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ADSTRACT

The eddy current type flaw detector using a 60 cycle/sec exciting
frequency has been applied to the inspection of aircraft propeller blades.
The phase and amplitude sensitive vacuum tube circuit is described in
detail. A motor driven scanner with suitable scanning jig is described
for facilitating the scanning of the propeller.
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TNTRODUCTION

(1) Authorization

l. This problem was authorized Ly the Bureau of ‘eronautics
Project 39/L2 of June 25, 1941.

(B) s5tatement of Problem

2. To develop the eddy current type flaw detector and auxiliary
scanning apnaratus for apslication to the detection of flaws in pro-
neller bhlades.

(C) ¥novm Facts Bearing on the Problem

3. Three important factors commected with the freqguency of the
exciting current and the conductivity of the test material are:

(2). Sensitivity. In general, the higher the exciting
frequency and the greater the electrical conductivity of
the test material the greater will be the sensitivity of
the detector to flaws.

(b) Penetration. (Depth of flaw in the test material to
which the flar detector is sensitive.) The higher the
exciting frequency and the greater the conductivity of
the metal the less +rill be the nznetration.

(c) =dge effect. (The response of the detector to the

proximity of an edge or discortinuity in the test specimen.)

The higher the frecuency and the greater the conductivity of

the metal the less the edge effect.

L. Obviously, it is desirable to have hizh sensitivity, deep
penctration and small edge effects. A4s noted above a high frequency
inereases the sensitivity and reduces the edge effects but it also
decressas the penetration. DBecause tiwe conductivity of the material
and the exciting frecuency are both involved in these three imdortant
factors they mucst be considesred together.

S. Considering the cormaratively high conductivitr of the
2ludirun alloys used in alrcrait propeller blades, the folloing
conclusions are reaciied in regard to sensitivity, wenetration and
edgz affects as they ap)ly to nropeller blade insoection.

(a) Sensitivity. Decause of the good conductivity,
sufficiently high seansitivity can be achieved by the use’
of a 60 cycle/%econd excitin: frecusency.

ihe hich conductivity recuires a

(b) Penetration. 1
ing frequency to achisve rood

~

L
relatively low excit
senetration.

(¢) =dre effects. The exnected fatiyue crack in a
pronziler blade is a transverse crack some distance
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from the tip of the blade, therefore, it is usually
necessary to scan only in a direction parallel to the
edges of the blade, and it is not necessary to apnroach
vary closely to the tip of the blade. FHence, =dge
effects do not introduce comnlications even at a low
exciting freguency.

€. In visw of the above considerations and the fact that the
40 cycles/second source from the pover mains eliminates the necessity
of a vacuum tube oscillator, an exciting frequency of 60 cycles/
second is conveniently used for the flaw detector describad in this
renort.

7. To prevent a large shift of the zero reading of the micro-
armeter as the pickup unit is moved across the test specimen, it is
necessary to keep the face of the pickup unit as nearly as possible
parallsl with the surface ~hich is being scanned. The curvature of
the propeller blade requires that the pickup unit be free to orient
itself at any angle less than approximately 15° writh the vertical.
Uniform notion of the »ickup unit gives a characteristic deflection
of the meter so that it is easy to distinguish a deflection due to a
flawr from a random or background motion of the microammeter which
mirnt be oresent. These coumsiderations prompted the use of a motor
driven scanning jig for scanning the nropeller blade.

DESCRIPTION OF 4PRARATUS

(4) Pickup unit

8. The theory of the operation of the pickup unit has been
presented in the I'RL Renort i'o. 0-1683 and in the IRL Report o.
0-1337. The pickup unit used is shovn on Plate 1. The concentric
cylinders and cores for the nickup coils are made of hot-rolled mild
steel. The exciting coil has aporoximately 860 turns of o. 26
enamel covered copoer wire vwith a resistance of 2 oims and inductance
of 55 millihenries. Each >iclup coil has asoroximately 1250 turns of
No. 30 enamel covered wire with a (resistance) of 130 ohms and an
indvuctance of approximately 180 millihenries.

(2) Zxciting current

9. The stepdovm transformer Try sho'm in the diagram of
Plate 3 provides an exciting voltage of 10 volts which gives a 60
cycles/éecond excitine current in tiie pickup head of anoroximately
130 milliamneres.

(C) Detector circuit

10. Plate 2 gives a closeup vie of the detector unit. The
cosnlete circuit of the detector is given in the diagrams of .late 3
and the circuit constants on Plate L.



(1) Nature of pickup signal

11. The pickup signal from the pickup coils is the combination
of the voltages induced in each of the pickup coils. Because the
internal cylinder of the pickup unit does not give complete magnetic
shielding to the pickup coils from the exciting magnetic field, there
is a voltage induced in each of the pickup coils due to the exciting
field of the exciting coil. It is necessary that these two voltages
be 180° out of phase and equal in magnitude so that they will cancel
each other at least to the extent that the remaining signal is less
than the overloading signal of the 6SC7 vacuum tube. This signal
will be referred to as the residual signal. As the pickup unit
approaches a flaw in the test material the magnetic effects of the
unsymmetrical eddy current pattern in the material induces a voltage
in each of the pickup coils. These voltages are in phase so that
they add together. This signal due to the flaw is therefore super-
imposed upon the residual signal and it is imperative that these
combined signals always be less than the signal required to overload
the 6SC7 vacuum tube if maximum sensitivity is to be achieved. The
condensers Cy and Cp and the resistance Ry serve to adjust electric-
ally both in phase and amplitude the effective induced voltage due
to the exciting field so that the residual signal is well below the
overloading signal of the 6C7 tube.

(2) Phase and amplitude sensitive circuit.

12, The signal received by the 6SC7 is amplified by a factor of
approximately 33 and this tube also serves as a phase inverter to
apply the amplified signal in vpushe=pull to one pair of control grids
of the 6L7's. To a second pair of control grids of the 6L7's is
applied a square wave signal of the same frequency as the exciting
current and in phase with the flaw signal. This square wave permits
the tube to respond to the flaw signal only during that half of the
cycle in which it is positive. Plate 6 gives the relation betveen
the flaw signal applied to grid 1, the square wave cormutating
signal applied to grid 2 and the resulting plate current for each of
the OL7 tubes as the pickup unit approaches and recedes frou a flaw.
Thus, when the flaw is being approached, tube T7 has a greater plate
current during one half of the cycle than does Tp. This results in
a greater difference in potential between points A4 and B (Plate 3)
than between [ and C and hence point € is at a higher potential than
point A during this half of the cycle thus giving a deflection (let us
say) to the right on the microammeter ll. As the pickup unit recedes
from the flaw, tube T2 has a larger plate current during one half -
the cycle than does Ty vith the result that point A is at a higher
potential than point C during half of the cycle which gives a
deflection to the left. “hen the pickup is directly over the flaw,
the flaw signal is zero thus giving zero deflection of the micro-
armster. It is obvious that for greatest sensitivity the square
wave should be in phase with the flaw signal. The proper phase
relation is obtained by the phase shifting bridge composed of Ry,

R23, Rp),, and Cyg (Plate 3). The sine vave from the phase shifter
is given a square vave form by the limiting tube 6SFS5. This square
vave is then applied to the second pair of control grids of the 6L7's.
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The phase shift control R, , is mounted on the chassis and the
proper setting has been mage for maximum sensitivity.

(D) Automatic scanning

1. Plate 7 shows the scanner which is useful in explering
propeller blades. The two rollers, F, support the pickup unit and
jig and provide a small clearance between the face of the pickup
unit and the propeller. The pickup unit has freedom to tilt at any
small angle and the pickup unit can move vertically as a whole thus
permitting the pickup unit to follow the contour of the propeller
blade. In scanning a blade it is only necessary that the blade have
its longitudinal axis approximately parallel and on the same level
as the ways along which the scamnning jig moves. The scanning jig
has a sweep of 18 inches or less, the sweep length being determined
by the positions of the adjustable stops, A. At the end of the
sweep the motor is automatically reversed. Four inches of cross
motion of the scanning jig is possible by means of the hand screw,
B. T 2 slot, C, permits a movement of l; inches so a total of 8
inches cross motion is possible. The scamning jig moves with a
speed of about 12 inches per minute and it requires approximately
6 seconds for the complete deflection of the microammeter as a
flaw is traversed.

APPLICATION
(A) Edge effect

15, plate 8 (A) gives the deflection of the microammeter as a
function of the distance of the center of the pickup unit from the
edge of a plate. The curve indicates that the pickup unit can be
used to within 1 inch of the edge. It should be added that when the
scanning is parallel to an edge no response is given by the detector
to the presence of the edge.

(B) Typical response

16. Plate 8 (B) shows a characteristic deflection of the micro-
ammeter as a function of the distance of the center of the pickup
unit from the flaw. The automatic scanner requires about 6 seconds
to traverse the distance over which the pickup unit is sensitive.
This comparatively slow characteristic deflection due to the flaw
is easily distinguished from random movements of the microammeter
which might be present.

(C) Response to total and surface flaws

17. All the flaws considered in the following discussion are
longer than the diameter of the pickup unit. A total flaw is one
which completely severs the material under test. A surface flaw is
on the side of the specimen being examined but only partially severs
the test specimen. Plate 9 curve (A) shows the microammeter deflec-
tion as a function of the depth of the surface flaw. Curve (B)
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shows the microammeter deflection as a function of the depth of a
complete flaw. It is to be noted that a surface flaw of 7/8 inch
in dural is required to produce a deflection approaching that
produced by an infinite flaw whereas a total flaw of only 1/ inch
"will give a response approaching that of an infinite flaw. Curve
(A) indicates that a surface flaw 1/32 inch in depth in duralumin
can be easily detected if full sensitivity is used.

(D) Response to subsurface flaws

18. A subsurface flaw is a flaw that does not extend to the
surface of the material under test. Plate 10 shows the microammeter
deflection as a function of the depth of the flaw below the surface.
The curve indicates that a flaw 3/8" below the surface can be
detected if full scale sensitivity is used.

SUMMARY

19. An exciting frequency of 60 cycles/%econd has proven
suitable as well as convenient for application of the eddy current
type flaw detector to inspection of aircraft propeller blades. A
vacuum tube circuit sensitive to both phase and amplitude changes of
the pickup flaw signal with good stability and sensitivity has been
presented. A motor driven scanner which moves the pickup unit with
uniform speed and a scanning jig which keeps the face of the pickup
unit parallel to the surface being scanned has been found useful.

20. It is shown that an edge or discontinuity in a duraluminum
test specimen causes a deflection of the microammeter if the center
of the pickup unit approaches within 1 inch of the edge. It is
estimated that a surface flaw 1/32" deep or a subsurface flaw of
large magnitude 3/8" below the surfacecan be detected in 2l S-T
dural. These values will be different for materials of different

electrical conductivity.
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APPENDIX

Operating Instructions for NRL Model No. L, Eddy
Current Type Flaw Detector with Automatic Scanner.

Connections
etsiintitediviebutad

1. Connect the cable of the pickup unit to its connector on the
panel.

2. Viith the power switch off, connect the detector to 110 volts
a.c. at the indicated connector on back of cabinet.

3. Best stability of the apparatus is obtained if the cabinet is
connected to a good ground.

Adjustment of Scanner

L. Place the pickup unit in the jig, E, (Plate 7) on a plane
surface and adjust the pickup unit so there is a clearance of
about .002 inch between the face of the pickup unit and the plane
surface when the rollers, F, are touching the surface. A sheet

of paper provides a convenient guage for adjusting this clearance.
It is very important that the pickup unit be placed in the jig so a
plane passing through the two inside pole pieces is parallel to the
direction of motion of the scanner.

5e At the start of a run it is convenient to have the cross feed
screw, B, and the adjustable slot C so the pickup unit is as "'close
in" to the ways of the scanner as possible,

6. Clamp the cable D in the manner indicated in Plate 7 so tilt-
ing of the pickup unit will not be hindered by the cable.

7. Place the propeller blade on supports which put the axis of
the blade approximately parallel and on a level with the ways of
the scanner. At the start the pickup unit should be about 1/2
inch from the edge of the blade nearest the scanner.

8. Set the stops, A, for the desired length of the sweep of the
scanner. The motor will automatically reverse when the carriage
reaches these stops.

9. Connect the motor to 110 volts a.c.

Operation
e

10. Make certain the switch S3, Plate 2, is in the position
pointing to Meter unless an external meter is being used.

11. Set the Sensitivity control Cp at zero.
12. Throw the power switch Sy to QN position. The pilot light,
P.L., should be lighted. Allow at least two minutes for the

apparatus to warm up.

Appendix A ~ Page 1



13. Turn the Sensitivity control C» to position 1 and then by
means of the Zero Adjuster adjust the microammeter to the zero
position.

1. The sensitivity control may now be turned up to any desired
value. Plate 5 gives the relative sensitivity as a function of
the position of this control.

15. Start the motor. It is suggested that in making the run the
pickup unit be moved crosswise of the blade 1/2 inch each time
the motor recverses. This is accomplished by 12 turns of the hand
screw, B. This screw provides a total cross motion of L inches.
The screw can then be run back and the scanning jig moved cross-
wise in the slot C, thereby allowing the scanning jig to be moved
crosswise an additional L inches by means of the hand screw. An
area 8 x 18 inches can thus be explored. At the speed which the
motor drives the scanner it requires 25 minutes to scan such an
area in this manner.

16. The characteristic deflection of the microammeter as a flaw

is traversed is given by Plate 8 b. The center of the pickup unit
is directly over the flaw when the meter goes through the zero point.
Approximately 6 seconds are required for this deflection as a flaw
is crossed by the motor driver scanner. Thus, a deflection due to a
flaw can easily be distinguished from random background movements.

17. It is suggested that full sensitivity be used in scanning a
blade. If a flaw is encountered which deflects the microammeter
off scale, the operator can immediately turn the sensitivity down
so this deflection remains on scale. Plate 8 gives an estimate of
the deflection to be expected for various surface and subsurface
flaws. One typical surface fatigue crack in a propeller blade was
found to give a full scale deflection at a sensitivity of 2.

18. It may be necessary occasionally to reset the zero of the micro-
ammeter as the pickup unit moves to thicker or thinner portions of
the blade.

Remarks

A varying line voltage of the power line will cause instability
of the microammeter, therefore, a steady line voltage is necessary.
If a voltage regulator is used it is essential that it be of such a
type that i will give a good sine wave form as a poor wave form
greatly reduces the sensitivity and stability of the apparatus.
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M = Megohm
X = Thousand Ohms

Ry - Depends on pickup unit

Rp, Rl> R ~ Ol M

R11s R12, R19, R25, Rpg = 1.0 M
RS, R7 - 0.27 M

R8; R21 - 8-2 K

Ryg - 120 ohms

R13s Ryg, K18 - 10K

Ry), - 25 K W.W. Pot.

R3, Rl - 1 K

R4 - { x wi. pot.

Rpg - 25 K

Rpp, R23 = L70 ohms

Rp), - 10 K VW.W. Pot.

Rog - 2M

Rg, R27 - 47K

Cys Cp - Depends on pickup unit
Ch) Cp - 0025 mfd.

Cg - 5O mfd.

C7, Cg, Cg = 10 mfd, L50 V electrolytic
C3s Cy] - 8 mfd, LSO V electrolytic
C10 - +5 mfd.

Ci2 - .01 mfd.

Try - Thordarson T-70R21

Tro - Thorddarson T-13R19

Tr3 - RCA 9632

CH} - Thordarson T-13C28

CHp - Kenyon T-157

T, T2 - 6L7

T3 Lol 6SC7

T}, - 5Y3G

Tg - VR150/30

Tg =~ VR105/30

T7 - 6J5

Tg ~ 6SF5 .

F - 2 ampere fuse

P.L. 2.5 volt pilot light

Circuit Constants for Detector Circuit

Plate I
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