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ABSTRACT

An experimental helicopter blade bonding inspection
device was developed and tested on various representative
samples of blade construction. The data accumulated Trom
these tests provided a technical basls upon which the
specliflcations were written for a portable field-type
device to detect nonhomogeneity in helicopter blade bonding.



PURPOSE

The purpose of this task assighment was to develop
speclifications under contract with the 0ffice of the Chief
of Army Transportation to form a guide for the construction
of a prototype army hellcopter blade bonding inspection
device.

SUMMARY

This report describes the development of specificatlons
for a practical, nondestructive field testing device for in-
specting adhesive-bonded helicopter rotor blades and other
8lmilar adhesive-bonded airecraft structures.

An experimental device called a Flawmeter was
developed to determine the practicability of such an in-
strument, and to obtain technical background information
which could be used for preparing specifications for pro-
totype equipment. The universally used coln-tapping method
of locating flaws 1n adhesive-bonded structures formed the
basis for the development of the Flawmeter. Coin-tapping
is simple and fairly reliable, but 1t 1s limited to use in
gulet locatlons, and the results are only qualitative.

The difference in the coin-tap sound for good and for
poor bonds, so readily dlstinguished by the human ear, was
analyzed. From this analysls, a preclsion, electronic
tapplng device with a meter indlcator or Flawmeter was
designed and bullst.

In a series of tests using the experimental Flawmeter
on seven representative structural test panels, not only
were the poorly bonded areas correctly lndicated, but the
vagaries of adhesive f{low and differences 1n struetural
splidity were clearly indicated, thereby demonstrating the
practicablility of using the Flawmeter as a field testing
instrument.



INTRODUCTICN

Under contract with the OffLce of the Chief of Army
Transportabtion dated December 11, 195, the Civll Aeronau-
tiecs Administration (CAA) Technical Development Center
(TDC) undertook the development of specifications for a
field-type device for inspecting helicopter rotor blade
bonding. A three-phase program was established (1) to
investigate methods for nondestructive testing, (2) to de-
velop specificatlons for a testing device, and (3) to de-
velop a prototype testlng instrument. This report covers
the second phase of the program. The first phase of the
program 1s described 1n a previous report.l

The 1nvestigation conducted i1n the first phase of the
program revealed that there were two practical methods of
testing adhesive bonds: (1) by means of ultrasonies, and
(2) by coin tapplng.2 These metheds are not readily adapt-
able to field use. The ultrasonic egquipment 1s large and
the 1ndication of areas of poor bonding is complex. The
coin-tapping method 13 dependent on aural interpretatlon
and therefore, 18 subject to scund interference and differ-
ences 1n individual hearing and Jjudgment. To produce a
usable field testing device, 1t appeared that the most prac-
tical approach would be to develop a device based on the
coln-tapping method but which can present reproducible,
precise 1ndicatlons of the bond guality

The requisites for such indications are (1) at least
one digcrete difference i1n the tap sound between a good
bond and a poor bond or void area, (2) exact reproducibility
of the tap sound at a sufficiently high rate to give the
effect of a periodic or continuous sound, thereby giving a
steady response on a meter-indicator, and (3) to be
practical for field use, the device should be rugged and

lRobert ¢. Mulvey and Marion J. Arvin, "Some Methods
Tfor Inspecting Adhesive-Bonded Joints in Helicopter Rotor
Blades,"” Technical Development Report No. 371, September
1958.

“Ultrasonic test devices use an oscilloscope display
of differences in waveform, reflected from a crystal probe
held against the surlface to be tested, to indicate bond
guality. Coin-tapping lnspectlion 1s done by tapping the
surface over the bond with the edge of a half-dollar or
similar object. The difference in the tap sound over good
and poor bonding 1s distinguishable.



compact, nave low power drains, and be relatively free from
cffects of extraneous nolse

In undertaking the stuvdy, 1t was decided first to
determine the difference 1n tap sounds over good and poor
bonds, and secondly, to determine the reproducibility of
the sound waves From these data, 1t was believed posslble
to develop a circuit for distinguishing or i1ndicating the
gquality of the bond.

CHARACTERISTICS OF TAP SOUNDS

In the first phase of this program,3 seven test panels
were burlt with known areas of poor bonding or voids to
proviae accurate, known conditions of bonding or lack of
bonding in various types of structure, See Fig. 1, where
the areas of poor bonding in several structures are oub-
lined. The most prominent areas of poor bonding or voLds
under thin cover gheets could bte located readily by coin-
tapping. These panels were used 1n the investigation and
develcpment of the experimental device described in thuis
report Panels 2 H, and 5 were used to provide clear-cut

indications of bond quality.

During the first pnase of the program, tests were
conducted with electrically driven, continuouvs bubt erratic,
tapping devices. The sound caused by the tapping was piclked
up by a microphone, amplified, and fed to a voltmeter that
tndicated the amplitude of the sound These tests showed
that there was some, but evidently unreliable, relat.on
between the amplitude or loudness of the tap sound and the
condition of the bond. Therefore, 1t was decided to 1n-
vestrgate the exact difference 1n tap sounds as heard and
Interpreted by the ear between areas of good and poor
bonding. For this purpese, 1t first was necessary to
devise a means of producing taps of exactly the same impact
force and of exactly the same duration of the tapper dwell
cr contact time on any surface beiLng struck. An approxi-
mation of tapper dwell time, in hand coin-tapping, was
found to be 5I milliseconds.

An electronically controlled, single-tap device was
designed and burlt see Fig. 2 With thls device, the tap
force and the duration of tap dwell could be controlled by
adjustment of the timing capacitor, as shown in Fig. 3 A
tap was produced for each push on the contrcl-switch button.
In operation, the button was released to discharge the

3Mulvey and Arvin, op c¢1it.



capacltor beforc ancther tap was produced Starting with
the S3-millisccond value, 1t was found that the tapper

dwell time should be as short as practicable. The sound of
the single taps of the device was picked up by a microphone
and fed to an oscilloscope. The oscllloscope tTrace was
triggered by the tapper control switch, so that pressing the
switch button started both the trace and the tap
simaltaneously.

The oscilloscope dlsplays of typical sound waves as
shown 1n Tig 4A and 4B 11lustrate tap sounds over good
bonding, Fig. 4A, and over poor bonding, Fig. 4#B. It will
be noted that the trace in Fig. 4A shows an essentially
constant frequency of 2,500 cycles per second (cps), whereas
the frequency of the trace in Fig. 4B decreases as the wave
dies away. The trace pattern over a void area, as shown in
Fig. 4B, 1ndicates & beat between a low freguency and the
higher impact Trequency, thereby producing the notched ap-
pearance to the sound wave. The readily measurable ampli-
tudes of the sound wave of a nondestructive tap are seen to
have a duration of approximately 8 milliseconds. The dif-
fercnce in sound between the waves in Fig. %A and 4B, as
heo | by the human ear, is that the sound caused by poorly
bondcd or voiLd areas causes an admixture of lower tones to
follow the lnitial i1mpact sound. The resulting damped
gsound waves were reproduced precisely with each tap. It
was apparent that a tapper driven to strilke at the end of
the decay of each preceding tap sound wave, that is, every
8 milliseconds (125 taps per second), would produce a peri-
odic train of damped waves whlch could be analyzed, and with
surtable circuitry, 1ndicate the difference between good
and poor bonds or void areas.

An experimental Tapping device suitable Tor operation
at the desired frequency of 125 taps per second was de-
slgned and built using a tuned steel reed carrying a hammer.
A rectangular wave driver was used to provide a sudden ap-
plication and release of the hammer. The rectangular wave
for the draiver was derived from a transistor multivibrator,
amplified, and applied to the coil of the reed-type tapper.
See Fig. S5A. This tapper was 1improved by substituting
wheels for the back skids, and a nylon foot in place of the
screw, as shown in Fig. 5B. The precise drive and resulting
exact duplication of the sound waves, obtained with the
electronically driven tapper, are shown in the three sepa-
rate exposures, taken 1 minute apart, in Fig. 6. The pulse
that draives the reed 1s applied after the reed hammer has
struck the surface. This phase shift gives the most
vigorous reed swing. The exact Time of each wave trawn 1s



7.8 milligeconds, with power on for 3.5 milliseconds. Fach
division in Fig. 6 represents 2 milliseconds.

The hammer dwell tlme for the reed-type tapper 1s
shown 1n Flg. 7A and 7B. Fig. 7A 1llustrates the short
dwell over a flrm structure (No. 5 panel), the dwell time
being approximately 0.8 millisecond. Fig. 7B rllustrates
the dwell time over a loose surface facing within the square
area of the No. 5 panel. The hammer dwell time 1increased,
due to yielding of the metal, to approximately 3
milliseconds.

INDICATOR

The characteristic difference in the sound waves
between good and poor bonds was shown to be an admixture
of lower freguencies of relatively high amplitude as the
bond deterliorated. Over a good bond, the resulting sound
consists of short (approximately 2-millisecond) bursts
spaced approx.imately 6 milliseconds, but over a poor bond,
the sound wave wlll be almost continuous due to the low
frequencies of high amplitude that follow the impaect. This
would i1ndicate the need for an indicator circuit in which
the output current or voltage developed by the damped sound
wave Input would be proportional to the decrease 1n
frequency.

The circurt developed for the Flawmeter makes use of
the difference 1n the amount of sound fill-in of the O-
millisecond time Intervals. A microphone converts the
sound 1into electrical pulses, and the current i1s fed to an
electric meter. Over a good bond, there 1s only the tap
impact sound, followed by 6 milliseconds of silence. This
condition will give a very low total average current for
the time period, but over a poor bond, the sound is almost
continuous, giving a large total average current for the
time period. A caircult is arranged to integrate or average
the sound.

The circuit used i1n the experimental Flawmeter is
11lustrated in Fig. 8, where ¢ and R form an integrating
clrcuit. The diodes, Pl and D2, serve as an automatic
swlteh, sending the plus polarity half-pulses to ground
through D2 and the negative polarity half-pulses charge
capacltor C through D1. Capacitor C can discharge only
through the resistance R and the small resistance of the
base-to-emltter of the transistor VT1l, thus causing the
meter M to deflect in accordance with the average charge
and discharge current of C Hence, over a good bond, when

6



the sound waves are composed of pulses separated by about

6 milliseconds, the meter will read low, whereas over a poor
bond with almost continuous sound pulses, the meter will
read full scale.

The requisite for use of the integrating circult is
that the amplitude, or volume, variation of the sound must
be elliminated as much as possible so that only the frequency
or pulse difference remains. The sound receilved at point A
of Pig. 8 1s shown amplified in Fig. 9A, however, the ampli-
fication i1s not as great for Fig. G9A as 1t is 1in Fi1g. 9B,
as will be nnted by the difference in the indicated limting
levels. The sound is both amplified and limited, in ampli-
tude, in the transistor amplifier of Fig. 8, as shown in
Fig. 9B. The sweep rate for the oscilloscope writing beam
for the pictures of Flg. O was 5 mllliseconds per centi-
meter, which 1s the distance between the grid lines.

Fig. 10 1llustrates the meter used to 1lndicate the
conditions of the bonding. Jector 0 - 3 of the meter 1s
colored green for good, sector 3 - 6 1s colored orange for
poor, and the final sector, 6 - 10, is colored red for very
bad. The larger the readlng, the poorer the bonding. Any
upscale movement of the meter needle indicates a decrease
in bond quality. Over box-type structures, the needle reads
higher because of the open or vold condition of the box;
however, the meter will indicate a poor bond over such a
box section by a slight rise above the baslc reading for
the good box section.

An 1nvestigation of a direct frequency comparison
circult also was made. The c¢lrcuit 1s shown in Flg. 11A.
The component values were assignhed for a frequency differ-
ence of 2,000 to 500 cycles per tap sound. The test setup
for the circult 18 shown in Fig. 11B.

A level of 12 volts was malntained at the 1lnput, and
the frequency was varied from 4,000 cycles down to 200
cycles, and the output voltage read on the vacuum tube
voltmeter

Frequency Volts Output
cps
4,000 2.8
2,000 2.9
1,000 3.35
500 3.95
100 4.1
200 h.95



The results obtained with the circuit of Fig. 114, as
compared to the counting type of indicator circuit actually
used in the Flawmeter, produced a more sharply defined in-
dication on test panel No. 5 (Fig. 1) but not as good an
indication when used on the heavy steel test panel, No. 2.

It has been noted that both the 1lmpact and lower followlng
frequencles over poor honding on test panel No. 2 were higher
1n freguency than those obtained on test panel No. 5. The
direct frequency comparison circuit should be 1nvestigated
further.

CONSTRUCTION OF A PRACTICAL TEST DEVICE

a. Reed-Type Tapper: The original reed-type tapper,
shown in Iig. 5A, was evolved from a Mallory autoradio vi-
brator, which 1s designed to vibrate at 115 cycles or 115
taps per second. The vibrator was dismantled, the contacts
removed, and the drive coil was rewound with the coil in-
sulated from the frame, using Mallory speclfications of
2,788 turns of No. 35 enameled copper wire. The insulating
reed support stack was replaced with steel to gilve a better
magnetic clrcult. A clamping plate was used on both sides
of the reed, as a crude adjustment for the active reed length,
to tune the reed for the best swing. A4 flathead, l/B—inch by
1/2-inch, anodized, aluminum rivet was bonded to the center
of the reed weight, and the small end of the rivet slightly
rounded off as a hammer face. A hole was punched in the reed
to allow the tap sound to impinge directly on the microphone.

The original three-skid-type supports gave squeaks
which were eliminated by using wheels at the rear and a
Teflon skid 1/2-inch behind the hammer. The skld being so
near the hammer slightly damps the higher frequency lmpact
sound of the hammer but does not interfere seriously with
the total sound. The close location of the skid to the
hammer was found to be necessary to allow the hammer to
follow concave surfaces.

b. Draving Circuit: The transistor multivibrator and
draiver circult were developed empirically. Formulations
for such caircuitry have not yet been developed A Type
2N109 transistor was chosen for 1ts hlgh current rating,
necessary for quick switching and good rectangular wave-
form. The CK722 coupling transistor reduces the load on
the multivibrator and provides the base current necessary
to drive the 2N270 output transistor.

The accuracy of the Flawmeter depends on the precisely
spaced taps. This precision 18 obtained from a resistance-



capacitance tuned multlvibrator, the tuned steel reed, and
proper adjustment of the length of the drive pulse. The
resistance values of the multivibrator were adjusted to the
point where any combinatlon of two out of six 2N109 tran-
sistors could be used. The coupling capacitors were chosen
Ffor their low temperature coefficient.

It was found that the apparent limits for the spacing
of the taps was 7 to 10 milliseconds. Although one speed
change was caused by a transistor failure and several in-
terruptions were caused by steel particles, plcked up by
the reed and magnet, very little trouble was encountered
wlth the tapper. For the flnal field device, the multi-
vibrator circultry will need revising to provide for
temperature stabillzing of the transistors,

¢. Microphone: A suitable, very small, directlonal
microphone to pick up the sound of the taps proved a diffa-
cult problem, not only did 1t have to be small, but also
capable of being mounted near the hammer so as to exclude
extraneous noise and pick up only the tap socund. The an-
swer to this problem was the use of a dynamic-type earphone
from a hearing aid, mounted in foam rubber.

The magnetic field of the driver coll affected the
microphone, until 1t was mounted above a steel plate over
the frame of the vibrator. See Figs. 12 and 13. The
dynamic-type microphone i1s preferred to a crystal, as 1t is
much more weatherproof.

d. Amplafier It was declided to build a compact
hand-held device for the test work. This limlted the space
avallable for the amplifier-voltmeter. Only half-watt size
resistors and 1N38A diodes were avallable for the initial
work. The rather large size of these units further re-
stricted the space and necessitated the most simple form of
circurtry. A suitable limiting transistor amplifier was
empirically designed, using an oscilloscope to deftermine
the resistance values required to give the necessary amplil-
fication and 1imiting. The values chosen gave the required
actlion, but operated the transistors at such low current
and voltage values as to give trouble. Some 1nvestigative
work had been done on properly stabllized transistor
circults but the required limlting actlion was difficult.
The output of a simple transistor-balanced voltmeter circuit
was used to drive the indicating meter. Detalls of the
experimental assembly are shown in Figs. 14 and 15.



One amplifier may not cover the range of light to
neavy panels without some form of volume or sensitivity
control The amplifier might be placed in the carrying
case, but this requires a multiwire cable with the micro-
phone wires shielded. Therefore, all of the circuitry was
buirlt Lnto the tapper-indicator unit and only batteries are
located 1n the carrying case. The complete experimental
Flawmeter including the carrying case 1s shown in Pig. 16.

TEST RESULTS

The seven test pannels shown in Flg. 1 were constructed
to duplicate the wvarious types of structure used in heli-
copter blades. The areas outlined in white were Intended
as known areas of no bonding, however, the bonding material,
being a viscous paste, flowed 1nto some of the areas where
no bond was intended. The bonding materiral 1s transparent
to X-rays. Therefore, 1n hidden places, there 18 no sure
way to ascertain the exact boundaries of the unbonded
areas, Where the unbonded areas can be seen or probed from
the outside, the readings of the Flawmeter check correctly.
Therefore, the Flawmeter readings should be considered as
being correct in all places. The characteristic of the
Flawmeter 1s that 1t indicates the relative solidity of
the structure beneath the hammer

A1l test readings were made with the test panels lyilng
on fecam rubber 1 inch thick. The foam rubber insulates the
test panel from the sound absorption of a hard bench top.
It 18 not necessary {o use the Toam rubber when the struc-
ture being tested is suspended as a helicopfter blade would
be. Succegzgful tests also were run on a blade sectlon
lying on corrugated cardboard box material.

a. Panel No. 1- Panel No. 1, Fig. 17, was prepared to
determine the depth of penetration of any test device. It
18 constructed of alclad aluninum alloy. In constructing
panel No 1, the two facing sheets first were asscmbled to
the ribs. Bonding material was applied to all the surfacec
of the top facing sheet except 1n the void areas, then a
sheet covering the entire area of the facihg sheet was laid
down. On panel No,., 1, the vislble part of the first cover-
ing sheet 1s marked step 1. Succeeding sheets, each 1 1/2
inches shorter than 1ts predecessor, were well bonded to the
next lower sheet so as to form a series of steps or incre-
ments of .018-1nch thickness of metal plus the thickness of
the bonding material.

10



The numbers on panel No 1 in Fig. 17 are the Flawmeter
rcadings. The higher the reading, the poorer the bonding cr
colidity ol the gtructure. Note the horizontal row of
figures on step 1. The readings over the hollow structure
are much higher than the two readings over the ribs. The
upper horizontal row of figures on step 8 shows that the
meter i1indicates a lack of sol.dily caused by the edge of
the structure. The dotted outlines clearly .ndicate actual
vold areas in the bonding beneath step 1.

Undoubtedly, the bonding material flowed under
pressure, departing from the planned positions shown by the
solid outlines The results shown on Fig. 17 1indicate that
the light tapping experimental Flawmeter i1s limited to a
thickness of s1x or seven layers of .0l8-inch aluminum and
bonding material.

b. Pancl No. 2 (Fig. 18): Test panel No. 2 was
constructed the same as panel No. 1 with three exceptions:
the ribs of the base are parallel wlth the steps, the mate-
rial of the test panel 1s stainless steel, and adhesgive
tape was used. Oraiginally, the tesf panel had eight steps,
but the eighth step was ripped off during the first phase
of this project. The dotted outlins shows the ftrue areas
of poor becnd. The adhesive tape could not have flown or
changed posttion during construction, therefore, abnormal-
ities, namely, the reading of 4 in the upper right-hand
corner of the upper dotted outline, the reading of 9 1n the
lower right-hand corner of the lower dotted outline, and the
two readings of 4 1in the center of step 4, all may be due
to poor bonding between steps and outside ol the intended
vo1d areas. The Flawmeter will not differentiate i1n depth
of location of a poor bond or void 1n multilaminate
structures, but 1t will detect a void.

All of the following panels, Nos 3 to 7, lnclusive,
were tested with a 120-ohm shunt on the meter to reduce
sensitivity

c¢. Panel No. 3 (Fig 19). The interesting points

brought out 1n the readings on the steecl panel, No. 3, are
the 10 plug readlngs, meaning off-scale, obtained over the
hollow box structure as compared to the low readings of 2
over well-bonded rib parts. The rectangles marked on the
panel show the areasg of intended void, no bond condition.
Note the intrusion of the bonding material Lnto the lower
end of the left-hand vertical rectangle, resulting in the
2.5 reading below the 9. Further, the readings of 10 over
the left-hand vertical rectangular void area agree with the

11



same complete lack of bond as 1s 1ndicated by the 10 plus
readings over the hollow box part of the structure.

d. Panel No. ¥ (Flg. 20}: Thas panel s of the same
construction as panel No. 3 except that 1t 1s of 245-T3
aluminum, Agaln, the Flawmeter indlcates the open box
structure by reading 10 plus, or off-scale, at the four
points between the rlbs. Two unplanned vceid locations over
the ribs are outlined in dots. The plus mark before the
upper right-hand 2.5, and before the right-hand 10 plus, are
position marks used for good and bad reference during the
development of the Flawmeter.

e. Panel No. 5 (Fig. 21). This 24S-T3 aluminum,
honeycomb sandwich panel was used more than the other panels
in developing the Flawmeter. T'~ i1ntended vord areas of
circle, square, and tee were delecrmined easlly by coln tap-
ping. The single tap sound pictures A and B of Fig. 4 were
taken with the tapper striking the spot marked X below the
square and the plus 1in the square, respectlvely.

The i1ntended void 1n the tee-shape suffered from
flowlng of the bonding material. The actual void 1s in the
dotted area. Thils area was probed from the left edge with
a very thin and narrow plece of metal. A small blister in
the bonding i1s noted at the reading 5 near the bottom of
the tee.

The cilrcular area was badly dented by some of the
earlier mechanlcal tappers so that the facling metal has been
driven down agalnst the core materlial. The dotted extension
of the lower left corner of the square area 1s an unintended
vold,

f. Panel No. 6 (Fig. 22): Panel No. 6 18 a 245-T3
aluminum box structure bonded to a heavy 243-T3 aluminum
spar. Flawmeter readings over the open box structure are
10 plus as are the void areas over the ribs. The extreme
left vertical colum of readings show an edge effect, except
for the 10 plus, over a bllster above the tee-shaped vold,
The tee-shaped intended void shows flowling of the bonding
materlal. Compare the edge readings with the readings of
1 over the web of the spar.

g. Panel No. 7 (Fig. 23): Panel No. 7 1s a 243-T3
aluminum box structure with the 245-73 alumlnum face plates
bonded to the inslde of the spar flanges. The left-hand
spar 1s 1/4-inch-thick 245-73 aluminum and the right-hand
spar 1s 1/16-inch-thick steel. Void areas were intended

12



under both spars, however, the configuration of the
Flawmeter, involving the relation of wheel track to wheel-
foot spacing, would not permit readings to be obtained over
the narrow steel spar. The readings of 2 and 3 over the
planned void area under the aluminum spar seem to 1ndicate
the existence of a vold area though this Indication should
be classed properly as doubtful. The bonding of the ribs
to the upper face sheet 1is much worse than was lntended.

h. Tail Rotor Test (fMigs. 24 and 25)' The section of
aluminum honeycomb sandwich tall rotor shown in Figs 24 and
25 was found to have a poor bond or void condition where it
1s marked. Note the reading of the meter over the gcod
bonding shown in Fig. 24. Figure 25 1llustrates the 1n-
creased reading on the Flawmeter cobtained over the void or
poor bond area. Flgure 26 shows the appearance and laclk of
bonding between the face sheet and the aluminum honeycomb.
The edge was slotted with a jJeweler's saw and the face
sheet turned back

GENERAL SPECIFICATIONS

ad. Device for Nondestructive Testing of Helicopter
Blade Bonding The tapper-meter device generally should
consist of three parts assembled together, part No. 1, a
precision tapping device, part No. 2, a hlghly directive
microphone, and part No. 3, a sound analyzing circuit, with
1ndicating meter.

Part No. 1: A suitable hammer should be mounted
on a steel reed, fthe reed to be mechanlcally tuned to the
reouLred freguency and driven by a temperature-compensated,
precision, electronic circuirt, such as a multivibrator and
amplifier The frequency or sSpeed of tapping Ls to be de-
termined by the decay time of the individual tap sound.
For light metal structures, 1t should be approximately 125
taps per second.

Part No. 2: A microphone having an output flat
over the frequency range 4,000 down to 500 cycles per
second. It should be of small physical size and highly
directive in pickup, capable of being mounted S0 as to pick
up the tap sound and exclude eXtraneous noise.

Part No. 3: A suitable, small, electronic,
temperature-compensated amplifirer to raise the output level
of the microphone to a desirable level should be provided.
The amplifier i1s to be gelf-limiting or feed a sultable
limiting circuit. Thne limited output 1s to be fed to either

13



a direct-fregquency comparison circult or a suirtable counting
circuit. The output of the fregquency comparison or counting
circuit i1is to feed an indicatlng voltmeter carcuit. The
meter should be similar to a small-size O-1 milliampere

meter.

14



OBSERVATIONS

1. The experimental Flawmeter not only reveals poor
bond conditions not discernible by coln tapping but also
has a distinet advantage over the far more complicated super-
sonic test methods in that the Flawmeter glves scalar values
proportionate to the degree of departure from good bond
conditions.

2. The analysis of tap sounds and the development of
an experimental model Flawmeter opens up a number of pos-
slble developments in addition to further expansion of the
basic principles cof the Flawmeter,

3. Sound analysis of such things as gear-box noilses
would indicate the type of circultry needed to give
indication of immenent failure or overload conditions.

4. The counting circuitry employed in the Flawmeter
to count sound pulses also may be employed to count stralns
in such structures as rotor blades, wings, and other air-
craft parts. The counts may be totalized in extremely
small magnetlc memory devices, with avallable read-cut at
any time, such as periodic inspections, with no disturbance
of the total. The entire device could be of very small
proportions.

5. Expansion of the basle principles of the Flawmeter
may be used to inspect welded steel propellers, storage
vessels, and other closed metal devices. The speed of
tapping and lnterpreting circultry will be determined by
the type of tap sound inhexrent to the article belng tested.

RECOMMENDATIONS

Further development of the Flawmeter should inciude
means to measure the force of the hammer blow and the re-
latlon of the strength of the blow to the type of structure
belng tested. The circultry willl need to be refined, teme
perature stabllized, and adapted to suit best the particular
structure being tested. Some structures may be tested best
by using the direct-frequency difference method; other
structures may be sulited to a total count system.

15
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