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ABSTRACT

An Instrument was developed to detect cracks
within 1/8 inch of the surface of cylindri-
cal uranium fuel slugs. The instrument meas-
ures changes 1n eddy currents that are in-
duced at a frequency of 2 KC.
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MUTOR"FOR SUB-SURFACE MRACKS

JNCLASSEFIED
INTRODUCTION ,

L=

A crack. in a ecylindrical uranium slug may produce a
failure under the conditlons of pile irradiation; therefore,
a non-destructive method of det?cSing gsuch cracks 1s de-
sired. Previous work by others{l) had indi?aged that a
commercial instrument called the Cyclograpn!{2) could be used
to detect sub-surface cracks. However, the poor response
of the instrument at low frequencles limited the depth of
examination in the slug. This report covers an adaptatilon
of the Cyclograph that is not subject to the above limitation.

SUMMARY

An Instrument was developed to detect cracks in bare
¢ylindrical uranium slugs. Eddy currents are induced in the
slug by passing it through the coils of an oscillator operat-
ing at 2 KC. Cracks or inhomogeneities in the slug change
the magnitude of the current flowing in the coils by inter-
fering with the eddy currents. The change in current is
amplified and presented on a recorder. An initial evalu-
ation of the instrument verified that it detects sub-surface
§ra0k3.6 A more complete evaluation 18 forthcoming 1in Report

o. DP-6OT.

PATENT STITUATION

The Cyclograph is covered by Patent No. 2,477,384, dated
July 26, 1949.%3% The detector for sub-surface cracks does
not appear to infringe any of the claims made in the Cyclo-
graph patent.

onmmmmmm  UNCLASSIETET
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GENERAL THEORY

| The detector for sub-surface ¢racks 1s basically a

i sensitive push-pull oscillator of which the test colls are

a part. Its operating frequency 1s determined by the test
colls, which are wound for the desired frequency. When

the osgclillator 1s operating, a magnetic field 1s set up 1in
the test colls, Under thils condition, both the energy output
of the oscillator and the amplitude of oscillation are con-
stant. When a uranium slug 13 placed in the test colls, the
magnetic field induces circumferentlal eddy currents in the
8lug, the magnitude of the eddy currents belng dependent upon
the conductivity of the slug and the frequency of oscillation.
The 1nduced eddy currents cause energy to be lost from the
oscillator, due to IR losses, and change the amplitude of
oscillation. The energy losses may be so large that the
positive feedback must be increased in order toc maintain
caclllatlion. The energy losses change the effective imped-
ance of the test colls.

If the uranium slug is homogeneous throughout 1ts entire
length, the slug may be moved back and forth within the ceoils
without affecting the amplitude of oscilllation. At the
location of a crack, the conductivity of the sample 1s
changed, eddy current losses are less, and the amplitude of
¢sclllation increases. Thils increase 1is recorded as a
deviatlon from the almost straight-line response given by a
nermal, uniform slug.

The c¢oll arrangement used 1s most senslitive to open
longitudinal cracks. Seams, short or shallow flaws, small
radlal cracks, and pinholes affect the circumferential
currents to a lesser degree, and the resulting field dis-
tortion produces relatively small changes in the amplitude of
oscillation.

The fregquency 1s chosen so that the effective depth to
which the eddy currents penetrate 1s sufficient to detect
cracks that lie within 1/8-inch of the surface. The depth
at which the magnitude of the current decreases by a factor
of 1/e, or about 36.9 per cent of i1ts value at the surface,
is given approximately by,

d=_1.

- QquU
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conductivity in mhos/meter = 3.47 x 100 mhos /m

permeabllity in henrys/meter = 4 x 10~7 henry/m

frequency of oscillation in cycles/second = 2000
cycles/sec

effective depth of penetration = 6.12 x 103
meters (= 0.24%1 inch.)

where:

nah

o]
H
iy
4
Thus, the depth of penetration 1s sufficlent to give good

sensitivity to defects occurring within the first 1/8-inch.

INSTRUMENT CIRCUIT

Figure 2 is a circult diagram of the electronics with
the exception of the Brown recorder. The assembled equlpment
is shown in Figure 9.

Description

Power Supply The power supply consists of a conven-
Tional full-wave rectifier with an output of 380 volts
under load. There 1is also a regulated 220-volt output.

Oscillator The oscillater, of which the detecting test
coils are a part, is a push-pull oscillator. The coils
are bifilar wound with 400 furns of No. 36 Formvar
coated wire. Coll specificatlions appear in Figure 3.
These colls give a frequency of operation of approxi-
mately 2 kilocycles.

Cathode Follower The cathode follower acts as a buffer
stage between the oscillator and the amplifier.

Amplifier The amplifier consists of two 6V6's in push-
pu%I.

Detector The output of the amplifier 1s fed to =z
balanced detector. Two 6H6 tubes are used for this
purpose.

Second Cathode Follower The second cathode follower .
Berves as a bulfer between the detector and the recorder.
One-half of the second cathode follower output stage 1s
used to supply a reference voltage so that the output
may be adjusted to buck ocut most of the DC component.

Recorder The recorder (Model No. 153X1BV-X-118N4) 1is
a Brown recorder with a l-second response and a chart
speed of 8 inches per minute.

SHCLASSIFIED
el
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Initial Adjustments '

Feedback Controls The coarse feedback control (refer
To Figure 10) consists of two ganged swltches. It
controls the amount of positive feedback in the oscll-
lator section of the c¢ircuit. This 1s a chassis ad-
Justment, not avalillable to the operator.

The filne feedback control 1is a 10,000 ohm helipot
common to the cathode circult of each triode sectlion of
the 63N7 oscillator tube. It is an external control
located on the front of the upper panel.

Chassis Adjustments (A11 chassis adjustments are made
before Installation.)

a. 2,000 ohm pot - this allows the bias of one of the
BVE tubes to be adjusted so that the pair may be
balanced.

b. 100,000 ohm pots --these two ganged pots provide
gain control. They control the input to the 6V6
tubes.

¢c. 200 ohm pot - this pot adjusts the DC output of the
cathode follower so that the range of the recorder
(0-100 millivolts) 18 not exceeded. Thils pot 1s
a sensltivity control and may be adjusted, 1if
required. Too much sensitivity, however, increases
Instablility and does not improve the indication
caused by a crack. _

d. 500,000 ohm pot -~ this pot controls the amount of
regulated output voltage. It is adjusted to give
220 volts in the output of the regulator. (Refer
to Figure 11.)

Assoclated Equipment In addition to the electronlec equlp-.
ment, a semi-automatic feeder,designed and bullt at ANL,

was provided to feed the slugs through the toncentric coil
at a uniform rate. The feeder with the coil assembly in
place 1s shown in Figure Q.

Operating Instructlons

Termlnals

a. Input The input terminal to the oscillator (refer
gure 1 for a block diagram of the instrument)
1s a Jones plug located on the front of the top
panel. The test colls supplled wilth the instrument
are plugged into thils Jones connector. The test
colls must be firmly connected to the input cable.

GUCLASSIFIED
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Qutput The output terminal from the detector 1s
Tocated on the back of the chassls of the top panel.
The oufput terminal should be connected with the
proper polarity to the input terminal of the Brown
recorder.

Starting Procedure

Q.

h.

There are two power cables at the back of the cabil-
net. One cable supplies power for the Brown recorder
and the other cable supplies power for the remaining
circultry. Plug both power cables into a nominal

115 volt, 50 to 60 cycle power line.

Insert a slug in the coils. The colls should be
about half-way between the ends of the test sample.

Throw the power switch to the "on" position. This is
the sole swlitch on the flrst panel above the Brown
recorder.

Open the recorder door. There is a knob to the

right of the chart paper.: Turn thils knob counter-
clockwige and pull. Almost the entlire recorder
agsembly swings out of the case. At the back of

the recorder assembly, there is a swltch on the far
right Just below center. Throw this switch to the
"on" positlon. Swing the recorder assembly back Into
position and turn the knob mentloned above in a
clockwlise dlrection to lock the assembly 1n its case.

Allow several minutes for the equlpment to warm up.
Although the unlt can be used after 2 or 3 minutes
of warm-up, it 1is desirable to allow about 10
minutes warm-up time, if possible.

Throw the swltch on the front of the recorder
assembly to the "on" posltion. This switch is
located on the right of the chart paper.

Adjust the knob on the top panel until the recorder
pin 18 in the center of the thart paper. The
crack detector 1is now ready for operation.

Wlth the coll properly adjusted in the feeder, start
the feeder by turning the swiltch located on top

of the metal box on the feeder. Run the slugs
through the concentric coll, end to end, allowing

as 1little air gap as possible between adjacent slugs.
This reduces end effects. Choose one slug as a
standard. Run this slug through the coil periodi-
cally to make sure the instrument is stable. (Refer

s

UHCLASSIFLED
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to the discussion below--for an analysis of the
recordings.)

INITIAL RESULTS

Of the approximately 500 slugs run through the
ingtrument, 12 slugs were chosen for further examination on
the basis of deviations from the response given by a
normal slug. The 12 slugs were retested three times and
three were chosen for sectloning on the basis of their pro-
nounced deviation from the nearly stralight response given
by a normal slug. Filgures 4, 5, 6, 7, and 8 present strip
chart recordings and photographs of the cracks. Slugs B,
F, and G were chosen for sectioning. Slugs A through E gave
almost identical chart indications. One of these slugs (B)
was . sectioned to determine the cause of the six peaks. The
position of each peak was measured from the numbered end on
the chart paper, and the position along the length of the
slug corresponding to the peaks was marked using the
conversion factor,

the length of the slug
length of chart 1ndication for that SI_g

The other two slugs were marked in a similar manner for their
gingle indicationas. In the eight sectlons that were made,
only four defects were actually found. The four cuts which
revealed no defect were four of the s1x made on Slug B.

It cannot be s8aid concluslvely that there were no cracks

at the location where the sectlon was made because the crack
may have been destroyed or missed in the sectloning process.

A more extensive evaluation of the 1nstrument can be
found in DP-67.

E. Goodwin
Instrument Development Dlvision
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SLUG 6519-2-25 SECOND DEFECT FROM
NUMBERED END MAGNIFIED 250 TIMES
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SLUG 6519-2-25 THIRD DEFECT FROM
NUMBERED END MAGNIFIED 250 TIMES
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APPENDIX

MAINTENANCE

‘ No special maintenance 1s required. All maintenance and
servicing is done with ordinary laboratory. tools. The tubes
should be tested periodically. 1If the 6V6is are replaced, it
may be necessary to adjust the 2,000 ohm potentiometer to bal-
ance them. . This is done by placing the circuit in operation
and observing independently the wave-forms across the 3G,000-
ohm resistors that serve as plate-load resistors for the
6V6's. This must be done wilth a scope which has an above-
ground input. The two wave-forms should be of the same
amplitude and undistorted.

The Brown recorder contains a dry-cell battery which must
be replaced periodically. Exhaustion of the cell 1is indicated
by a pointer on the left side of the recorder.

Defective components can be localized by making routine
voltage checks using the circult diagram shown in Pigure 2.




