not creating excess 
heat which would be deleterious to the magnetic pow 
der with coloring pigment. Only a brief current pulse is 
required after the magnetic powder is applied. For ex 
ample, it has been found that with 50 Hz. frequency, a 
15,000 amp current for ten seconds will be sufficient to 
raise the surface temperature of the billet to a degree 
sufficient to melt color pigments but without creating 
too much heat or too high an energy cost. With a 50 
Hz. frequency, the current concentrates at the surface 
of the billet to a depth on the order of 1 millimeter. If 
alternating current with a higher frequency is em 
ployed, the penetration depth will be reduced resulting 
in additional advantage. 
The particular coloring pigment selected for use in 

the magnetic powder is of no great importance so long 
as it will melt under the application of the alternating 
current supplied and will adhere to the surface of the 
billet when melted. In general, since there is so little 
heat generated by the process of the present invention 
except on the surface of the billet, the melting point of 
the color pigment can be quite close to ambient tem 
perature, for example about 20 above ambient tem 
perature. This is a practical temperature for the color 
ing pigment since it keeps the powder requirement for 
heating within a technically practical and economically 
feasible frame. The applicant has found ES/M-O-M173 
color pigment available from ELKEM 
SPIGERVERKET A/S, Box 5430, Oslo 3, Norway to 
be suitable for use in the process of the invention. 

It is necessary according to the present invention that 
the current pulse applied for heating the surface of the 
billet be greater than the magnetizing current. The rea 
son for this is immediately apparent. The magnetizing 
current must be sufficient to attract the ferrous parti 
cles of the magnetic powder but it must not be great 
enough to heat the surface of the billet to a degree suf 
ficient to melt the coloring agent. The heating current, 
since it must be of sufficient intensity to heat the sur 
face of the billet to a degree sufficient to melt the color 
ing agent, must be higher than the magnetizing current. 
While the billet is normally rotated during the magne 
tizing step, it is preferred that rotation of the billet be 
stopped during the current heating step in order to 
keep losses of current to a minimum. Furthermore, to 
apply electric current best results have been achieved 
with conical contact chucks as will be more fully here 
inafter described. The conical contact chucks are pref 
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erably made of an austenitic steel since austenitic steel 
will pass current through its full cross section thus mini 
mizing undesirable heat which could be produced with 
the use of other steel chucks. 
These and other aspects of the present invention may 

be more ful understood with reference to the follow 
ing Figures in which: 
FIG. 1 is a top partly schematic view of an apparatus 

which can be used in carrying out the process of the 
present invention; 
FIG. 2 is an end view of the apparatus of FIG. 1; and 
FIG. 3 is a detailed construction of a conical chuck 

which can be used in carrying out the process of the 
present invention. 
Referring now to FIGS. 1 and 2 there is shown a coni 

cal chuck represented schematically as 10 and it is 
moveable by means of a carriage 12 which travels along 
a carriage support beam 14. The conical chuck is 
moveable so that it can be pressed against the end of 
billets of different lengths. The carriage 12 is supported 
by various wheels 16, 18, 20, 22, 24, and 26 which 
contact the supporting beam to guide the carriage 12. 
Current is supplied to the chuck 10 by means of a 

longitudinal bus bar 28 which is connected to a source 
of alternating current 30. The alternating current 
source 30 can suitably comprise an adjustable trans 
former so that it can supply not only the alternating 
current for heating but also alternating current for the 
magnetizing step. In the preferred form of construc 
tion, an electrical interlock (not shown) is provided so 
that the current pulse for heating is not supplied until 
rotation of the billet has been stopped after the applica 
tion of the magnetic powder. 

In order to reduce transmission losses, the source of 
electric supply is preferably arranged close to the coni 
cal chuck. As shown in FIG. 1, this is accomplished by 
means of a contact device 32 which travels along bus 
bar 28. Clamps 34 and 36 are provided on either side 
of the bus bar and they are adapted to be clamped 
against the bus bar under the urging of eccentric arm 
38 by hydraulic cylinder 40. The eccentric arm is piv 
oted at 42 on a bracket 44 which is rigidly affixed to the 
carriage 12. Element 46, connected to clamp 34, passes 
the current from the bus bar to cables 48, 50, and 52 
through a flexible conductor 54. 
The illustrated electrical contacting construction is 

highly beneficial since it not only provides a source of 
current close to the conical chuck but also provides ex 
cellent contact between the moveable conical chuck 10 
and the bus bar 28 which minimizes current losses es 
pecially during transmission of the comparatively 
strong heating current. 
FIG. 3 illustrates in detail a conical chuck useful in 

carrying out the process of the present invention. The 
conical chuck comprises a conical clamping surface 56 
which is the part of the chuck which comes into contact 
with the billet. The chuck surface 56 is preferably con 
nected to and even more preferably made integral with 
an elongated cylinder 58. The elongated cylinder 58 is 
made hollow so that cooling water can be passed 
through it to cool the chuck surface. As previously 
mentioned, the conical chuck is preferably made of an 
austenitic material since it will transmit high currents 
without an undue amount of surface heat. However, 
even when an austenitic material is used in the conical 
chuck the amount of current necessary during the heat 
ing period is high enough to raise the temperature of 
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4 
the chuck and this can be deleterious. To overcome 
this, the chuck is preferably cooled, suitably by water. 
Water is introduced to the hollow right side of the cyl 
inder 60 through orifice 62 as illustrated by arrow A. 
The water travels down tube 60 in the direction of the 
arrows and into closed space 64 suitably formed by 
welding a housing 66 to the conical surface 56. A cen 
tral vane 68 is provided which divides not only the hol 
low cylinder as shown but also the closed space sur 
rounding the contact surface 56. Of course, there is an 
opening at the periphery of the vane so that water can 
travel from closed space 64 into closed space 70 and 
thence up tube 72 on the left side of the dividing parti 
tion 68. The cooling water then departs through orifice 
74 in direction B. The orifices 62 and 74 are preferably 
in communication with the cylinder 58 through a swivel 
coupling 76 since in the preferred form of the invention 
the conical chuck is used not only for the heating cur 
rent but also for the magnetizing current/powder sprin 
kling and is therefore rotated during this part of the cy 
cle. 

Electric current is fed to the chuck surface through 
wires 48, 50 and 52 of which only 48 is shown in this 
figure. The electrical connecting assembly between the 
cables and the chuck surface 56 is made of as short a 
distance as possible suitably by the electrical arrange 
ment in the area 78. In this arrangement, an electrical 
receiving flange 80, suitably made of copper, is in inti 
mate electrical contact with the conical surface 56 and 
rotates therewith. The flange 80 has a rear contacting 
surface 82 which receives current from carbon brushes 
84. The carbon brushes are mounted in contact ele 
ment 86 which is non-rotating but axially moveable 
under pressure from cylinder 88 through bearing arm 
90 and pressure plate 92. The carbon brushes are main 
tained in contact with the contact surface 82 of the 
flange 80 by means of spring steel clips 94 which are 
mounted in the contact element 86 as shown. The car 
bon brushes are maintained in contact with the contact 
element 86 by means of flexible straps 96. While only 
two brushes are illustrated in the drawing, it will be un 
derstood that more can be employed if desired. The 
carbon brushes 84 transmit current to the flange during 
the magnetizing step when the billet is being rotated. 
The current to be supplied to the chuck surface dur 

ing the heating step is considerably higher than that 
necessary during the magnetizing step and therefore 
cannot be practicably supplied by the carbon brushes. 
Since the entire contact element 86 is 'live' the cur 
rent can be directly supplied to the flange 15 by closing 
the gap 98 between the two so that they come in 
contact. While contact element 86 is not rotatable, it 
will be kept in mind that in the preferred form of the 
invention rotation of the billet and therefore of the 
chuck surface is stopped during the heating step. 
A suitable means for bringing the contact element 86 

(or a protruding part thereof if preferred) into contact 
with the contact surface 82 of the flange 80 is by means 
of a pressure cylinder 88 (either pneumatic or hydrau 
lic) pivotably connected to a bearing arm 90 which piv 
ots about member 100 mounted on the contact ele 
ment-pressure plate assembly. The bearing arm 90 is 
pivotably mounted on its remote end to support mem 
ber 102 which is rigidly affixed to the carriage 12. It 
will, of course, be understood that other means could 
be used for maintaining the necessary pressure between 
the contact element 86 and the flange 80. It will also be 
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understood that flange 80 can be made integral with 
chuck contacting surface 56 if desired. 

In order to rotate shaft 58, there is suitably provided 
a drive arrangement shown schematically at 104. The 
drive arrangement can comprise an electric or hydrau 
lic motor with a gear transmission and preferably at 
least one of the gear wheels is made of an electrically 
insulating material. It will be readily apparent to those 
skilled in the art that there are numerous other loca 
tions where electrical insulation must be provided and 
others where it is desirably provided. Insulation is not 
a major problem, however, since the voltages used will 
normally be comparatively low. 
While the applicant has found it best to use alternat 

ing current for both the magnetizing and heating steps, 
it will be understood that direct current can be used for 
the magnetizing step if desired. Direct current can be 
used in the apparatus illustrated in the figures by simply 
changing power supply 30 so that it provides direct cur 
rent during the magnetizing step and alternating cur 
rent during the heating step. 

It will be understood that the claims are intended to 
cover all changes and modifications of the preferred 
embodiments of the invention, herein chosen for the 
purpose of illustration, which do not constitute depar 
tures from the spirit and scope of the invention. 
What is claimed is: 
1. In an apparatus for the inspection of elongated fer 

ro-magnetic objects: 
a... a conical chuck disposed to bear against the elon 
gated ferro-magnetic object; 

b. means for supplying electric current through the 
conical chuck to the elongated ferro-magnetic ob 
ject whereby the elongated ferro-magnetic object 
is magnetized, 

c. means for applying to the magnetized elongated 
ferro-magnetic object a powder comprising finely 
divided iron or iron alloys and a coloring agent in 
powder form which, upon heating, will adhere to 
the surface of the elongated ferro-magnetic object, 
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6 
and 

d. means for supplying to the elongated ferro 
magnetic object through the conical chuck an al 
ternating electric current of sufficient intensity to 
cause the coloring agent to adhere to the elongated 
ferro-magnetic object. 

2. The apparatus of claim 1 wherein the conical 
chuck is cooled during application of the alternating 
electric current. 

3. The apparatus of claim 2 wherein the cooling is by 
means of water which passes through an enclosed space 
on the rear surface of the conical chuck. 

4. The apparatus of claim wherein the conical 
chuck is movable in axial direction and wherein the al 
ternating current is supplied to the conical chuck by 
means comprising a bus bar and a clamp which can be 
brought into pressurized contact with the bus bar. 

5. The apparatus of claim 4 wherein the conical 
chuck is rotatably moveable. 

6. The apparatus of claim 5 wherein electric current 
is supplied to the conical chuck by means comprising 
carbon brushes when the conical chuck is rotating. 

7. The apparatus of claim 1 wherein current is sup 
plied to the conical chuck by means comprising an axi 
ally movable but non-rotatable contact element. 

8. The apparatus of claim 7 wherein the contact ele 
ment is selectively in pressurized contact with the coni 
cal chuck by means comprising a bearing plate and a 
bearing arm, the bearing arm being connected to a 
pressure cylinder. 

9. In an apparatus for the inspection of elongated fer 
ro-magnetic objects by supplying an electric current 
through a conical chuck, the improvement comprising 
at least one said conical chuck being composed of an 
austenitic steel. 

10. The apparatus of claim 9 further comprising a 
source of alternating current to provide the current to 
the conical chuck. 
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