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This invention relates to a method and apparatus for
detecting defects on the surface of a body and for integrat-
ing the combined areas of the defects over a predetermined
surface area of the body to actuate a device for removing
the defects when their combined areas reach a certain
limit. More particularly, the invention relates to an in-
spection and control system utilizing an electron-optics
device for electronically scanning the image of the sur-
face of a body to produce anm electrical signal indicative
of the surface condition of the body being scanned.

Although not limited thereto, the present invention is

particularly adapted for use with an automatic hot scarf-.
y D

ing machine for steel slabs, billets and the like. When
steel is hot rolled from the ingot to a semifinished form,
a variety of ingot defects and some defects arising dur-
ing heating or rolling may be carried through to appear on
the surface of the semifinished product. Such defects in-
clude cracks, scabs, seams and folds. If the more serious

of these defects are not at least partially removed, they

are carried through to the finished form, resulting in an
inferior product.

In the usual automatic hot scarfing operation ome or
more gas cutting torches or scarfing heads are located
adjacent the respective sides of an irradiant hot slab or
billet as it travels along a conveyor, the arrangement be-
ing such that the torches will remove an entire layer of

the surface of the workpiece as it passes thereby. Gen-
erally, the scarfing heads remove about g inch from

the surface of the workpiece which is sufficient to remove
the defects referred to above; but since the scarfing heads
are operated continucusly, the entire surface of the work-
piece is removed, resulting in a 2% or higher metal loss.
In a 25,000 pound slab, for example, removal of a g
inch layer of metal from all four sides causes a matal loss
of about 500 pounds or 2.3% of the total weight. This is
a wasteful prcoess since only those portions of the slab
conteining defects need be removed. Therefore, it is
highly desirable to remove only the defective portions to
thereby decrease the metal loss occurring during the scarf-
ing operation.

The present invention has as its principal object the
provision of a method and apparatus for detecting defects
over a predetermined area of the surface of a metal work-
piece, and for integrating the combined areas of these de~
fects to actuate means for removing the defects when their
combined areas reach a predetermined limit.

More specifically, an object of the invention resides in
the provision of automatic hot scarfing apparatus for re-
moving only the defective portions of the surface of an
irradiant hot metal body whereby an appreciable increase
in yield is achieved. As will become apparent from the fol-
lowing description, a hot steel slab is irradiant, mean-
ing that it glows or gives off light. Furthermore, defecis
on the surface of the slab appear brighter or darker with
respect to the remainder of the surface. Protrusions ap-
pear darker since they are cooler than the remainder of
the surface, whereas holes or indentations appear brighter
since they are hotter. This factor is utilized in the present
invention in detecting the defects and integrating their
total area over a given sector of the surface of the slab.

In accordance with the invention, a photosensitive de-
vice such as a vidicon is located ahead of a scarfing head
along a comveyor and is utilized to scan the image of
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the surface of a moving irradiant body along a fixed line
extending substantially perpendicular to the direction of
movement of the body. In this manner, the electron beam
of the photosensitive device produces a video signal in
which a relatively long pulse is produced for each scan
of the electron beam, this pulse being produced as the
beam scans across the image of the irradiant surface of
Superimposed on this long pulse are positive
or negative short pulses which arise when the electron
beam scans over the image of a defect, the width of each
pulse being proportional to the width of the defect it rep-
resenis. In this manner, a positive pulse is produced when
the beam scans over a defect image such as a hole havmg a
greater light intensity than the remainder of the surface,
while a negative pulse is produced by a defect image such
as a seam having a lower light intensity. Means are pro-
vided for eliminating all but the positive and negative
short defect pulses in the video wave shape which are
thereafter converted to one polarity. The resultant pulses
are then used in an integrating circuit to trigger an oscil-
lator which feeds a high frequency oscillatory signal to a
counter only during the successive durations of the short
pulses in the signal.

It will be apparent that if the electron beam of the
photosensitive device scans along the aforesaid fixed line
at a constant sweep frequency, the total number of de-
fect pulses produced for any given length of the body
will be a function of its speed. That is, if the body travels
along its conveyor at a high rate of speed, a fewer num-
ber of defect pulses will be produced during one foot of
travel than would be produced for the same foot of travel
if the speed of the body were decreased. Since it is de-
sired to integrate the widths of the defect pulses over a
given length of the body, and since the number of these
pulses is dependent upon the speed of the body, some
means must be provided to insure that the number of
defect pulses fed to the integrating circuitry will be the
same for a particular length of the body regardiess of its
speed. Otherwise, the output-of the integrating circuitry
will not be a true indication of the total defect area. . In
accordance with the present invention, the speed of the
body is measured, and the repetition rate of the electron
beam of the vidicen is made proportional to that speed.
In this manner, the number of defect pulses reaching the
integrating circuitry will always be the same regardless
of the speed of the body.

The counter in the integrating circuitry referred to above
is essentially a device for producing an output voltage
when the total area of the defects reaches a predetermined
limit. Thatis, when the total number of oscillation fed to.
the counter during successive pulse intervals reaches a

" given amount, the counter will produce an output voltage
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- defects in the area surrounding it.

which is used to turn on the scarfing head. Means are also
provided for resetting the counter after the body has moved
over a certain distance, say, one foot. Thus, if the num-
ber of oscillations representing the total defect area fed
to the counter does not reach the aforesaid given amount.
during one foot of travel, the counter will be reset before
producing an output voltage; and that particular one foot
length of the body will not be scarfed. In this manner,
in the absence of an exceptionally large protrusion, only
those portions of the body having a predetermined total
defect area will be scarfed in response tc an output volt-
age from the counter,

Another object of the invention is to provide means in
a sysiem of the type described above for removing a de-
fect producing a deep, negative pulse in the wave form
regardless of the total defect area scamned over a par-
ticular increment of area of the slab. Such defects
might, for example, be a large scab or other protrusion
which must be removed regardless of the total number of
Accordingly, the in-
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vertion provides means for overriding the usual control
circuitry and for actuating the scarfing head when such
a defect occurs.

The above and other objects and features of the in-
vention will become apparent from - the following de-
tailed description taken in connection with the accom-
panying drawings which form a part of this specification
and in which:

FIGURES 1A, 1B and 1C are illustrations of the effect
of selective scarfing as compared with the ordinary scarfing
procedure;

FIG. 2 is a block diagram of the overall control sys-
tem of the present invention;

FIG. 3 is an illustration of wave forms appearing at
various peints in the circuit of FIG. 2;

FIG. 4 is a detailed schematic diagram of the vidicon
sweep control circuitry shown in FIG. 2;

FIG. 5 is a detailed schematic diagram of the deundulat-
ing and pedestal removing circuitry shown in FIG. 2;

FIG. 6 is a detailed schematic diagram of the displace-
ment detector circuitry shown in FIG. 2;

FIG. 7 is a detailed schematic diagram of the defect
integrating circuitry shown in FIG. 2; and

FIG. 8 is a detailed schematic diagram of the override
circuit for deep, negative defects shown in FIG. 2.

General overall description of invention

Referring to FIG. 1, 1§ represents a slab on which are
several scabs 12 and a seam 14. FIG. 1B shows the
usual method of hot scarfing used to eliminate the defects.
Note that the entire shaded area is scarfed, while only
certain portions of the surface contain defects. This, of
course, results in an unnecessary loss of metal as was
explained above. FIG. 1C illustrates the effect of the
clective scarfing process of the present invention wherein
only the defective, shaded areas are scarfed while the
remainder of the slab is untouched. It is thus apparent
that since only a portion of the surface of the slab has
been burned, the metal loss resulting from the scarfing
operation is appreciably reduced.

Referring to FIG. 2, a slab 16 is illustrated as passing
over a series of conveyor rolls 8. Above the slab is a
vidicon tube 26 adapted to scan over a single fixed line
which extends substantially perpendicular to the direc-
tion of movement of slab 16. Following vidicon 2¢ is a
scarfing head 22 which is controlled by means of a valve
24 or other similar device actuated by an electrical utiliza-
tion device, such as a solenoid 26. Although only one
vidicon tube and one scarfing head are illustrated in FIG.
2, it should be uaderstood that a plurality of tubes and
scarfing heads could be provided for each side of the slab;
and, of course, the control circuitry hereinafter described
would have to be duplicated for each tube and scarfing
head combination. As illustrated in FIG. 2, one of the
conveyor rolls 18 is connected through a mechanical
linkage to a tachometer 28, although any means could be
used to actuate the tachometer which has a rotational
speed proportional to the linear speed of the slab 16.

The control circuitry of FIG. 2 may be divided into
several portions, each of which is enclosed by broken
lines. Thus, the block diagram includes camera sweep
control circuitry 30, a displacement detector 32, de-
undulating and pedestal removing circuitry 34, a defect
integrator 36, and an override circuit for deep, negative
defects 38. Each of these portions will hereinafter be
described in detail.

Turning now to the camera sweep control circuitry
30, the sine wave output of tachometer 28 appearing as
wave form A in FIG. 3 is passed through a variable gain
amplifier 4§ to a diode clipping and peaking circuit 42.
Wave form A is also fed to an automatic gain control
circuit 44 which produces a direct current voltage pro-
portional to the average voltage level of the sine wave
from tachometer 28. As will be understood, both the
amplitude and the frequency of the signal output of the
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tachometer increase as slab speed increases. The out-
put of the circuit 44 is then fed to the variable gain
amplifier 48 to control its output level and insure that
the sine wave output of the amplifier will always be of
the same amplitude. The diode clipping and peaking
circuit 42 removes the negative half cycles of the sine
wave from amplifier 40 and peaks the positive half cycles
to produce the wave form B shown in FIG. 3. Further
peaking and amplification are achieved in peaking ampli-
fier 46 whose output (wave form C in FIG. 3) is then
nsed to actuate a Schmitt trigger multivibrator 48. The
output of trigger circuit 48 will appear as wave form D
in FIG. 3 and consists of a succession of square wave
voltage pulses, each of which persists for the time dura-
tion of a peak in wave form C at the output of amplifier
48, The pulses in wave form D are then used to trigger
a one-shot multivibrator 56 which will produce a voltage
pulse of fixed width each time a pulse is received from
circuit 48, The output of multivibrator 56 will, there-
fore, appear as wave form E in FIG. 3. This wave form
is fed through a cathede follower attenuater 52 and lead
54 to camera control circoit 56.

The camera control circuit 56 will produce the saw-
tooth wave form F shown in FIG. 3. This wave form
is a series of rising current excursions which causes the
electron beam of the vidicon to sweep across the surface
of the slab and then return to its initial pesition during
a dwell time when the wave form F returns to its initial
current level. It will be noted that the length of each
rising current excursion in wave form F is equal to the
width of a pulse in wave form E, this width being fixed
by the one-shot multivibrator 5¢. The length of the
dweil time between successive current excursions in wave
form F, however, depends upon the spacing between
pulses in wave forms B, C and Dj; and this spacing, in
turn, depends upon the frequency of the sine wave A
and the speed of slab 16. In this respect, it will be ap-
parent that as the slab 16 slows down and the frequency
of wave form A decreases, the spacing between pulses
in wave forms B, C and D will increase so that the spac-
ing between pulses in wave form E will also increase.
In addition, the dwell time between successive current
excursions in wave form F will increase, but the time
duration of each excursion will remain the same since
this is fixed by the period of one-shot multivibrator 58.
Thus, the frequency at which the electron beam of vidicon
20 sweeps across the image of slab 16 will always be a
function of the speed of the slab.

The wave form F is fed to the vidicon 28 through lead
38 while the video wave form, illustrated as wave form G
in FIG. 3, appears on lead 69. As shown in FIG. 3 this
video wave form is a series of relatively long pulses hav-
ing superimposed thereon short pulses indicating the pres-
ence of defects. Thus, it will be apparent from FIG. 3
that as the electron beam sweeps from one side of the
conveyor to the other, it will first scan the dark back-
ground portion of the conveyor ustil it reaches point «
which is the edge of the irradiant slab 16. Alter inter-
secting the edge of the slab, the voltage of the video wave
form increases because of the greater light intensity of the
slab. At point b the electron beam intersects a defect 62
having a greater light intensity than the remainder of the
slab. Consequently, a positive pulse 64 is produced in
the wave form. At point ¢ the electron beam again inter-
sects a defect 66 but in this case the defect has a lesser
light intensity than the remainder of the slab; and, con-
sequently, a negative short pulse 68 is produced in the
wave form. Finally, at point 4 in the wave form the
electron beam leaves the edge of the siab and the voltage
decreases due to the dark background of the cenveyor.
Between points e and f the electron beam returns to its
original starting position over a very short interval of
time, and the cycle is repeated.

Turning again to FIG. 2, from lead 6§ the wave form
G is passed through a first clipper 78 and amplifier 72 to

~~
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a second clipper 74 and a second amplifier 76. The func-
tion of the first clipper 76 is to remove the lower portion
of the video wave form G so that only the pulse between
poinis @ and 4 remains, Circuit 72 amplifies the wave
form and clipper 74 further refines the clipping action
so as to insure that clean pulses of high amplitude appear
at the output of amplifier 76. These pulses, then, appear
as wave form H in FIG. 3. This wave form is passed
through still ancther amplifier 78 to a differentiator 8¢
which produces a sharp spiked pulse of positive polarity
whenever the input wave form H changes in a positive
direction and a sharp spiked pulse of negative polarity
whenever the input signal level changes in a negative
direction. The output of the differentiator thus appears
as wave form I in FIG. 3. This wave form'is fed to a
pulse separation circuit 82 which separates the positive
pulses in wave form I from the negative pulses. The
negative spiked pulses are fed through amplifier 84 where-
in they are inverted to appear as the positive pulses in
wave form J of FIG. 3. In asimilar manner, the positive
spiked pulses from separation circuit 82 are fed through
amplifier 86 and phase inverter 88 such that the pulses in
wave form K appearing at the output of the phase in-
verter correspond to the original positive spiked pulses in
wave form I, The spiked pulses in wave forms J and K
are then fed to a mixer 90 where they are combined to
produce a series of positive spiked pulses in wave form L,
with each pulse corresponding to the leading or trailing
edge of a pulse in wave form H. The net effect of cir-
cuits 82—89, iherefore, is to convert all of the spiked
pulses in wave form I to one polarity. These spiked
pulses are then passed through amplifier 92 and phase
inverter 94 to a late gate circuit 96.

From an examination of wave form L in FIG. 3, it will
be seen that spiked pulse 98 corresponds to the leading
edge of the pulse produced at point ¢ when the electron
beam strikes the edge of the slab, while spiked pulse 189
is that produced when the electron beam intersects the

other edge of the slab at point d. Pulses 102 and 104,
however, correspond to the leading and trailing edges of
the pulse 64 produced by defect 62; while pulses 106 and
108 correspond to the leading and trailing edges of the
puise 68 produced by defect 68. It is desired to integrate
only the distances between the respective spiked pulses
originating at the leading and trailing edges of pulses 64
and 68 produced by defects, such as the distance between
puises 192 and 164 and that between pulses 166 and 168.
Consequently, the pulses $8 and 180 cue to the leading
and trailing edges of the relatively long pulses in the
video wave form must be eliminated.

To this end, circuitry is provided including an ampli-
fier 21d to which wave form H from amplifier 76 is fed.
The output of amplifier 116 is divided between two chan-
nels 112 and 114, Channel 112 includes a cathode foi-
lower stage 116, a delay line 118, amplifier 120, Schmitt
trigger circuit 122, and phase inverter £24. After pass-
ing through delay line 118, the video wave form is de-
lIayed by % microsecond and appears as wave form M in
FIG. 3. The delayed wave form, after passing through
amplifier 128, is used to trigger the multivibrator or
Schmitt trigger circuit 122 so that the output of phase
inverter 124 appears as wave form N which is a series of
pulses all having a width proportional to the width of the
slab 16, but delayed by ¥4 microsecond with respect to
the original video wave form. The wave form N is then
passed to the late gate 96 along with wave form L from
phase inverter 94. Late gate 96 will produce an output
signal when, and only when, there is a coincidence of
pulses in wave forms N and L. From an inspection of
these wave forms in FIG. 3 it will be seen that they co-
incide to pass all pulses except pulse 28 due to the leading
edge of the slab 16. The ¥4 microsecond delay imparted
by delay line 118 is just enough to eliminate this pulse
and, of course, should be kept as small as possible so as

5

10

15

20

25

35

50

b5

60

65

70

75

6

not to eliminate any defect pulses which might occur very-
close to the edge of the slab.

. With the pulse 98 removed, the output from late gate
96 appears as wave form O in FIG. 3. This wave form
is passed through a second ¥4 microsecond delay line 126
and amplifier 128 fo an early gate 138, The wave form-
P arriving at the early gate 138 is as shown in FIG. 3
wherein all of the original spiked pulses in wave form L-
except pulse 98 remain.

TLe output of amplifier 130 in channel 114 i is first fed

brough a Schmitt trigger multivibrator 132 which pro-
duces wave form ( at the cutput of phase inverter 134.
The wave form Q and wave form P from amplifier 128
aré fed to the early gate 139 which functions in a manner
similar to gate 26 in that it will pass output signals only
upoa coincidence of a pulse in wave form Q with one in
wave form P. It can be seen from FIG. 3 that since wave
form P has been delayed by 2 microsecond while wave
form Q has not, the spiked pulses 16& extend beyond the
trailing edges of the pulses in wave form Q and, there-
fore, do not appear at the output of early gate 130. The
wave form R at the output of early gate 136 will, there-
fore, be only the spiked pulses 162—188 produced by the
leading and trailing edges of the defect pulses 64 and 68
in the original video wave form G. These pulses are fed
through amplifier 136 to a flip-flop or multivibrator 138
which is alternately triggered on and off by successive
spiked pulses from amplifier 136. Thus, the output of
flip-flop 138 appears as wave form S in FIG. 3 and com-

rises a series of delayed pulses each of which has.a phase
positicn and pulse width corresponding to the original
defect pulses 64 and 68 in the video wave form.

Wave form S comprising pulses 140 and 142 is then
passed to gating circuit 144 which couples the output of
a high frequency oscillator 146 to a phase inverter 148
and peaking amplifier 156 only during the time duration
of pulses 149 and 142 from fiip-flop circuit 138. Thus,
the output of peaking amplifier 156 will appear as wave
form T which comprises short periods of oscillation from
oscillator 146 corresponding in phase and width to pulses
149 and 142. The oscillations in wave form T are passed
through a series of decade counters 152, 154, etc. . When
the number of oscillations which are permitted to pass
through gate 144 reaches a predetermined mumber, the
last decade counter 156 will produce an output voltage
on lead 158 which is fed to a memory device 160 which
may, for example, comprise magnetic tape apparatus
After a specified delay period, the memory circuit 160
then passes the voliage produced by decade counter 156
through a scarfer control circuit 162 which actuates the
electrical utilization device 26 to turn on scarfing head
22 for a predetermined length of the slab, which length
is determined by a cam operated switch or other similar
device connected to the shaft of tachometer 28. ’

Wave form E at the output of cathode follower 32
is applied not only to camera control circuit 36 but
also to a series of binary counting circuits 164, 166, etc.
When a predetermined number of the pulses in wave
form E are fed to the binaries, the last binary 168 will
produce an output voltage which triggers one-shot multi-
vibrator 179 to produce a pulse of fixed duration which
is passed through a cathode follower, not shown, and
lead 172 to each of the decade counters 152, 154, 156,
etc. This pulse serves to reset each of the counters,
meaning that if the total chain of counters is adapted to
count a million oscillations before producing an output
voltage and only a part of the million oscillations have
been fed to the counter before the pulse on lead 172 is
produced, then another million oscillations will have to
be fed to the counter before it will produce an output
voltage on lead 158. 7

It will be noted that the output of tachometer 28 is
also fed to a rectifier 174, the outpui voltage of which
is passed through a direct current amplifier or reset gen-
erator 176 to a relay 178. This relay, acting through
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lead 180, resets the binaries 164-168 in response to a
direct current voltage from rectifier 174. Thus, when
the leading edge of the slab 16 causes the roller con-
nected to tachometer 28 to rotate, the binaries will be
reset, insuring that counting begins at the aforesaid lead-
ing edge.

The output of amplifier 78 appearing as wave form
H in FIG. 3 is also applied through lead 182 to a Schmitt
trigger circuit or multivibrator 186 which will shift from
one stable state to another when the input voltage ex-
ceeds a predetermined triggering level. This voltage is
approximately that shown by dotied line 183 in FiG.
3 so that the multivibrator 186 will turn on and off in
response to the leading and trailing edges of each long
pulse in the wave form H. These pulses are then fed
1o a one-shot multivibrator 129 which will produce out-
put pulses in response to the pulses from multivibrator
186, with the pulses in this case having a fized pulss
width which is not dependent upen the width of the pulses
in original wave form H. The output of multivibrator
190 is then fed through variable gain amplifier 192 to
an integrator 196 which produces an output voltage
which is a direct function of the total pulse area per
unit of time of the input pulses applied thereto. When
the output voltage from integrator 126 reaches a pre-
determined value, it will trigger Schmitt trigger 158 and
multivibrator 288 to produce an output voltage pulse
which is fed to the memory circuit 168, This voliage,
then, will actuate the scarfing head 22 through circuit
162 in the same manner as an output voltage from the
counter on lead 158.

If a negative voltage pulse in the video wave form G,
such as pulse &8, is exceptionally large, it will exiend
below the triggering level 188 of multivibrator 186.
Thus, instead of producing ome output pulse for each
sweep of the electron beam, the multivibrator will pro-
duce two pulses since it will be turned on and off twice
during the sweep period. Consequently, the recurrence
of the pulses during each sweep interval which are now
fed to integrator 155 is doubled, and its output voltage
is raised due to an increase in the total pulse area per
unit of time. Although the frequency of the pulses fed
to integrator 196 will increase in the manner described
above in response to a deep, negative defect, it will also
increase in response to an increase in slab speed. This
increase will affect the voltage produced by integrator
196; and since it is necessary that the voltage output of
the integrator be a function of the presence of deep,
negative defects only, some means must be provided
to compensate for the increase in slab spsed. To this
end, an automatic gain control circuit 281 is included in
the circuit which rectifies the output of tachometer 28
and applies it to variable gain amplifier 152 as an auto-
matic gain control voltage. In this manner the gain of
the amplifier is reduced as the amplitude of the sine
wave output of tachometer 28 increases, and the voltage
produced by integrator 194 is held constant as the slab
speed increases. Thus, integrator 196 will increase its
output voltage to the point where it triggers circuits 198
and 206 when, and only when, an exceptionally deep,
negative pulse is produced in wave form G so as to
increase the number of the pulses fed to integrator 196
during each sweep of the electron beam.

Operation of the system

As long as the lectron beam of vidicon 20 sweeps
over defects on the surface of the slab 16, wave form S
will be produced at the output of flip-flop circuit 138.
This wave form will appear regardiess of the speed of
the slab 16 just so long as the electron beam scans a
defect. Of course, the frequency of the pulses in wave
form S will be a function of the speed of the slab. Thus,
if the speed of the slab were doubled over that assumed
for the wave forms given in FIG. 3, then twice the num-~
ber of pulses would appear in wave form S. Conse-
guently, as the slab travels through a one-foot interval,
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the number of pulses reaching gate 144 will be the same
for a given total defect area regardless of the speed
of the slab 16, the only difference being that if the
speed of the slab is increased, the time interval required
for the given number of pulses to arrive at gate 144 is
decreased. It will also be apparent that the number of
oscillations from oscillator 146 arriving at the counters
152, 154, etc. will always be the same for a given defect
area regardless of the speed of the slab.

The present invention is constructed and arranged such
that the scarfer control 162 will ordinarily be actuated
only when the total integrated defect area over one
foot of the length of the slab 16, for example, reaches
a predetermined value. In this respect the counters 164,
1686, etc. will provide an output pulse to reset the counters
152, 154, etc. after the slab has traveled a predetermined
distance so that if an output pulse does not appear on
lead 158 after the slab has traveled the predetermined
length, then it will be necessary to integrate the de-
fects appearing on the next unit of length of the slab
to determine if their total area is great encugh to actu-
ate the scarfer control.

As was stated above, the wave form E is fed to the
binary counters 164, 16§, etc. If it is assumed that there
are twelve binaries connected in series, then 4,096 pulses
in wave form E will have to be fed to the binaries be-
fore an output pulse is produced on lead 172 to reset
the counter in circuit 36. If the tachometer 28 is se-
lected to produce 4,096 cycles of oscillation during one
foot of travel of the slab 16, it will be apparent that a
pulse will appear on lead 172 for each foot of travel
of slab 36. Furthermore, the counters 152, 154, etc.
will be reset after each foot of travel of the slab so that
if a predetermined number of oscillations from oscilla-
tor 146 are not fed to the counters 152, 154, etc. during
the one foot of travel, then the scarfer control 162 will
not be actuated. Thus, the scarfing head operates dur-
ing one-foot intervals and may or may not be actuated
during any particular one-foot interval, depending upon
the number of oscillations fed to counters 152, 154, dur-
ing that one-foot interval; and this number is, of course,
a function of the total defect area appearing on the
surface of the slab over the one foot.

Notwithstanding the above, when a negative pulse in
the video wave form, such as pulse 68, extends below
the trigeering level 188 of Schmitt trigger 186 due to
a deep, negative defect, the number of pulses during
each sweep interval fed to integrator 196 will increase.
This increase will raise the output voltage of the inte-
grator 196 to trigger circuits 198 and 200 and produce
an ouiput voltage which is applied to the memory device
160. Thus, where a deep, negative defect appears, the
scarfing head 22 will be actuated even though the num-
ber of oscillations fed to counters 152, 154, etc. is not
great encugh to produce an output voltage on lead 158.

Detailed description of circuits

Referring to FIG. 4, the vidicon sweep control cir-
cuitry identified by the numeral 38 in FIG. 2 comprises
a lead 292 on which the sine wave output of tachometer
28 (wave form A) is applied. The sine wave is applied
through capacitor 204 and a voltage divider consisting
of resistors 266, 267 and 208 to the contro! grid 210 in
the pentode 212 of variable gain amplifier 49. The auto-
matic gain control circuit 44 comprises a diode rectifier
214 and smoothing capacitors 216, 218 which apply a
direct current voltage to control grid 210, this voltage
being proportional to the average voltage amplitude of
the sine wave input from the tachometer. Since the
amplitude of the sine wave from the tachometer will
increase as its speed increases, the automatic gain con-
trol circuit, by feeding a negative voltage to grid 210,
will automatically compensate for this increase to main-
tain the output of amplifier 40 at a substantially constant
amplitude. The output of amplifier 40 on lead 219 is
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fed to the diode clipping and peaking circuit 42 which
comprises a diode 220 having its cathode connected to
ground through resistor 22%. In this manner, the nega-
tive half cycles of the sine wave appearing at the plate
of pentode 212 are eliminated. Diode 224 in circuit 42
is a peaking diode for producing pulses that occur at
the peak of the half sine wave leaving diode 220. This
wave form (wave form B in FIG. 3) is then applied
to peaking amplifier 46 which comprises two series-con-
nected triodes 226 and 228, with the output of triode
226 being coupled to the grid of triode 228 through an
RC network consisting of capacitor 23¢ and resistor 232.
The output of peaking amplifier 46 will appear as wave
form C in FIG. 3. This wave form is applied through
capacitor 236 and resistor 238 to the Schmitt trigger mul-
tivibrator 48 which comprises a pair of triodes 24¢ and
242 having their cathodes connected to ground through

a common resistor 246, It will be noted that the anode.

of iriode 248 is connected to the grid of triode 242
through the parallel combination of capacitor 248 and
resistor 258,

Under normal conditions triode 242 will conduct while
tricde 248 will be cut off. When the positive pulse in
wave form C is applied to the grid of triode 240, how-
ever, it will begin conduction when the pulse in wave
form C reaches a predetermined amplitude. Conduc-
tion in tube 24¢ will cut off triode 242 because of the
fall in the plate voltage of triode 246 which is coupled
to the grid of triode 242 through elements 248 and 259¢.
Triode 249 will continue to conduct until the voltage
level of the pulse in wave form C falls below the afore-
said predetermined amplitude, at which time it will cut
off and triode 242 will again conduct. ' The output ap-
pearing at the plate of triode 242 is, therefore, wave
form D which comprises a series of positive square wave
pulses each of which has a pulse width slightly smailer
than the width of the pulse in wave form C which was
fed to the grid of triode 240.

The output of the Schmitt trigger 48 on the plate of
triode 242 is fed to the one-shot multivibrator 58 com-

- prising a pair of triodes 252 and 254 having their cath-

odes connected to ground through a common cathode
resistor 256. As shown, the anode of triode 252 is con-
nected to the grid of triode 254 through capacitor 258
having one of its terminals connected to a B4~ voltage
source through resistor 260. Under normal conditions,
triode 254 will conduct while friode 252 is cut off. ‘'When,
however, a positive pulse at the output of Schmitt trig-
ger 48 is applied to the grid of triode 252, this triode
will conduct and its plate voltage will fall. The fall
in plate voltage is thus applied to the grid of triode 254,
causing it to cut off. After a predetermined period of
time determined by the values of capacitor 258 and re-
sistor 269, the charge of the capacitor will leak off and
triode 254 will again conduct. In this manner an output
pulse of fixed duration will appear at the output of multi-
vibrator 5¢ for each cycle of the sine wave produced
by tachometer 28. The signals on the plate of triode
254 are applied io the grid of triode 262 in cathode
follower stage 52, and the output of this stage at the
cathode of triode 262 is applied to the camera control
circuit 56 as well as the binaries 164, 166, etc. in cir-
cuit 32. As was explained above, the electron beam of
vidicon 28 will be caused to sweep across the image of
the surface of slab 16 during the persistence of each
pulse in wave form E at the output of cathode follower
52. Alihough each pulse in wave form E is of the same
width regardless of the speed of slab 16 and the fre-
quency output of tachometer 238, the spacing between
the pulses in wave form E will be inversely proportional
to slab speed while the sweep recurrence frequency of
the vidicon will be directly proportional to slab speed.

The deundulating and pedestal removing circuitry
identified by the numeral 34 in FIG. 2 is shown in detail
in FIG. 5. The video input on lead 60 appearing as wave
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form G in FIG. 3 is applied to the clipper 70- which com-
prises a diode 274 having its cathode connected to ground
through resistor 276 and capacitor  278. The voltage
level at the cathode of diode 274 is adjusted by a poten-
tiometer 286 whereby the bottom portion of the wave
form is removed. - In actual practice the portion removed
corresponds to that below the pedestal produced between
the two sides of the slab 16. That is, only the portion
of the wave form between points a and d remains. From
clipper. 76 the wave form G is passed through amplifier
72 which comprises a pair of triode tubes 282 and 284
connected in series. The output of triode 284 is clamped
by diode 286 and passed to clipper 74 which comprises -
a diode 288 having its cathode conmected to ground
through resistor 29¢ and capacitor 292. As was the case
with diode 274, the cathode potential of diode 288 is ad-
justed by imeans of voltage divider 294. The output of
the clipper 74 is passed through amplifier 76 which, like
amplifier 72, comprises ‘a pair of series-connected triodes
296 and 298.  The output of amplifier 76 is fed to ampli-
fier 78 which also comprises a pair of series-connected
triodes 380 and 302, In this case, the anode of triode
30¢ is conmnected through lead 182 to Schmitt trigger 186
(shown in FIGS. 2 and 8); whereas, triode 302 is con-
nected in cathode follower relationship to the differen-
tiator 80 comprising inductor 304 and resistor 306. As
is well known"to those skilled in the art, a differentiator
is a circuit-in which the voltage amplitude at the output
is approximately proportional at any instant to the rate

-of change of voltage amplitude at the input. The voltage

wave form appearing at the output of the differentiator
(wave form I) will, therefore, be a series of sharp volt-
age pulses which occur in time at the points where the
input signal abruptly changes from one voltage level to
another. Thus, a sharp voltage pulse will be produced
in wave form I at the leading and trailing edge of each
pulse in wave form H. It will be noted that the sharp
pulses produced when wave form H changes in a positive
direction are positive, while the sharp pulses produced
when the wave form changes in a negative direction are

~ megative.

The pulse separator circuit 82 comprises a pair of
diodes 388 and 319. It will be noted that the polarities
of these diodes are reversed. . Thus, diode 308 will pass
positive pulses in wave form I to lead 312; whereas diode
318 will pass negative pulses in the wave form I to lead
314. The signals appearing on leads 312 and 314 are,
therefore, the positive and negative halves, respectively,
of wave form I. The signal on lead 314 is applied to the
amplifier 84 which comprises a. single triode tube 316.
Since the original signal fed to the grid of triode 316 had
negative pulses therein, the pulses appearing at its anode
and on Iead 326 will be positive. In a similar manner,
positive pulses passing through diode 388; when applied
to the grid of triode tube 322" in amplifier 86, will pro-
duce negative pulses at the plate of this triode which are
fed to the grid of triode 324 in phase inverter 88 so that
the pulses appearing at its plate are again positive. These
positive pulses on lead 326 are applied to the control grid
of a pentode tube 327 in the mixer 90. The output of
triode 316 on lead 329 is applied to the suppressor grid
of this same pentode 327, and since the pulses on leads
320 and 326 are now both positive, the output of pentode
327 will be the combined wave forms J and K. )

The signal on lead 328 is then fed to a plurality of

pentodes 330, 332 and 334 connecied sequentially in am-

plifier 92 which produces wave form L shown in FIG. 3. -
The output of the last pentode 334 is applied through
lead 336 to the grid of a triode 338; and the output of this
triode is, in turn, fed through lead 346 to the grid of
triode 342 in phase inverter 94. Thus, the output of phase
inverter 94, taken from the plate of triode 342, appears
on lead 344 as wave form L which has been amplified.
The video wave form on the plate of triode 298 in am-
plifier 76 is applied to the grid of a first pair of triodes
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346 and 348 connected sequentially in amplifier 110,
The output of amplifier 11§ is passed through cathode
follower 116 comprising triode 358 to the ¥4 microsecond
delay line 118, with the output of the delay line being fed
to amplifier 120. As shown, this amplifier comprises a
pair of triodes 352 and 354 connected in sequence. The
anode of triode 354 in amplifier 128 is connected to the
Schmitt trigger 122 which includes two triodes 355 and
357 and which operates in the same manner as the
Schmitt trigger already described. The output of the
Schmitt trigger 122 appearing as wave form N is fed
through the phase inverter 124 comprising triode 356 to
the control grid of a pentode 36§ in the late gate circuit
©6. Amplified wave form L on lead 344 is applied to
the anode of pentode 360 which is normally conducting
to apply a negative bias to the anode of diode 362.
Thus, the dicde will not conduct to pass signals on lead
344 a5 long as pentode 369 is conducting. When inverted
wave form N at the output of phase inverter 124 is ap-
plied to the contiol grid of pentode 360 with a negative
polarity, hawever, the pentode will be cut off, the poten-
tial at the anode of diode 362 will rise, and the diode will
conduct to pass signals through triode 364 which has its
cathode connected to the delay line 126. The output of
the delay line, appearing as wave form P, is then applied
through lead 365 to the grid of a first of a pair of series-
connected triodes 368 and 370 in amplifier 128.

1t will be noted that the output of amplifier 118 at the
plate of triode 348 is applied through lead 372 to the grid
of the first of two triodes 374 and 376 in the Schmitt
trigger 132. The output of the Schmitt trigger 132, ap-
pearing as wave form Q in FIG. 3, is applied through
phase inverter 134 consisting of tricde 378 to lead 380
where the signal, appearing as inverted wave form Q in
FiG. 3, is applied to the control grid of pentode 382 in
early gate circuit 130. The early gate circuit operates
in a manner similar to that of the late gate 96 and in-
cludes a diode 384 which has its anode connected to the
anode of the pentode 382. Since the pentode is normal-
1y conducting, the voltage at the anode of diode 384 will
be negative with respect to its cathode so as to cut off
the diode. When, however, inverted wave form Q is ap-
plied to the grid of pentode 382, the pentode will cut off
and the diode 384 will conduct to pass wave form R on
the plate of triode 378 in amplifier 128 to amplifier 136
which comprises sequentially-connected triodes 386 and
388. The output of amplifier 136 on lead 390 is then fed
through a pentode 392 which inverts the signal and feeds
it through lead 384 to the grids of the two triodes 396 and
39% in flip-flop circuit 138. ) »

It can be seen that the cathodes of triodes 396 and
363 are both connected to ground potential through a
single resistor 480. The plate of tube 398 is connected
to the B} voltage source through resistor 402, whereas
the plate of tube 386 is comnected to the same source
of voltage through resistor 484. The grid of tube 396
is connected to ground through resistor 466 and to the
B voltage source through resistors 497 and 402 with
resistor 407 being bypassed by capacitor 409. In a
similar manner, the grid of tube 398 is conmected to
ground through resistor 408 and to the B+ voltage
source through resistors 410 and 404, with resistor 416
being bypassed by capacitor 412. It should be noted that
the plate of triode 396 is connected to the grid of tube
398 through capacitor 412 and resistor 416. Likewise,
the plate of the tube 398 is connected to the grid of tube
396 through capacitor 489 and tesistor 407.

When a source of anode voltage is applied to the flip-
flop circuit, current will tend to flow in the plate circuits
of triodes 396 and 398. If the two halves of the circuit
are identical, the tube currents will be nearly equal at
first, However, a perfect balance is always impossible;
and means are provided to insure that triode 396 initially
conducts more heavily than triode 398. The increased
current in triode 396 causes an increase in the voltage
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drop across resistor 404 and, thus, a decrease in the
plate voltage of tube 396, Because of the connection
between the plate of triode 396 and the grid of triode
398, the decrease in the plate voltage of triode 396 is
accompanied by a decrease in the grid voltage of triode
398, Therefore, an increase in the plate current of tube
396 must be accompanied by a decrease in the plate
current of tube 3%8§ since its grid is now driven
negatively. Moreover, the decrease of plate current
through tube 398 causes an increase of the grid voltage
of triode 396, and consequently, results in a further in-
crease of plate current through triode 356. In this man-
ner, a slight initial unbalance scts up a cumulative or
regenerative switching action which reduces the plate
current of tube 328 to zero and increases the plate cur-
rent of tube 396 to a maximum. Though described as
if it occurred slowly, this switching action occurs with
extreme rapidity—in a fraction of a microsecond in most
flip-fiop circuits.

The pulses 102, 364, 105 and 188 in wave form R on
lead 394 are applied to the grids of triodes 326 and 358
through diodes 414 and 416. If triode 396 is conduct-
ing, these pulses which are negative on the plate of
pentode 3982 and lead 394, cut off the triode 3%96. This
causes a regenerative switching action in which, while
triode 396 cuts off, triode 398 conducts, TFurthermore,
triode 398 will continue to conduct until the next pulse
is received which is pulse 264 in wave form R. This
pulse will now cut off tube 398 and will again initiate
conduction in triode 396. The result is that a pulse be-
tween the spiked pulses 182 and 184 in wave form R is
produced on lead 4i8 as wave form S (inverted) in
FIG. 3.

Referring to FIG. 6, the displacement detector cir-
cuitry identified by the numeral 32 in FIG. 2 comprises
the rectifier 174 which includes a dicde 426 and a pair
of smoothing capacitors 42§ and 43¢. The output of
the rectifier 374, which is a direct current voltage, is
fed to the control grid of a pentode vacuum tube 432
in the reset generator 176. The plate circuit of pentode .
432 includes the energizing coil 434 of the relay 178 which
is normally deenergized whereby its contacts 436 are
open. When, however, the tachometer 28 is rotating,
and an alternating current voltage applied to the recti-
fier 174, the resulting direct current voltage on the grid
of pentode 432 energizes coil 434 to close contacts 436.

Also included in the displacement detector are thir-
teen cascade-connected binary counters or flip-flop cir-
cuits 164, 166, etc., which are similar in construction to
the flip-flop circuit already described. Each binary com-
prises a pair of triodes 438 and 446 having their cathodes
connected through a common resistor 442 and capacitor
444 to ground. The grid of triode 438 is connected
through capacitor 446 to the plate of triode 440; and
similarly, the grid of triode 448 is connected through
capacitor 448 to the plate of triode 438. In this manner,
only one of the two triodes will conduct while the other
triode is cut off. Reverting again to relay 178, it will
be seen that when its contacts 436 are closed, the grid
of the left-hand triode in each of the thirteen binaries,
namely, the grid of triode 438 in binary 164, is connected
to ground through leads 45¢ and 452. The grid of the
right-hand tube in each binary, namely, the grid of triode
440 in binary 164, is always connected to ground through
resistor 454 so that triode 440 will normzally conduct.
The output of cathode follower 52 on lead 455, namely,
wave form E of FIG. 3, is simultaneously applied to
the grids of triodes 438 and 440 in the binary 164, while
the output of this binary is simultaneously applied to the
grids of the triodes in the mnext binary and so on to
produce a cascade arrangement. The pulses in wave
form E as applied to the binary 164 have positive po-
larities; and, thus, if it is assumed that tricde 440 in
binary 164 is conducting, the pulse on lead 455, having
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a positive polarity, will initiste conduction in triode 438
while cutting off triode 448. Triode 438, however, will
be cut off and triode 448 will conduct when the next
successive pulse in wave form E is received on lead 455.
Thus, a single negative pulse will be produced at the
plate of triode 438 and passed to the second binary in
the system for each two input pulses on lead 435. 1In
order for a second pulse to appear -at the plate of triode
438, another two pulses will have to be applied via lead
4558, Thus, before the second binary will produce an
output pulse, four pulses must appear on lead 455; and,
similarly, before the third binary will produce an output
puise, eight input puises must appear on lead 455,  In
order for the twelfth binary to produce an output puise,
4,096 pulses must have been applied to the original binary
164 from lead 455. The output pulse from the twelfth
binary may be applied through lead 456 and switch 458
to the control grid of a triode tube 468 in the one-shot
multivibrator 179.

The one-shot multivibrator 176 is somewhat similar to
the binary flip-flop stages just described except that it
does not shift from one stable state to another, but rather
has only one stable state which may be interrupted by
an input pulse to produce an output pulse of fixed pulse
width. - Thus, the multivibrator 17§ includes the two
triodes 460 and 462 each of which has its cathode con-
nected to ground through a common resistor 464 and ca-
pacitor 466. In this case, however, the plate of triode
460 conly is connected to the grid of tricde 462 through
capacitor 468. Under normal conditions tube 466 will
conduct while tube 462 is cut off. When, however, an
output pulse from the twelfth binary stage 168 is applied

to the grid of triode 469, the triode will cut off and its’

plate voltage will rise. This plate voltage will be ap-
plied through capacitor 468 to the grid of triode 462,
causing this latter triode to conduct. After a predeter-
mined period of time the charge on capacitor 468 will
leak off, whereupon the triode 462 will cut off, and since
the pulse on the grid of triode 460 persists for a:rela-
tively short time, it will again conduct until the next suc-
cessive pulse is applied to its grid. If switch 458 is
reversed so that the grid of triode 468 is connected
to lead 476, rather than lead 456, then an additional thir-
teenth binary 472 will have been inserted into the circuit,
which means that twice the number of pulses on lead 455
will have to be counted before an output pulse is sup-
plied to the grid of triode 460. If the number of pulses
counted by the first twelve binary circuits represents one
foot of travel of the slab 16, for example, then the num-
ber of pulses counted when the binary 472 is inserted into
the system represents two feet of travel.

The output of the one-shot multivibrator 17¢ appear-
ing on the plate of triode 462 is applied via clamping
diode 474 to the grid of a triode tube 476 in the cathode
follower stage 477. 'The output of this cathode follower
on lead 172 is a pulse which occurs once during each
counting period of the displacement detector 32. That
is, if switch 458 is connected to lead 456 so that the
binaries count 4,096 pulses in wave form E, then a pulse
will be produced on lead 172 for each 4,096 pulses in
the wave form E. Similarly, if switch 458 is connected
to lead 478, then twice the number of counts or 8,192
pulses will have to be fed to the displacement detector
32 on lead 455 before an output pulse is produced on
lead 172. This output pulse is used to reset a plurality
of decade counting units in the defect integrator, herein-
after described. .

Referring to FIG. 7, the defect integrator, identified
by the number 36 in FIG. 2, comprises the gating circuit
144 which includes a pentode vacvum tube 478 having
the output of flip-flop circuit 138 applied to its suppressor
grid via lead 489. This oufput appears as wave form
S in FIG. 3 and comprises a train of short pulses indi-
cating the existence of a defect. It will be noted that
each pulse 148 and 142 in wave form S has a pulse width
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corresponding to the width of the defect which it repre-
sents. The pentode tube 478 is essentially a mixer having
the output of the one megacycle oscillator 146 applied to
its control grid. As shown, the oscillator includes a
pentode 479 and a tank circuit 484. Thus, the wave form
appearing at the plate of pentode 478 will be wave form
T shown in FIG. 3 which comprises short bursts of oscil-
lation from oscillator 146, these short bursts of oscilla-
tion extending for the pulse duration of each pulse in
wave form S.

The output of the gating circuit 144 is applied via lead
482 to the control grid of a triode 484 in the phase in-
verter 148. The output of triode 484 appearing on its
plate is then applied to the control grid of a pentode
486 in peaking amplifier 150. The output of this ampli-
fier is then fed to the series of decade counters 152, 154,
ete. which produce an output pulse on leads 488, 458,
482 and 494 only after a predetermined number of dscil-
lations are supplied to the counter from peaking amplifier
150. Obviously, the number of pulses required to produce
an output pulse on lead 488 is less than that required
to produce an outputpulse on lead 49¢. Similarly, the
number of oscillations required to produce an output pulse
on lead 4%2 is.greater than that required to produce an
output pulse on lead 458, By means of switch 433,
any one of the respective leads 488—494 may be con-
nected to lead 158 which leads to the mémory circuit
160 and scarfer control 162 shown in FiG, 2. Thus, the
scarfing head 22 may be made to operate in response to
an output pulse on lead 158 for various numbers of
oscillations from oscillator 346. Since the number of
oscillations s a direct function of the tota] defect area
along a predetermined length of the slab, the defect area
required to actuate the scarfing head may likewise be
varied by changing the position of switch 486.

It will be remembered that a pulse was produced on
lead 172 by the defect integrator shown in FIG. 6
only ‘after the slab had moved a predetermined distance
along conveyor 18, Thus, every time a pulse is applied
to lead %72 to reset the counters 152, 154, etc., the slab
will have moved a predetermined distance. If the total
number of oscillations from oscillator 146 representing
the total defect area over the aforesaid interval of length
does not reach the number required to produce an output
pulse on lead 158, then the scarfer head 22 is not actu-
ated, and the length of the billet represented by the dis-
tance between pulses on lead 72 is not scarfed. If it
is desired to manually reset the decade units 152, 154,
etc., switch 493 will be transferred from contact 495 to
contact 497 whereby the push-button switch 499 may be
depressed to reset the circuitry.

Referring to FIG. 8, the override circuitry for deep,
negative defects represented by the numeral 38 in FIG. 2
comprises the Schmitt trigger 186 which includes triodes
‘498 and 560. This circuit operates in the same manner

‘as the previous Schmitt trigger described. That Is, it

will produce an output square wave pulse having a pulse
width corresponding to the time duration of that portion of
an input signal above a predetermined triggering level.
The wave form H shown in FIG, 3 is applied to the grid
of triode 498, and the threshold value of this tube is ad-
justed by potentiometer 502 to the position indicated by

the line 288 in FIG. 3. Thus, the Schmitt trigger 186

will produce an output pulse for each pulse extending be-
tween points a and 4 in the wave form H, assuming that
the pulse 68 due to a negative defect does not extend
below the threshold voltage level represented by line 188.
If the pulse does extend below this threshold - level,
then the circuit 186 will- be triggered twice during the
period of each pulse between points g and d, and the fre-
quency of the pulses at the output of circuit 186 will be
effectively doubled. )

The output of Schmitt trigger 186 on the plate of
triode 508 is passed to one-shot multivibrator 19¢ which
includes a pair of tricdes 504 and 586 and which operates
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in the manner previously described. Consequently, the
multivibrator 199 will produce an output pulse of fixed
pulse width for each input pulse applied thereto from
the Schmitt trigger 186. Coupled to multivibrator 199
is the amplifier 192 which comprises a pentode 508 hav-
ing the input signal applied to its control grid. The au-
tomatic gain control circuit 201 includes a rectifier 561
and smoothing capacitors 503 and 585. The output of
tachometer generator 28 is applied through this rectifier
and capacitors 503 and 585 to the control grid of pentode
£08 whereby, as the speed of the slab and the amplitude
of the output of tachometer 28 increase, the gain of am-
plifier 192 is decreased. The output of pentode 568 is
then applied through capacitor 518 to integrator 196
which comprises a dicde 512 and capacitor 514 connect-
ed in series between the opposite ends of a resistor 516.
When pulses are received from amplifier 192, they will
pass through diode 512 in the forward direction which
thus presents a iow impedance. Capacitor 514 is, there-
fore, charged rapidly. On the other hand, the discharge
current of the capacitor must flow through the high re-
verse impedance of the diode. Thus, the integrator will
produce a steady output voltage having a magnitude pro-
portional to the integrated area of the applied imput
pulses.

If, however, the frequency of the input pulses is
doubled due to the presence of a deep, megative defect
represenied by the pulse 68, then the Schmitt trigger 198
will be actuated whereby the triode 526 will produce a
voltage to trigger multivibrator 268 which includes two
triode tubes 528 and 535. The output of multivibrator
206 on lead 532 is then applied to the memory circuit
169 and scarfing control circuit 162 to actuate the scarfing
head 22 when the deep, negative defect appears in the
video wave form G regardless of whether the number of
osciliations counted in defect integrator 36 are great
enough to normally produce an output voltage on lead
158.

Although the invention has been shown in connection
with a certain specific embodiment, it will be readily
apparent to those skilled in the art that various changes
in form and arrangement of parts may be made to suit
requirements without departing from the spirit and scope
of the invention. In this respect the entire circuitry
shown in FIGS. 4-8 could be transistorized to replace
the vacuum tubes shown herein.

We claim as our invention:

1. In apparatus for detecting flaws on the surface of
moving material in which the flaws have a different opti-
cal appearance than the remainder of the material, the
combination of means including an electron-optics device
for scamning an image of the surface of said moving
material at a sweep repetition frequency which varies as
a function of the speed of said moving body, means re-
sponsive to the output -of said electron-optics device for
producing a pulsed signal in which each pulse has a
width proportional to the width of a flaw image scanned
by said electron beam, and apparatus coupled to said
latter-mentioned means for integrating the pulses in said
pulsed signal to produce an indicating voltage when the
sum of the widths of the pulses in said signal reaches a
predetermined amount.

2. In apparatus for detecting flaws on the surface of
moving material in which the flaws have a different opti-
cal appearance than the remainder of the material, the
combination of means including an electron-optics device
for scanning an image of the surface of said material with
an electron beam along a line extending substantially per-
pendicular to the direction of movement of the material,
means connected to said electron-optics device and re-
sponsive to the speed of said material for controlling the
electron beam of the electron-optics device whereby it
has a sweep repetition frequency proportional to the speed
of the material, means responsive to the output of said
electron-optics device for producing a pulsed signal in
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which each pulse has a width proportional to the width
of a flaw along said scanning line, and means coupled to
said last-named means for integrating the widths of the
pulses in said signal to produce an indicating voltage when
the sum of the widths in said signal reaches a predeter-
mined amount.

3. In apparatus for detecting flaws on the surface of
moving material in which the flaws have a different opti-
cal appearance than the remainder of the material, the
combination of means inclnding an electron-optics device
for scanning an image of the surface of said body with
an electron beam at a sweep repetition frequency propor-
tional to the speed of the moving material, the scanning
line of the electron beam being substantially perpendicu-
ar to the direction of movement of the material, means
responsive to the output of said electron-optics device for
producing a pulsed signal in which each pulse has a width
proportional to the width of a flaw along said scanning
line, a source of oscillatory voltage, counting means for
producing an indicating voltage in response fo a predeter~
mined number of oscillations from the oscillatory voltage
source, and gating means connected to said oscillatory
voltage source and responsive to pulses in said pulsed
signal for coupling the output of the oscillatory voltage
source to said counting means for successive time
intervals which are proportional to the widths of the
pulses applied thereto, whereby said indicating voltage
will be produced when the sum of the widths of the
applied pulses reaches a predetermined amount.

4. The combination claimed in claim 3 and including
means for resetting said counting means after the mate-

rial has moved a predetermined distance.

5. In apparatus for detecting flaws on the surface of
moving material in which the flaws have a different opti-
cal appearance than the remainder of the material, the
combination of means including an electron-optics device
for scanning an image of the surface of said body with
an electron beam at a sweep repetition frequency propor-
tionai to the speed of the moving material, means re-
sponsive to the output of said electron-optics device for
producing a first pulsed signal in which each pulse has a
width proportional to the width of a flaw along said
scanning line, a source of oscillatory voltage, first count-
ing means for producing an indicating voltage in respense
to a predetermined number of oscillations from the oscil-
latory voltage source, gating means connected to said
oscillatory voltage source and responsive to the pulses
in said pulsed signal for coupling the output from the
oscillatory voltage source to said first counting means for
successive time intervals which are proportional to the
widths of the pulses applied thereto whereby said indicat-
ing voltage will be produced when the sum of the widths
of the applied pulses reaches a predetermined amount,
means for producing a second pulsed signal having a
pulse recurrence frequency proportional to the speed of
said moving material, a second counting means respon-
sive to said second pulsed signal for producing a control
voltage after a predetermined number of pulses in the
second pulsed signal have been applied thereto, and
means for applying said control voltage to said first
counting means to reset the same.

6. In an automatic hot scarfing machine for burning
flaws from the surface of heated steel slabs, the combina-
tion of conveyor means for moving a heated slab along a
substantially straight line path, an electron-optics device
mounted above said path for scanning an image of the
surface of a heated slab with an electron beam along a
line extending substantially perpendicular to the direction
of movement of the slab, means responsive to ihe speed
of said slab for controlling the electron-optics device
whereby the sweep repetition rate of its electron beam is
proportional to the speed of the slab, means coupled to
the output of said electron-optics device for producing a
pulsed signal in which each pulse has a width proportional
to the width of a flaw scanned by said electron beam,
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means for integrating the widths of the pulses in said sig-
nal to produce a control voltage when the sum of the
widths of the pulses in said signal reaches a predetermined
amount, and means operable in response to said control
voltage for rendering said scarfing machine operative,

7. In an automatic hot scarfing machine for burning
defects from the surface of heated steel slabs, the com-
bination of conveyor means for moving the heated slab
along a substantially straight line path, an electron-optics
device mounted above said path for electronically scan-
ning an image of a surface of a heated slab passing there-
beneath, the sweep repetition rate of said electron-optics
device being proportional to the speed of said slab, ap-
paratus coupled to said electron-optics device for produc-
ing a pulsed signal in which positive pulses are produced
by defect images having a greater light intensity than the
remainder of the slab and negative pulses are produced
by defect images having a lesser light intensity than the
remainder of the slab, the widths of said positive and nega-
tive pulses being proportional to the defects which they
represent, and means coupled to said electron-optics de-
vice for integrating the widths of the positive and negative
defect pulses in said signal to produce an indicating volt-
age when the sum of widths of said positive and negative
defect pulses reaches a predetermined amount.

8. In an automatic hot scarfing machine for burning
defects from the surface of heated steel slabs, the com-
bination of conveyor means for moving the heated slab
along a substantially straight line path, an electron-optics
device mounted above said path for electronically scan-
ning an image of the surface of a heated siab passing
therebeneath, the sweep repetition rate of said electron-
optics device being proportional to the speed of said slab,
apparatus coupled to said electron-optics device for pro-
ducing a pulsed signal in which positive pulses are pro-
duced by defect images having a greater light intensity
than the remainder of the slab and negative pulses are
produced by defect images having a lesser light intensity
than the remainder of the slab, the widths of said positive
and negative pulses being proportional to the widths of
the defects which they represent, means coupled to said
electron-optics device for integrating the widths of the
positive and negative defect pulses in said signal to pro-
duce a first control voltage when the sum of the widths
of said positive and negative defect pulses reaches a pre-
determined amount, means responsive to said pulsed sig-
nal for producing a second control voltage when the
amplitude of negative defect pulses in said pulsed signal
reaches a predetermined limit, and means responsive to
said first and second control voltages for rendering said
scarfing machine operative whenever a control voltage is
applied thereto.

9. In apparatus for automatically conirolling a device
for scarfing the surface of a moving irradiant metal body
on which flaws appear brighter or darker with respect to
the remainder of the body, the combination of an elec-
tron-optics device for scanning an image of the surface of
said body with an electron beam at a sweep repetition
frequency proportional to the speed of the body to thereby
produce a video signal in which each scanning cycle of
the electron beam produces a relatively long pulse having
superimposed thereon positive and negative short pulses
produced when the electron beam scans over flaw images,
means responsive to said video signal for producing a
differentiated signal in which spiked pulses are produced
at the leading and trailing edges of each pulse in the video
signal, means for eliminating the spiked pulses in said
differentiated signal which are due to the leading and trail-
ing edges of the relatively long pulses in said video sig-
nal, a device responsive to the output of said last-named
means for producing a pulsed signal in which a pulse is
formed between each pair of spikes formed by the leading
and trailing edges of each short pulse in the original
video wave form, a first source of oscillatory voltage,
counting means for producing a control voltage in re-
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sponse to a predetermined number of oscillations from
said oscillatory voltage source, means responsive to said
last-named pulsed signal for coupling the output of said
oscillatory voltage source to said counting means for suc-
cessive time intervals which are proportional to the widths
of the successive pulses in said last-named pulsed signal,
and apparatus responsive to the control voltage produced
by said counting means for actuating said scarfing device
to remove a predetermined length of the surface of said
body. : *

10. The combination claimed in claim 9 and including
means for producing a second control voltage for ac-
tuating the scarfing device when the amplitude of nega-
tive short pulses in said video signal reaches a predeter-
mined limit. ’ : .

11. In apparatus for automatically controlling a device
for scarfing the surface of a moving irradiant body on
which flaws appear brighter or darker with respect to the
remainder of the body, the combination of an electron-
optics device for scanning an image of the surface of said
body with an electron beam at a sweep repetition fre-
quency proportional to the speed of the body to thereby
produce a video signal in which each scanning cycle of
the electron beam produces a relatively long pulse having
superimposed thereon positive and negative short pulses
produced when the eleciron beam scang over flaw images,
means responsive to said video signal for producing a
differentiated signal in which spiked pulses are produced
at the leading and trailing edges of each pulse in the video
signal, means for eliminating the spiked pulses in said
differentiated signal which are due to the leading and
trailing edges of the relatively long pulses in said video
signal, a device responsive to the output of said last-named
means for producing a third pulsed signal in which a pulse
is formed between each pair of spikes formed by the lead-
ing and trailing edges of each short pulse in the original
video wave forin, a source of oscillatory voltage, first
counting means for producing a control voltage in response
to a predetermined number of oscillations from said oscil-
latory voltage source, means responsive to said third sig-
nal for coupling the output of said oscillatory voltage
source to said counting means for successive time intervals
which are proportional to the widths of the successive
pulses in said third signal, apparatus responsive to the
control voltage from said counting means for actuating
said scarfing device, means responsive to the speed of said
body for producing a fourth puised signal having a pulse
repetition frequency proportional to the speed of said
body, second counting means responsive to the fourth
pulsed signal for producing an indicating voltage pulse
when the number of pulses in said fourth signal reaches a
predetermined limit, and means for applying said indicat-
ing voltage pulse to said first counting means to reset the
same.

12, In apparatus for detecting flaws on the surface of
moving material in which the flaws have a different optical
appearance than the remainder of the material, the com-
bination of means for generating a sine wave signa] hav-
ing a frequency proportional to the speed of said moving
material, apparatus responsive to said sine wave signal
for generating a train of square wave voltage pulses hav-
ing a pulse repetition frequency proportional to the fre-
quency of said sine wave, means for scanning an image
of the surface of said material with an electron beam, ap-
paratus coupled to said scanning means and responsive to
said train of square wave voltage pulses for sweeping said
electron beam across said image of the surface of said
material at a recurrence frequency proportional to -the
pulse repetition frequency of said train of square wave
voltage pulses, means coupled to the output of said scan-
ning means for producing a pulsed signal in which each
pulse has a width proportional to the width of a flaw on
the surface of the material scanned by said electron beam,
and means coupled to said last-named means for integrat-
ing the widths of the pulses in said pulsed signal to pro-
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duce an indicating voltage wheén the sum of the widths
of the pulses in said signal reaches a predetermined
amount.

13. In apparatus for detecting flaws on the surface of
moving material in which the flaws have a different optical
appearance than the remainder of the material, the com-
bination of means for generating a sine wave signal hav-
ing a frequency proportional to the speed of said moving
material, apparatus responsive to said sine wave signal
for generating a train of square wave voltage pulses hav-
ing a pulse repetition frequency proportional to the fre-
quency of said sine wave, means for scanning an image
of the surface of said material with an electron beam, ap-
paratus coupled to said scanning means and responsive
to said train of square wave voliage pulses for sweeping
the electron beam across said image of the surface of
said material each time a pulse occurs in said train of
square wave voltage pulses, circuitry coupled to the out-
put of said scanning means for producing a pulsed signal
in which each pulse has a width proportional to the width
of a flaw on the surface of the material scanned by said
electron beam, a source of oscillatory voltage, counting
means for producing an indicating voltage in response to
a predetermined number of oscillations from the oscilla-
tory voltage source, and means responsive to the pulses in
the pulsed signal produced by said circuitry for coupling
the output of said oscillatory voltage source {o said count-
ing means for successive time intervals which are propor-
tional to the widths of the pulses applied thereto, whereby
the said indicating voltage will be produced when the
sum of the widths of the said applied pulses reaches a
predetermined amount.

14. In apparatus for detecting flaws on the surface of
moving material in which the flaws have a different optical
appearance than the remainder of the material, the com-
bination of means for generating a sine wave signal hav-
ing a frequency proportional to the speed of said moving
material, apparatus responsive to said sine wave signal for
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generating a train of square wave voltage pulses having a
pulse repetition frequency proportional to the frequency
of said sine wave, means for scanming an image of the
surface of said material with an electron beam, apparatus
coupled to said scanning means and responsive to said
train of square wave voltage pulses for sweeping said élec-
tron beam across said image of the surface of said mate-
rial each iime a pulse occurs in said train of square wave
voltage pulses, circuitry coupled to the output of said
scanning means for producing a pulsed signal in which
each pulse has a width proportional to the width of a flaw
on the surface of the material scanned by said electron
beam, a source of oscillatory voltage, first counting means
for producing an indicating voltage in response to a pre-
determined number of oscillations from the oscillatory
voltage source, means responsive to the pulses in the
pulsed signal produced by said circuitry for coupling the
output of said oscillatory voltage source to said counting
means for successive time intervals which are proportional
to the widths of the pulses applied thereto whereby the said
indicating voitage will be produced when the sum of the
widths of the said applied pulses reaches a predetermined
amount, second counting means, means for applying said
train of square wave voltage pulses to said second count-
ing means whereby the counting means will produce a con-
trol voltage pulse in response to a predetermined number
of voltage pulses in the train of square wave voltage
pulses, and means for applying said contro] voltage pulse
to said first counting means to reset the same.
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