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[57] ABSTRACT 

The present invention relates to means for repairing defects in 
metallic workpieces, such as billets, which means are con 
trolled by stored defect responsive information provided dur 
ing the nondestructive test process. The nondestructive test 
apparatus provides defect responsive signals which are 
recorded and stored by storage means and subsequently re 
called from the storage means for actuating defect repair 
means, such as a grinding wheel, engaging the workpiece at 
the defect location. 

5 Claims, 6 Drawing Figures 
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APPARATUS FOR REPAIRING DEFECTS IN METALLIC 
WORKPIECES BY AUTOMATIC MEANS 

This invention concerns an arrangement for repairing sur 
face defects in a metallic workpiece for the purpose of prepar 
ing the workpiece for further processing and to produce 
therefrom an end product of high quality. As used in the con 
text of this invention, the term “defect" shall include, but not 
be limited to a crack, occlusion, inclusion, discontinuity and 
the like, the presence of which renders a workpiece unsuitable 
or less desirable for further processing, such as rolling or 
drawing, and which defect ultimately may result in a rejected 
end product, or one characterized by inferior quality. 
Moreover, the repair of defects shall include a means for 
operating on the location of a defect, and such repair being 
adapted to prevent, when the workpiece is processed further, 
a degradation of the quality or a defective end product due to 
a heretofore existing defect. 
When manufacturing wire, for example, an inclusion ex 

tending over a relatively short distance is increased during the 
drawing process to several times its original length. Thus, as a 
workpiece during drawing is subjected to high stress, a crack 
of considerable length may be produced and such a defect 
may very likely decrease the quality of the wire or render the 
particular wire portion not useable. ~ 

Apparatus have become known in which current is passed 
through a ferromagnetic workpiece, such as a steel billet. A 
defect along the longitudinal axis of the workpiece causes 
magnetic leakage ?ux at the location of such defect. The 
leakage ?ux is transferred to a magnetic recording belt .which 
is brought into contact with the surface of the workpiece 
under test. A sensing device responsive to the magnetic ?eld is 
disposed for scanning the surface of the belt and provides a 
defect responsive electrical signal which can be displayed on 
the screen of a cathode ray tube. This described arrangement 
is known as the magnetographic test method. 
An apparatus of this type may be operated in such a manner 

that the width of the billet to be tested is divided into several 
zones, for instance four zones, and that a respective marking 
device is provided for each zone. Upon the discovery of a de 
feet, the respective marking device causes a mark to be af?xed 
to the workpiece at the location of the defect. Such marking 
may be accomplished, for instance, by a spray nozzle which is 
energized to produce a painted line whose length corresponds 
to the length ofthe defect. _ 
Moreover, there are apparatus in which the workpiece is fed 

through a coil which is excited with alternating current of 
suitable frequency. The electrical field causes eddy currents in 
the workpiece. The existence of a defect manifests itself as a 
particular effect upon the coil and the existence and size of 
such a defect can be ascertained. It is known further that such 
an apparatus may be combined with a marking device for af 
fixing at the location of the defect a mark of predetermined 
size and the extent ofsuch mark can be made to correspond to 
the defect. ' 

Further arrangements have been disclosed which make use 
_ of eddy current sensing devices which rotate about a work 
piece as eddy currents are generated within the workpiece. 
Again, a defect within the workpiece is sensed by the probes 
and a marking device is actuated in response to a defect being 
sensed. 

With the above described arrangements it has been possible 
to distinguish between large and small defects and decide 
whether the marked workpiece should be rejected, or whether 
the defect can be repaired or remedied by localized treatment. 
Such repair may be carried out somewhat later but must be 
done before a finished end product is provided. A defect may 
be repaired, for instance, by grinding the workpiece with a 
portable grinding wheel. To date, the repair of defects, known 
generally as cleaning, has been carried out mostly manually. 
The described method of repairing a defect is afflicted with 

several shortcomings. Firstly, such cleaning constitutes an ad 
ditional operation during fabrication and, being a manual 
process, requires considerable amount of time. For instance, 
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2 
when cleaning steel billets, it may be necessary to clean con 
secutively four different sides and it will be necessary, there 
fore, to rotate the billet each time. A further disadvantage 
resides in the fact that the grinding installation usually is not 
located along the production line where the workpiece is 
fabricated, hence transportation problems arise. Also, the 
repair of the defect depends to a considerable extent on the 
worker and his diligence whether or not all marked locations 

' are properly repaired. In many cases the defect is‘ not apparent 
by visual observation and considerable judgment on the part 
of the worker is required in deciding the depth to which the 
repair must be extended. 
The present invention is an outgrowth of the need for over 

coming the described shortcomings. According to the present 
invention, an apparatus is described for the repair of defects in 
metallic workpieces, The apparatus comprises a nondestruc 
tive test arrangement having one or more test channels, each 
associated with a predetermined zone of the workpiece. The 
test arrangement is adapted to provide a defect responsive im 
pulse when and for the duration that the size of a defect ex 
ceeds a predetermined limit. Each channel is coupled to the 
storage device for temporarily storing a defect responsive 
signal, the location of the signal in the storage device being 
correlated with the defect in the workpiece. A defect repair 
means is associated with each of the channels and coupled to 
be responsive to the signal condition of the storage device. 
The storage device is cyclically interrogated and upon the ex 
istence of a defect responsive signal, the repair means is ac 
tated to cause in an automatic manner the repair of the defect 
present in the workpiece. 

It is not important which type of storage means is used. In 
the simplest embodiment, as will be explained by an example, 
if the defect is marked by applying paint upon the workpiece, 
the workpiece itself may constitute the storage means. In all 
cases when signal storage is used, the defect responsive signal 
is stored in digital form and the presence or absence of such a 
signal is used to indicate whether or not a defect above a 
predetermined level exists. Similarly, the type of the repair 
means is immaterial and the present invention permits the use 
of a great variety of repair means which may be used ad 
vantageously. 

Also, the invention is not limited to a specific type of work 
piece. For instance, the invention may be used advantageously 
for billets of rectangular, round or other cross-section. 
The invention will be more clearly apparent by reference to 

the description in which: 
FIG. 1 depicts an apparatus for the repair of defects in a bil 

let using an electronic shift register as a storage means; 
FIG. 2 depicts an apparatus for the repair of defects in a bil 

let using a magnetic recording tape as a storage means; 
FIGS. 3a and 3b depict an apparatus for the repair of de 

fects in a billet using a magnetic recording tape as a storage 
means and enabling the repair of defects to be carried out sub- 7 
sequently at a suitable time and place; 

FIG. 4 depicts an apparatus for the repair of defects in a bil 
let wherein the markings af?xed to the billet are used as 
storage means, and 

FIG. 5 depicts an apparatus for the repair of defects in a bil 
let using a single grinding wheel for the removal of defects. 
As shown in FIG. 1, the nondestructive test apparatus com 

prises a magnetographic device which is used for testing bil 
lets, see for instance U.S. Pat. No. 3,491,288 in the name of F. 
M. O. Forster, dated Jan. 20, 1970. A billet 2 to be tested is 
magnetized by electric current being passed therethrough 
lengthwise. Longitudinal cracks 4 within the billet 2 intersect 
the magnetic ?eld 6 formed about the circumference of the 
billet and cause the existence of a magnetic stray ?eld 8 at the > 
location of the defect. An endless magnetic recording belt 10 
having a width corresponding approximately to the width of 
the side of the billet is brought into contact with the surface of 
the billet in such a manner that as the billet 2 is moved longitu 
dinally, the belt rolls along the moving side 12 of the billet. 
Thus, in sequence all locations of the billet side 12 are con 
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tacted by the belt. In this manner there is provided a continu 
ous recording of the defect responsive magnetic stray ?elds. 
As viewed in the direction of rotation of the magnetic belt 10, 
a scanning disk 16 is disposed to engage the entire width ofthe 
belt 10 along the line 14 after the latter’s contact with the sur 
face of the billet 2. A magnetic sensing means 18 for sensing 
the signals on the belt 10 is disposed on the periphery of the 
scanning disk 16 which is driven by a motor 17. An erasing 
means 34 is disposed so that signals stored on the rotating belt 
are erased prior to renewed contact of a belt portion with the 
surface of the billet, thus rendering the recording means suita 
ble for recording the subsequent signals. The sensing means 
18 is coupled via a contactless or rotating transformer 19 to a 
logic circuit 20 which ampli?es the defect responsive signals, 
causes demodulation thereof and contains, moreover, in its 
output stage a trigger circuit which provides an output signal if 
the defect responsive signal exceeds a predetermined value. 
The output of the logic circuit 20 is coupled to the input of an 
electronic channel gate 21. 
The scanning disk 16 is provided with four permanent mag 

nets 22, 23, 24 and 25 which cause a respective impulse to be 
generated by the stationary coil 27 as a respective magnet 
passes in front of the coil. The distance between the magnets 
22, 23, 24 and 25 is selected in such a manner that the 
distance between the respective magnets corresponds to the 
width of the zones 30, 31, 32 and 33 into which the surface of 
the billet is divided. It is necessary, therefore, that the arrange 
ment is such that the ?rst permanent magnet 22 reaches the 
coil 27 at the very moment when the sensing means 18 is posi 
tioned adjacent the near edge of belt 10. This condition cor 
responds to the sensing ofa signal originating at the beginning 
of the zone 30 and stored on the belt 10. 
A signal generated by the coil 27 is ampli?ed by the ampli? 

er 28 and is used as a command signal coupled to the input 29 
of the channel gate 21. The command signal 50 produced 
causes the channel gate to be positioned in such a condition 
that a signal received at the input 26 is coupled to the output 
36. 

If the sensing means 18 is positioned for receiving a signal 
from the belt 10 corresponding to the zone 31, the magnet 23 
causes the coil 27 to receive a subsequent impulse, which 
signal after being ampli?ed by the ampli?er 28 causes actua 
tion of the channel gate 21 and provides a circuit connection 
between the input 26 and the output 38. 
Subsequent to the scanning of that portion of the recording 

belt 10 which corresponds to the last zone 33, at which time 
the input 26 of the channel gate 21 is coupled to the output 
42, a new counting cycle is started so that the following im 
pulse at the input 29 of the channel gate 21, signifying the start 
of a new scanning cycle, causes the input 26 to be coupled to 
the output 36. 

In this manner the four zones 30, 31, 32 and 33 are as 
sociated with the outputs 36, 38, 40 and 42 of the channel gate 
21 to form four test channels. 
The outputs 36, 38, 40 and 42 of the channel gate are cou 

pled to storage means such as the four storage channels 44, 
46, 48 and 50. Each channel comprises a stepping or shift re 
gister. The registers contain a series of n serially coupled 
stages or positions which are adapted to store signals in binary 
form and which signals, in this instance, denote “defect” or 
“no defect.“ - 

Corresponding to the translating motion of the billet 2, the 
stored information is stepped or shifted from position to posi~ 
tion. The output position of each storage means (shift re 
gister) is coupled to a respective repair means 52, 54, 56 and 
58. As viewed in the direction of motion'of the billet, the 
means adapted to cause the repair ofa defect are staggered in 
the respective zones 30, 31, 32 and 33 by a predetermined 
distance with respect to the test location 60. 

For the sake of simplicity, it is assumed that the distance 
between the test location 60 and the line 14 along the belt 10 
is so short compared to the distance .4 between the test loca— 
tion 60 and the location of the rearmost defect repair means 
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4 
74 that it can be neglected. Moreover, it will be assumed that 
the distance A is divided into n divisions. A roller 62 driven by 
the moving billet 2 is provided at its periphery with permanent 
magnets 64 whose spacing from each other corresponds to the 
length of such divisions A/n. Opposite the permanent magnets 
there is disposed a stationary induction coil 66 which 
produces a pulse signal responsive to the translation of the bil 
let by a division 14/11. The output of the induction coil 66 is 
connected to the command signal input of each storage means 
44, 46, 48 and 50. In this manner, as disclosed heretofore, the 
stored information is shifted from position to position in 
synchronism with the motion of the billet by a distance A/n. 
Therefore, the defect information is shifted in step with the 
motion of the billet, or expressed in other terms, the defect in 
formation is shifted together with the moving defect and ar 
rives at the location where the repair can be made concur 
rently with the defect. A signal corresponding to a defect 
disposed in the output position of a particular storage means 
caused operation of the associated repair means and the repair 
means remains actuated as long as such a signal is present. If a 
crack has a certain length and such length extends over 
several distance divisions A/n, the repair means remains actu 
ated until a defect-free distance or division appears. As illus 
trated, the means for repairing defects may comprise grinding 
wheels 68, 70, 72 and 74, each disposed above a respective 
zone of the billet 2. Upon receipt of a defect responsive output 
signal from .the storage means, a respective grinding wheel is 
activated and lowered upon the billet for repairing the defect. 

If further storage means are provided which are responsive 
to other defect information, eg information corresponding to 
the defect depth, it will be possible to provide operation of the 
grinding wheel corresponding to the depth of the defect. In 
practice it has been found that a single depth setting is suff 
cient for a majority of cases. 
Owing to the large dimension of the grinding wheels it is not 

possible to dispose these wheels side by side at the location of 
defect repair, rather they must be staggered along the length 
of billet motion. Thus, only the rearmost grinding means 58 is 
coupled to the last or n'" position of the associated shift re 
gister. The next-preceding grinding wheel is distanced for 
wardly by a multiple integer a of the division A/n and, in order 
that this last-mentioned wheel receives its actuating signal at 
the proper moment, it must be connected to the (n-a) posi 
tion of the associated storage means. A similar condition must 
prevail for all of the other serially disposed grinding means. 

In certain instances, billets are tested simultaneously along 
all four sides. It is readily possible then to provide for the de 
fect repair on all four sides. In this latter example it will be 
necessary, of course, to dispose grinding wheels along the four 
billet sides using the disclosed method. Such an arrangement 
has the major advantage that the billet passes through the test 
apparatus in a single path and leaves the apparatus fully 
cleaned. 

It‘should be understood that the magnetographic test ap 
paratus used in the heretofore described embodiment may be 
replaced by another nondestructive test device, for instance 
eddy current by stray flux test means using either a rotating 
probe for round material or a reciprocating probe for rectan 
gular or flat stock. ' 

The above described invention is not limited to the use of a 
storage device in the form of a shift register. It may be ad 
vantageous, for instance, to use a track on a magnetic record 
ing tape 88, see FIG. 2, for each of the test channels 36, 38, 40 
and 42. 

In this example the defect responsive signal of each test 
channel 36, 38, 40 or 42 is coupled to a respective head 71, 
73, 75 or 77 for recording the respective signals on a track of 
the magnetic tape 88. The tape 88 has a speed governed by the 
translational speed of the billet 2. The recording tape trans 
port and the billet motion provided by roller 86 may be cou 
pled to each other via entirely mechanical means. However, a 
Selsyn drive may be found suitable also. In both cases, it will 
not be necessary that the speed of the billet and that of the 
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recording tape be identical, the only requirement being that 
they are in proportion. Assuming the h denotes a given 
distance of the billet, s denotes the corresponding distance 
along the recording tape, v" denotes the speed of the billet, 
and v, the speed of the recording tape, then h'v,l = s'v,. A 
distance Sl separates the signal retrieving means or pickup 
heads 78, 80, 82 and 84 from the recording heads 71, 73, 75 
and 77 associated with the tape 88. The pickup heads sense 
the recorded defect signals and actuate in response thereto the 
defect repair means 52, 54, 56 and 58. The distance S, is de 
pendent upon the distance A which denotes the distance 
between the defect sensing location and the repair means. 
From the above formula it follows that S, = A'vh/vs. 
An interesting modi?cation involving the use of a recording 

tape in conjunction with the present invention is shown in 
FIGS. 3a and 3b. This modi?cation concerns the read-out of 
the defect responsive signals recorded on tape 88 at a selected 
time and place. To this end, the billet 2 and the tape 88 are 
transported together to another location, such as a cleaning 
installation, where the defects are repaired fully automati 
cally. In order to proceed in accordance with this modi?cation 
it will be necessary to provide a means for transporting the bil 
let (not illustrated), a tape transport means 89 for the tape 88, 
pickup heads 78, 80, 82 and 84, and defect repair means 52, 
54, S6 and 58. As described hereinabove, the speed of the 
tape over the roller 86 is controlled by the translational speed 
of the billet. The location of the defect repair means is 
governed by the above stated formula in an analogous 
manner. 

Another interesting modi?cation of the present invention is 
shown in FIG. 4 and uses the billet itself as the means for 
recording and storing the information. Similarly as above, the 
defects may then be repaired at a selected time and location. 
This modi?cation obviates the need for a separate storage 
means. It is assumed that during the nondestructive testing 
process of the billet paint marking is applied to the billet in 
response to defects sensed. The paint marks denote the loca 
tion of the defect and indicate that a defect exceeds a 
predetermined minimum value. Testing and marking may be 
carried out using a plurality of channels, for instance four 
channels corresponding to zones 30, 31, 32 and 33 of the bil 
let. The object tested, for example, may be once again the side 
12 of the steel billet 2. Four light sensitive means, such as 
photodiodes 90, 92, 94 and 96, are disposed along the 
direction of motion of the billet 2 above the side 12 of the bil 
let to be cleaned, and one diode is associated with each 
respective zone 30, 31, 32 or 33. A source of light 98 illu 
minates the surface portion-of the billet disposed opposite the 
photodiodes. If a paint mark is present, the respective 
photodiode receives the re?ected light and provides an output 
signal. in order to exclude spurious light, the photodiodes may 
be provided with ?lters which preferably pass only re?ected 
light originating from a paint mark. The output signals from 
the diodes are passed to respective ampli?ers 91, 93, 95 or 97, 
one ampli?er for each diode, which in turn are connected to 
the means for providing for the repair of defects, the grinding 
wheel means 52, 54, S6 and 58. If a paint mark 100 appears 
underneath the photodiode 92, a short time delay is provided 
which corresponds to the transit time of the defect from the 
photodiode 92 to the grinding ‘wheel 70 before the grinding 
wheel is activated. The grinding wheel remains energized so 
long as a paint mark is sensed underneath the photodiode. 

Often there is a desire that the paint be not visible with the 
naked eye. In this case it will be possible to provide instead of 
a normally used paint an organic liquid of high volatility hav 
ing dispersed therein ?uorescent particles. An ultraviolet lamp 
is used then in place of the conventional lightsource 98. 
Moreover, spurious light may be excluded even further by 
using photosensitive means which have maximum spectral 
sensitivity in the ultraviolet energy spectrum..Additionally, ul 
traviolet light ?lters may be used in front of the photodiodes. 
The above description has dealt largely with the use of grind 
ing means for repairing defects. However, the repair or clean 
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ing may be accomplished also by other means, such as 
chiselling or milling. Heating of the defect location using a 
torch as known in welding is another method which may be 
used advantageously. In this example, the output of the 
storage means controls the gas flow and ignition. A very fast 
action is possible for repairing with a high degree of success 
even small defects despite a relatively rapid billet motion. 

Plasma heating may be substituted for chemically fueled 
?ames in order to obtain localized melting. 

Finally, a further modi?cation of the present invention is 
possible. In this modi?cation a single defect repair means, 
such as a grinding wheel, is useable in conjunction with the de 
fect responsive signals provided by a plurality of test channels. 
As seen for example by reference to FIG. 5, the defect infor~ 
mation provided by a nondestructive testing apparatus having 
a plurality of test channels is available in the form of zoned 
paint markings associated with the respective channels, there 
being four zones on the face of the billet 2 as described previ 
ously. The defect repair means comprises a grinding wheel 
102 which may be moved in a transverse direction across the 
billet to a respective test zone which corresponds with the 
width of the respective test channel. Furthermore, the grind 
ing wheel may be reciprocated lengthwise along billet 2 to 
provide for the repair of defects located in a particular zone. 
The arrangement includes a carriage 126, a motive means 117 
for moving the carriage along the billet, a set of four illuminat 
ing means 112, 114, 116 and 118, one illuminating means for 
illuminating a respective zone 30, 31, 32 and 33, four as 
sociated photodiodes 104, 106, 108 and 110, all mounted to 
the carriage and disposed above the billet face. The lengthwise 
motion of the carriage is limited by a pair of light gates 120 
and 122 which are connected to an electronic control circuit 
124 for controlling the motion of the motive means 117. The 
grinding wheel 102 is also mounted upon the carriage and is 
adapted to be moved across the face of the billet to the dif 
ferent z'ones responsive to the motion of the motive means 119 
which is controlled by the control circuit 124 to which the illu 
minating means and photodiodes are coupled for controlling 
the position and actuation of the grinding wheel. When the 
motive means 117 controlling'the lengthwise motion of the 
carriage 126 is started, the grinding wheel 102 is disposed in 
the outermost left zone. The grinding wheel is coupled via the 
control circuit 124 to the diode associated with that respective 
zone, speci?cally in this case with the photodiode 104. When 
encountering the defect marking 128, the grinding wheel is ac 

' tuated and cleans the defect location. As the carriage passes to 
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the light gate 120, the longitudinal carriage motion is ter 
minated, the transverse grinding wheel motion is initiated, and 
the carriage return motion prepared. The defect information 
received by the photodiodes 106, 108 and 110 during the 
preceding longitudinal carriage motion is stored by the control 
circuit. Zones in which no defect was present are skipped dur 
ing the transverse motion of the grinding wheel so that after 
the grinding wheel is positioned in a new zone and the carriage 
is returned in response to such positioning, only the next zone > 
exhibiting a defect marking is being worked. When the car 
riage reaches the opposite end of its longitudinal travel the 
described procedure is repeated until all defects marked by 
paint on the respective billet face are repaired. ' 

It will be apparent that there exist still further embodiments 
of this invention which have not been described. The above 
examples are merely illustrative of the advance achieved in 
the art by combining the nondestructive test method carried 
out on billets with automatic defect repair means. 
What is claimed is: 
1. An apparatus for repairing defects in a billet comprising: 
A. means for subjecting a billet to translating motion and 

passing it sequentially past a magnetographic test device 
and a repair station spaced a predetermined distance 
from one another; 

B. said magnetographic test device including: 
1. magnetic recording means having an endless belt; 
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2. means for rolling said belt longitudinally along the sur 
face of the billet as the billet is translated past said test 
device, said means for rolling causing a portion of said 
belt to be in contact with said surface, whereby mag 
netic stray ?elds responsive to defects in the billet 
manifest at said surface are recorded upon said belt; 

. a rotatable scanning disk disposed to engage the width 
of said belt along a line transverse to the motion of the 
billet between said device and said station, said 
scanning disk being disposed to be in contact with a 
portion of said belt after such portion has been in con- - 
tact with said surface; 

4. motive means coupled for rotating said disk about its 
center; I 

5. a sensing means disposed at the periphery of said disk 
for receiving signals responsive to the recorded stray 
?elds on said belt as said sensing means passes over said 
belt; , 

C. means disposed for erasing the recordings on said belt 
after said belt has been scanned by said sensing means; 

D. a shift register which includes an input means, an output 
means and a plurality ofserially coupled stages connected 
therebetween; 

E. means coupling said sensing means to said input means of 
said shift register; 

F. repair means adapted to operate, when actuated, on the 
billet disposed at said repair station and coupled to said 
output means, and 

G. means responsive to the translational motion of the billet 
coupled to said shift register for providing a control signal 
which causes said stages to shift a received signal from 
said input means to said output means in step with the 
motion of a defect in the billet from said test device to 
said repair station for causing actuation of said repair 
means when such defect is disposed at said repair station. 

2. An apparatus for repairing defects in a billet as set forth 
in claim I, said billet having at least one ?at surface, said 
endless belt being in contact with said ?at surface, and said 
repair means disposed to engage said flat surface. 

3. An apparatus for repairing a defect in the surface of an 
elongate billet, said surface being divided into a plurality of 
parallel longitudinal zones comprising: 

A. means for subjecting the billet to continuing translating 
motion for passing it sequentially past a magnetographic 
test device and a repair station spaced a predetermined 
distance from one another; 

B. said magnetographic test device including: 
1. magnetic recording means having an endless belt; 
2. means for rolling said belt longitudinally along said sur 

face of the billet as the billet is translated past said test 
device, said means for rolling causing a portion of said 
belt to be in contact with a transverse portion of said 
surface spanning said zones, whereby magnetic stray 
?elds responsive to defects in the billet manifest at said 
surface portion are recorded upon said belt portion; 

. a rotatable scanning disk disposed to engage the width 
of said belt along a line transverse to the motion of the 
billet between said device and said station, said 
scanning disk being disposed to be in contact with a 
portion of said belt after such portion has been in con 
tact with said surface; 

4. motive means coupled for rotating said disk about its 
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8 
center; ,_ 

5. a sensing means disposed at the periphery of said disk 
for producing signals responsive to the recorded stray 
?elds on said belt as said sensing means passes over said 
belt; 

C. means disposed in proximity to said belt for erasing the 
recordings on said belt after said belt has been scanned by 
said sensing means; 

D. a shift register which includes a plurality of channels cor 
responding to the quantity of zones, each channel being 
associated with a respective zone and havingan input 
means, an output means and a plurality of serially cou 
pled stages connected between the respective input 
means and output means; 

E. a gate means coupled to said shift register input means; 
F. means coupling said sensing means to said gate means; 
G. control means associated with said disk and coupled to 

said gate means to cause during rotation of said disk 
signals produced by said sensing means to be transferred 
to the respective channel which is associated with the 
zone having the defect which causes the existence ofsuch 
signal; 

H. said repair station including a plurality of independently 
operable repair means, one for each of said zones, and 
each such repair means including means for actuating the 
associated repair means to cause the respective repair 
means to operate upon the surface portion of the billet of 
the associated zone; 

1. means coupling each of said means for actuating to the 
output means of the associated channel, and 

.1. further control means disposed for engaging the billet and 
coupled to each of said channels for providing a cyclic 
control signal corresponding to the translational motion 
of the billet for causing said stages to shift a received 
signal from the respective input means through the as 
sociated stages to the output means in step with the trans 
lating motion of the billet, to cause actuation of the 
respective repair means when a defect disposed in the 
respective zone of the billet as originally recorded by said 
belt is disposed for repair by such respective repair 
means. > 

4. An apparatus for repairing defects in a billet as set forth 
in claim 3, said repair means comprising grinding means, said 
grinding means being disposed in a staggered array in the 
respective zones, the longitudinal distance between two ad 
jacent grinding means being the ratio ofa-A/n wherein: 

a is a multiple integer of the ratio A/n; 1 
A equals the distance between said belt and billet surface 

and the position of the rearmost grinding means; 
n is the quantity of serially coupled stages of the register 

channel associated with the rearmost positioned grinding 
means and is equal also to a selected quantity of longitu 
dinal distance increments of the billet into which the 
distance A is divided; and means causing said further con 
trol means to provide said cyclic control signal whenever 
the billet has moved by a distance increment A/n. 

5. An apparatus for repairing defects in a billet as set forth 
in claim 3, and ampli?er means including means coupled in 
circuit with said sensing means and said gate means for provid 
ing a signal to said gate means when a signal produced by said 
sensing means exceeds a predetermined value. 


