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BOFfING

NONDESTRUCTIVE TEST

EFFECTIVITY
MODEL: ALL
SERVICE BULLETIN
REFERENCE: 57A159

PART 6 - EDDY CURRENT

FASTENER HOLES IN ALUMINUM PARTS (METER DISPLAY)

1. Purpose

A. Toinspect with a metered instrument, fastener holes in aluminum parts with the fasteners
removed.

B. Part6, 51-00-00, Fig. 11 can be used as an alternative procedure.

C. Par 6, 51-00-00, Fig. 16 is recommended as an alternative procedure. It is highly
recommended for inspections of materials less than 0.063 inch thick.

2. Eguipment

NOTE: Referto Part 1, 51-01-00, for equipment manufacturers.

A. Instrument - All eddy current instruments that get the necessary performance conditions of this
procedure are permitted for this inspection. The following instruments were used to make this
procedure and were found satisfactory:

(1) Magnatest ED 520, ED-530; Magnaflux Corporation
(2) EM-1500; Automation Industries, Inc.
(3) MIZ-10, MIZ-10A; Zetec, Inc

B. Probes - The probe/instrument set used in this procedure must meet the necessary liftoff and
sensitivity conditions of par. 4.

(1) The probe diameter must be adjustable to get a tight fit in the hole.

(2) Probes must have an adjustable collar which controls the depth into the hole. The collar is
to be used as a guide while the probe is turned inside of the hole.

NOTE: Refer to Detail | for an example of the design for the probe.

(3) Probes must not give interfering responses from the usual handling pressures or
manipulation, or from the usual operating pressure changes on the sensing coil.
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NONDESTRUCTIVE TEST

Test Blocks - Test blocks should have suitable natural cracks or artificial slots to simulate

cracks In each of the hole sizes being tested. A standard test block should meet the following
requirements

(1) Block should be of aluminum alloy with approximately the same conductivity as the part to
be inspected

Block should contain a suitable range of hole diameters to permit calibration of instrument
for diameter of each hole to be tested.

The crack or slot in the block must give an eddy current instrument calibration comparable
to that obtained from the recommended Boeing test block (see Detail It).

I ion fi 1
A Clean loose dirt, chipped paint, and sealant from inside and around fastener hole
B Remove buildup of paint, sealant, etc , from around outside of hole where probe collar will bear

NOTE. If surface of hole is extremely rough, a cleanup ream may be necessary A 1/64 inch
diameter oversize is usually satisfactory

4  Instrument Calibration
Afttach appropriate probe to instrument.

Turn instrument on and allow to warm up per manufacturer’s instructions.

A
B
C  Setfrequency, if applicable, between 100 and 250 kHz
D

Select appropriate test block and place probe in hole. Probe should fit snugly but not so tight as
to cause excessive wear of probe. Expand loose probe to obtain snug fit.

Balance instrument according to the manufacturer's instructions.
Adjust instrument for liftoff.

(1) Place sensitive (coil) part of probe on a flat surface of material to be inspected Because
of edge effect interference, place coil at least 1/4 inch away from edge of part

(2) Manipulate probe to obtain maximum eddy current effect,
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SOLEING

NONDESTRUCTIVE TEST

Place a single sheet of ordinary writing paper (approximate
thickness 0.003 inch) between probe and material.

Remove paper and note direction and amount of deflection of needle.

Adjust controls to obtain minimum needle movement when paper is
removed.

For final lift-off adjustment, insert the probe in the test block
and manipulate the probe to cause the coil to lift-off from the
surface of the hole. This can be achieved by squeezing the probe
30 the coil moves away from the surface or by placing a piece of
tape on the inside surface of the hole and rotating the probe so
the coil is on the tape. Adjust the controls to obtain minimum
needle movement when the coil is lifted off from the surface of
the hole. When no needle movement is noted, the instrument and
probe have been calibrated for lift-off.

Use the collar to adjust depth of coil in hole to obtain maximum needle
deflection on meter from edge slot (center of coil approximately 0.025
ineh deep for 0.030-inch edge slot).

Ad just sensitivity to obtain a minimum of 10% full scale meter
deflection from standard slot. Instrument is now calibrated for
detection of edge cracks in hole to be inspected.

NOTE: Boeing Service Bulletin rework and modification procedures are

based on the reliable detection of cracks 0.030 inch or greater
in depth (radially). The instrument and probe should detect the
0.030-inch standard slot reliably.

Insert probe in test block, and adjust depth in hole to obtain maximum
needle deflection from slot located between ends of hole in test
block. Tighten setscrew on collar of probe.

J. Repeat step H. Instrument is now calibrated for detection of cracks
between ends of hole.

Inspection Procedure

A. Adjust collar on probe to set depth of penetration into hole at 0.025
inch from top end of hole.

B. Tighten collar on probe and insert probe into hole. Adjust balance
control to bring needle approximately to midscale.

CMN NDT
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BOEING
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Slowly scan entire circumference of hole, using the collar to maintain a constant depth in the

hole. Note position of any needle deflection of 10% of full scale or greater, giving a positive
crack response.

Loosen collar and repeat steps B. thru C. at incremental depths of 0.050 inch to within 0.025
inch from bottom end of hole or mating layer interfaces.

Recheck calibration of instrument with test block periodically to ensure proper sensitivity of
instrument.

6. Inspection Results

A. A positive crack response is characterized by a rapid deflection of the meter needle over a
short scan distance. Deflection occurs as the coil moves over the crack. This movement is
equivalent to an arc of approximately 40 degrees in 1/4-inch fastener hole, and 20 degrees in a
1/2-inch hole. Compare crack response with reference standard siot response for similar hole
diameter.

Note locations of any questionable indications, i.e., crack-like indications causing needle
deflection of less than 10% of full scale, or indications not conforming to a positive crack
indication. To help do the inspections at these locations, do a maximum 1/84-inch cleanup
ream and do this test again, paying particular attention to areas where the indications were
noted. Note the location and the response of all positive crack indications.

When a hole is reamed to clean up or remove the cracks, do an eddy current test after each
increase in hole diameter. It is recommended that a hole be oversized in increments of no

more than 1/64 inch in diameter. This is done to make sure the piece stays within permitted
oversizing limits. The permitted limits for hele oversizing are specified in the repair document
applicable to the structure (i.e., service bulletin, repair drawing or structural repair manual).

NOTE: When reworking a cracked part, it is imperative that an "insurance cut” be made after
the eddy current inspection shows that the crack is fully removed. If possible, the
depth of the insurance cut should be equal to or greater than the depth of the
minimum detectable crack to make sure of complete crack removal. Get local
engineering approval before you do an insurance cut.
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NONDESTRUCTIVE TEST

NOTES PART NUMBERS
ﬁ:;,- STANDARD PROBE DIAMETERS NORTEC  IDEAL SPECIALTY

0.187 INCH BP—12, MP-12  6200-3/16 BH BOMC2M
0.250 INCH BP-16, MP—16 6200-1/4 BH B0OMC2ZM
0.312 INCH BP—20, MP—20 B5200-5/16 BH BOMC2ZM
0.375 INCH B8P—24, MP—24 6200-3/B BH BOMC2ZM
0437 INCH BP-28, MR—28 6200-7/16 BH BOMCZM
0.500 INCH BP=32, MP=32 60 B200-1/2 BH 80MC2ZM

[ sLoT sHouLD PERMIT PROBE @ /

EXPANSION UP TO 116
INCH.

0.020 TO 0.030 INCH

SLOT >

X
W SAMPLE PROBE

THREADED FOR SET SCREW

0.156 INCH MAXIMUM I

NO. 40 (AWG)
WIRE

|

0,103
INCH DIAMETER TO
o109 'NC CLEAR PROBE

1 {135 TURNS) BODY

0.045-INCH
DIAMETER
FERRITE CORE

COIL

SET SCREW

DIAMETER TO FIT HOLE [> COLLAR

BODY

coiL
" s N e N e N A N ST

B\

3 TO 4 INCHES LONG
CROSS SECTION THROUGH CENTER OF PROBE

TYPICAL EDDY CURRENT BOLT HOLE PROEBE
DETAIL |
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BOEING
NONDESTRUCTIVE TEST

NO. 632 BOLTS TYPICAL 030
4 PLACES

—

L
— -

- - L--—li
BOEING PART NOS

- —— [E=o01875 - 188a

0.2500 — 1868
0.3125 — 186C
0.3750 — 186D
0.4375 — 18B6E
05000 — 186F

NOTES

® TOLERANCE ON
AN%HDETEEE'P:SSN%%%%
]

SECTION X-X SECTION ¥Y-¥Y

ALL DIMENSIONS ARE IN INCHES

MATERIAL. 2014, 2024-T3
OR —T4, 7075, 7079, 7175,

7178 ALUMINUM ALLOY A 8
SLOT
SEE PART 1, 51-01-00, NUMBER WIOTH LENGTH
FOR MANUFACTURING
AND ORDERING INFORMATION 1 0.005 0.060

FINISH REAM HOLE AND 2 0.005 0.030
DO NOT DEBURR
3 0.005 0030

ELECTRIC DISCHARGE MACHINE
PER GIVEN DIMENSIONS

TOLERANCE MAXIMUM * 0.003

[E= HoLE DiAMETER (6 STANDARD)
01875 0.2500 0.3125
0.3750 0.4375 0.5000

TOLERANCE "G at0 ON ALL HOLES

CALIBRATION TEST BLOCK DATA
DETAIL 11
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BOEfING

EFFECTIVITY
MODEL: ALL NONDESTRUCTIVE TEST
PART 6 - EDDY CUR T
FASTENER HOLES IN STEEL PARTS (METER DISPLAY)
1. Purpose
A. This procedure will detect cracks which propagate in fastener holes on bare or non-conductive

B.

C.

coated magnetic steel structure using metered instrumentation.
Part 6, 51-00-00, Fig. 19 is a recommended alternative procedure.

Refer to Part 6, 51-00-00, Fig. 17 to do an inspection for cracks in non-magnetic steel parts.

2. Equipment

Instrument/probe combinations used shall be capable of detecting the calibration notch in the
reference standard to the sensitivity requirements of par. 4.

A.

CMN NDT
Apr 5/07

Instruments -- Battery operated, multi-frequency, meter response instruments with audible or
visual alarms are recommended. The following instruments were used in the development of
this procedure:

MOTE: For other than battery powered models, a voltage regulator is required on the power
source if the instruments internal regulators are not adequate to prevent signal
variation.

(1) Locator UH; Hocking Instruments
(2) MIZ-10A, MIZ-10B; Zetec, Inc.

Probes -- Non-shielded, adjustable diameter (slotted) bolt hole probes are recommended.
Probes must meet the configuration and dimensional callouts noted in Detail 1.

(1) Shielded probes may be used, provided the calibration notch in the reference standard
can be reliably detected.

NOTE: A shielded probe's highly restricted primary magnetic field requires an
excessively slow inspection scanning speed. It is recommended that shielded
probes be used with instruments equipped with an alarm system which
responds to a crack signal more quickly than the meter. This provides greater
assurance of crack detection.

{2) Probe diameter shall be based on the minimum nominal diameter of hole to be inspected.

(3) Probe coil arrangement may be either a single coil (absolute) or double coil (differential) in
contact with the test structure.

Part 6
51-00-00
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BOLCING

NONDESTRUCTIVE TEST

Normal probe operating frequency is between 100 kHz and 500 kHz.
Other frequencies may be used, provided the calibration notch in
the reference standard can be reliably detected.

Probe should not give interfering responses from normal handling
pressures or manipulation, or from normal operating pressure
variations on the sensing coil.

Test Blocks =- Test blocks with suitable natural cracks or artificial

notches to simulate cracks. A Standard test block must meet the
following requirements:

(1) Blocks should be of low alloy steel (4130, 4140, or 4340) similar
to the material being tested.

(2) Blocks should contain a suitable range of hole diameters to
permit calibration of instrument for the diameter of each hole to
be tested.

Recommended test blocks are as follows:

TEST BLOCK HOLE DIAMETER

0.1875 inech - 3/16 inch
0.2500 inch 1/4 inch
0.3125 ineh = 5/16 inech
0.3750 ineh 3/8 inch
0.4375 ineh 7/16 inch
0.5000 ineh 1/2 inch

NOTE: See detail II for details of test blocks
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BOELING

NONDESTRUCTIVE TEST

3. Preparation for Inspection

A. Clean loose dirt and paint from inside and around fastener hole.

B. Remove buildup of paint, sealant, etc., from around outside of hole
where probe collar will bear.

NOTE: 1. If surface of hole is extremely rough, a 0.015-inch
(0.039-cm) cleanup ream may be necessary. The cleanup ream

should be limited to the minimum required to facilitate the
inspection.

Any cadmium plating inside the fastener hole may interfere
with the inspection procedure, therefore, cadmium plating

should be removed by a procedure compatible with the type of
steel being inspected.

4y, Instrument Calibration

Attach appropriate probe to instrument.
Turn instrument on and allow to warm up per manufacturer's instruections.

Select appropriate teat block and place probe in hole. Probe should
fit snugly but not so tight as to cause excessive wear of probe.
Expand loose probe to obtain snug fit.

Adjust instrument controls according to the manufacturer's instructions.
Adjust instrument for lift-off.

(1) Place sensitive (coil) part of probe on a flat surface of material
to be inspected.

(2) Manipulate probe to obtain maximum eddy current indication.

{(3) Place a single sheet of ordinary writing paper (approximate
thickness 0.003 inch) between probe and material.

(4) Remove paper and note direction and amount of deflection of needle.

(5) Adjust lift-off control to obtain minimum needle movement when
paper is removed. When no needle movement is noted, place probe
in hole in test block and perform final 1lift-off adjustment while
wobbling probe. Lift-off is adjusted when wobbling motion of
probe produces minimum meter motion.

Part 6
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BOLfING

NONDESTRUCTIVE TEST

With probe inserted in the test block, adjust depth in hole to obtain
maximum needle deflection on meter from edge crack (center of coil
approximately 0,025 inch deep for 0.0U45-inch edge crack).

Adjust sensitivity to obtain a minimum of 20 percent full scale meter
deflection from standard crack. Instrument is now calibrated for
deflection of cracks in hole to be inspected.

Test Procedure

A. Adjust collar on probe to set depth of coil penetration inte hole at
0.025 inch from top end of hole.

Tighten collar on probe and insert probe intec hole, Recheck lift-off
setting by wobbling probe in hole. Adjust lift-off if necessary to
obtain minimum meter needle movement.

Slowly scan entire circumference of hole. Note crack-like needle
deflection of 15 percent of full scale or greater, This may be a
crack indication and should be investigated further.

NOTE: A positive crack response is identified by a rapid deflection
of the needle over a short scan distance. Deflection occurs as
coil passes over the crack. Compare with notch response from
hole standard with approximately the same hole diameter.

Inspection Results

A. MNote locations of any questionable crack-like indications, perform a
0.015-inch (0.039-cm) cleanup ream and repeat inspection, paying
particular attention to areas where indications were noted. Record
all locations and response to all crack indications.

Perform eddy current scan after each increase in hole diameter by
reaming.

Magnetie rubber may be used to confirm eddy current crack indications
in magnetic materials,

Part 6
51-00-00 CMN NDT

Fig. 2 Apr 5/04
Page &

BOEING PROPRIETARY — Copyright © - Unpublished Work - See title page for details.




BOEING

NONDESTRUCTIVE TEST

NOTES PART NUMBERS
[[>> STANDARD PROBE DIAMETERS NORTEC  IDEAL SPECIALTY

187 INCH BP—12, MP—12  6200-3/16 BH BOMC2M
g.zgc:; INCH BP—16. MP—16 6200—1/4 BH BOMCZM
0.312 INCH BP—20. MP—20 6200-5/16 BH BOMCZM
0.375 INCH BP—24 MP—24 6200-3/8 BH BOMC2ZM
0.437 INCH BP_28 MP—28 6200-7/16 BH BOMC2M
0.500 INCH BP—32. MP—32 60 6200-1/2 BH aumc‘zn./

SLOT SHOULD PERMIT PROBE
EXPANSION UP TO 116
INCH,

0.020 TO 0030 INCH
SLOT [T

SAMPLE PROBE

THREADED FOR SET SCREW

0.156 INCH MAXIMUM |

NO. 40 [AWG)
WIRE

0.103 DIAMETER TO
0.109 'NCH CLEAR PROBE

f {135 TURNS) BODY
0045 INCH 1

DIAMETER
FERRITE CORE

COIL

SET SCREW

DIAMETER TO FIT HOLE [C> COLLAR BODY

COIL
AT I AT TR LT AL AR R

S

3 TO 4 INCHES LONG
CROSS SECTION THROUGH CENTER OF PROBE

TYPICAL EDDY CURRENT BOLT HOLE PROBE
DETAIL I
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NONDESTRUCTIVE TEST

IR AAS

0.1875 0.3125 0.375

PLAN VIEW

N

|e—0.045+0.005
o=
(TYPICAL 6 PLACES!
SECTION A=A

NOTES
® ALL DIMENSIONS ARE IN INCHES 0.25 £ 0.05

@ TOLERANCE UNLESS STATED X.X + 0.030, X. XXX + 0.005 i

_

® MATERIAL LOW ALLOY STEEL (4130, 4140 OR 4340) l_l I_
0.008
® REAM HOLES FOR SMOOTH FINISH (+ 0.001)

® ALTERNATE CONSTRUCTION METHOD 2.0 INCH SEPARATE sauare SECTION B-B
BLOCK FOR EACH HOLE SIZE WITH ONE HOLE |N CENTER OF (TYPICAL)
EACH BLOCK

® P/N 6412-159 AVAILABLE FROM IDEAL SPECIALTY CO.
[T ELECTRIC DISCHARGE CUT 0005  0.001 INCH WIDTH

[7=> ETCH OR STEEL STAMP WITH 125

CALIBRATION TEST BLOCK DATA

DETAIL 11

Part &
51-00-00
Fig. 2
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’”!’”E EFFECTIVITY

MODEL: ALL

NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT

OF ED R

Purpose

A. The purpose of this procedure is to find areas where temperatures have
changed the properties of aluminum parts. This procedure measures
conductivity changes in the aluminum parts to find these areas.

NOTE: Eleectrical conductivity, when measured with eddy current
instruments, usually is given a3 a percentage of the conductivity
of the International Annealed Copper Standard (percent IACS).

This inspection procedure finds changes in conductivity. This proceaure
does not measure absolute vales of conductivity.

NOTE: 1If absolute values of conductivity are necessary, refer to Boeing
Process Specification BAC 5946 - Temper Inspection of Aluminum
Alloys.

Equipment

NOTE: Refer to Part 1, 51-01-00, Par. 6 for data about the manufacturers of
this equipment.

Instrument and Probe - Use a metered or a digital eddy current
conductivity instrument that reads values of conductivity directly. Use
a probe that is the flat, surface type that can be used with the
instrument and test material. The probe and instrument must satisfy the
instructions specified in this procedure. The instruments and probes
specified below were used to help make this procedure.

Autosigma Z2000LF instrument and probe - Hocking Instruments, Inc.

Sigmascope S instrument and probe - Fiacher Instruments

Verimet M4900C and probe - K. J. Law Engineers, Inc.

Reference Standard - Use certified conductivity standards. A4 set of
three standards that have conductivity values of 16 +3 percent IACS,

29 +3 percent IACS and 42 +3 percent IACS are recommended for use to do
the range of aluminum alloys. The standards used to help make this
procedure are avallable from Zetee, Inc.

Preparation for Inspection

A. Do a visual inspection of the area thought to be heat damaged. Look for
changes in the paint/primer color and structural deterioration. Make a
mark around the area thought to be heat damaged. See Detail I,

Part 6
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NONDESTRUCTIVE TEST

Identify the structure to be examined. It is necessary to examine all of
the external and internal structure (skins, stringers, frames, etec.).

Identify areas where the structural configuration changes (i.e.
thickness, curvature, edges, ete.). Refer to Detail I. These areas must

be examined independently because the normal conductivity indications
will be different for each area.

Clean the area to be examined to make sure there is good contact between
the probe and the inspection surface.

Instrument Calibration

A. Calibrate the instrument at the inspection location.

NOTE: The instrument, probe, reference standards, and inspection area
must be at the same ambient temperature.

Get two certified conductivity standards. One must have a conductivity
value that is higher than the conductivity of the part to be examined.
The other must have a conductivity walue that is lower than the
conductivity of the part to be examined. (The 29 percent IACS and the 42
percent standards can be used for most aluminum alloys).

Make sure the instrument 1s on. Adjust for lift-off as specified in the
manufacturers instructions.

NOTE: 1If the instrument does not have an internal lift-off adjustment,
put a nonconductive shim between the probe and the calibration
standard to adjust for lift-off. The nonconductive shim must be
the same thickness as the paint/primer on the test part.

Calibrate the instrument as specified in the manufacturers instructions.
The instrument must indicate a value that is plus or minus 1.0 percent
TACS of the certified values of the two conduetivity standards.

Inspection Procedure

Prepare the area for the inspection as specified in Par. 3.
Calibrate the instrument as apecified in Par. .

Put the probe on the surface of known good structure at different
locations to get a baseline cconductivity wvalue. Refer to Detail I.

NOTES: 1. If different types of material or structural configuration
are present in the inspection area, get baseline conductivity
values from each type of material or structure. Identify a
location for a baseline conductivity value on a good area.
Regularly refer to this area during the inspection to do a
check of the instrument's calibration.

Part &
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BOEFING

NONDESTRUCTIVE TEST

Visible distortion to the structure or a change in the
paint/primer color are indications that the aluminum

structure has heat damage. Identify a baseline conductivity
value outside such areas.

Get conductivity values from the area of the structure that is not
damaged and from the area of the structure thought to be heat damaged.
Start the examination in a good area and work to the center of the area
thought to be heat damaged. A conductivity change of 1 percent IACS or

more from the baseline conductivity value indicates an area of heat
damage.

NOTE: Be sure to examine areas of different structural configurations
independently. Refer to Detail I.

Identify the boundary between the heat damaged area and the good
structure. Make a mark of the boundary on the part when a value that is
1 percent IACS different from the baseline conductivity value is

gotten. Do a check to make sure that all of the damaged material has
been identified.

Examine all of the structure (skins, stringers, frames, etc.).

Inspection Results

A.

CMN NDT
Apr 5/04

Heat damaged structure is indicated by a conductivity change of
1 percent IACS or more from the identified baseline conductivity values,

NOTE: A change of 1 percent IACS or more from the baseline conductivity
value in an area thought to be heat damaged indicates an area
that has heat damage. This is true even if the values are within
the acceptable conductivity limits for that material and temper.

Changes in the conductivity values that are not caused by heat damage
can occur if:

(1) The probe gets too close to the edge of the structure
(2) The probe gets too close to adjacent structure

The fasteners are too close to each other

The structural thickness changes

The paint thickness changes

The part curvature changes

The part temperature changes

Part 6
51-00-00
Fig. 3
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NONDESTRUCTIVE TEST

AREA THOUGHT
TO BE HEAT
DAMAGED

MACHINED
SKIN

I

SECTION A-A

NOTES:
® G - GOOD AREA (NOT DAMAGED)
® D - AREA THOUGHT TO BE HEAT DAMAGED

@ GET BASELINE CONDUCTIVITY VALUES FROM
GOOD AREAS (64, Gy ETC.). THEN MAXE A
SCAN INTO THE AREAS YOU THINE HAVE
HEAT DAMAGE (D9, D2 ETC.).

EACH DIFFERENT STRUCTURAL CONFIGURATION
(G1=Dy, Ga-D3, ETC.) MUST BE EXAMINED
INDEPENDENTLY .

E:::: CLAD SKINS WITH OME MACHIMED SURFACE
WILL HAVE DIFFERENT CONDUCTIVITY VALUES
FOR THE SAME AREA WHEN THE CONDUCTIVITY
IS MEASURED FROM OPPOSITE SIDES OF THE
SKIM. THIS IS BECAUSE OF CLAD REMOVAL.

INSPECTION OF THE EXTERIOR SURFACE OF THE SKIN
DETAIL 1

Part 6
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BOEfING

NONDESTRUCTIVE TEST
PART 6 - Y T

SURFACE INSPECTION OF ALUMINUM PARTS (METER DISPLAY)

1. Purpose
A. Use this procedure to do an inspection for surface cracks in aluminum parts.
B. This procedure uses an instrument with a meter display.
C. Part6, 51-00-00, Fig. 23 is an alternative inspection procedure.

2.  Equipment

Instrument/probe combinations used shall be capable of detecting the calibration notch in the reference
standard to the sensitivity requirements of par. 4.

A. Instruments -- Battery operated, multi-frequency instruments with audible or visual alarms are
recommended. The following instruments were used in the development of this procedure:

(1) ED 520, ED 530; Magnaflux Corporation
(2) MIZ 10, MIZ 10A, MIZ 10B; Zetec, Inc.
(3) Locator UH, Locator UHB; Hocking Instruments

B. Probes -- Shielded pencil probes are recommended. Probes must meet the configuration and
dimensional callouts of Detall |, and the performance guidelines of Detail Il and III.

(1) Shielded or non-shielded probes may be used, provided the calibration notch in the reference
standard can be reliably detected.

Non-shielded probes should be used carefully. Meter response interference can be expected
from adjacent structure, radii or close edge margins due to the unrestricted magnetic field of
these probes.

Part 6
OVIN NDT 51-00-00
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BOEfING

NONDESTRUCTIVE TEST

(2) Probe coil arrangement shall be such that a single coil in the probe tip comes in contact with
the test structure.

(3) MNormal probe operating frequency is between 50 kHz and 500 kHz. Other frequencies
may be used, provided the calibration noich in the reference standard can be reliably
detected.

(4) Probes should not give interfering responses from normal handling, manipulation, or
operating pressure variations on the sensing coil.

C. Reference Standards

(1) Use reference standards 126, 188A, 189 or NDT1048. See Details IV thru VII for data
about the reference standards.

(2) Other reference standards can be used if they are equivalent to those shown in Detail 1V
thru VII.

D. Special Tools

(1) Use a nonconductive circle template as shown in Detail IX to help examine the area
around flush head fasteners for cracks.

(2) Use a nonconductive straightedge as shown in Details X and Xl to help examine near the
edges of parts for cracks.

NOTE: The circle template and straightedge help to keep the probe a constant distance

from a fastener head or structural edge. The signal will slowly increase when the
probe gets nearer to an edge of a part.

3. Preparation for Inspection
A. Identify inspection location(s).

B. |f needed, obtain a smooth inspection surface by lightly sanding away surface roughness and
sharp edges of chipped paint.

NOTE: Itis not necessary to remove paint or other non-conductive coatings.
C. Wipe surface clean.

D. Locate inspection equipment a minimum of 10 feet (3 m) away from any items that generate
large magnetic fields, such as large motors, generators, transformers or power lines.

Part 6
51-00-00 VN NDT
Fig. 4 Aug 5/07
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4. Instrument Calibration
A. Set the frequency, if applicable, between 50 kHz and 500 kHz.
NOTE: To examine scribe lines, set the frequency between 50 and 150 kHz, if possible.

B. Calibrate the instrument with the applicable reference standard. Paragraph 5.D. identifies the
different types of structural configurations that can be examined. The reference standards to
use for the different structural configurations to be examined are:

(1) Large Areas, Near an Edge, On an Edge, Radius: Use reference standard 126.

NOTE: To examine an area where scribe lines have been removed, and before more
material is removed for an insurance blend, it is permitted to use a reference
standard with a notch depth as small as 0.008 inch (0.20 mm). Itis not
permitted to use a notch depth that is less than 0.008 inch (0.20 mm). Before
you blend scribe lines, make sure it is permitted in the repair instructions.

{2) Flush Head Fasteners: Use reference standard NDT1048.
(3) Protruding Head Fasteners: Use reference standard 188A.

C. If the inspection area is painted, put a nonconductive shim, which is the same thickness as the
paint, on top of the reference standard. The nonconductive shim must be + 0.003 inch of the
paint thickness.

D. Putthe probe on the surface crack reference standard at least 0.5 inch (1.27 cm) away from
the edge of the block and artificial crack. Balance the instrument according to the
manufacturer's instructions.

E. Adjust lift-off to obtain less than 5 percent of full scale needle movement when probe is slid
from a 0.002- to 0.004-inch (0.005 to 0.010 cm) non-conductive shim to the bare surface of the
reference standard.

NOTE: One sheet of ordinary writing paper, approximately 0.003 inch (0.007 cm) thick, can
be used for the nonconductive shim.

F. Slide the probe across the reference standard notch and adjust the sensitivity control to obtain
a 20 to 40 percent of full scale meter deflection when passing the probe across the notch.
Refer to Detail VIlIA. The signal to noise ratioc must be 3:1, or better.

NOTE: Inspection scanning speed may be increased by using an instrument with an audible
or visual alarm. Set the alarm to respond at 50 percent of the reference standard
notch signal amplitude. Refer to Detail VI B.

Part 6
aVN NDT 51-00-00
Aug 5/07 Fig. 4
Page 3
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G. Check the balance and lift-off again. If adjustments are made, check sensitivity (par. 4.F)
again.

H. Find the maximum inspection scanning speed by sliding the probe across the reference
standard notch. Mote when the meter response does not fall below 90 percent of the
calibration response, or when the alarm set in par. 4.F. NOTE fails to trigger.

5. Inspection Procedure

A. Prepare for inspection. Refer to par. 3.
B. Perform instrument calibration. Refer to par. 4.

C. Putthe probe on the inspection surface. Check the balance and lift-off. If necessary, adjust on
the part.

NOTE: Do not adjust sensitivity.

D. Scan all inspection areas. If not otherwise identified, a scanning pattern shall be established
such that surface cracks 0.15 inch (0.38 cm) or more in length are detected. A scan direction
should be chosen so that the probe is scanned across the crack. Do not exceed the maximum
inspection scanning speed (par. 4.H).

Commonly encountered structural configurations may require these scanning techniques:

(1) Large area -- A grid system should be used for scanning. The distance between scans
depends on the size of the probe sensing diameter and the minimum length crack to be
detected. The scans should overlap so that the probe will scan over the potential crack
twice.,

NOTE: Toexamine an area where a scribe line was removed by blending, make small
scans across the location where the scribe line was. Do not make the scans too
large as this can cause false indications from the change in clad thickness
caused by the blend operation.

{2) Flush-head fasteners -- Inspect using a hole template. Position template to detect a crack
extending 0.10 inch (0.25 cm) beyond the fastener head. Instrument/probe combinations
must meet the performance guidelines of Detail IX.

(3) Protruding-head fasteners -- Inspect using the fastener head or washer as probe
positioner to detect a crack extending 0.10 inch (0.25 cm) beyond fastener head.
Instrument/probe combinations shall meet performance guidelines of Detail X.

(4) Radius -- As the probe is scanned in the radius, it should be adjusted so that it is held
perpendicular to the surface of the radius. Select scan increments based on probe
sensing diameter and minimum crack length to be detected. Where crack orientation is
unknown, make scans parallel and across the radius. Refer to Detail XI.

Part 6
51-00-00 OVN NDT
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(5) Edges -- A constant distance must be maintained between the probe and the edge of a
part. The minimum probe-to-edge spacing depends on the sensing area of the probe coil.
Inspect near an edge by putting a non-conductive straight-edge a constant distance away
from the edge of the part. Refer to Detail Xll for inspections near the edge of aluminum
structure. Refer to Detail Xlil for inspections on the edge of aluminum structure.

Periodically check the instrument/probe calibration responses. For balance and lift-off
responses, refer to par. 5.C. For sensitivity response, refer to par. 4.F. If any response is
found to be unsatisfactory, inspect again all areas that were inspected since last calibration
check.

Note all locations where a rapid upscale meter deflection, similar to the response from
refarance standard notch is obtained.

NOTE: Probe held at an angle other than perpendicular may cause meter fluctuation. Probe
should be held perpendicular to part surface throughout the inspection.

Inspection Resulls

A potential defect is indicated by a rapid upscale meter deflection. Compare the defect response to
the reference standard notch response at the same scanning speed.

A. A rapid meter deflection that is greater than 50 percent of the reference standard notch
response amplitude and similar to the reference standard notch responsae indicates the
presence of a crack.

(1) Determine the end points of the crack by scanning along the crack until a meter response
is no longer received.

(2) Estimate crack depth (for crack lengths greater than probe sensing diameter) by
comparing the crack response amplitude to the reference notch response amplitude. Note
crack depth as less than, equal to, or greater than reference notch depth or compare crack
response to reference nolch responses of different depths.

NOTE: Approximate crack depth can be determined by high frequency surface eddy
current measurements when the crack depth in aluminum is less than 0.1 inch
(0.254 cm).

Questionable indications or a response less than 50 percent of the reference standard notch
response amplitude may indicate a defect condition. The following may be used to help defect

determination.

CMN NDT
Aug 5/04
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(1) A non-conductive probe fixture may reduce meter response
variations caused by the probe not being held perpendicular to
the part.

Teflon tape put over the sensing coil may improve the ratio of
the crack-to-noise responses. Calibrate again when tape is added
or removed from the probe sensing area.

The ecrack sensing distance traveled by the eddy current probe
when crossing a suspected crack should be equal to the sensing
distance traveled when crossing the reference standard notch.

Non-conductive coatings greater than 0.006 inch (0.015 em) thick
may reduce the amplitude of the crack signal. Remove the coating
in the suspect area and inapect again.

Verification of surface cracks may be performed by either or both of
the methods listed. The crack verification methods are not as
sensitive in the detection of surface cracks as eddy current for
inservice conditions. Care should be taken when comparing any
negative verification results to a positive crack response obtained
using eddy currents.

(1) Remove the surface finish, grease, etc., and examine the area at
10X to 25X magnification with adequate lighting. A crack visible
by this method requires no further investigation.

Perform a high sensitivity fluorescent penetrant inspection.
Refer to D6-51702, Standard Overhaul Practices Manual, Section
20-20-02, "Penetrant Methods of Inspection.”

NOTE: Penetrant results may be enhanced on areas with metal
smear or on tight fatigue cracks by surface etching.
Etching requires local engineering approval.

Part 6
51-00-00
Fig. &
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PROBE 2

NOTES

= THE PROBE CONFIGURATIONS SHOWM CAN BE USED
TO ACCESS MOST INSPECTION AREAS WHEN IT IS
NECESSARY TO USE PENCIL PROBES. SHIELDED
PENCIL PROBES ARE RECOMMENDED. WHEN A
SPECIAL PROBE CONFIGURATION IS NECESSARY,
SPECIFY THE PROBE DIMENSIONS AS SHOWN FOR
PROBE 2:

A = THE PROBE DROP, OR DIMENSION A
B = THE PROBE HEIGHT, OR DIMENSION B

C = THE PROBE HANDLE LENGTH, OR DIMENSION C.
IF THE HAMDLE MUST BE BENT, IT WILL BE
NECESSARY TO KNOW DIMENSION €1 AND THE
HANDLE ANGLE C(ANGLE THETA = 8). FOR
MOST USES, THE PROBE LENGTH WILL BE
3-5 INCHES (76.0-127.0 MM).

DIAMETER: 0.20 INCH (5.7 MM) MAXIMUM.
A DIAMETER OF 0.2 INCH (3.0 MM) IS
RECOMMENDED FOR AREAS WITH NOT MUCH
ACCESS.

THE ANGLE (0 = ALPHA). DIFFERENT ANGLES
ARE POSSIBLE.

EXAMPLE OF PENCIL PROBE CONFIGURATIONS
DETAIL I

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 4
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NORMAL

r‘“*EﬂﬂHﬂu

EL

I

//;

EDDY CURRENT PROBE — H /
!
//

i SURFACE CRACK
K REFERENCE
: STANDARD

£

f
/
/J (PAR. 2. € (1))
’ j

DETERMINE PENCIL PROBE ANGULARITY PERFORMANCE:
CALIBRATE PROBE/INSTRUMENT COMBINATION TO THE REQUIREMENTS OF PAR. &

TIP PROBE ON THE SURFACE OF THE REFERENCE STANDARD IN SEVERAL
DIRECTIONS 20 DEGREES TO THE SURFACE. THE PROBE ANGULARITY SHOULD
NOT CAUSE MORE THAN A 10 PERCENT FULL SCALE SIGNAL RESPONSE CHANGE

SCAN FROBE ACROSS NOTCH WHEN HELD NORMAL TO THE SURFACE AND AGAIN
WHEN HELD AT 20 DEGREES FROM NORMAL. NOTCH SENSITIVITY SHOULD NOT
DECREASE MORE THAN 30 PERCENT

EXAMPLE: SIGMNAL RESPONSE FROM A 0.015 TO 0.020 INCH €0.038 TO 0.051 CM)
DEEP CALIBRATION NOTCH OM THE REFERENCE STANDARD IS 40 PERCENT
OF FULL SCALE WHEN THE PROBE IS5 PERPENDICULAR TO THE SURFACE.
AT A PROBE ANGLE OF 20 DEGREES TO THE SURFACE, THE NOTCH
RESPONSE SHOULD NOT BE LESS THAM 28 PERCENT OF FULL SCALE
(4D% SIGNAL X 0.3 = 12X AND &0% -12X = 2BX)

PENCIL PROBE ANGULARITY PERFORMANCE
DETAIL II

Part 6
51-00-00 CMN NDT

Fig. 4 Apr 5/04
Page 8
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NORMAL NORMAL
SHIELDED PENCIL
PROBE AGAINST
BOLT AND WASHER

(POSITION 2)
\ SHIELDED PENCIL PROBE
AWAY FROM BOLT AND
e I / WASHER (POSITION 1)

STEEL BOLT ™

MAGNETIC
STEEL WASHER

PROTRUDING—HEAD
FASTENER REFERENCE
STANDARD (PAR, 2.C{3))

NOTE

® TO DETERMINE IF A SHIELDED PENCIL PROBE HAS ADEQUATE
SHIELDING:

1) CALIBRATE PROBE/INSTRUMENT COMBINATION TO
THE REQUIREMENTS OF PAR. 4,

2) USING THE PROTRUDING—HEAD FASTENER REFERENCE
STANDARD, MOVE PROBE FROM POSITION 1 TO POSITION 2.
THE MAGNETIC STEEL SHOULD NOT CAUSE MORE THAN A
10 PERCENT SIGNAL CHANGE,

PENCIL PROBE SHIELDING DETERMINATION
DETAIL 11

CMN NDT
Apr 5/04
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0 MIN
{2.54 cM)

L""“———‘*——*lliMlN

{3.81 CM} ‘

{3.81 CMm)
r

0.25 MIN

NOTES

Part 6
51-00-00
Fig. &4
Page 10

ALL DIMENSIONS ARE IN INCHES
(CENTIMETERS ARE IN PARENTHESES)

TOLERANCE 20.050 (0.127 CM) ON ALL
DIMENSIONS EXCEPT AS NOTED

FABRICATE FROM ANY OF THE
FOLLOWING:

2024-T3 OR -T4
7O75-T4 OR =-T73
TO79-T4
T178-T4

SURFACE FINISH: ﬁa{i OR BETTER

—[— (0.636 CM)

—a— 0.005 MAX
(0.013 CM])

|

REFER TO PART 1, 51-01-00,
FOR MANUFACTURING AND
ORDERING INFORMATION

[i::? ETCH OR STEEL STAMP WITH 126

E::} EDM NOTCH

SURFACE CRACK REFERENCE STANDARD 126

DETAIL IV

CMN NDT
Apr 5/04
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e—— 1.00 (2.5} —=f=—— 1.00 (2.5) —f==— 1.00 (2.5} —=y

MINIMUM i MINIMUM MINIMUM

|

1.00 (2.5)
MINIMUM

|
|

l
1.00 €2.5)
MINIMUM

B> B>

0.100 €0.25)

0.090 (0.24) —0.100 (0.25)
= [P sl
o

l

1

[f::’ 0.15 €0.4)

MINIMUM

SECTION A=A

NOTES
* DRAWING IS5 NOT TO SCALE. [:::: FASTENER - 0.25 (0.64) DIAMETER FLUSH-

* ALL DIMENSIONS ARE IN INCHES (CENTIMETERS BEAR: STCEL. RBETS U0 A3 SACEI0UC o=
ARE IN PARENTHESES). [::3> FASTENER - 0.25 (0.64) DIAMETER FLUSH-

MATERIAL: 2024-T3 OR T4, 7075-T6, 7079-T6, HEAD ALUMINUM RIVET, SUCH AS BACR1SBA™DD*
7178-16 [ wovcH - 0.005 (0.013) MAXIMUM WIDTH,

SUREACE EINESH ﬁig T 0.015-0.020 (0.038-0.051) DEPTH.

IF YOU HAVE REFERENCE STANDARD 187, YOU CAN [:::’ ETCH OR STEEL STAMP WITH NDT1D48.

USE IT FOR THE INSPECTION AROUND ALUMINUM
FASTENERS.

FLUSH-HEAD FASTENER REFERENCE STANDARD
DETAIL V

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 4
Page 11
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| 1.0

|

1] o =
i N

{0,381 CM)

SECTION A-A
NOTES

e ALL DIMENSIONS ARE IN INCHES [CENTIMETERS IN PARENTHESES)
& TOLERANCE: % 0.0501{0.127 CM] EXCEFT AS NOTCD
® FABRICATE FROM ANY OF THE FOLLOWING:

2024—-73 OR T4
7075—T6
7079-T6
T178=T6

REFER TQ PART 1,
51-01-00, FOR
MANUFACTURING

AND ORDERING INFOR~-
MATION

& SURFACE FINISH: 63/ OR BETTER

[T= noTcH - 0.005 (0.013 cMI MAX WIDTH, 0.015—0.020 (0.0380.05 CM) DEPTH
[Z> ETCHORSTEEL STAMP WITH 188A

[T= FASTENER -025 (0 635 CM) DIAMETER EXTERNAL WRENCHING STEEL BOLT.
SUCH AS BACB3ONE *-* FLAT STEEL WASHER SUCH AS BACW10AK * WP

[i=> RIVET BACR1586ADS
PROTRUDING—HEAD FASTENER
REFERENCE STANDARD
DETAIL VI

Part 6

5*!~un-nc| CMN NDT
Fig. 4 Apr 5/04
Page 12
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0.085
—
0.075
0.125 0.216 ¢
I_’A 0.115 (0.190 )
e (0.318 cM)

0.292

¥

0.040

1 |
O (0.10 CMm)
1.0 = 0.005
(2.54 CM) B (0.013 CM)
(4 LOCATIONS)
[> 189

L ] 0.105
> A 0.095

0.065 0.267 cpm
—= = (o241 M

(7,

1.5 0.055
. —_—
(3.81 CM) (0165 ¢y
0.139 SECTION B-B
SECTION A-A
NOTES
ALL DIMENSIONS ARE IN INCHES (CENTIMETERS IN PARENTHESES)

TOLERANCE: | 0.050 (0.127 CM) EXCEPT AS NOTED

FABRICATE FROM ANY OF THE FOLLOWING: 2024-T3 OR T4, 7075-T6,
7079-T6 OR 7178-T6 (ALL MEMBERS MUST BE OF THE SAME ALLOY

AND HEAT TREAT)

SURFACE FINISH: 63 OR BETTER

FASTENER - ANY ALUMINUM OR TITANIUM FASTENER WITH A HEAD
DIAMETER LESS THAN 0.5 (1.27 CM)

REFER TO PART 1, 51-01-00, FOR MANUFACTURING AND ORDERING
INFORMATION

NOTCH-0.005 (0.013 CM)
MAX WIDTH, 0.040

(0.10 CM) DEPTH EDGE OF PART
[> ETCH OR STEEL STAMP REFERENCE STANDARD
WiTH 189 DETAIL VII
Part 6
OVIN NDT 51-00-00
Aug 5/07 Pgig, 1;
ge
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[x3lH/,PRBBE

REFERENCE
STANDARD

NOTE:

E:Z‘:*- 20 TO 40 PERCENT NEEDLE DEFLECTION FROM METER RESPONSE
REFERENCE STANDARD NOTCH

SENSITIVITY ADJUSTMENT
DETAIL VIII A

METER RESPONSE

NOTES:

Ei::r ALARM RESPONSE SET POINT = 50 PERCENT OF NOTCH RESPONSE
E:Z:* REFERENCE STANDARD NOTCH RESPONSE (TYP)

ALARM ADJUSTMENT
DETAIL VIII B

Part &

ST-UD—UU CMN NDT
Fig. 4 Apr 5/04
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/WWQQQQOQ\
o Y

PROBE GUIDE
(NON—CONDUCTIVE CIRCLE TEMPLATE)

PROBE (SHIELDED PENCIL)

FLUSH HEAD
FASTENER
CoIL

PROBE GUIDE

TEMPLATE
f iERACK {MINIMUM DETECTABLE)

F =1

FLUSH-HEAD FASTENER
REFERENCE STANDARD

— |ee—0.1 (0.25 CM)
MAX

FASTENER SCANNING WITH
TEMPLATE GUIDE

NOTES

® TO CONFIAM PROBENINSTRUMENT SENSITIVITY FOR 0.09 —0.10 INCH
{0.279—0.254 CM)} NOTCH ON FLUSH—-HEAD FASTENER REFERENCE STANDARD:

1} CALIBRATE TO THE REQUIREMENTS OF PAR. 4.

2} USE THE HOLE TEMPLATE AS A SCANNING GUIDE ARQUND THE
FASTENER. SELECT TEMPLATE HOLE SI1ZE AND CENTER
ON THE FASTENER S0 THAT THE PROBE SENSING DIAMETER
REACTS TO THE NOTCH WITH A METER RESPONSE EQUALTO
OR GREATER THAN THE RESPONSE FROM THE CALIBRATION NOTCH
AS THE PROBE IS MOVED AROUND THE FASTENER.

REBALANCING THE INSTRUMENT MAY BE REQUIRED. DO
NOT CHANGE THE CALIBRATION SENSITIVITY,

FLUSH—-HEAD SCANNING
GUIDELINES
DETAIL IX

Part 6

CMN NDT 51=-00-00
Apr 5/04 Fig. 4
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PROBE (SHIELDED PENCIL)

ColL
PROTRUDING HEAD

FASTENER

PROTRUDING-HEADR
FASTENER STAMDARD

EI l] CRACK (MINIMUM DETECTABLE)

0.1 (0.25 CM) MAX

FASTENER SCANNING WITH FASTENER HEAD AS GUIDE

NOTES

* TO CONFIRM PROBE/INSTRUMENT SENSITIVITY FOR 0.09-0.10 INCH
(0.229-0.2546 CM) NOTCH ON PROTRUDING-HEAD FASTENER REFERENCE STANDARD:

1) CALIBRATE TO THE REQUIREMENTS OF PAR. &4.

2} USE THE FASTENER HEAD OR WASHER AS A SCANNING
GUIDE SO THAT THE PROBE SENSING DIAMETER REACTS
TO THE NOTCH WITH A METER RESPONSE EQUAL TO OR
GREATER THAN THE RESPONSE FROM THE CALIBRATIONM
NOTCH AS THE PROBE IS5 MOVED AROUND THE FASTENER.

REBALANCING THE INSTRUMENT MAY BE REQUIRED.
DO NOT CHANGE THE CALIBRATION SENSITIVITY.

PROTRUDING-HEAD SCANNING
GUIDELINES
DETAIL X

Part 6
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CRACKS PARALLEL
TO RADIUS
PENCIL

STRUCTURE
{REF)

TRANSVERSE SCAN

CRACKS TRANSVERSE
TO RADIUS

STRUCTURE
{REF}

PARALLEL SCAN

& HOLD PROBE NORMAL TO RADIUS

® SPACE BETWEEN SCANS IS DEPENDANT ON THE CRACK SIZE
WHICH MUST BE DETECTED

INSPECTION IN A RADIUS
DETAIL XI

CMN NDT
Apr 5/04
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STRUCTURE

HON—CONDUCTIVC
) STRAIGHT-LDGE

RCFCACNCE STAN DAHD\

PROBE

NON-CONDUCTIVE

STFIAIGHT—EBGE\\

NOTES

& POSITION A NON—CONDUCTIVE STRAIGHT-EDGE A CONSTANT DISTANCE
AWAY FROM THE STRUCTURE

® MINIMUM PROBE TO EDGE SPACING 1S DEPENDENT UFON THE
SENSING AREA OF THE PROBE COIL

® TO DCTCRAMINE MINIMUM PROBE TO EDGE SPACING:
1} CALIBRATE TO THE REQUIREMENTS OF PAR. 4,

2) PLAGE THE NON—-CONDUCTIVE STRAIGHT—EDGE A CONSTANT
DISTANCE AWAY FROM THE NOTCHED EDGE OF A
REFERENCE STANDARD.

3) SCAN PROBE ALONG THE STRAIGHT—EDGE AND NOTE THE
METER RESPONSE. THE MINIMUM PROBE TO EDGE SPACING 15
WHEN THE METER RESPONSE FALLS BELOW 90% OF THE
CALIBRATION RESPONSE, OR WHEN THE ALARM SET IN
ACCORDANCE TO PAR. 4.F. FAILS TO TRIGGER.,

REBALANCING THE INSTRUMENT MAY BE REQUIRED.
DO NOT CHANGE THE CALIBERATION SENSITIVITY,

INSPECTION NEAR AN EDGE
DETAIL XH

Part 6
51-00-00
Fig. &
Page 18
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PROBE

:| / CRACK
S,
DOUBLER
(n — , / STRAP

_,m"“ . - j'/

|
\ DOUBLER

NON-CONDUCTIVE
STRAIGHT-EDGE
SKIN

PROBE REFERENCE STANDARD
NON-CONDUCTIVE
STRAIGHT-EDGE
—
y AN o
y =
Fi
r 4

NOTES
POSITION A NON-CONDUCTIVE STRAIGHT-EDGE TO MAINTAIN A CONSTANT
DISTANCE ON THE EDGE OF THE MEMBER IN QUESTION

MINIMUM STRUCTURE WIDTH FOR CRACK DETECTION IS DEPENDENT UPON
THE SENSING AREA OF THE PROBE COIL.

TO DETERMINE MINIMUM STRUCTURE WIDTH:

1) CALIBRATE TO THE REQUIREMENTS OF PAR. 4. USE REFERENCE STANDARD 126.

2) POSITION THE NON-CONDUCTIVE STRAIGHT-EDGE TO MAINTAIN A
CONSTANT DISTANCE ALONG A NOTCHED MEMBER OF REFERENCE STANDARD 189.

3) SCAN THE PROBE ALONG THE STRAIGHT-EDGE AND NOTE
THE METER RESPONSE. THE MINIMUM STRUCTURE WIDTH
IS WHEN THE METER RESPONSE FALLS BELOW 90% OF THE
CALIBRATION RESPONSE, OR WHEN THE ALARM SET IN
ACCORDANCE TO PAR. 4.E. FAILS TO TRIGGER.

REBALANCING THE INSTRUMENT MAY BE REQUIRED.
DO NOT CHANGE THE CALIBRATION SENSITIVITY.

INSPECTION ON AN EDGE
DETAIL X111

Aug 5/07

Part 6
51-00-00
Fig. 4
Page 19



BOELEING

NONDESTRUCTIVE TEST

EFFECTIVITY

MODEL: ALL

PART 6 - EDDY CURRENT

CORROSION LOSS IN ALUMINUM SKINS (METER DISPLAY)

1. Purpose

A. To find and to make an estimate of corrosion of 10 percent or more in
the aluminum ocuter skin at the faying surface of structureszs with two
layers. This procedure uses an eddy current instrument with a meter
display. The calibration details are given for eclad 2024-T3 or -TU
and clad 7075-T6 aluminum alloys which have an ocuter skin thickness
between 0.032 ineh and 0.125 inch.

NOTE: Differences in the conductivity or the thickness between the
reference standard and the airplane skin, separation between
the skins, intergranular cracking related to corrosion, and
paint will cause changes in the eddy current response. Thus,
this procedure cannot be used to give, with precision, the
depth of corrosion, or to make an estimate of a decrease in
the material thickness of less than 10 percent.

NOTE: It is recommended to do eddy current inspections for corrosion
with the other procedure which uses an eddy current instrument
with an impedance plane display, Part 6, 51-00-00, Figure 12.

Cw EguiEment

A. Instruments - To do this procedure, eddy current instruments with a
meter display which have a continuous frequency selection and which
get the necessary results of this procedure must be used. These
instruments were used to prepare this procedure:

(1) M™MIZ 10B Zetec

(2) MIZ 10A Zetec

Probes - To do this procedure, flat surface probes must be used.
Select probes which operate at the necessary frequency. Usually,
probes with small active diameters are better because they find small
areas of corrosion more accurately. These probes were used to prepare
this procedure:

(1) SPO 1598 20 - 50 kHz Staveley Instruments

(2) SNG 375-3L 20 kHz NDT Engineering Corp.

(3) SPO 5654 500 Hz Staveley Instruments

NOTE: Prohes can be used at more frequencies Lhan their published
operating frequency if they can get the neceasary results of
this procedure.

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 5
Fage 1
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C. Reference Standard - Reference Standard 127-XXX or 12TA-XXX. Refer to
Detail I and Detail II.

3. Preparation for Inspection

A. Lightly sand all thick or rough paint until it is smooth.

B. Wipe the area of the inspection until it is clean.

Inatrument Calibration

A. Find the thickness of the outer skin of the airplane. Refer to the
applicable service bulletin or skin drawings.

Make a selection of the necessary reference standard from Table I.
Refer to Flagnote 1.

Make a selection of a frequency from the frequency range from Table I.

NOTE: The instrument test frequency may have to be adjusted during
the calibration procedure to optimize the instrument test
frequency, but the frequency must be in the range of Table I.

If the area of the inspection is painted, put a nonconductive shim
which is the same thickness as the paint on top of the reference

standard. The nonconductive shim must be #+ 0.003 inch of the actual
paint thickness.

Put the probe on a full thickness area of the reference standard,
Detail III, probe position 1.

Balance the instrument. Refer to the instructions of the
manufacturer. Use the meter position control to move the meter needle
to 20 percent of full scale. Refer to Detail III.

Adjust the lift-off control so that probe-to-part separations between
the probe and the reference standard of up to 0.006 inch cause no more
than a 5 percent of full seale change in the meter response.

Move the probe te the area on the reference standard where there is a
10 percent decrease in the material thickness, Detail III, probe
position 2. Adjust the instrument sensitivity to get a meter response

which is 40 percent of full scale (20 percent higher than the balance
position). See Detail III.

Check the lift-off response again. If adjustments are made, check the
sensitivity again.

Part 6
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Move the probe to an area where there is only the outer layer,

Detail III, probe position 3. The position of the meter needle must
be between 10 percent and 15 percent of the full scale (5 - 10 percent
below the balance position). Refer to Detail III.

WARNING: 1IF THE FREQUENCY IS TOO LOW, SEPARATION BETWEEN THE SKINS CAN
CAUSE INCORRECT CORROSION SIGNALS. TOO HIGH A FREQUENCY WILL
NOT GIVE SUFFICIENT SENSITIVITY.

If the meter response is not in the correct position in step 4.I,
ad just the frequency. If the meter response is above the permitted
range, increase the frequency. If the meter response is below the
permitted range, decrease the frequency. See Detail III. The
frequency must be in the limits of Table I.

If the frequency is changed, do steps 4.E - 4.J again.

Move the probe to areas where there is a 20 percent and, if
applicable, a 30 percent decrease in the material thickness loss areas
on the reference standard. Monitor the signal from each area.

Detail IV shows an example of indications.

Inspection Procedure

A. Calibrate the instrument. Refer to per paragraph U.

Put the probe on the skin to be inspected in an area where there is
second layer structure and no apparent corrosion.

Balance the instrument. Refer to the instructions of the manufacturer,.

Slide the probe onto the adjacent area where there is a single skin.
The signal must be in the range shown in Detail V. If it is not, do
the check in another area to make sure that corrosion was not

present. If the signal is again not in the permitted range, check the
reference standard and the airplane to make sure that the material
alloy and thickness are correct. Refer to Table I.

NOTZ: When the inspection is done on tapered or machined skins, it is
very important to make sure that the skin thickness is known
and the correct reference standard is used.

Put the probe on the skin at the balance position paragraph 5.B.

Slowly slide the probe into the area of possible corrosion. Monitor
the instrument response.

Part 6
CMN NDT 51-00-00
Apr 5/04 Fig. S
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6. Inspection Results

A. Refer to the applicable Service Bulletin for the corrosion limits.

B. This procedure must not be used to find material loss less than
10 percent.

An area of possible corrosion which does not give eddy current
evidence of corrosion of the faying surface of the outer skin should
be investigated for possible corrosion of the second layer. This ean
be done by disassembly of the structure or by eddy current inspection
from the opposite side. Contact Boeing if more help is needed,

Part 6
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AIRPLANE INSTRUMENT
OUTER SKIN REFERENCE STANDARD TEST FREQUENCY
THICKNESS NUMBER *[1] RANGE kHz

0.032 0.034 127 0.032 b4y - 50
1274 - 0.032

0.034 - 0.038 127 0.036 35 = L4
127A - 0.036

0.038 - 0.045 127 0.040 25 - 35
127A - D.0UD

0.045 - 0.056 127 0.050 16 - 25
127A - 0.050

0.056 - 0.068 127 0.063 16
127A - 0.063

0.068 - 0.076 127 D.072
1274 - 0.072

0.076 - 0.085 127 0.080
1274 - 0,080

0.085 - 0.095 127 0.090
127A - 0.0090

0.095 - 0.105 127 0.100 b.6
127A - 0.100

0.118 127 0.110 3.6
12TA - 0.110

0.125 127 0.125 3.2
127A = 0.125%

¥[1] DASH NUMBER INDICATES REFERENCE STANDARD THICKNESS IN
INCHES.

TABLE I

CMN NDT
Apr 5/04
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SPOTFACE
L~ 1.0 DIA (TYP)

NOTES
* ALL DIMENSIONS ARE IN INCHES

* MATERIAL: CLAD 2024-T3 OR

CLAD 2024-T4 SHEET

TOLERANCE: X.X #0.05

QUTER SKIN
THICKNESS

SKIN THICKNESS
TOLERANCE

SPOTFACE DEPTH
TOLERANCE

0.032-0.050
0.063-0.125

10.001
+0.002

+0.001
+0.0015

THE BACK SIDE OF THE OUTER SKIN CAN BE
MACHINED TO THE THICKNESS OF THE AIRPLANES
SKIN. MAKE SURE THE ALUMIMUM SHEET USED TO
MAKE THE QUTER SKIN IS OF THE SPECIFIED OR
NEXT THICKER GAGE. THIS IS DONE TO MAKE
SURE THE CLAD THICKNESS ON THE STANDARD AND
THE AIRPLANE ARE THE SAME. SEE TABLE I.

SPOTFACE TO A SURFACE FINISH OF &4 RHR OR
BETTER

E:::> ETCH OR STEEL STAMP WITH 127-XXX ON BOTH
SKINS OF THE REFERENCE STANDARD. SEE
TABLE I FOR REFERENCE STANDARD PART NUMBER
IDENTIFICATION

[2= HE DEPTH OF THE SPOTFACE IS 10 PERCENT
OF THE ACTUAL THICKNESS OF THE OUTER SKIN
OF THE REFERENCE STANDARD

~=— BACK SIDE OF
THE OQUTER SKIN

0.004~0.008 THICK
NONCONDUCTIVE SHIM
TO SIMULATE ADHESIVE

USE SCREW AND
NUT TO SECURE
ASSEMBLY

b

SEE __4
TABLE I FOR I"‘“E TASLE I
———

THICKNESSES —= | FOR THICENESSES

SECTION A-A

[3= THE DEPTH OF THE SPOTFACE IS 20 PERCENT
OF THE ACTUAL THICKNESS OF THE OUTER SKIN
OF THE REFERENCE STANDARD

THE DEPTH OF THE SPOTFACE IS5 30 PERCENT
OF THE ACTUAL THICKNESS OF THE OUTER SKIN
OF THE REFEREMCE STANDARD. THIS 30X
SPOTFACE IS OPTIONAL

CORROSION REFERENCE STANDARD 127-XXX

Part &
51-00-00
Fig. 5
Page 6
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N

\

AT
V
LY
S e
v
LY

A\

NOTES —=—— BACK SIDE OF
ALL DIMENSIONS ARE IN INCHES THE QUTER SKIN

MATERIAL: CLAD 2024-T3 OR / 0.004-0.008 THICK

HONCONDUCTIVE SHIM
TO SIMULATE ADHESIVE

CLAD 2024-T4 SHEET
TOLERANCE: X.X =0.05

OUTER SKIN | SKIN THICKNESS | MACHINE DEPTH
THICKNESS TOLERANCE TOLERANCE

0.032-0.050 +0.001 +0.001
0.063-0.125 | +0.002 £0.0MM5

USE SCREW AND
THE BACK SIDE OF THE OUTER SKIN CAN BE NUT TO SECURE

MACHINED TO THE THICKNESS OF THE AIRPLANES I [ ASSEMNBLY

SKIN. MAKE SURE THE ALUMINUM SHEET USED TO

MAKE THE OUTER SKIN IS OF THE SPECIFIED OR SEE i

NEXT THICKER GAGE. THIS IS5 DONE TO MAKE ___i e SEE TABLE I
|

TABLE I FOR
SURE THE CLAD THICKNESS ON THE STANDARD AND FOR THICKNESSES
THE AIRPLANE ARE THE SAME. SEE TABLE I. THICKNESSES —= o

MILL OR GRIND TO A SURFACE FINISH OF &4 RHR SECTION B-B
OR BETTER

ETCH OR STEEL STAMP WITH 127-XXX ON BOTH {;:- THE DEPTH OF THE MACHIMING IS 20 PERCENT
SKINS OF THE REFERENCE STANDARD. SEE OF THE ACTUAL THICKNESS OF THE OQUTER SKIN
TABLE 1 FOR REFERENCE STANDARD PART NUMBER OF THE REFERENCE STANDARD

IDENTIFICATION
THE DEPTH OF THE MACHINING IS 30 PERCENT

THE DEPTH OF THE MACHINING IS 10 PERCENT OF THE ACTUAL THICKMESS OF THE OUTER SKIN
OF THE ACTUAL THICKNESS OF THE OUTER SKIN OF THE REFERENCE STANDARD. THIS 30
OF THE REFERENCE STANDARD PERCENT MACHINE DEPTH I5 OPTIONAL

CORROSION REFERENCE STANDARD 127A-XXX
DETAIL Il

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 5
Page 7
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r.'t

PROBE POSITION 3

PROBE POSITION 1

é%

FROBE POSITION 2

e

METER RESPONSE FROM 10 SECTION C-C
PERCENT MATERIAL LOSS AREA

(PROBE POSITION 2) N 40

30

BALANCE POINT — o 2()
(PROBE POSITION 1)

10

ACCEPTABLE RANGE FOR SINGLE LAYER METER RESPONSE
(PROBE POSITION 3)

NOTE: PROBE CALIBRATION POSITIOMS SHOWN FOR 127-XXX TYPE
REFERENCE STANDARD. 127A-XXX TYPE REFERENCE
STANDARD PROBE CALIBRATION POSITIONS ARE SIMILAR.

PROBE CALIBRATION POSITIONS AND METER RESPONSES
DETAIL III

CMN NDT
Apr 5/04
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10 PERCENT

\ 20 PERCENT

40

70

BALANCE POINT
=20

SINGLE LAYER —a

90

/ 30 PERCENT
/| 100

THIS SHOWS TYPICAL METER DISPLAY CALIBRATION RESPONSES.
ACTUAL RESPONSES MAY VARY DUE TO DIFFERENCES IN PROBE
PERFORMANCE, ACTUAL MATERIAL LOSS PERCENTAGES, CONDUCTIVITY,.
AND MATERIAL THICENESS.

TYPICAL RESPONSES FOR METER DISPLAY INSTRUMENT
DETAIL IV

CMN NDT
Apr 5/04
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10 PERCENT

L
/ ACCEPTABLE RANGE FOR SINGLE LAYER
/A METER RESPONSES OM THE AIRCRAFT

TYPICAL RESPONSES FOR METER DISPLAY INSTRUMENT
DETAIL V

Part 6

51-00-00 CMN NDT
Fig. 5 Apr 5/04
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PART 6 - EDDY CURRENT

STRUCTURES - GENERAL

Figure 6 - Deleted.

This procedure has heen incorporated in Part 6, 51-00-00, Fig. 4, Surface

Inspection of Aluminum Parts.

CMN NDT
Apr 5/04
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EFFECTIVITY
MODEL: ALL

BOFfING

NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT

FASTENER HOLES IN TAPERED PARTS (METER DISPLAY)

1. General

A. This technigue is for eddy current crack inspection at hole interfaces in tapered members of
aluminum or steel. The inspection for small cracks (0.05 inch) at the interface of holes in
tapered members requires that the position of the probe coil be controlled to assure a uniform
edge distance and minimal edge interference.

2. Eaquipment

A. Instrument - Any eddy-current unit designed for crack detection which is comparable to those
listed below and which meets the lift-off and sensitivity requirements of par. 4.E. and 4.G.

(1) Magnatest ED-520
(2) EM-1500
(3) Deflectometer 2,154
(4) MIZ-10

(5) NDT-3, NDT-8

Magnaflux
Automation Industries
Foerster

Zetec

Mortec

B. Probes - Probes used in this procedure should have the following characteristics:

(1) Diameter should be adjustable to obtain a snug fit in the hole.

(2) Probe should be adjustable to permit the penetration depth of the sensing coil be adjusted.

{3) Probe should not give interfering responses from normal handling pressures or
manipulation, or from normal operating pressure variations on the sensing coil.

(4) Probe shaft diameter should be small enough to allow clearance with hole edge when
inserted into the hole at the angle required for inspection of the tapered interface

(Detail ).

OVIN NDT
Dec 5/06
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C. Reference Standards - Test blocks with suitable natural cracks or
artificial notches to simulate cracks. JA standard test block should
meet the following requirements:

(1) Block should be of aluminum alloy, steel alloy (4130, 4140, or
4340), or aluminum and steel combination similar to the test part.

(2) Block should contain hole diameters which permit ecalibration of
instrument for each hole to be tested.

{3) The crack or notch in the block must give an eddy-current
instrument calibration comparable to that obtained from the
recommended test bloek (Detail I).

(4) The Tapered Standard 128 permits setting instrument sensitivity
and check of interface ncise using the probe guide.

D. Probe Guide 128FP - The probe guide maintains a uniform eddy current
coil distance to the tapered interface of the hole (Details II and III).

Preparation for Inspection

A. Clean loose dirt and paint for inside and around fastener hole,

B. Remove buildup of paint, sealant, etc., from around outside of hole
where probe will bear.

NOTE: If surface of hole is extremely rough, a cleanup ream may be
necessary to reduce erratic eddy current responses,

Instrument Calibraticn

Attach appropriate probe to instrument.
Turn instrument on and allow to warm up per manufacturer's instructions.

Select appropriate test block and place probe in hole., Adjust probe to
fit snugly but not so tight as to cause excessive wear of probe. If
test block is tapered, use the probe guide to maintain a uniform probe
coil to interface distance.

Ad just instrument controls according to the manufacturer's instructions.

Ad just instrument for lift-off.

(1) Place sensitivity (coil) part of probe on a flat surface of
material to be inspected. Because of edge effect interference,

place coil at least 0.25 inch away from edge of part.

Manipulate probe to obtain maximum eddy-current effect.

Part 6
51-00-00 CMN NDT

Fig. 7 Apr 5/04
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(3) Place a single sheet of ordinary writing paper (epproximate thickness
0.003 inch) between probe and material.

(4) Remove paper and note direction and amount of needle deflection,
(5) Adjust lifteoff control to cbtain minimum needle movement when paper

is removed, When no needle movement is noted, instrument and probe
have been calibrated.

Insert probe into hole in test block (use probe guide with tapered test
block) and adjust depth in hole to obtain meximm needle deflection on
meter from faying surface crack (center of coil approximately 0.050 inch
from interface for 0.050-inch edge crack).

Adjust sensitivity to obtain a minimm of 10% full scale meter
deflection from standard crack. Instrument is now callbrated for
detection of interface cracks in hole with a tapered interface,

Inspection Procedure

A, With probe gulde properly positioned, adjust collar on probe to set
depth of penetration into heole at 0,050 inch sbove or below the faying
surface depending on which part is to be inspected.

NOTE: Meke sure probe guide is positioned so that probe coil maintains
a uniform distance to the tepered interface, If large swings
oceur in instrument meter readings, check for proper alignment
of probe and probe guide and for correct probe guide angle,

Tighten collar on probe and insert probe into hole. Adjust balance
control to bring needle approximately to midscale,

Slowly scan entire circumference of hole, HNote position of any needle
deflection of 10% of full scale or greater, giving a positive crack
response,

NOTE: A positive crack response is characterized by rapid deflection of
the meter needle over a short scan distance, Deflection occurs as
the coil moves over the crack. This movement is egquivalent to an
arc of approximately 4O degrees in a 1/4-inch fastener hole, ami
20 degrees in a 1/2-inch hole.

Note locations of any guestionable indications, i.e., crack-like
indications causing needle deflection of less than 10% of full scale,

or indications not conforming to a positive crack indication. Perform
a 1/64=inch cleanup ream and repeat test, paying particular attention to
areas where Indication was noted. Note location and response of all
positive crack indicetions.

Part 6
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Repeat steps B thru D at incremental depths of 0.050 inch.

NOTE: For the inspection of hole surfaces or interfaces which are not
tapered, use the procedure of Part 6, 51-00-00, Fig. 1 for holes
in aluminmm, and Fig. 2 for holes in steel.

When hole 1s reamed to clean up or remove cracks, perform eddy-currernt
test af'ter each increase in hole dismeter,

Recheck calibration of instrument with test block periodically to ensure
proper sensitivity of instrument.

CMN NDT
Apr 5/04
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10.0
0.256
(TYP]

123[53’ _@ %HTYPII
e 1
N

SECTION A-A
0.050 + 0.002

LT

0.050 + 0.002

NOTES

® TOLERANCE ON ALL LINEAR DIMENSIONS t 0.050
INCH EXCEPT AS NOTED

® ToLeraNce *09%° ON ALL HOLES ® AVAILABLE FROM IDEAL SPECIALTY CO.
5 PIN 6412-4

SECTION B-B

® ALL DIMENSIONS IN INCHES
IDEAL SPECIALTY CO.

THE SIZE AND NUMBER OF CALIBRATION HOLES 2531 E. INDEPENDENCE ST.
IS DEPENDENT ON INSPECTION NEED TULSA, OKLAHOMA 74110

MATERIAL — ALLUMINUM ALLOY OR STEEL OR ELECTRIC DISCHARGE MACHINE (EXS)

COMBINATION OF BOTH NOTCH — 0.008 MAX WIDTH (TYP.
7 PLACES)

IDENTIFY MATERIAL TYPE
ON BOTH MEMBERS OF STANDARD ANGLE MATCHES TAPERED INTERFACE

OF PART BEING INSPECTED.
SEE PART 1, 51-01-00, FOR

MANUFACTURING AND ORDERING [i:> ETCH OR STEEL STAMP WITH 128 FOLLOWED
INFORMATION BY ANGLE OF TAPERED INTERFACE

[i= 10- 24 0R 10-32 BOLTS AND
NUTS (4 PLACES)

TAPERED STANDARD 128
DETAIL |

Part &
CMN NDT 51-00-00

Apr 5/04 Fig. 7
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ANGLE § OF PROBE GUIDE AND
TAPERED STANDARD ARE THE SAME
AS THE TAPERED INTERFACE OF HOLE
BEING INSPECTED

PROBE GUIDE HOLE
SHOULD BE A CLOSE FIT
TO THE PROBE BODY

TO MAINTAIN CONSTANT
FROBE ANGLE

128P

SECTION B-
NOTES .

® AVAILABLE FROM IDEAL SPECIALTY CO.
P/N B413-1 SITrEs

IDEAL SPECIALTY CO.
2531 E. INDEPENDENCE ST.
TULSA, OKLAHOMA 74110

[=>eTcH with 1280

TYPICAL PROBE GUIDE
DETAIL Nl

CABLE TO INSTRUMENT

COIL CENTERED 0,050 INCH
FROM FAYING SURFACE M OO CONNEETaN
COLLAR

PROBE GUIDE

PAROBE BODY SHOULD BE SMALL ANGLE B OF PROBE
TO ALLOW CLEARANCE WHEN PROBE GUIDE MUST MATCH
IS INSERTED INTO THE HOLE AT THE THE ANGLE BOF TEST
ANGLE REQUIRED FOR THE INSPECTION. BLOCK
(RECOMMENDED PROBE BODY DIA 0.25 INCH)

INSTRUMENT CALIBRATION
DETAIL 1l

Part 6
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MODEL: ALL NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT

LOW FREQUENCY INSPECTION FOR SUBSURFACE CRACKS
IN ALUMINUM STRUCTURE (METER DISPLAY)

1. Purpose
A. To provide a general low frequency eddy current inspection procedure for the detection of
subsurface cracks in aluminum structure. This procedure uses a probe scanned or placed at
the area to be inspected.
NOTE: This general procedure must be used in conjunction with a specific procedure which

will identify inspection locations and give specific requirements for probes, reference
standards, and test frequencies.

2. Eguipment

A, Instrument - Any eddy current instrument that will satisfy the performance reguirements of this
procedure is suitable for this inspection. One of the following instruments was used during
development of this procedure.

(1) MIZ-10 or MIZ-10A, Zetec Inc.
(2) Alcoprobe-S, Inspection Instruments (NDT) Ltd.

B. Probes - Refer to the specific inspection procedure for probe requirements.

C. Reference Standards - Refer to the specific inspection procedure for reference standard
requirements.

NOTE: Referto Part 1, 51-08-00, par. 7 for information on equipment manufacturers.
3. Preparation for Inspection
A. Clean inspection surfaces.

4.  Instrument Calibration

A_  Connect the appropriate probe, identified in the specific inspection procedure, to the instrument.
B. Set the instrument frequency per the specific inspection procedure.

C. Place probe on the unnotched area of the reference standard. Refer to Position 1 of the Probe
Position Figures of the specific inspection procedure.

Part 6
aVN NDT 51-00-00
Dec 5/06 Fig. 8
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Balance instrument per manufacturer's instructions,

Adjust liftoff control per manufacturer's instructions to obtain the
same resaponse when the probe is on the bare standard as with the probe
lifted off the part by 0.006 inch (approximately the thickness of two
sheets of paper.

NOTE: The probe is located at Position 1 during liftoff ealibration.

Keep the probe at Position 1 and use the meter position control to
ad just meter response to indicate 20% of full scale.

Position or scan probe over the notched portion of the reference
standard. Meter response should be upscale. Refer to Position 2 of
the Probe Position Figure of the specific inspection procedure,

Ad just instrument sensitivity to obtain 50% of full scale meter
response difference between the notched and unnotched locations.
(Position 1 and 2.)

Reposition probe at Position 1 and recheck balance and liftoff. If
read justments are made, recheck sensitivity per Steps G and H.

Inspection Procedure

A.

Inspect each location by placing the probe at inspection locations or
by secanning the probe over the inspection area, depending on the
requirements of the specific procedure.

When the specific procedure calls for placing probe at inspecticn
locations, use several locations on the airplane to establish an
acceptable baseline response.

(1) Select a representative location from this group and set its
response to 20% of full meter scale,

NOTE: Do not change instrument sensitivity when establishing the
airplane baseline response,

Refer back to this location periodically to ensure that instrument
response is the same as originally recorded. (Changes in meter
response may occur as a result of instrument drift or probe
temperature change.)

Compare meter readings obtained at all inspection lcoations whieh

have similar inspection conditions. Refer to the specific
inspection procedure for locations which may be compared.

CMN NDT
Apr 5/04
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C. When the specific procedure calls for scanning the probe over
inspection areas, use the reference standard to establish a scan speed
and type of meter deflection which occurs as the probe is scanned over
a crack.

(1) Slowly scan the probe over all inspection areas, and note all
meter defleotions.

NOTE: When scanning around a fastener head, maintain a uniform
distance between probe and fastener head.

6. Inspection Results

A. Any location that gives a response 30% of full meter scale higher than
the baseline response, or when scanning, any meter deflection which is
30% of baseline response or greater should be investigated further.

NOTE: (1) The following conditions may cause meter reading changes
similar to crack indications:

(a) A decrease in fastener spacing - Compare with
similarly aspaced fasteners on the airplane or on the
reference standard.

Close edge of skin or subsurface structure - Check
drawings in the specific inspection procedure and
compare with a similar location on the airplane.

Differences in conductivity between skin panels -

Compare only inspection locations common to a skin
panel.

Flacing or scanning the probe too close to a magnetic
steel fastener - Compare the response obtained with
the probe placed near a similar fastener, or by
scanning the probe around the fastener at a constant
distance away from it.

(e) Magnetic chips trapped in paint - Remove paint and
reinspect.

When investigating crack-like indications, compare meter
responses obtained at the same location on the opposite
side of the airplane or at the same location on another
airplane of the same configuration.

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 8
Page 3

BOEING PROPRIETARY = Copyright & = Unpublished Work — See title page for details.




EFFECTIVITY @!ﬂfl’ﬂ

WLRE AL NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT
INSPECTION FOR SUBSURFACE CRACKS AT FASTENER HOLES IN ALUMINUM STRUCTURE
Purpose

A. Use this procedure to do an inspection for subsurface cracks that start at the fastener holes in
aluminum structure. Do this procedure with the fasteners in the holes.

This is a general, secondary procedure; it does not give all of the data necessary to do the
inspection. Refer to the primary procedure for more data about the inspection locations,
instrument frequencies, and equipment specifications.

C. This procedure uses an instrument with an impedance-plane or meter display and a ring probe.

2. Equipment
A, General

(1) Use inspection equipment that can be calibrated on the reference standard as specified in
Paragraph 4.

(2) Referto Part 1, 51-01-00 for data about the equipment manufacturers.

Instrument

(1) Use an eddy-current instrument that has an impedance-plane or meter display.

(2) The instrument must operate at the frequency range given in the primary procedure.
Probes

(1) Use a ring probe that operates at a frequency given in the pnmary procedure.

(2) Refer to the primary procedure for the probe dimensions.

Reference Standards

(1} Use reference standards that are specified in the primary procedure,

NOTE: The primary procedure must have a different reference standard for each important
change in structure and fastener matenal.

Part 6
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3. Preparation for Inspection

A. Get access to the inspection areas as shown in the primary procedure.

B. Remove loose paint, dirt, and sealant from the surface of the inspection area.

4. |nstrument Calibration

A. Set the frequency between the values given in the primary procedure.

B. Foran instrument with an impedance-plane display, set the vertical to horizontal gain to 1:1.

C. For an instrument with an impedance-plane display, set the filters as follows.

(1) Set the high-pass filter to off or zero Hz,
(2) If the instrument has a low-pass filter, do the steps below
(a) Setthe low-pass filter to its highest value,

(b} Decrease the filter value to get a stable dot or until the signal from the notch in the
reference standard starts to decrease.

D. Put a nonconductive shim on the reference standard. The thickness of the shim must be

equivalent ( +0.003 inch [0.08 mm]) to the paint thickness on the airplane.

E Find the fastener on the reference standard that does not have a notch that goes into the fastener

heole Put the center of the probe on the center of the fastener

F. Move the probe to get a minimum signal.

G Balance the instrument.

H. Adjust the balance point to 20 percent of the display as shown in Detail |

J.

Adjust the instrument for lift-off with a 0.006 inch (0.15 mm), nonconductive shim  Adjust the
phase control so that.

(1) The signal moves horizontally to the left for instruments with impedance-plane displays

(2) The meter needle does not move more than 5 percent of the display for instruments with
meter displays.

Find the fastener on the reference standard that has a notch that goes into the fastener hole Put
the center of the probe an the center of the fastener.

CMN NDT
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K. For aninstrument with an impedance-plane display, adjust the gain as follows

(1) If necessary, decrease the horizontal gain so that the signal is on the nght half of the
display.

(2) Adjust the vertical gain to get a signal that is approximately 80 percent of the vertical
display as shown in Figure 1.

L. For aninstrument with a meter display, adjust the gain to get a signal that is approximately 80
percent of the display as shown in Figure 1.

5. |nspection Procedure
A Balance the instrument on the airplane as follows:

(1) From the inspection area that is shown in the primary procedure, make a selection of
three or more fasteners. Each fastener location in the inspection area must have the
same fastener type and structure (material, dimensions, and edge margin).

Put the center of the probe on the center of each of the fasteners, and monitor the display.
Move the probe at each fastener location to get a munimum signal  Balance the
instrument if necessary, so that the signal stays in the display range.

(3) Put the center of the probe on the center of the fastener that had the lowest signal.

{(4) Balance the instrument.

(5) Adjust the balance point to 20 percent of the display as shown in Detail 1.

NOTE. Do not adjust the gain, Gain adjustments will make the instrument calibration
unsatisfactory.

Make an inspection of each of the fasteners that are in the inspection area as follows:
(1) Move the probe at each fastener location to get a minimum signal.

(2) Make a mark at the locations that cause signals that are more than 40 percent of the
display.

Do a check of the instrument and probe after the inspection as follows:

NOTE: Do not adjust the gain.

(1) Find the fastener on the reference standard without a notch that goes into the fastener
hole. Put the center of the probe on the center of the fastener.

(2) Balance the instrument.

Part 6
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BOELEING
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Adjust the balance point to 20 percent of the display as shown in Detail |

Find the fastener on the reference standard that has a notch that goes into the fastener
hole,

Put the center of the probe on the center of the fastener.
Move the probe to get a minimum signal

Compare the signal with the signal you got from the notch during calibration.

If the signal from the notch in the reference standard, has changed 10 percent or more
from the signal you got during calibration, do the calibration and inspection again.

6. Inspection Results

A. Signals that are more than 40 percent of the display are signs of a defect.

B. The conditions that follow can cause signals that are almost the same as crack signals:

Part 6
51-00-00
Fig. ¢
Page &

(1
(2)
(3)
(4)
(3)
(6)

A small space between fasteners.

A different fastener diameter.

A different countersink depth.

A different edge margin.

A difference in structural conductivity.

A difference in fastener material.

If possible, compare the defect signals with the signals from the fasteners that are at the same
location on the opposite side of the airplane to make sure the defect signals are from defects.

CMN NDT
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MODEL: ALL
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PART 6 - EDDY CURRENT

LOW FRE NCY INSPECTION FOR SUBSURFACE CRACKS WHICH PROPAGATE

TRANSVERSE TO A SPLICE GAP (METER DISPLAY)

1.  Purpose

A.

To provide a general low frequency eddy current procedure for the detection of subsurface
cracks which propagate transverse to a splice gap. This procedure uses a probe scanned
along the splice gap.

NOTE: This general procedure must be used in conjunction with a specific procedure which
will identify inspection locations and give specific requirements for probes, reference
standards, and test frequencies.

2. Eguipment

A,

Instrument - Any eddy current instrument that will satisfy the performance requirements of this
procedure is suitable for this inspection. One of the following instruments was used during
development of this procedure.

(1) MIZ-10 or MIZ-10A, Zetec Inc.

(2) Alcoprobe-S, Inspection Instruments (NDT) Ltd.

Probes - Refer to the specific inspection procedure for probe requirements.

Reference Standards - Refer to the specific inspection procedure for reference standard
requirements.

NOTE: Referto Part 1, 51-06-00, Par. 7 for information on equipment manufacturers.

3. Preparation for Inspection

A

Clean inspection surfaces.

4, Instrument Calibration

A

B.

OVIN NDT
Dec 5/06

Connect the appropriate probe, identified in the specific inspection procedure, to the instrument.
Set the instrument frequency per the specific inspection procedure.

Visually center the probe over the splice gap on the unnotched area of the reference standard.
Refer to position 1 of the specific procedure for Probe Position Figures.

Part
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Balance instrument per manufacturer's instructions.

Adjust liftoff control per manufacturer's instructions to obtain the
same response when the probe is on the bare standard as with the probe
lifted of f the part by 0.006 inch (approximately the thickness of two
sheets of paper). Care should be taken to hold the probe in the same
position relative to the splice gap during liftoff adjustment.

Keep the probe centered at Position 1 and use the meter position
control to set the meter response at 20% of full secale.

(1) After the liftoff calibration is complete, the probe is usually
centered over the splice gap by moving the probe across the gap to
obtain a maximum meter response.

In some cases, the probe must be visually centered over the splice
gap, because the maximum meter response does not occur when the
probe is centered over the gap. These cases will be identified in
the speeific inspection procedure.

Scan the prebe along the splice gap to the notched location. Meter

response should be upscale. Refer to Position 2 of the Probe Position
Figure of the specific inspection procedure.

Ad just instrument sensitivity to obtain 50% of full scale meter
response difference between the notched and unnotched loecations.

Recheck balance and liftoff. If readjustments are made, recheck
sensitivity per Steps G and H.

Inspection Procedure

A.

Select a section of the inspection area that has fastener spacing and
edge margins similar to the reference standard.

Center the probe on this loecation. If necessary, adjust the meter
response to 20% of full scale.

(1) The meter response adjustments must be made with the probe on a
crack-free area of the structure.

(2) To ensure that the probe is on a erack free area, scan the probe
along the length of the gap for several inches in each direction.

Do not change instrument sensitivity when adjusting the meter
response.

CMN NDT
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Inspect the length of the splice gap as indicated in the specific
inspection procedure. Perform the inspection by slowly scanning the
probe along the splice gap. Use the reference standard to establish

the scan speed and type of meter deflection which occurs as the probe
is scanned over a crack.

NOTE: Some inspections may require the use of a stralghtedge to keep
the probe centered on the splice gap.

Inspection Results

A. Any meter deflection 30% or greater is a potential crack indication and
further investigation is required.

B. The following conditions may cause meter reading changes similar to
crack indications:

(1) Metal chips trapped in the sealant at the splice gap may cause a
crack=like indication. Remove sealant and reinapect.

(2) A fastener close to the splice gap may cause a crack-like

indication. Compare with similarly spaced fasteners on the
airplane.

When investigating crack-like indications, compare meter responses
obtained at the same location on the opposite side of the airplane or

at the same location on another airplane of the same configuration.

. Part 6
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PART 6 - EDDY CUR T
NER HOLES IN ALUMINUM PARTS (IMPEDANCE PLANE DISPLA

1. Purpose

A. Toinspect with the use of impedance plane analysis the fastener holes in aluminum structures
with the fasteners removed.

Part 6, 51-00-00, Fig. 1 can be used as an altemative procedure.

Part 6, 51-00-00, Fig. 16 is recommended as an altemative procedure. It is highly
recommended for inspections of materials less than 0,063 inch thick.

2. Equipment
NOTE: Referto Part 1, 51-01-00 for equipment manufacturers.
A. Instrument -- All eddy current instruments with a impedance-plane signal display that gets the
necessary performance conditions of this procedure are permitted for this inspection. The
following instruments were used to make this procedure and were found to be satisfactory:

(1) EM 4300, Autormation Industries, Inc.

(2) Defectoscope 2.830, Foerster Instruments, Inc.

(3) MIZ-10, MIZ-10A, MIZ-17, Zetec, Inc.

NOTE: Auxiliary CRT monitor for impedance plane display is necessary with MIZ-10 or
MIZ-10A.

NDT-18, NDT-19, Nortac
NOTE: Instruments for impedance plane analysis usually work on a two coil or driver-
pickup coil principle. These instruments need two coil probes or one coil probes

with balance coil adapters.

Probes -- The probe/instrument set used in this procedure must meet the necessary liftoff and
sensitivity conditions of par. 4. Retfer to Detail | for typical fastener hole probe configuration.

(1) Probes must operate with two coil or driver-pickup coil impedance-plane instrumentation.
Probes can have two coils or one coil with a balance coil adapter.

(2) The probe diameter must be adjustable to get a tight fit in the hole.

CMN NDT
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Probes must have an adjustable collar which controls the
penetration depth in the hole. The collar is to be used as a
guide while the probe is turned inside of the hole.

NOTE: Refer to Detail II for an example of the list of probes.

Probes should not give interfering responses from normal handling
pressures or manipulation, or from normal operating pressure
variations on the sensing coil.

Test Blocks -- Test blocks should have suitable natural cracks or

artifiecial slots to simulate cracks in each of the hole sizes being
tested. A standard test block should meet the following regquirements:

(1) Block should be of aluminum alloy with approximately the same
conductivity as the part to be inspected.

(2) Block should contain a suitable range of hole diameters to permit
calibration of instrument for diameter of each hole to be tested.

(3) The erack or slot in the block must give an eddy current
instrument calibration comparable to that obtained from the
recommended Boeing test block (see Detail III).

Preparation for Inspection

A.

B.

Clean loose dirt and paint from inside and around fastener hole.

Remove buildup of paint, sealant, etec., from around outside of hole
where probe collar will bear.

NOTE: If surface of hole is extremely rough, a cleanup ream may be
necessary. A 1/64 (0.016) inch diameter oversize is usually
satisfactory.

Instrument Calibration

A.

Attach appropriate probe to instrument, and if necessary, balance coil
adapter.

Turn instrument on and allow to warm up per manufacturer's
instruetions.

For instruments with adjustable frequency select frequency appropriate
for test probe, usually between 100 and 500 kHz.

Select appropriate test block and place probe in hole with sensing
coil away from notch. Expand loose probe to obtain snug fit. Probe

should fit snugly to reduce probe wobble, but not so tight as to cause
excessive wear of probe.

CMN NDT
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Balance instrument according to the manufacturer's instructions.

With probe balanced in calibration hole, adjust instrument/CRT
controls to position "flying dot" in center of screen.

Adjust instrument for liftoff.

(1) With probe balanced in calibration hole manipulate probe to cause
the coil to be lifted from hole surface.

(a) Single coil probe - Adjust phase rotation control so that
when probe coil is lifted off from the hole surface, the

flying dot deflects horizontally toward the left side of
screen (see Detail IV).

Dual coil probe - Adjust phase rotation control so that when
the probe is rocked in the hole, the flying dot deflects
horizontally both right and left (see Detail V).

Probe liftoff can be achieved by squeezing the end of the
probe so the coil moves away from the hole surface, or by
placing a piece of tape 0.002-0.003 inch (0.005-0.007 cm)
thick on the inside surface of the hole and rotating the
probe until the coil is on the tape.

H. Adjust instrument sensitivity for hole edge crack inspection.

(1) Use the probe collar to adjust depth of coil in hole to obtain
maximum flying dot deflection from 0.030-inch (0.076 em) edge
slot (see Detail II, Slot No. 3). Check instrument balance for

flying dot at center of screen and liftoff lying horizontal
toward left side of screen.

Ad just instrument sensitivity to obtain approximately one-third

full screen width flying dot deflection from the 0.030-inch
(0.076 em) test block noteh.

(a) Single coil impedance plane signal for notch will appear
approximately as indicated in Detail IV.

{b) Dual coil impedance plane signal for notch will appear
approximately as indicated in Detail V.

NOTE: Both sides of loop may not always appear exactly the
same.

Boeing Service Bulletin rework and modification procedures are
based on the reliable detection of cracks 0.030-inch (0.076 cm)
or greater in depth (radially). The instrument and probe
should detect the 0.030-inch (0.076 cm) notch reliably.

Part &
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Adjust instrument sensitivity for hole eentered crack inspection.

(1) Repeat par. U.H. except use the probe collar to adjust depth of
coil in hole to obtain maximum flying dot deflection from slot
located between ends of hole in test block (see Detail III, Slot
No. 1).

Ad just instrument sensitivity for hole faying surface crack inspection.

(1) Repeat par. U.H. except use the probe collar to adjust depth of
coil in hole to obtain maximum flying dot deflection from slot
located at faying surface of hole in test block (see Detail III,
Slot No. 2).

Inspection Procedure

A.

B.

Calibrate instrument per par. 4§ for specific area of bolthole to be
inspected; i.e., surface, faying surface or mid-hole.

Ad just probe to required depth and insert into hole.

NOTE: Use test block to establish probe to upper or faying surface
edge distance for detection of 0.030-inch (0.076 cm) hole edge
cracks.

Check liftoff and flying dot placement. If necessary adjust balance
control to position flying dot at center of screen and liftoff
deflection lying horizontal toward left of screen.

Slowly secan entire circumference of hole using probe collar to
maintain a constant probe depth in hole. HNote position of any
response which has approximately the same direction as and a length
which is 60 percent, or more, of the response obtained from the
0.030=inch (0.076 em) noteh in the test block.

NOTE: Significant distortion of fastener hole impedance plane
response patterns can result from hole gouges, out-of-round,
corrosion, sealant, ete. These conditions generally produce
horizontal deflections of the impedance plane signal without
the rapid signal change associated with a surface crack.
Significant improvement in the response pattern may be obtained
by a 1/64 (0.016) inech hole oversize ream (see Detail VI).

For instruments with signal horizontal deflection control, an
improved signal presentation may be obtained by employing
reduced horizontal sensitivity. If adjustment is made to
signal horizontal deflection, check test block notch response.
Note indieations which are approximately in the same direction
and 60 percent or more of test block response.

CMN NDT
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Adjust probe collar and repeat steps A thru D at incremental depths of 0.050-inch {0.13 cm) to
within 0.025-inch (0.064 cm) from bottom end of hole or mating layer interfaces,

Recheck calibration of instrument with aluminum test block periodically to ensure proper
sansitivity.

6. Inspection Resulls

A. A positive crack response is characterized by a rapid deflection of the impedance plane signal
over a short scan distance and in the same general direction as the test block notch response.
Deflection occurs as the coil moves over the crack. The related probe movement is equivalent
to an arc of approximately 40 degrees in a 0.25-inch tastener hole and 20 degrees in a 0.50-
inch hole for a hole probe with a 0.1-inch (0.25 cm) diameter coil.

NOTE: Impedance plane signal of in-service crack indication may not appear exactly like the
notch response of the test block. Crack signals may appear as a sharp peak within a
rounded or conical shaped signal. A 1/64 (0.016) inch ream may improve response
interpretation. Examples of hole crack impedance plane response before and after
reaming 1/64 (0.016) inch oversize is given in Detail VI for a single coil probe.

Note locations of any questionable indications, i.e., crack-like indications causing responses
less than the one obtained from 0.030-inch (0.076 cm) notch in test block, or indications not
conforming to a positive crack response. Perform a 1/64 (0.016) inch clean-up ream and
repeat test, paying particular attention to areas where indication was noted. Note location and
response of all positive crack indications which are 60 percent or more of test block notch
response.

When hole is reamed to clean up or remove cracks, perform eddy current test after each
increase in hole diameter.

NOTE: When reworking a cracked part, it is imperative that an "insurance cut* be made.
The depth of the insurance cut should always be greater than the depth of the
minimum detectable defect to ensure complete crack removal. Service Bulletin
rework procedures normally spacify a 0.030-inch (0.076 cm) deep insurance cut.
Get local engineering approval before you do an insurance cut.

An acceptable bolthole response lies near the liftoff line and can oscillate horizontally along this
line up to the entire screen width.
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NOTES

[T ABSOLUTE TYPE, BALANCE
COIL REQUIRED FOR IMPEDANCE
PLANE SIGNAL DISPLAY

[= sLoT sHouLD PERMIT PROBE

EXPANSION UP TO 1/16 {0.063)
INCH

0.020 TO 0.030 INCH

SLOT m:;..

SAMPLE PROBE [

THREADED FOR SET SCREW

0.156 INCH MAXIMUM |

NO. 40 (AWG)
WIRE

Y

e 0.103 DIAMETER TO
0.109 'NCH CLEAR PROBE

’ {136 TURNS) BODY

0.045-INCH
DIAMETER
FERRITE CORE

COIL

SET SCREW

COLLAR
7 /BDDY

3 TO 4 INCHES LONG

DIAMETER TO FIT HOLE

o R

]

N

CROSS SECTION THROUGH CENTER OF PROBE

TYPICAL EDDY CURRENT BOLT HOLE PROBE — ABSOLUTE TYPE
DETAIL |

Part 6
51-00-00 CMN NDT
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ABSOLUTE DIFFERENTIAL
BOLT HOLE PROBES BOLT HOLE PROBES

HOLES NORTEC NDT PRODUCT ENG. IDEAL SPECIALTY NORTEC
DIA (INCHES) PART NO. PART NO. PART NO. PART NO.

3/16 (0.188) 2917 @gpP-12 BPFG — 12 6200 — 3/16 BH 9204813 DP-12
7/32 (0.219) BP-14 BPFG — 14 6200 — 7/32 BH 9204814 DP-14
1/4 (0,250} BP--16 BPFG — 16 6200 — 1/4 BH 9204815 DP-16
5/16 (0.313] BP=20 BPFG — 20 6200 — 5/16 BH 9204817 DP-20
3/8 10.375) BP—24 BPFG — 24 6200 — 3/8 BH 8704819 DP-24
7116 (0.438) BP-28 BPFG — 28 6200 — 7/16 BH 9204821 DP-28
1/2 [(0.500) BP-32 BPFG — 32 5200 — 1/2 BH 9204823 DP-32
9/16 (0.563) BP-36 BPFG — 36 6200 — 9/16 BH 9204825 DP-36
5/8 (0.625) BP—40 BPFG — 40 6200 — 5/8 BH 9204827 DP-40
11/16 (n.688) BP—44 BPFG — 44 6200 — 11/16 BH 9204828 DP-44
3/4 (0.750) BP-48 BPFG — 48 6200 — 3/4 BH OP—ag

NOTE

WHEN USING ABSOLUTE BOLT HOLE PROBES WiTH
INSTRUMENTS REQUIRING TWO COILS, USE TWO
SIMILAR ABSOLUTE PROBES OR SINGLE ABSOLUTE
PROBE IWTH BALANCE COIL ADAPTER

VENDOR PART NUMBERS FOR TYPICAL BOLT HOLE PROBES
DETAIL II

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 11
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NO. 6-32 BOLTS TYPICAL —wy 030
4 PLACES i L

1.0

)

BOEING PART NOS

0.1875 — 186A
0.2500 - 1BBB
0.3125 186C
0.3750 1860
0.4375 1B6E
0.5000 1BEF

SLOT
NO. 3 >

NOTES
® TOLERANCE ON
ALL DIMENSIONS £ 0 050
INCH EXCEPT AS NOTED

® ALL DIMENSIONS ARE IN INCHES

A B
. sLOT
L A e NUMBER WIDTH LENGTH

Y
7178 ALUMINUM ALLO > 1 0.005 0.060

SECTION X-X SECTION Y-¥Y

SEE PART 1,51—01-00,
FOR MANUFACTURING = 2 0.005 0.030
AND ORDERING INFORMATION K = 0008 =

FINISH REAM HOLE AND
DO NOT DEBURR

TOLERANCE MAX IMLUM + 0.003

[E=> eLECTRIC DISCHARGE MACHINE
PER GIVEN DIMENSIONS

[5=> HOLE DIAMETER (6 STANDARD)
01875 D 2500 0.3125
0.3750 04375 05000

+0 005
TOLERANCE =0.000 ON ALL HOLES

CALIBRATION TEST BLOCK DATA
DETAIL 11

Part 6
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Fig. 11 Apr 5/04
Page 8

BOEING PROPRIETARY = Copyright @ - Unpublished Work - See title page for details.




BOEING

NONDESTRUCTIVE TEST

RANGE OF
ACCEPTABLE
CALIBRATION

RESPONSE \

LIFT ___

OFF ™ / ‘
CRACK

INDICATION

—— —

bd
T

¥ INSTRUMENT
BALANCE
POINT
(FLYING DOT)

L
L

i
THrep rree

GENERALIZED SINGLE COIL IMPEDANCE PLANE
RESPONSE FROM A 0.030- INCH NOTCH

DETAIL IV

RANGE OF
ACCEPTABLE
CALIBRATION

RESPONSE \[

INSTRUMENT

S
—)
g

(FLYING DOT)

M"'*--.
N

"lq._‘

CRACK
INDICATION

T R
L t+ +

GENERALIZED DUAL COIL IMPEDANCE PLANE
RESPONSE FROM A 0.030—INCH NOTCH
DETAIL V
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> >

LIFT C % LIFT ..k—
OFF

OFF

EXAMPLE A

LIFT
OFE

EXAMPLE B

NOTES
® SCREEN OMITTED FOR CLARITY

[[—> unACCEPTABLE RESPONSE
PATTERNS

[ ACCEPTABLE RESPONSE
PATTERNS OBTAINED AFTER
1/64 [0.016) INCH DIAMETER
CLEAN-UP REAM

HOLE IMPEDANCE PLANE CRACK RESPONSE IMPROVEMENT

OBTAINED WITH A 1/64 (0.016) INCH OVERSIZE REAM
ON SINGLE COIL PROBE

DETAIL VI

Part 6
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EFFECTIVITY
MODEL: ALL

PART € - EDDY CURRENT

CORROSION LO ALUMINUM SKINS (IMPEDANCE PLANE DIS

1. Purpose

A. To find and to make an estimate of corrosion of 10 percent or more in the aluminum outer skin
at the faying surface of structures with two layers. This procedure uses an eddy-current
instrument with an impedance plate display. The calibration details are given for clad 2024-T3
or T4 and clad 7075-T6 aluminum alloys which have an outer skin thickness between 0.032
inch and 0.125 inch.

NOTE: Differences in the conductivity or the thickness between the reference standard and
the awplane skin, separation between the skins, intergranular cracking related to
corrosion, and paint will cause changes in the eddy-current response. Thus, this
procedure cannot be used to give with precision the depth of corrosion, or to make
an estimate of the decrease in the material thickness of less than 10 percent.

It 1s recommended to do eddy-current inspactions for corrosion with an eddy-current
instrument with an impedance plane display. But, the other procedure which uses an
eddy-current instrument with a meter display, Part 6, 51-00-00, Figure 5 can be used.

2. Eguipment

A. Instruments -- To do this procedure, eddy-current instruments with an impedance plane display
which have a continuous frequency selection and which get the necessary results of this
procedure must be used. These instruments were used to prepare this procedure:

(1) NDT 19 Nortec, Inc.
(2) AV 100L Hocking Instruments
(3) MIZ20 Zetec, Inc.

Probes -- To do this procedure, flat surface probes must be used. Select probes which operate
at the necessary frequency. Usually, probes with small active diameters are better because
they find small areas of corrosion more accurately. These probes were used to prepare this
procedure:

(1) SPO 1598 20 - 50 kHz Stavely Instrumants

Part &
CMN NDT 51-00-00
Apr 5/04 Fig. 12
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(2) SNG 375-3L 20 kHz NDT Engineering Corp.
(3) SPO 565A 500 Hz Stavely Instruments

NOTE: Probes can be used at more frequencies than their published
operating frequency if they can get the necessary results of this
procedure.

Reference Standard - Reference Standard 127-XXX or 12TA-XXX. Hefer to
Detail I and Detail II.

Preparation for Inspection

A.

B.

Lightly sand all thick or rough paint until it is smooth.

Wipe the area of the inspection until it ias ¢lean.

Instrument Calibration

A.

Part &
51-00-00
Fig. 12
Page 2

Find the thickness of the outer skin of the airplane. Refer to the
applicable service bulletin or the skin drawings.

Make a selection of the necessary reference standard from Table I.
Refer to Flagnote 1.

Make a selection of a frequency from the frequency range from Table I.

NOTE: The instrument test frequency may have to be adjusted during the
calibration procedure to optimize the instrument test frequency,
but the frequency must be in the range of Table I.

If the area of the inspection is painted, put a nonconductive shim which
is the same thickness as the paint on top of the reference standard.

The nonconductive shim must be + 0.003 inch of the actual paint
thickness.

Put the probe on a full thickness area of the reference standard, Detail
ITI, probe position 1.

Balanee the instrument. Refer to the instructions of the manufacturer.
Use the vertical and horizontal position controls to move the balance
point to the lower middle part of the screen. Refer to Detail III.

Ad just the phase/rotation control so that the signal moves in a
horizontal direction and to the left when the probe is lifted off of the
part. Refer to Detail III.

Move the probe to the area on the reference standard where there is a 10
percent decrease in the material thickness, Detail III, probe position
2. Adjust the instrument sensitivity to get a signal which is 20
percent of the full screen height. Refer to Detail III,

CMN NDT
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Move the probe to an area where there is only the outer layer, Detail
I1I, probe position 3. The position of the signal of the instrument
must be between 5 percent and 10 percent of the full screen height
below the balance point. See Detail III.

WARNING: IF THE FREQUENCY IS TOO LOW, SEPARATION BETWEEN THE SXINS CAN

CAUSE INCORRECT CORROSION SIGNALS. TOO HIGH A FREQUENCY WILL
NOT GIVE SUFFICIENT SENSITIVITY.

If the signal is not in the correct position in step U.I, adjust the
frequency. If the signal i3 above the permitted range, increase the
frequency; if the signal is below the permitted range, decrease the

frequency. See Detail III. The frequency must be in the limits of
Table I.

If the frequency is changed, do steps 4.E - U.J again.

Move the probe to the areas where there is a 20 percent and, if
applicable, a 30 percent decrease in the material thickness areas on
the reference standard. Monitor the signal from each area., Detail IV
shows an example of indications.

Inspection Procedure

A.

B.

Calibrate the instrument. Refer to per paragraph 4.

Put the probe on the skin that is to be inspected in an area where
there is a second layer structure and no apparent corrosion.

Balance the instrument. Refer to the instructions of the manufacturer.

Slide the probe onto the adjacent area where there is a single skin.
The signal must be in the range shown in Detail V. If it is not, do
the check in another area to make sure that corrosion was not

present. If the signal is again not in the permitted range, check the
reference standard and the airplane to make sure that the material
alloy and thickness are correct. Refer to Table I.

NOTE: When the inspection is done on tapered or machined skins, it is
very important to make sure that the correct skin thickness is
kKnown.

Put the probe on the skin at the balance position paragraph 5.B.

Slowly slide the probe into the area of possible corrosion. Monitor
the instrument response.

6. Inspection Hesults

A.

CMN NODT
Apr 5/04
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This procedure must not be used to find material loss less than
10 percent.

An area of possible corrosion which does not give eddy current
evidence of corrosion of the faying surface of the outer skin should
be investigated for possible corrcesion of the second layer. This can
be done by the disassembly of the structure or possibly by an eddy
current inspection from the opposite side. Contact Boeing if more
help is needed.

AIRPLANE INSTRUMENT
OUTER SKIN REFERENCE STANDARD TEST FREQUENCY
THICKNESS NUMBER *[1] RANGE kHz

0.032 - 0.034 127 0.032 Uy - 50
1274 - 0.032

0.034 - 0,038 127 0.036 35
127A - D,036

0.038 - 0,045 127 0.040 25
127A 0.040

0.045 - 0.056 127 0.050 16
127A - 0.050

0.056 - D.068 127 0.063
12TA - 0.063

0.068 - 0.076 127 0.072
127A 0.072

0.076 0.085 127 0.080
1274 0.080

0.085 - 0.095 127 0.090
127A - 0.090

0.095 - 0.105 127 0.100 4.6
1274 - 0.100

0.105 - 0.118 127 0.110 3.6 - 4.6
127A - 0.110

0.118 - 0.125% 127 0.125 3.2 - 3.6
127A - 0,125

*[1] DASH NUMBER INDICATES REFERENCE STANDARD THICKNESS IN
INCHES.

TABLE I

CMN NDT
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_[..
127-Xxx [T

’,Hf SPOTFACE
1.0 DIA (TYP)

NOTES

ALL DIMENSIONS ARE IN INCHES

MATERIAL: CLAD 2024-T3 OR
CLAD 2024-T& SHEET

TOLERANCE: X.X #0.05

QUTER SKIN | SKIN THICKNESS | SPOTFACE DEPTH
THICKNESS TOLERANCE TOLERANCE

0.032-0.050 +0.001 +0.001
0.063-0.125 +0.002 10.0015

THE BACK SIDE OF THE OUTER SKIN CAN BE
MACHINED TO THE THICKNESS OF THE AIRPLAMES
SKIN. MAKE SURE THE ALUMINUM SHEET USED TO
MAKE THE OUTER SKIN IS OF THE SPECIFIED OR
NEXT THICKER GAGE. THIS IS DONE TO MAKE
SURE THE CLAD THICKNESS ON THE STANDARD AND
THE AIRPLANE ARE THE SAME. SEE TABLE I.

SPOTFACE TO A SURFACE FINISH OF 64 RHR OR
BETTER

ETCH OR STEEL STAMP WITH 127-XXX ON BOTH
SKINS OF THE REFERENCE STANDARD. SEE
TABLE 1 FOR REFERENCE STANDARD PART NUMBER
IDENTIFICATION

THE DEPTH OF THE SPOTFACE IS 10 PERCENT
OF THE ACTUAL THICKNESS OF THE OUTER SKIN
OF THE REFERENCE STANDARD

SEE

TABLE I FOR
THICKNESSES —=

~—— BACK SIDE OF
THE OQUTER SKIN

D.004-0.008 THICK
NONCONDUCTIVE SHIM
TO SIMULATE ADHESIVE

USE SCREW AND
NUT TO SECURE
ASSEMBLY

Iy
-[ ]—— SEE TABLE I

FOR THICKNESSES

SECTION A-A

THE DEPTH OF THE SPOTFACE IS 20 PERCENT
OF THE ACTUAL THICKNESS OF THE QUTER SKIN
OF THE REFERENCE STAMNDARD

THE DEPTH OF THE SPOTFACE IS 30 PERCENT
OF THE ACTUAL THICKNESS OF THE OUTER SKIN
OF THE REFERENCE STANDARD. THIS 30X
SPOTFACE IS OPTIONAL

CORROSION REFERENCE STANDARD 127-XXX

CMN NDT
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i
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4
o

NOTES

ALL DIMENSIONS ARE IN INCHES

MATERIAL: CLAD 2024-T3 OR
CLAD 2024-T4& SHEET

TOLERANCE: X.X 20.05
OUTER SKIN | SKIN THICKNESS | MACHINE DEPTH
THICKNESS TOLERANCE TOLERANCE

0.032-0.050 0.00 10.001

0.063-0.125 £0.002 £0.0015

THE BACK SIDE OF THE OUTER SKIN CAN BE
MACHINED TO THE THICKNESS OF THE AIRPLANES
SKIN. MAKE SURE THE ALUMINUM SHEET USED TO
MAKE THE QUTER SKIN IS OF THE SPECIFIED OR
NEXT THICKER GAGE. THIS IS DONE TO MAKE
SURE THE CLAD THICKMESS ON THE STANDARD AND
THE AIRPLANE ARE THE SAME. SEE TABLE I.

MILL OR GRIND TO A SURFACE FINISH OF &4 RHR
OR BETTER

ETCH OR STEEL STAMP WITH 127-XXX ON BOTH
SKINS OF THE REFERENCE STANDARD. SEE
TABLE 1 FOR REFERENCE STANDARD PART NUMBER
IDENTIFICATION

THE DEPTH OF THE MACHINING IS 10 PERCENT
OF THE ACTUAL THICKMNESS OF THE OUTER SKIN
0OF THE REFERENCE STANDARD

=— BACK SIDE OF
THE QUTER SKIN

0.004-0.008 THICK
‘r’,”H‘NGHCDNDUCTIVE SHIM
“__ TO SIMULATE ADHESIVE

USE SCREW AND
. 1" Nut 7o secure
J ASSEMBLY

SEE .4
TABLE I FOR I L-— SEE TABLE I
THICKNESSES - FOR THICKNESSES

SECTION B-B

THE DEPTH OF THE MACHINING I5 20 PERCENT
OF THE ACTUAL THICKMESS OF THE OUTER SKIN
OF THE REFERENCE STANDARD

THE DEPTH OF THE MACHINING IS 30 PERCENT
OF THE ACTUAL THICKNESS OF THE OUTER SKIN
OF THE REFERENCE STAMDARD. THIS 30
PERCENT MACHINE DEPTH IS OPTIONAL

CORROSION REFERENCE STANDARD 127A-XXX
DETAIL II
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PROBE POSITION 3

PROBE POSITION 1
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SECTION C-=C
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TYPICAL * |

I
! RESPONSES 5 PERCENT ;

10 PERCENT

B e s e Tt o T

7
BALANCE POINT
(PROBE POSITION 1)

ACCEPTABLE RANGE FOR SINGLE LAYER IMPEDANCE PLANE RESPONSE
(PROBE POSITION 3)

HOTE: PROBE CALIBRATION POSITIONS SHOWN FOR 127-XXX TYPE
REFERENCE STANDARD. 127A-XXX TYPE REFERENCE
STANDARD PROBE CALIBRATION POSITIONS ARE SIMILAR.

PROBE CALIBRATION POSITIONS AND IMPEDANCE PLANE RESPONSE
DETAIL III

Part &
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30 PERCENT

20 PERCENT

el
[

i
]

ol o
1

10 PERCENT
|~ 0 PERCEN

e e o e
1 i

L

| ¥ i
e L B B e e e T S T

THIS SHOWS TYPICAL IMPEDANCE PLANE RESPONSES.

ACTUAL RESPONSES MAY VARY DUE TO DIFFERENCES IN
PROBE PERFORMANCE, ACTUAL MATERIAL LOSS5 PERCENTAGES.
CONDUCTIVITY, AND MATERIAL THICKNESS.

TYPICAL IMPEDANCE PLANE CALIBRATION RESPONSES
DETAIL IV
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10 PERCENT MATERIAL LOSS
CALIBRATION RESPONSE
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BALANCE POINT

ACCEPTABLE RANGE FOR SINGLE
LAYER RESPONSES ON THE AIRCAFT

ACCEPTABLE SINGLE LAYER THICKNESS RESPONSES
DETAIL V
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MODEL: ALL NONDESTRUCTIVE TEST
SERVIGE BULLETIN
REFERENCE: 57A159

PART 6 - EDDY CURRENT

SURFACE INSPECTION OF STEEL PARTS (METER DISPLAY)
1. Purpose
A. This procedure uses metered instruments to find surface cracks in magnetic steel parts.
MOTE: Itis possible to get crack type signals from steel parts that are plated with cadmium,
titanium-cadmium, chrome or other conductive finishes when the finish has been
scratched. Part 6, 51-00-00, Fig. 24 is an alternative procedure that is recommended
for steel parts with conductive finishes.
B. This procedure examines two types of magnetic steel parts:
(1) High permeability steels such as 4000 series, 15-5PH and 17-4PH CRES
(2) Low permeability steels such as 301 1/2 hard
C. Referto Part 6, 51-00-00, Fig. 14 to do an inspection for cracks in non-magnetic steel parts.

2. Eaquipment

Instrument/probe combinations used shall be capable of detecting the calibration notch in the
reference standard to the sensitivity requirements of par. 4.

A. Instruments -- Battery operated, multi-frequency instruments with audible or visual alarms are
recommended. The following instruments were used in the development of this procedure:

(1) Locator UH, Locator UHB; Hocking Instruments
(2) MIZ10-A, MIZ 10-B; Zetec, Inc.
B. Probes

(1) To examine low permeability steels, use a shielded probe to examine all large area
structural configurations.

(2) Toexamine high permeability steels, use a nonshielded probe to examine all large area
structural configurations.

(3) It can be necessary to use a shielded probe to examine the surface of a steel part:
(a) Inthe areas around fasteners.

(b) In areas where there is adjacent structure.

Part 6
OVIN NDT 51-00-00
Apr 5/07 Fig. 13
Page 1
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{c) When the surface is curved (has a radius).

(d) When the surface is near the edge of the steel pant.

(e} When the surface to be examined is the edge of the steel part.
Use a probe that:

(a) Operates at a frequency in the range of 50 to 500 kHz.

(b) Has the configuration shown in Detail |.

(c) Can satisfactorily do the angularity check as shown in Detail Il.
Reference Standards

(1) To examine high permeability steels, use reference standards 185, 192, NDT1061 and
NDT1062 as applicable. See Details IV thru VIl for data about the reference standards.

(2) To examine low permeability steels, use reference standards NDT1072, NDT1073,
NDT1074, and NDT1075 as applicable. See Details IV thru VIl for data about the
reference standards.

(3) Other reference standards can be used if they are equivalent to those shown in Details 1V
thru VIl

Preparation for Inspection

NOTE: Itis possible to get crack type signals from steel parts that are plated with cadmium,
titanium-cadmium, chrome or other conductive finishes when the finish has been scratched.
Part 6, 51-00-00, Fig. 24 is an alternative procedure that is recommended for steel parts
with conductive finishes,
Identify inspection location(s).

If needed, obtain a smooth inspection surface by lightly sanding away surface roughness and
sharp edges of chipped paint.

NOTE: Itis not necessary to remove paint or other non-conductive coatings.

Wipe surface clean.

Locate inspection equipment a minimum of 10 feet (3 m) away from any items that generate
large magnetic fields, such as large motors, generators, transformers or power lines.

Part 6
51-00-00 CMN NDT

Fig. 13 Dec 5/04
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4. Instrument Calibration

A. Set the frequency as follows:
(1) Use a frequency between 50 and 500 kHz to examine high permeability steels.
(2) Use a frequency between 100 and 200 kHz to examine low permeability stesls.

Calibrate the instrument with the applicable reference standard. Paragraph 5.D identifies the
different types of structural configurations that can be examined. The reference standards to
use for the different structural configurations to be examined are:

(1) Large Areas, Near an Edge, On an Edge, Radius: Use reference standard 185 to
examine high permeability steels. Use reference standard NDT1072 to examine low

permeability steels,

(2) Flush Head Fasteners: Use reference standard NDT1061 to examine high permeability
steels. Use reference standard NDT1073 to examine low permeability steels.

(3) Protruding Head Fasteners: Use reference standard NDT 1062 to examine high
permeability stesls. Use reference standard NDT 1074 to examine low permeability steels.

If the inspection area is painted, put a nonconductive shim, which is the same thickness as the
paint, on top of the reference standard. The nonconductive shim must be + 0.003 inch of the
paint thickness.

Place the probe on the surface crack reference standard at least 0.5 inch (1.27 cm) away from
the edge of the block and artificial crack. Balance the instrument according to the
manufacturer's instructions.

Adjust lift-off to obtain less than 5 percent of full scale needle movement when probe is slid
from a 0.002- to 0.004-inch (0.005 to 0.010 cm) non-conductive shim to the bare surface of the
reference standard.

NOTE: One sheet of ordinary writing paper, approximately 0.003 inch (0.007 cm) thick, can
be used for the nonconductive shim.

Part &
CMN NDT 51-00-00
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Slide the probe across the reference standard notch. Adjust the sensitivity control to obtain a
30 to 60 percent of full scale meter defiection when passing the probe slowly across the notch
(readjust the lift-off if an upscale meter response is not obtained. Refer to par. 4.E.). Referto
Detail VIIl A. The signal to noise ratic must be 5:1, or better.

NOTE: Inspection scanning speed may be increased by using an instrument with an audible or
visual alarm. Set the alarm to respond at 50 percent of the reference standard notch
signal amplitude. Refer to Detail VIll B.

Check the balance and lift-off again. If adjustments are made, check sensitivity (par. 4.F)
again.

Find the maximum inspection scanning speed by sliding the probe across the reference

standard notch. Mote when the meter response does not fall below 90 percent of the calibration
notch response, or when the alarm set in par. 4.F. NOTE fails to trigger.

5. Inspection Procedure
A. Prepare for inspection. Refer to par. 3.
B. Perform instrument calibration. Refer to par. 4.

Put the probe on the inspection surface., Check the balance and Iift-off. If necessary, adjust on
the part.

NOTE: Do not adjust sensitivity.

Scan all inspection areas. If not otherwise identified, a scanning pattern shall be established
such that surface cracks 0.15 inch (0.38 cm) or more in length are detected. A scan direction
should be chosen so that the probe is scanned across the crack. Do not exceed the maximum
inspection scanning speed (par. 4.H).

Commonly encountered structural configurations may require these scanning techniques:

(1) Large area — A grid system should be used for scanning. The distance between scans
depends on the size of the probe sensing diameter and the minimum length crack to be
detected. The scans should overlap so that the probe will scan over the potential crack
twice,

Flush-head fasteners -- Inspect using a hole template. Position template to detect a crack
extending 0.10 inch (0.25 cm) bayond the fastener head. Instrument/probe combinations
must meet the performance guidelines of Detail IX.

Part 6
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(3) Protruding-head fasteners -- Inspect using a fastener head or washer as a probe positioner
to detect a crack extending 0.10 inch (0.25 cm) beyond the fastener head.
Instrument/probe combinations shall meet performance guidelines of Detail X.

(4) Radius -- As the probe is scanned in the radius, it should be adjusted so that it is held
perpendicular to the surface of the radius. Select scan increments based on probe
sensing diameter and minimum crack length to be detected. Where crack orientation is
unknown, make scans parallel and across the radius. Refer to Detail XI.

Edges - A constant distance must be maintained between the probe and the edge of a
part. The minimum probe-to-edge spacing depends on the sensing area of the probe coil.
Inspect near an edge by putting a non-conductive straight-edge a constant distance away
from the edge of the part. Refer to Detail X|| for inspections near the edge of steel
structure. Refer to Detail XIll for inspections on the edge of steel structure.

Periodically check the instrument/probe calibration responses. For balance and lift-off
responses, refer to par. 5,C. For sensitivity response, refer to par. 4.F. If any response is found
to be unsatisfactory, inspect again all areas that were inspected since the last calibration check.

Note all locations where an upscale meter response, similar to the reference standard notch
response, is oblained.

NOTE: Probe held at an angle other than perpendicular may cause meter fluctuation. Probe
should be held perpendicular to part surface throughout the inspection.

6. Inspection Results

A potential defect is indicated by a rapid upscale meter deflection. Compare the defect response to
the reference standard notch response at the same scanning speed.

A. A rapid meter deflection that is greater than 50 percent of the reference notch response
amplitude and similar to the reference standard notch response indicates the presence of a
crack.

(1) Determine the end points of the crack by scanning along the crack until a meter response
is no longer recaived.,

Part &
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(2) Estimate crack depth (for crack lengths greater than probe sensing diameter) by
comparing the crack response amplitude to the reference notch response amplitude. Note
crack depth as less than, equal to, or greater than reference notch depth or compare crack
response to reference notch responses of different depths.

NOTE: Approximate crack depth can be determined by high frequency surface eddy
current measurements when the crack depth in steel is less than 0.04 inch (0.10
cm).

Questionable indications or a response less than 50 percent of the reference standard notch
response amplitude may indicate a defect condition. The following may be used to help defect
determination.

(1) A non-conductive probe fixture may reduce meter response variations caused by the probe
not being held perpendicular to the par,

(2) Teflon tape placed over the sensing coil may improve tha ratio of the crack-to-noise
responses. Calibrate again when tape is added or removed from the probe sensing area.

(3) Magnetic changes in the steel may cause false defect indications. A rapid meter response
over a short scan distance is characteristic of a crack indication while a slower meter
response over a longer scan distance is characteristic of permeability changes in steel.

Ensure structure is not plaied with cadmium, titanium-cadmium, chrome or other
conductive coatings. Thickness changes, or scratches in the conductive coating may
cause false defect indications.

The crack sensing distance traveled by the eddy current probe when crossing a suspected
crack should be equal to the sensing distance traveled when crossing the reference
slandard notch.

Non-conductive coatings greater than 0.006 inch (0.015 cm) thick may reduce the
amplitude of the crack signal. Remove the coating in the suspect area and inspect again.
See paragraph 4.C.

Verification of surface cracks may be performed by either or both of the methods listed. The
crack verification methods are not as sensitive in the detection of surface cracks as eddy
current for inservice conditions. Care should be taken when comparing any negative
verification results to a positive crack response obtained using eddy currents.

(1) Remove the surface finish, grease, etc., and examine the area at 10X to 25X magnification
with adequate lighting. A crack visible by this method requires no further investigation.

CMN NDT
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(2) Perform a magnetic particle inspection. Refer to D6-51702,
Standard Overhaul Practices Manual, Section 20-20-01, "Magnetic
Particle Inspection.”

Part 6
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PROBE 1

|\

il

|
—= p —

PROBE 2

NOTES

¢ THE PROBE CONFIGURATIONS SHOWN CAN BE USED
TO ACCESS MOST INSPECTION AREAS WHEN IT 15
MECESSARY TO USE PENCIL PROBES. WHEN A
SPECIAL PROBE CONFIGURATION IS NECESSARY,
SPECIFY THE PROBE DIMENSIONS AS SHOWN FOR
PROBE 2:

A = THE PROBE DROP, OR DIMENSION A

B — THE PROBE HEIGHT, OR DIMENSION B

C - THE PROBE HANMDLE LENGTH, OR DIMENSION C.
IF THE HANDLE MUST BE BENT, IT WILL BE
MECESSARY TO KNOW DIMENSION C1 AND THE
HANDLE ANGLE (ANGLE THETA - 0). FOR

MOST USES, THE PROBE LENGTH WILL BE
3-5 INCHES (76.0-127.0 mm).

DIAMETER: 0.25 INCH (6.4 MM) MAXIMUM.
A DIAMETER OF 0.12 INCH (3.0 MM} 15
RECOMMENDED FOR AREAS WITH NOT MUCH
ACCESS.

THE ANGLE (U = ALPHA). DIFFERENT ANGLES
ARE POSSIBLE.

EXAMPLE OF PENCIL PROBE CONFIGURATIONS
DETAIL I

Part 6
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PERPENDICULAR

EDDY CURRENT PROBE — |

SURFACE CRACK
REFERENCE
STANDARD

/

NOTES

* TO IDENTIFY THE ANGULAR PERFORMANCE OF THE
PENCIL PROBE:

= CALIBRATE THE INSTRUMENT AS SPECIFIED IN
PARAGRAPH &. USE REFERENCE STANDARD 185 FOR
HIGH PERMEABILITY STEELS; USE REFERENCE
STANDARD NDT1072 FOR LOW PERMEABILITY
STEELS.

ANGLE THE PROBE 20 DEGREES TO THE SURFACE
OF THE REFERENCE STANDARD IN MANY
DIRECTIONS. THE ANGULAR POSITION OF THE
PROBE MUST NOT CAUSE THE SIGNAL TO CHANGE
MORE THAN 10 PERCENT OF THE DISPLAY.

MOVE THE PROBE ACROSS THE NOTCH AS IT IS
HELD PERPENDICULAR TO THE SURFACE OF THE
REFERENCE STANDARD AND AGAIN AS IT IS5 HELD
20 DEGREES FROM PERPENDICULAR. THE MOTCH
SIGNAL MUST NOT DECREASE MORE THAN

30 PERCENT.

EXAMPLE: A SIGNAL FROM THE NOTCH OM THE
REFERENCE STAMNDARD IS5 &0 PERCENT
OF FULL SCALE WHEN THE PROBE 15
HELD PERPENDICULAR TO THE SURFACE.
WHEN THE PROBE IS5 HELD AT AN ANGLE
THAT IS 20 DEGREES TO THE SURFACE,
THE NOTCH SIGMAL MUST NOT BE LESS
THAN 28 PERCENT OF THE DISPLAY.
(&0X SIGNAL X 0.3 = 12%
AND &0% - 12X = 28%)

PENCIL PROBE ANGULAR PERFORMANCE
DETAIL II

CMN NDT
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NORMAL NORMAL

L

SHIELDED PENCIL
PROBE AGAINST
BOLT AND WASHER
(POSITION 2)

SHIELDED PENCIL PROBE
MAGNETIC AWAY FROM BOLT AND
STEEL BOLY — s

i WASHER [POSITION 1)

MAGNETIC —————
STEEL WASHER

PRAOTRUDING—HEAD
FASTENER REFERENCE
STANDARD {PAR. 2.C{3))

NOTE

® TO DETERMINE IF A SHIELDED PENCIL PROBE HAS ADEQUATE
SHIELDING:

1} CALIBRATE PROBEfINSTRUMENT COMBINATION TO
THE REQUIREMENTS OF PAR. 4.

2} USING THE PROTRUDING—HEAD FASTENER REFERENCE
STANDARD, MOVE PROBE FROM POSITION 1 TO POSITION 2.

THE MAGNETIC STEEL SHOULD NOT CAUSE MORE THAN A
10 PERCENT SIGNAL CHANGE.

PENCIL PROBE SHIELDING DETERMINATION
DETAIL 1N

Part &

51-00-00 CMN NDT
Fig. 13 Apr 5/04
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1

EDM NOTCH

/

4 1

1.0 €(25.4)
MIN

. L l

XXHX

- 1.5 (38.1) MIN

=

A

1.5 (38.1) MIN —————== T

[
1 U [
N\ Vi
pu
| 0.10 (2.5)
A=A MIN
0.005 (0.13)
MAX WIDTH
EDM NOTCH
~ \ {
0.022 (0.56)
0.018 €(0.46)
NOTES

« ALL DIMENSIONS ARE IN INCHES (MILLIMETERS

ARE IN PARENTHESES).

» SURFACE ROUGHNESS: 32/ 0R BETTER.

« REFER TO PART 1, 51-01-00, FOR DATA
ABOUT THE REFERENCE STANDARD MANUFACTURERS.

* MATERIAL: FOR REFERENCE STANDARD 185, USE
4130, 4140, 4340, 4330M OR 4340M STEELS
(HEAT TREAT OPTIONAL). FOR REFERENCE
STANDARD NDT1072, USE 301 1/2 HARD.

ETCH OR STEEL STAMP THE REFERENCE
STANDARD NUMBER THAT REFERS TO THE TYPE
OF STEEL IDENTIFIED IN THE MATERIAL NOTE.

REFERENCE STANDARD 185 AND NDT1072 = FOR THE SURFACE INSPECTION OF STEEL PARTS

CMN NDT
Aug 5/05

KBASTA

DETAIL IV

Part 6
51-00-00
Fig. 13
Page 11
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1.00 MIN
(25.42

———1.00 MIN 1
(25.4)

=00 MIN
{25.4)

1.00 MIN
(25.4)

1.00 MIN
(25.4)

¢ () 4
=
o

XXNX
0.100 €2.50) 0.100 (2.500
0.0%0 (2.‘0}! | 0.050 (2.40)
TaRiTa 3
| | |
1 |
e —
! I (2.5)
e |

NOTES
REFER TO PART 1, 51-01-00, FOR DATA ABOUT THE

REFERENCE STANDARD MANUFACTURERS

ALL DIMENSIONS ARE IN INCHES
C(MILLIMETERS ARE IN PARENTHESES).

MATERIAL: FOR REFERENCE STANDARD NDT1061,
USE 4130, 4140, 4340, 4330M OR 4340M STEELS
(HEAT TREAT OPTIOMAL). FOR REFERENCE
STANDARD NDT1073, USE 301 1/2 HARD.

SURFACE FINISH: 3\?/ OR BETTER.

REFERENCE STANDARD 190 CAN BE USED FOR THE
INSPECTION AROUND STEEL FASTENERS IN HIGH
PERMEABILITY STEELS.

[ FASTENER - 0.25 (6.40) DIAMETER FLUSH-HEAD

=

=
=

STEEL BOLT, SUCH AS BACBI0JCB-* (REFERENCE
STANDARDS THAT HAVE BEEN MADE WITH STEEL
RIVETS ARE SATISFACTORY FOR USE).

FASTENER — 0.25 (6.40) DIAMETER FLUSH-HEAD
TITANIUM BOLT, SUCH AS BACB3ONYBK-*
(REFERENCE STANDARDS THAT HAVE BEEN MADE
WITH TITANIUM RIVETS ARE SATISFACTORY FOR
USE).

NOTCH — 0.005 (D.13) MAXIMUM WIDTH,
0.018-0.022 (0.46-0.56) DEPTH.

ETCH OR STEEL STAMP THE REFERENCE STANDARD
NUMBER THAT REFERS TO THE TYPE OF STEEL
IDENTIFIED IM THE MATERIAL MNOTE.

REFERENCE STANDARD NDT1061 AND NDT1073 — FOR FLUSH-HEAD FASTENER
DETAIL V

Part 6
51-00-00
Fig. 13
Page 12

CMN NDT
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fs—— 11.00 MIN - 1.00 MIN 1.00 MIN —=
(25.4) €25.4) (25.4)
1.00 MIN
€25.4)
H el e |
1.00 MIN
(25.4)
™ X
0.100 (2.50)
0.100 (2.50)
0.090 (2.40) j ro.m (2.40)
| ]
] : I I\-. | *
‘U {?(M 0.10 MIN
I ! €2.5)
A-A
NOTES
« REFER TO PART 1, 51-01-00, FOR DATA ABOUT [T FASTENER — 0.25 (6.40) DIAMETER EXTERNAL
THE REFERENCE STANDARD MANUFACTURERS WRENCHING STEEL BOLT, SUCH AS BACB3ONF4—*
+ ALL DIMENSIONS ARE IN INCHES FLAT STEEL WASHER, SUCH AS ANP60-416.
(MILLIMETERS ARE IN PARENTHESES). [ FASTENER - 0.25 (6.40) DIAMETER EXTERNAL
WRENCHING TITANIUM BOLT, SUCH AS
« MATERIAL: FOR REFERENCE STANDARD NDT1062, : -
USE 4130, 4140, 4340, 4330M OR 4340M STEELS :;c::g:::f:;st‘T ALURINDN WASHER, SUCH
(HEAT TREAT OPTIOMAL). FOR REFERENCE *
STANDARD NDT1074, USE 301 1/2 HARD. [T==noTcH - 0.005 (0.13) MAXIMUM WIDTH,
* SURFACE FINISH: ﬁaf OR BETTER ;018 0.02¢ £0.96°0.36) BErM,
\ Ramr SR N ey [£== ETCH OR STEEL STAMP THE REFERENCE STANDARD
INSPECTION AROUND STEEL FASTENERS IN HIGH MUMEER THAT AEFRRS To THE TOPE OF STEEL
IDENTIFIED IN THE MATERIAL NOTE.
PERMEABILITY STEELS.
REFERENCE STANDARD NDT1062 AND NDT1074 — FOR PROTRUDING-HEAD FASTENERS
DETAIL VI
Part 6
CMN NDT 51-00-00
Aug 5/05 Fig. 13
Page 13
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0.085 (2.2)
T 0.075 (2.00
3.2) 0.125

I—bﬂI €3.00 0.115 -

NN

O O

X L\
vy

/
v

_'___*f

1.0 MINIMUM
(25.4)

E":E\ (4 LOCATIONS)
KAXX 4
L.A ] . _0.105 2.7

|
l—— 1.5 NIN — = 0.095 (2.4)
S . 0.065 (1.7

0.055 €1.4)

VIEW A-A
NOTES
REFER TO PART 1, 51-01-00, FOR DATA ABOUT
NOTCH = 0.005 ¢D.13) MAXIMUM WIDTH,
THE REFERENCE STANDARD MANUFACTURERS [I::) 0.035 70 0.040 (0.0 TO 1.00) DEPTH.
ALL DIMENSIONS ARE IN INCHES
(MILLIMETERS ARE IN PARENTHESES). E:::> ETCH OR STEEL STAMP THE REFERENCE STANDARD
NUMBER THAT REFERS TO THE TYPE OF STEEL
MATERIAL: FOR REFERENCE STANDARD 192, USE IDENTIFIED IN THE MATERIAL NOTE.
4130, 4140, 4340, 4330M OR 4340M STEELS
(HEAT TREAT OPTIONAL). FOR REFERENCE [:::> FASTENER - USE A FASTENER WITH A
STANDARD NDT1075, USE 301 1/2 HARD. HEAD DIAMETER LESS THAN 0.50 (13.0),

(3 LOCATIONS).
SURFACE FINISH: 3\17 OR BETTER.

REFERENCE STANDARD 192 AND NDT1075 - FOR CRACKS AT THE EDGE OF A STEEL PART

DETAIL VII
Part 6
51-00-00 CMN NDT
Fig. 13 Dec 5/04
Page 14
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/ PROBE \gqﬂ/’[gz’\;f%

REFERENCE
STANDARD

NOTE
METECR RESPONSE

30 TO 60 PERCENT NEEDLE
DEFLECTION FROM REFCRENCE
STANDARD NOTCH

SENSITIVITY ADJUSTMENT
DETAIL VIII A

METER RESPONSE

NOTES

[z::?-ALhRH RESPONSE SET POINT - S0 PERCENT OF NOTCH RESPONSE
[i_::-"' REFERENCE STANDARD NOTCH RESPONSE (TYP)

ALARM ADJUSTMENT
DETAIL VIl B

CMN NDT
Apr 5/04
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QOO00,

PROBE GUIDE
(NONCONDUCTIVE CIRCLE TEMPLATE)

FROBE GUIDE
FLUSH HEAD
FASTENER

g

§

L !
TN T

\

FLUSH-HEAD FASTENER
REFERENCE STAMDARD

PROBE GUIDE USE FOR INSPECTIONS NEAR FLUSH-HEAD FASTENERS

NOTES

. USE THE HOLE DIAMETER IN THE PROBE GUIDE THAT WILL PERMIT YOU TO FIND CRACKS
THAT ARE 0.10 INCH (2.5 MM) IN LENGTH.

THE MINIMUM NOTCH LENGTH THAT CAN BE FOUND WITH THIS PROCEDURE IS 0.10 INCH
(2.5 MM) FROM THE HEAD OF THE FASTENER

FLUSH-HEAD FASTENER INSPECTION GUIDELINES
DETAIL IX

Part 6

51-00-00 CMN NDT
Fig. 13

Apr 5/04
Page 16
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PROTRUD ING=HEAD FASTEMER

PROTRUDING-HEAD FASTENER
REFERENCE STANDARD

PROBE POSITION FOR INSPECTIONS NEAR PROTRUDING-HEAD FASTENERS

NOTES
. USE THE FASTENER HEAD OR WASHER AS A PROBE GUIDE.

THE MINIMUM NOTCH LENGTH THAT CAMN BE FOUND WITH THIS PROCEDURE IS
0.10 INCH (2.5 MM)

PROTRUDING-HEAD FASTENER INSPECTION GUIDELINES
DETAIL X

CHMN NDT
Apr 5/04

BOEING PROPRIETARY = Copyright & = Unpublished Work - See title page for details.




BOLFfING

NONDESTRUCTIVE TEST

PENCIL

PROBE
CRACKS ALONG

THE RADIUS

STRUCTURE (REF)

TRANSVERSE SCAN

CRACKS ACROSS
THE RADIUS

STRUCTURE (REF)

PENCIL
PROBE

PARALLEL SCAN

NOTES

* HOLD THE PROBE AS VERTICAL AS POSSIBLE TO THE
SURFACE OF THE RADIUS.

« THE LENGTH OF THE CRACK THAT YOU WANT TO FIND
AND THE DIAMETER OF THE PROBE MWILL SET THE
INCREMENT DISTANCE FOR WHICH TO MOVE THE PROBE
BETWEEN EACH SCAN.

RADIUS INSPECTION
DETAIL XI

Part 6
5!-00—00 CMN NDT
Fig. 13 Apr 5/04
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NONCONDUCTIVE

STRLC RS STRAIGHTEDGE

REFERENCE
STANDARD

HONCONDUCTIVE
STRAIGHTEDGE

NOTES

= POSITION A NONCONDUCTIVE STRAIGHTEDGE A
COMSTANT DISTANCE FROM THE EDGE OF THE
STRUCTURE.

THE MINIMUM DISTANCE THE PROBE MUST BE FROM
AN EDGE IS RELATED TO THE DIAMETER OF THE
PROBE COIL AND IF THE PROBE IS SHIELDED OR
UNSHIELPED.

TO IDENTIFY THE MINIMUM DISTANCE THE PROBE
MUST BE FROM THE EDGE:

= CALIBRATE THE INSTRUMENT AS SPECIFIED IN
PARAGRAPH &. USE REFERENCE STANDARD 1B5
FOR HIGH PERMEABILITY STEELS. WUSE
REFERENCE STANDARD NDT1072 FOR LOW
PERMEABILITY STEELS.

POSITION A MONCONDUCTIVE STRAIGHTEDGE A
COMSTANT DISTANCE FROM THE NOTCHED EDGE
OF THE REFERENCE STAMDARD

MOVE THE PROBE ALONG THE STRAIGHT EDGE AND
MONITOR THE DISPLAY. THE MINIMUM PROBE

TO EDGE DISTANCE OCCURS WHEN THE SIGMAL
FROM THE NOTCH FALLS BELOW 0% OF THE
SIGNAL YOU GOT DURING CALIBRATION. 1IF
NECESSARY, BALANCE THE INSTRUMENT AGAIN
BUT DO NOT CHANGE THE CALIBRATION

SENSITIVITY. INSPECTION NEAR AN EDGE
DETAIL XII

CMN NDT
Dec 5/04
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| \,\

= OU
NONCONDUCTIVE ®) ) &

STRAIGHTEDGE DOUBLER
IN

SK

REFERENCE STANDARD

HONCONDUCTIVE

STRAIGHTEDGE ﬁhhh“ﬁjff

NOTES

* POSITION A NONCOMDUCTIVE STRALIGHTEDGE A
CONSTANT DISTANCE FROM THE EDGE OF THE PART
TO BE EXAMINED.

THE MINIMUM WIDTH THAT THE STRUCTURE MUST BE
S0 THAT YOU CAM IDENTIFY CRACKS IS RELATED
TO THE DIAMETER OF PROBE COIL.

TO IDENTIFY THE MINIMUM WIDTH THE STRUCTURE
MUST BE BEFORE YOU CAN EXAMINE IT FOR CRACKS:

= CALIBRATE THE INSTRUMENT AS SPECIFIED INM
PARAGRAPH 4. USE REFERENCE STANDARD 185
FOR HIGH PERMEABILITY STEELS. USE REFERENCE
STANDARD NDT1072 FOR LOW PERMEABILITY STEELS.

PUT A NONCONDUCTIVE STRAIGHTEDGE A CONSTANT
DISTANCE ALONG A NOTCHED PART OF REFERENCE
STANDARD 192 FOR HIGH PERMEABILITY STEELS OR
REFERENCE STANDARD NDT1075 FOR LOW PERMEABILITY
STEELS. SET THE STRAIGHTEDGE 50 THE

PROBE WILL BE CENTERED OM THE NOTCHED PART

MOVE THE PROBE ALONG THE STRAIGHTEDGE AND
MONITOR THE DISPLAY. THE MINIMUM STRUCTURE
WIDTH IS IBDENTIFIED WHEN THE SIGNAL FALLS
BELOW 90X OF THE SIGNAL YOU GOT DURING
CALIBRATION. IF NECESSARY, BALANCE THE
INSTRUMENT AGAIN BUT DO NOT CMANGE THE
CALIBRATION SENSITIVITY,
INSPECTION ON AN EDGE

DETAIL XIII

Part &

51-00-00
Fig. 13
Page 20
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EFFECTIVITY
MODEL: ALL

PART 6 - EDDY CURBENT

SURFACE INSPECTION OF TITANIUM AND OTHER LOW CONDUCTIVITY MATERIALS
(IMPEDANCE PLANE DISPLAY OR METER DISPLAY)

1. Purpose

A. This procedure will find surface cracks on titanium structures with the use of a metered display
or an impedance plane display instrument. Cracks to be found are those:

(1) On flat or moderately curved surfaces.

(2) That come out of fastener holes and extend into the outer area of the fastener head or
collar.

(3) That come out or along a radius.
(4) That come out to the edge of a part where access is available.

B. This procedure will also find cracks in other low conductivity materials such as non-magnetic
corrosion resistant steels and inconel.

2. Equipment
NOTE: Referto Part 1, 51-01-00 for data about the manufacturers of the equipment.

A. Instruments - To do this procedure, all eddy current instruments with a meter display or an
impedance plane display are permitted for use if they:

(1) Can operate between 990 KHz and 2 MHz.

(2) Can satisfy the calibration instructions of this procedure. The instruments below were
used to help make this procedure.

Meter display instruments:

(1) MIZ 10, MIZ 10A, MIZ 10B - Zetec, Inc.
(2) Locator UH - Hocking Instruments

Impedance plane display instruments:

(1) AV100L - Hocking Instruments
(2) MNDT-19 - Nortec/Staveley, Inc.

(3) MIZ-20A - Zetec, Inc.

Part 6
OVIN NDT 51-00-00
Dec 5/06 Fig. 14
Page 1
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B. Probes
(1) Shielded pencil probes are recommended, but non-shielded probes can also be used. Be
sure the calibration notch in the reference standard can be satisfactorily found with a

probe before you use the probe.

Use non-shielded probes carsfully. Adjacent structures, radii or close edge margins can
cause a noise response due to the larger magnetic field of non-shielded probes.

(2) The probe must operate at frequencies between 990 kHz and 2 MHz.

(3) The probe configuration must be such that a single coil in the probe tip will contact the test
structure.

(4) Probes are to agree with the configuration and dimensional conditions of Detail | and the
performance conditions of Detail Il and Ill, as applicable.

(5) Probes must not give noise responses from usual movement, adjustments, or pressure
changes that occur on the sensing coil during normal operation.

C. Reference Standards - Below are the four reference standards used to do an inspection of the
usual types of structural configurations,

NOTE: Other reference standards can be used if they are equivalent to those shown in
Details IV thru VIL.

(1) Surface crack standard 1002 as specified in Detail IV.

(2) Flush-head fastener standard 1003 as specified in Detail V.

(3) Protruding-head fastener standard 1004 as specified in Detail VI.
(4) Edge of part standard 1005 as specified in Detail VII.

3. Prepare for the Inspection

A. Make sure that the instrument, probe, reference standard and the inspection area are at the
same temperature.

B. Identify the inspection location(s).

Part 6

51-00-00 CMN NDT
Fig. 14 Apr 5/04
Page 2
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If necessary, lightly sand sharp edges of chipped paint to get a smooth inspection surface.
NOTE: Itis not necessary to remove paint or other nonconductive layers.

Clean the inspection surface.

Put the inspection equipment a minimum of 10 feet (3m) away from all items that make large

magnetic fields. Examples of such items include large motors, generators, transformers or
power lines.

4. Calibration

A. Set the instrument frequency between 990 kHz and 2 MHz.

B. Calibrate the instrument with the applicable reference standard. Paragraph 5.D. identifies the
ditferent types of structural configurations that can be examined. The reference standards to
use for the different structural configurations to be examined are:

(1) Large Areas, Near an Edge, On an Edge, Radius: Use reference standard 1002.

(2) Flush Head Fasteners: Use reference standard 1003,

(3) Protruding Head Fasteners: Use reference standard 1004.

if the inspection area is painted, make all instrument adjustments with a nonconductive shim on
the surface of the reference standard. The shim must be the same thickness as the paint within
+ 0.003 inch (0.07 mm).

Put the probe on the reference standard surface at least 0.50 inch (13.0 mm) away from the
edge of the standard and notch. Balance the instrument as specified in the manufacturers’
instructions.

QOTE: If an impedance plane display instrument is used, it is recommended that the
balance point be set on the right side of the screen.

Adjust the instrument for lift-off.

NOTE: One sheet of regular writing paper, approximately 0.003-inch (0.07 mm) thick, can be
used for a nonconductive shim.

(1) If a meter display instrument is used, adjust the instrument so the meter needle moves no
more than 5 percent of full scale when the probe is moved from the surface of the
reference standard to a 0,002 to 0.004 inch (0.05 to 0.10 mm) nonconductive shim.

If an impedance plane display instrument is used, adjust the phase control so that the
signal moves horizontally from right to left when the probe is lifted off the surface.

CMN NDT
Aug 5/04
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F. Move the probe across the reference standard notch to get the maximum signal response.

(1) If a meter display instrument is used, adjust the sensilivity control to get an upward meter
needle response difference of 30-60 percent of full scale when the probe is moved from
the balance point position across the notch on the reference standard. Refer to Example
A of Detail VIII.

If an impedance plane display instrument is used, adjust the sensitivity controls to get a
horizontal signal response of 40 percent full screen width and a peak vertical signal
response that is between 10 to 30 percent of full screen height. Refer to Detail IX for
screen displays that show horizontal to vertical sensitivity ratios of 1:1, 1:2 and 1:5.

NOTE: The signal to noise ratio must be 3:1 or better. |f an impedance plane display
instrument is used, adjust the vertical sensitivity if the peak vertical response is
below 10 percent of full screen height.

it is recommended to use instruments that have audible and/or visual alarms. The use of an
alarm can help the scan inspections to be done at increased speads.

(1) If a meter display instrument is used, set the alarm to alarm at 75 percent of the reference
standard notch response. Refer to Example B, Detail VIII.

(2) If an impedance plane display instrument is used, set the alarm to alarm at 75 percent of
the peak vertical signal response from the reference standard notch. Refer to Detail X.

To find the maximum speed to do an inspection scan, move the probe across the reference
standard notch and increase the scan speed until the results below occur.

(1) If a meter display instrument is used:
(a) Instruments without an alarm:

The needle response starts to go less than 80 percent of the calibration response.

CMN NDT
Aug 5/04
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(b) Instruments with an alarm:
The alarm will not operate.
(2) If an impedance plane display instrument is used:
(a) The peak vertical signal response is less than 80 percent of the calibration response.

NOTE: Filter values affect responses. Do not use the High Pass Filter (HPF = 0)
and set the Low Pass Filter as high as possible (LPF = 100 Hz usually).

5. Inspection Procedure
A. Prepare for the inspection. Refer to par. 3.
B. Do the instrument calibration. Referto par. 4.

Put the probe on the inspection surface. Do a balance and lift-off check. |f necessary, make
adjustments on the part surface.

NOTE: Do not adjust sensitivity.

Do a scan of all the inspection areas. The best response will occur when the probe is moved
across the crack. The maximum speed to do a scan inspection must be no faster than that
found in par. 4.H.

Usual types of structural configurations and procedures to make a scan inspection of the area:

(1) Large area - A grid system should be used to make a scan inspection. The size of the
probe sensing diameter and the minimum crack length, which to find, is used to set the
distance between each scan. Make an overlap of each scan so the probe moves 0.05
inch (1.30 mm) (or approximately half of the probe diameter) between each scan.

Part 6
CMN NDT 51-00-00
Aug 5/04 Fig. 14
Page 5
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Flush-head fasteners - Do a scan inspection with the aid of a hole template as a guide.
Set the template in such a way to find a crack that extends 0.10 inch (2.50 mm) away from
the fastener head. Refer to Detail XI.

Protruding-head fasteners - The probe is moved around the fastener head or washer to
find a crack that extends 0.10 inch (2.50 mm) away from the fastener head. Referto
Detail XII.

Radius - To do a scan inspection in the radius, adjust the probe during the scan to keep
the probe as vertical as possible to the surface of the radius. The size of the probe
sensing diameter and the minimum crack length you want to find, is used to set the
distance between each scan. Where the crack angle is unknown, make a scan inspection
along and across the radius. Refer to Detail XIll.

Edges - A constant distance must be kept between the probe and the edge of the part.
The minimum probe-to-edge distance is controlled by the probe sensing diameter. Do a
scan inspection near an edge with the aid of a nonconductive straight edge that is a
constant distance away from the edge of the part. Refer to Detail XIV for inspections near
edges of titanium struclures. Refer to Detail XV for inspections on the edges of titanium
structures.

Do a check of the instrument/probe calibration responses regularly. For balance and lift-off
responses, refer to par. 5.C. For sensitivity responses, refer to par. 4.F. If the above
responses are unsatisfactory, do a calibration again and make an inspection again of all areas
that were examined since the last calibration.

Identify all locations that give a response equal to or more than the reference standard notch
response.

(1) If a meter display instrument is used, look for a meter needle response where the needle
moves upscale fast.

Part 6
51-00-00 CMN NDT
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If an impedance plane display instrument is used, lock for a
vertical signal response. HRefer to Detail XVI for examples of
signal responses on an impedance plane display.

NOTE: Be careful to keep the probe as vertical to the part
surface as possible during the inspection.

6. Inspection Results

A. On a meter display instrument, when the meter needle moves upscale
fast, it indicates a possible defect. For impedance plane display
instruments, refer to Detail XVI for signal responses that indicate
possible cracks. Compare the defect signal response to the reference
standard notch response. (Make sure the probe is moved at the same
speed for each scan inspection.)

Indications equal to or more than the calibration response.

(1) Meter display instrument: A fast, upscale meter needle response
that is 100 percent or more of the reference standard notch
response is a posaible crack indication.

Impedance plane display instrument: A peak vertical signal
response that is 100 percent or more of the peak vertical signal
response of the reference standard notech is a possible crack
indication.

To make an estimate of the end points of the crack, do a scan
along the crack until a signal response is no longer received.

It is not possible to make an accurate estimate of crack depth
when an electrodischarge machined (EDM) notch is used for the
instrument calibration. There is a large difference between the
signal response of an (EDM) noteh and a fatigue crack of the same
size. Refer to Detail XVI for an example of the reference
standard notch response and a crack response.

Indications lesa than the calibration reaponse.

(1) Meter display instrument: An irregular indication or an
indication that gives an upscale meter needle response that is
less than 100 percent of the reference standard notch response
can be a sign of a defect condition.

Part &
CMN NDT 51-00-00
Apr 5/04 Fig. 14
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(2) Impedance plane display instruments: A vertical signal response
that is less than 100 percent of the reference standard notch
response can be a sign of a defect condition. Below are some
ways to help make a decision if a signal response does indicate a
defect:

(a) The use of Teflon tape on the sensing coil can make the
ratio of the crack-to-noise response better. Calibrate the
equipment again when tape is added or removed from the probe
sensing area.

When moved across a possible crack, the probe should move
the same distance as when 1t moves across the reference
standard noteh.

Other inspection methods can be used to do a check of a positive
crack-like eddy current response. The inspection methods below are
not as sensitive as eddy current for in-service conditions. Be
careful when you compare the eddy current results with the results of
one or both of the inspection methods identified below. Examples of
other inspection methods are as follows:

(1) Visual inspection of the bare surface examined at 10 to 25 times
magnification with a sufficient quantity of light. If a crack is
found by this method, no other inspection is necessary.

High sensitivity fluorescent penetrant inspection. Refer to
D6-51702, Standard Overhaul Practices Manual, Section 20-20-02,
"Penetrant Methods of Inapection.”

NOTE: To make penetrant results show better on areas with metal
smear or on tight fatigue cracks, do a chemical etch on
the surface. To do an etech, local engineering approval is
necessary.

CMN NDT
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PROBE 1

NOTES

« THE PROBE CONFIGURATIONS SHOWN ABOVE CAMN
ACCESS MOST AREAS TO DO INSPECTIONS WHEN
PENCIL PROBES ARE NECESSARY. SHIELDED
PENCIL PROBES ARE RECOMMENDED. WHEN A
SPECIAL PROBE COMNFIGURATION IS MECESSARY.
SPECIFY THE PROBE DIMENSIONS AS SHOWN FOR
PROBE 2.

PROBE 2

THE PROBE DROP, OR DIMENSION A
THE PROBE HEIGHT, OR DIMENSION B

THE PROBE HANDLE LENGTH, OR DIMENSION C.

IF THE HANDLE IS TO BE BENT, DIMENSION C1
AND THE HANDLE ANGLE (ANGLE THETA = @) WILL
NEED TOQ BE SPECIFIED. FOR MOST APPLICA=-
TIONS THE PROBE LENGTH WILL BE 3-5 INCHES
(76.0-127.0 MM).

DIAMETER: 0.20 INCH (5.00 MM) MAXIMUM.
0.12 INCH (3.00 MM} RECOMMENDED FOR AREAS
WITH LIMITED ACCESS.

THE DESIRED ANGLE C(ANGLE ALPHA).

EXAMPLE OF PENCIL PROBE CONFIGURATION

CMN NDT
Apr 5/04

DETAIL I

Part 6
51-00-00
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NONDESTRUCTIVE TEST

VERTICAL

EDDY CURRENT PROBE

s

SURFACE CRACK
REFERENCE STANDARD
NO. 1002 (PAR. 2. C (1))

NOTES

* TO FIND THE PENCIL PROBE ANGLE LIMIT:

1. CALIBRATE THE PROBE/INSTRUMENT ON REFER-
ENCE STANDARD MO. 1002 AS SPECIFIED IN
PARAGRAPH &.

MOVE THE PROBE AT AN ANGLE OF 20 DEGREES
FROM THE VERTICAL POSITION, IN DIFFERENT
DIRECTIONS, ON THE SURFACE OF THE
REFERENCE STANDARD. FOR METER DISPLAY
INSTRUMENTS, THE PROBE ANGLE MUST

NOT CAUSE THE SIGNAL TO CHANGE MORE THAN
10 PERCENT OF THE DISPLAY. FOR
IMPEDANCE PLANE DISPLAY INSTRUMENTS, THE
PROBE ANGLE MUST MNOT CAUSE THE SIGNAL TO
CHANGE MORE THAN &40 PERCENT OF FULL
SCREEN WIDTH OR 10 PERCENT OF FULL
SCREEN HEIGHT.

. DO A SCAN ACROSS THE NOTCH WITH THE PROBE

HELD VERTICAL TO THE SURFACE AND AGAIN
WITH THE PROBE HELD AT A 20 DEGREE ANGLE
FROM THE VERTICAL POSITION. THE NOTCH
SENSITIVITY WUST NOT DECREASE MORE THAN
30 PERCENT OF THE CALIBRATION RESPONSE
FOR METER DISPLAY INSTRUMENTS. FOR
IMPEDANCE PLANE INSTRUMENTS THE NOTCH
SENSITIVITY MUST NOT DECREASE MORE THAN
30 PERCENT OF THE PEAK VERTICAL NOTCH
RESPONSE.

PENCIL PROBE ANGLE LIMIT PERFORMANCE

Part 6
51-00-00
Fig. 14
Page 10

DETAIL II
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NONDESTRUCTIVE TEST

VERTICAL VERTICAL

o

posiTioN 2— _[! 0
(SHIELDED PENCIL
PROBE AGAINST "‘H*“POSITIOH 1

BOLT AND WASHER) (SHIELDED PENCIL
PROBE AWAY FROM
MAGNETIC BOLT AND WASHER)
STEEL BOLT

MAGNETIC
STEEL WASHER

PROTRUDING HEAD
FASTENER REFERENCE
STANDARD NO. 1004
(PAR. 2. C (3))

NOTES

#« TO FIND IF A SHIELDEP PENCIL PROBE HAS

SUFFICIENT SHIELDING:

1. CALIBRATE THE PROBE/INSTRUMENT OM REF=
ERENCE STANDARD NO. 1004 AS SPECIFIED
IN PARAGRAPH 4.

2. PUT THE PROBE ON THE PROTRUDING-HEAD
REFERENCE STANDARD AT POSITIGN 1 AND
MOVE THE PROBE TO POSITION 2. THE
MAGNETIC STEEL MUST NOT CAUSE MORE
THAN A 10 PERCENT SIGMAL CHANGE OF THE
CALIBRATION NOTCH RESPONSE. IF THE
SIGNAL CHANGE IS MORE THAN 10 PERCENT,
IT CAN BE POSSIBLE TO DO A SCAN AROUND
THE FASTENER AT A CONSTANT DISTANCE
FROM THE FASTEMER.

PENCIL PROBE SHIELDING PERFORMANCE
DETAIL III

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 14
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SOEING

NONDESTRUCTIVE TEST

0.25 MIN
(6.0}

uin -
—

!
0.025 (0.65)
0.020 (0.50)

SECTION A-A

NOTES
DRAWING IS NOT TO SCALE.

ALL DIMENSIONS ARE IN INCHES
(MILLIMETERS ARE IN PARENTHESES).

MATERIAL: SAL—4V TITANIUM ALLOY.
SURFACE FINISH: ﬁiﬁinn BETTER.
[:::} ETCH OR STEEL STAMP WITH 1002.

SURFACE CRACK REFERENCE STANDARD
DETAIL IV

Part 6
51-00-00
Fig. 14
Page 12
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NONDESTRUCTIVE TEST

f—— 1.00 MIN —— 1.00 MIN ——— 1.00 MIN ——=]
(25.4) €25.4) (25.4) |

0.100 €2.50) __0.100 (2,500
0.090 (2.40) 0.090 €2.40)

L
f

(= )]
I
| |

SECTION A-A

NOTES

DRAWING IS NOT TO SCALE. [T== FASTENER - 0.25 (6.40) DIAMETER FLUSH-HEAD
-
ALL DIMENSIONS ARE IN INCHES STEEL BOLT, SUCH AS BACB30JCB-* (REFERENCE
(MILLIMETERS ARE IN PARENTHESES) STANDARDS THAT HAVE BEEN MADE WITH STEEL
. RIVETS ARE SATISFACTORY FOR USE).
MATERIAL: 6AL-4Y TITANIUM ALLOY.
Y TITANTIN, LD FASTENER — 0.25 (6.40) DIAMETER FLUSH-HEAD

SURFACE FINISH: Q&/fon BETTER. TITANIUM BOLT, SUCH AS BACB3ONYBK—*
(REFERENCE STANDARDS THAT HAVE BEEN MADE
WITH TITANIUM RIVETS ARE SATISFACTORY FOR
USE).

[37= NOTCH - 0.005 (0.13) MAXIMUM WIDTH,
0.035-0.040 (0.90~1.00) DEPTH.

E>> ETCH OR STEEL STAMP WITH 1003.

FLUSH-HEAD FASTENER REFERENCE STANDARD
DETAIL V

CMN NDT
Apr 5/04
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NONDESTRUCTIVE TEST

—— 1.00 MIN 1.00 MIN — — 1.00 MIN ——
(25.42 (25.4) (25.4)

|

1.00 MIN
(25.4)

=

1004

0.100 (2.50)
0.100 ¢2.50)
0.090 (2.40) T 0,090 (2.400

¥
T

0.15 MIN
(4.03

SECTION A-A

NOTES

DRAWING IS NOT TO SCALE. E-;J‘ FASTENER - 0.25 (&6.40) DIAMETER EXTERMNAL
AL ommewstons see v s ki S LT
(MILLIMETERS ARE IN PARENTHESES). - T

. . [ FASTENER - 0.25 (6.40) DIAMETER EXTERNAL
BATERIAL:: Gobmil TEIANI: ALLOY, WRENCHING TITANIUM BOLT, SUCH AS

SURFACE FINISH: ﬁe/ QR BETTER. BACBIONMAK™; FLAT ALUMINUM WASHER, SUCH
AS ANPEOD-416.

[3= NOTCH - 0.005 (0.13) MAXIMUM WIDTH,
0.035-0.040 (0.90-1.00) DEPTH.

[€=> ETcH OR STEEL STAMP WITH 1004.

PORTRUDING-HEAD FASTENER REFERENCE STANDARD
DETAIL VI

CMN NDT
Apr 5/04
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NONDESTRUCTIVE TEST

0.085 (2.2)
0.075 2.0

—

€3.2) 0,125
(3.00 0.115

1.0 MINIMUM
(25.4)
(4 LOCATIONS)

| 0.105 (2.7)
0.095 (2.4)

| 0.065 (1.7)
0.055 €1.4)

VIEW A=A

NOTES

DRAWING IS NOT TO SCALE. NOTCH = D.005 (0.13) MAXIMUM WIDTH,
ALL DIMENSIONS ARE IN INCHES 0.035 7O 0.040 (0.90 TO 1.00) DEPTH.

CMILLIMETERS ARE IN PARENTHESES). {:::> ETCH OR STEEL STAMP WITH 1005,

MATERTAL: &AL=4V TITANIUM ALLOY, ALL PIECES E:::h FASTENER — A STEEL OR TITANIUM FASTENER
MUST BE OF THE SAME ALLOY. WITH A HEAD DIAMETER LESS THAN 0,50 ¢13.0),

SURFACE FINISH: ijfon BETTER. €3 LOCATIONS).

EDGE OF PART REFERENCE STANDARD
DETAIL VII

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 14
Page 15
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NONDESTRUCTIVE TEST

REFERENCE
STANDARD

e
s

NEEDLE
METER RESPONSE

SENSITIVITY ADJUSTMENT
EXAMPLE A

e
=

NEEDLE

METER RESPONSE

ALARM ADJUSTMENT
EXAMPLE B

[T=> ADJUST THE SENSITIVITY TO GET A 30 TO 60
PERCENT NEEDLE DIFFERENCE AS THE PROBE IS
MOVED ACROSS THE REFERENCE STANDARD NOTCH.

ALARM RESPONSE SET POINT (ADJUST THE ALARM
TO ALARM AT 75 PERCENT OF THE REFERENCE
STANDARD NOTCH RESPONSE).

[:::b REFERENCE STANDARD NOTCH RESPONSE (EXAMPLE).

METER DISPLAY SENSITIVITY AND ALARM ADJUSTMENT
DETAIL VIII

Part 6
ST"GU—UU CMN NDT
Fig. 14 Apr 5/04
Page 16
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NONDESTRUCTIVE TEST

A

AT
=

LlFT-GFF’;’ l..lFT*-{!FF"'Mr

SCREEN DISPLAY OF THE NOTCH SIGNAL SCREEN DISPLAY OF THE NOTCH SIGNAL
RESPONSE WITH A HORIZONTAL TO RESPONSE WITH A HORIZONTAL TO
VERTICAL SENSITIVITY RATIO OF 1:1 VERTICAL SENSITIVITY RATIO OF 1:2

=

LIFT-OFF = |

SCREEN DISPLAY OF THE NOTCH SIGNAL
RESPONSE WITH A HORIZONTAL TO
VERTICAL SENSITIVITY RATIO OF 1:5

NOTES

* THE SCREEN DISPLAY EXAMPLES ABOVE ARE TO
SHOW THE SIGNAL RESPONSES OF THE SURFACE
CRACK REFERENCE STANDARD MOTCH AT HORIZONTAL
TO VERTICAL SENSITIVITY RATIOS OF 1:1, 1:2,
AND 1:5.

PEAK VERTICAL SIGMAL RESPONSE OF THE
SURFACE CRACK REFERENCE STANDARD NOTCH.

[ BALANCE POINT

IMPEDANCE PLANE DISPLAY NOTCH RESPONSES
DETAIL IX

Part 6

CMN NDT 51-00-00
Apr 5/04 Fig. 14
Page 17
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NONDESTRUCTIVE TEST

p——— 40 PERCENT

=

l

10
PERCENT

-
%

LIFT-OFF

NOTES

* THE SCREEN DISPLAY EXAMPLE ABOVE SHOMWS WHERE

TO SET THE ALARM AS SPECIFIED IN PARAGRAFH
4.6.02),

PEAK VERTICAL SIGNAL RESPONSE OF THE
SURFACE CRACK REFERENCE STANDARD NOTCH.

EE::: BALANCE POINT

[:::} ALARM START POSITION AS SPECIFIED IN
PARAGRAPH 4.G.(2) (THE ALARM IS SET TO
ALARM AT 75 PERCENT OF THE PEAK VERTICAL
SIGNAL THAT OCCURS FROM THE REFERENCE
STANDARD NOTCH).

IMPEDANCE PLANE DISPLAY ALARM ADJUSTMENT
DETAIL X

Part 6
51-00-00 CMN NDT
Fig. 14 Aug 5/04
Page 18
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(e ot OO

\ /

PROBE GUIDE TEMPLATE
(NONCONDUCTIVE CIRCLE TEMPLATE)

PROBE (SHIELDED PENCIL)

PROBE GUIDE FLUSH HEAD

TEMPLATE . FASTENEH\\

MOTCH
‘ ‘ FLUSH-HEAD FASTENER

REFERENCE STANDARD

L—————-J NO. 1002 (PAR. 2. C (2))
0.1 INCH MAXIMUM

(2.5 MM)

FASTENER INSPECTION WITH A PROBE GUIDE TEMPLATE

NOTES

= TO DO A CHECK OF THE PROBE/INSTRUMENT SENSI-
TIVITY FOR A 0.09-0.10 INCH (2.30-2.50 MM}
NOTCH ON REFEREMCE STANDARD MO. 1003,
CONTINUE AS FOLLOWS:

1. CALIBRATE THE EQUIPMENT ON REFERENCE
STANDARD NO. 1003 AS SPECIFIED IN
PARAGRAPH 4.

USE THE PROBE GUIDE TEMPLATE TO HELF DD
A SCAN AROUND THE FASTEMER. USE A HOLE
OF THE PROBE GUIDE TEMPLATE THAT, WHEN
THE PROBE IS MOVED ALONG THE HOLE EDRGE,
WILL CAUSE A MAXIMUM SIGNAL RESPONSE
WHEN THE FASTENER IS IN THE CENTER OF
THE HOLE.

FLUSH-HEAD FASTENER INSPECTION GUIDLINES
DETAIL XI

Part &
CMN NDT 51=00-00

Apr 5/04 Fig. 14
Page 19
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NONDESTRUCTIVE TEST

PROBE (SHIELDED PENCIL)

PROTRUDING HEAD FASTENER

PROTRUDING HEAD FASTEMER

STANDARD NO. 1004 0.1 INCH €2.5 MM) MAXIMUM
(PAR. 2. € (31

FASTENER INSPECTION WITH THE FASTENER HEAD AS A GUIDE

NOTES

= TO DO A CHECK OF THE PROBE/IMSTRUMENT SENSI-
TIVITY FOR A 0.09-0.10 INCH (2.30-2.50 MM}
MNOTCH ON REFERENCE STANDARD NO. 1004,
CONTINUE AS FOLLOWS:

1. CALIBRATE THE EQUIPMENT ON REFERENCE
STANDARD NO. 1004 AS SPECIFIED IN
PARAGRAPH 4.

USE THE FASTEMER HEAD OR WASHER AS A
TEMPLATE TO DO A SCAN AROUND THE
FASTEMNER.

PROTRUDING-HEAD FASTENER INSPECTION GUIDELINES
DETAIL XII

CMN NDT
Apr 5/04
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TRANSVERSE SCAN

NOTES

* HOLD THE PROBE VERTICAL TO THE RADIUS

PARALLEL SCAN

* THE CRACK SIZE THAT YOU WANT TO FIND AND
THE SIZE OF THE PROBE SEMSING DIAMETER WILL
SET THE DISTANCE YOU NEED TO MOVE THE PROBE
BETWEEN EACH SCAN.
RADIUS INSPECTION
DETAIL XIII

CMN NDT
Apr 5/04

CRACKS ALONG
THE RADIUS

STRUCTURE (REF)

CRACKS ACROSS
THE RADIUS

STRUCTURE (REF)

5

BOEING PROFRIETARY — Copyright & - Unpublished Work - See title page for details.
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NONDESTRUCTIVE TEST

STRUCTURE

NONCONDUCTIVE
STRATGHTEDGE

REFERENCE
STANDARD

NONCONDUCTIVE
STRAIGHTEDGE

NOTES

* PUT A NHONCONDUCTIVE STRAIGHTEDGE A CONSTANT DISTANCE
AWAY FROM THE EDGE OF THE STRUCTURE.

THE MINIMUM PROBE-TO-EDGE SPACING IS5 CONTROLLED BY THE
PROBE COIL SENSING AREA.

TQ FIND THE MINIMUM PROBE-TO-EDGE DISTANCE:

1. CALIBRATE THE EGUIPMENT ON REFERENCE STANDARD
1002 AS SPECIFIED IN PARAGRAPH &.

PUT THE NONCONDUCTIVE STRAIGHTEDGE A CONSTANT
DISTANCE AWAY FROM THE NOTCHED EDGE OF REFERENCE
STANDARD 1002.

DO A SCAN ALONG THE STRAIGHTEDGE AND MONITOR
THE SIGNAL.

THE MINIMUM PROBE-TO-EDGE DISTAMCE OCCURS WHEM
THE SIGNAL FROM THE MOTCH FALLS BELOW 90X OF
THE SIGNAL YOU GOT DURING CALIBRATION.

INSPECTION NEAR AN EDGE
DETAIL XIV

Part 6
51-00-00
Fig. 14
Page 22
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NONDESTRUCTIVE TEST

PROBE
CRACK
\\\, DOUBLER
E]j /
. STRAP
7

=

S ¥ o
/ 0% )

STRAIGHTEDGE

\\\ REFERENCE STANDARD 1005
NONCONDUCTIVE e /

- —

STRAIGHTEDGE

NOTES

s TO KEEP A CONSTANT DISTANCE, FUT A MONCON-
BUCTIVE STRAIGHTEDGE ON THE ERGE OF THE
STRUCTURE THAT IS TO BE EXAMINED.

THE MINIMUM STRUCTURE WIDTH TO FIND A CRACK
IS CONTROLLED BY THE PROBE COIL SENSING AREA.

TO FIND THE MINIMUM STRUCTURE WIDTH:

1. CALIBRATE THE EQUIPMENT ON REFERENCE
STANDARD 1002 AS SPECIFIED IN
PARAGRAPH &.

PUT THE NONCONDUCTIVE STRAIGHTEDGE ALONG
THE EDGE OF ONE OF THE WOTCHED PIECES OF
REFERENCE STANDARD 1005. THE NONCONDUCTIVE
STRAIGHTEDGE KEEPS THE PROBE A CONSTANT
DISTANCE FROM THE EDGE OF THE PIECE.

DO A SCAN ALOMG THE STRAIGHTEDGE AND
MONITOR THE SIGNAL.

THE MINIMUM STRUCTURE WIDTH IS IDENTIFIED
WHEN THE SIGMAL FROM THE NOTCH FALLS
BELOW 90X OF THE SIGNAL YOU GOT DURING
CALIBRATION.

INSPECTION ON AN EDGE
DETAIL XV

Part 6

CMN NDT 51-00-00
Aug 5/04 Fig. 14
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NONDESTRUCTIVE TEST

1

LIFT=0OFF

NOTES

= THE SCREEN DISPLAY ABOVE SHOWS WHAT THE E::}'BALANCE POINT
SIGNAL RESPONSES FROM THE MOTCH IN REFERENCE [:::’
STANDARD NO. 1002 AND A 0.020 INCH (0.50 MM} 0.020 INCH (0.50 MM) NOTCH RESPONSE FROM

DEEP CRACK SHOULD LOOK LIKE WITH A HORIZONTAL REFERENCE STANDARD Wi, UG
TO VERTICAL SENSITIVITY RATIO OF 1:2. [I== 0.020 INCH (0.50 MM) FATIGUE CRACK RESPONSE

THE SCREEN DISPLAY SIGNAL RESPONSES ARE DONME [:::3 EDGE EFFECT RESPONSE
WITH A 1 MHZ SHIELDED PENCIL PROBE. OTHER

PROBES AND FREQUENCIES COULD GIVE DIFFERENT

SIGNAL RESPONSES TOQ THE NOTCH AND CRACK.

IMPEDANCE PLANE DISPLAY OF A NOTCH AND CRACK RESPONSE
DETAIL XVI

Part 6
51-00-00 CMN NDT

Fig. 14 Apr 5/04
Page 24
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BOFfING

EFFECTIVITY

MO

DEL: ALL NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT

ENERAL SURFACE INSPECTION OF ALUMINUM WITH THE MAGNETO OPTIC IMAGER (MOI

1. Purpose

A.

Use this procedure to find cracks on flat or convex aluminum structure with the use of the Turbo

Magneto Optic Imager (MOI). This procedure can find cracks that are 0.10 inch (2.5 mm) long
or more at 5/32 and 3/16 inch diameter countersunk rivet locations. Cracks to be found at

larger countersunk rivet locations must extend 0.06 inch (1.5 mm) farther than the heads of the

rivets.

NOTE: Only the Turbo MOI (Model 308TDF) is permitted for use with this procedure. The
308TDF is a new MOI instrument with more power than other MOI instruments.

B. This procedure will find cracks at fasteners with conductive (Alodine) and non-conductive
(anodized) surface finishes.
2. Equipment

NOTE: Referto Part 1, 51-01-00, for data about the equipment manufacturers.

A,

B.

3. r

A,

B.

OVIN NDT
Mar 15/08

Use a Magneto Optic Imaging System, Model 308TDF, which is made by QUEST Integrated,
with the equipment components that follow:

(1) Power supply control unit
(2) Video monitor or heads-up display set
(3) Video recorder
(4) Imager head
(5) Five-inch (125 mm) wide tape (protective surface)
NOTE: The video recorder is necessary only to record the inspection results.
Reference Standard
(1) Use reference standard NDT1091. See Detail | for a drawing of the reference standard.
rati rin ion
Identify the inspection location.

Make an estimate of the total thickness of paint or other nonconductive layers. Remove the
nonconductive layers if the total thickness is more than 0.015 inch (0.4 mm).

NQTE: The use of a digital eddy current thickness measurement instrument is

recommended to examine the thickness of the nonconductive layers in the inspection

area. Use the instructions of the instrument to do the thickness measurement.

Part 6
51-00-00

Fig.

15

Page 1
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4. Calibration

CAUTION:

m o o w >

The earth's magnetic field has an effect on the imager. When you change the position of
the imager head it can be necessary to adjust the bias control. Thus, you must do the
calibration with the reference standard in the same position as the inspection surface. For
axample, if you examine the skin below the fuselage, you must hold the reference standard
in an overhead position equivalent to the skin surface.

Also, steel structure near the inspection area will have an effect on the image quality of
the instrument. [f it is necessary to adjust the bias control to improve the image,
calibrate again with the reference standard in the same location and position as the
inspection surface. See the calibration instructions.

Connect the different components of the instrument. Refer to the manufacturer’s instructions.
Supply power to the instrument control unit and monitor the instrument display.

Set the excitation mode to “rotate”. 0

Adijust the instrument frequency to 20 kHz.

This procedure has two calibrations. The low power calibration is for most rivets. The high

power calibration is for Alodined rivets that cause very weak signals. If you find weak signals
on your airplane with the low power calibration, make a mark at those rivets and examine them
with the high power calibration.

F. Low power calibration:

(1)
(2)

(3)

(4)

(5)

Part 6
51-00-00
Fig. 15
Page 2

Set the excitation level to “low”.

Put the MOI imager head on the reference standard at Position A, above the flat-bottomed
hole. See Detail ll, View A.

Adjust the MOI bias control with the buttons on the imager handle until you see the flat-
bottomed hole show as a dark image against a bright background. You will see the
complete circular outline of the flat-bottomed hole. See Detail Il, View B. If you can not
see the circular outline, increase the excitation level of the instrument until a circular
outline is visible as shown in Detail Il, View B.

NOTE: Do not adjust the bias control after this step. You will make more adjustments
only when you are on the airplane.

Put the MOl imager head on the reference standard at the anodized fastener without a
notch. See Position C in Detail lll, View A.

Look at the display. You will see a symmetrical circular indication with a light area in the
center. The display in Detail Ill, View B is a typical display for anodized fasteners, or
Alodined fasteners with a loose fit.

CMN NDT
Apr 5/05
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(6) Putthe MOI imager head on the reference standard at the notched anodized fastener.
See Position D in Detail Ill, View C.

-

(7) Make a note of the display. You will again see an indication at the fastenar location, but it
will not be symmetrical. A bulge on one side shows a crack on that side of the fastener.
The display in Detail lll, View D is a typical display for anodized fasteners, or Alodined
fasteners with a loose fit, with a crack at the fastener hole.

(8) Put the MOl imager head on the reference standard at the Alodined fastener without a
notch. See Position E in Detail IV, View A.

(9) Look at the display. You will see an indication at the fastener location, but it can look
weak or non-symmetrical. See Detail IV, View B, low power calibration examples.

(10) Put the MOI imager head on the reference standard at the notched Alodined fastener on
the reference standard. See Position F in Detail V, View A.

(11) Make a note of the display. You will see an indication at the fastener location, but it can
look weak or not symmetrical. See Detail V, View B, low power calibration examples. Itis
possible that you can identify the bulge on one side that shows the EDM notch, but crack
indications on the airplane can be weaker. For weak rivet indications on the airplane use
the high power calibration.

(12) Hold the reference standard against the imager head and move them until they are in an
overhead position. Monitor the change in the display while you do this. The change in the
display is caused by the sarth's magnetic field.

(13) Go to Para. 4.H to do the final calibration on the airplane.
G. High power calibration:
(1) Set the excitation level to “high".

(2) Putthe MOI imager head on the reference standard at Position A, above the flat-bottomed
hole. See Detail Il, View A.

(3) Adjust the MOI bias control with the buttons on the imager handle until you see the flat-
bottomed hole show as a dark image against a bright background. You will see the
complete circular outline of the flat-bottomed hole. See Detail ll, View C. The image will
be stronger than the image you saw with the low power calibration setting.

(4) Putthe MOI imager head on the reference standard at Position B, above the flat-bottomed
hole. See Detail Il, View D.

(5) Adjust the MOI bias control with the buttons on the imager handle until you see the flat-
bottomed hole show as a dark image against a bright background. You will see the
complete circular outline of the flat-bottomed hole. See Detail Il, View E.

NOTE: Do not adjust the bias control after this step. You will make more adjustments
only when you are on the airplane.

Part 6
CMN NDT 51-00-00
Apr 5/05 Fig. 15
Page 3
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(7)

(8)

(9)

(10)
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Put the MOI imager head on the reference standard at the Alodined fastenar without a
notch. See Position E in Detail IV, View A.

Look at the display. You will see an indication at the fastener location. The indication can
look weak or not symmetrical but it will look circular. See Detail IV, View B, high power
calibration examples. These displays are typical for Alodined fasteners with a tight fit.

Put the MOl imager head on the reference standard at the notched Alodined fastener.
See Position F in Detail V, View A,

Look at the display from the Alodined fastener with the EDM notch. The fastener can look
weak or not symmetrical, but it will look circular with a bulge or darker area on one side.
See Detail V, View B, high power calibration examples. These displays are typical for
Alodined fasteners with a tight fit, with a crack at the fastener hole.

Hold the reference standard against the imager head and move them until they are in an
overhead position. Monitor the change in the display while you do this. The change in the
display is caused by the earth's magnetic field.

H. Do the final calibration on the airplane (mandatory for the low power calibration and the high
power calibration) as follows:

(1)

(2)

(3)

(4)

Set up the instrument and reference standard on the airplane, in the applicable inspection
area.

Put the reference standard on the inspection surface, in the same position as the surface
that you will examine (for example: flat, vertical, or overhead).

Put the MOI imager head against the surface of the reference standard, with the center of
the imager on the flat-bottomed hole at calibration position A (low power calibration, see
Detail Il, View A) or calibration position B (high power calibration, see Detail ll, View D).

Adjust the MOI bias control again to get the best image quality on the flat-bottomed hole
when the reference standard is in the same position as the surface to be examined.
Adjust the bias control until the image looks the same as it did when you calibrated on a
bench.

5. Inspection Procedu

A,

B.

Part 6
51-00-00
Fig. 15
Page 4

Calibrate as specified in para. 4, low power calibration,

Make a scan along the fastener row with the center of the imager accurately positioned above
each fastener head. During the inspection:

(1)

Monitor the MOI viewer for:

(a) Signals at a fastener where it is not possible to see the circular outline of the
fastener. See Detail IV, View B, low power calibration examples.

CMN NDT
Apr 5/05
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(4)

(5)

(6)
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(b) Signals at a fastener where there is a bulge in the circular outline of the fastener.
See Detail lll, View D, and Detail V, View B, high power calibration examples.

(c) Signals that occur between two fastener locations. See Detail VI. Make a mark at all
these locations.

Do not do a scan faster than 1 inch (25 mm) for each second. The scan rate must be slow
to identify cracks.

If the display changes, do the calibration again as specified in Par. 4.H with the reference
standard adjacent to the inspection area. The image quality can change while you move
down the airplane because of the magnelic properties of the building or equipment near

the inspection area.

Look for fastener locations in the inspection area that can not be examined with MOl and
must be examined with a different NDT procedure. The conditions that follow prevent

inspection with MOL

(a) Magnetic steel fasteners in the inspection area. MOI inspection is possible if the
magnetic fasteners are removed.

(b) Protruding head fasteners in the inspection area.
(¢) Doublers, repairs, or other structure that interfere with the inspection.

(d) Fairing support frames or other structure that does not let you put the center of the
MOI imager on the inspection area.

(e) A concave surface in the inspection area.

(f) Surface corresion in the inspection area. Remove surface corrosion to do the
inspection.

Temperature effects can have an important effect on the performance of the MOI. They
can cause the image quality (contrast) to decrease. Monitor these conditions during the
inspection:

(a) Imager head temperature build-up. During use, the imager head becomes warm. A
good procedure is to turn the imager head off when it is not in use.

(b) High air temperature. High imager head temperatures become more of a problem
when the air temperature is 90°F (32°C) or higher. If the air temperatures are too
high, do the inspection when the air temperature is lower.

{c) High airplane skin temperature. Do not do the inspection if sunlight makes the
surface of the airplane too hot.

Calibrate as specified in Para. 4.G, high power caliﬁration. and examine all of the areas
where you made a mark as specified in Par. 5.B.(1).

BOEING PROPRIETARY = Copyright © = Unpublished Work — See title page for details.
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(7) Areas that cause signals like the EDM notch signals in the reference standard, and areas
that cause unusual signals, must be examined some more. Refer to par. 6.

6. Ins ion ufts
A. The signals that follow are indications of cracks:

(1) Signals at a fastener location that are not symmetrical, or signals where there is a bulge in
the circular outline of the fastener. See Detail lll, View D and Detail V, View B, high power
calibration examples.

(2) Signals that occur between two fastener locations. See Detail VI.
B. The signals that follow must be examined with an alternative inspection procedure:

(1) A signal where it is not possible to see the circular outline of the fastener even at high
power settings. See Detail IV, View B, low power calibration examples to see these types

of signals.

(2) An unusual signal such as a solid circular signal or a signal that is larger than the usual
signal from the fastener.

C. Do acheck of all areas that give crack indications and unusual signals. Use a high frequency
pencil probe with a circle template. Make sure that your pencil probe calibration will find the
EDM notch on the NDT1091 MOI reference standard before you check the MOI indications.
You can use these proceduras to do the check on the MOI indications:

(1) Part 6, 51-00-00, Figure 4 or 23
(2) Pan 6, 53-30-05, Procedure 2 or 3 in the 737 NDT Manual

(3) Part6, 53-30-02 in the 747 NDT Manual

Part 6
51-00-00 CMN NDT
Fig. 15 Apr 5/05
Page 6
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UPPER-1 LOWER-2 EDM UPPER LOWER
SHEET SHEET NOTCH (ANODIZED) [i = (ALODINED) [
THICKNESS | THICKNESS LENGTH RIVET ROW RIVET ROW
0.040 (1.000 0.125 (3.17) 0.100 (2.50) wwwShé (See Table 2) BACR15GF5D6

REFERENCE STANDARD DATA

TABLE 1
RIVET | ALLFAST FASTENING SYSTEMS INC. SIERRA PACIFIC SUPPLY CO.
CODE PART NUMBER PART NUMBER
*HNEDE AF1049U1D5CE NAS1097D5-6D

FASTENER DATA

NOTES: TARLE.

« ALL DIMENSIONS ARE IN INCHES
(MILLIMETERS ARE IN PARENTHESES)

* TOLERANCES (UNLESS SPECIFIED DIFFERENTLY):

INCHES
X.XXX = +0.005 X.Xx = %0.10
X.XX = #0.025 X.% = #0.5
X.X = #0.050 X = 41

* SURFACE ROUGHNESS: 125 Ra OR BETTER
* MATERIAL: 2024-T3 ALUMINUM; CLAD OR BARE (SEE TABLE 1 FOR THICKNESS)

[T ETcH OR STEEL STAMP THE REFERENCE STANDARD NUMBER NDT1091

BOND & RUBBER FEET TO THE REFERENCE STANDARD IN THE APPROXIMATE
LOCATIONS SHOWN.

[:::b EDM NOTCH ALONG FASTENER CENTERLINE (2 LOCATIONS)
MAXIMUM WIDTH: 0.007 (0.17)
DEPTH: THROUGH-THICENESS AS SHOWN IN VIEW (:)
NOTCH LENGTHS: 0.100 (2.54)

B::::' INSTALL ANODIZED RIVETS AS SPECIFIED IN PART 1, 51-01-04

E:::- INSTALL ALODINED RIVETS AS SPECIFIED BELOW:
* SOLVENT CLEAN EACH RIVET AND RIVET HOLE BEFORE INSTALLATION

* COUNTERSINK DEPTH:
0.033 (0.84) FOR 5/32 RIVETS +0.000/-0.002 (+0.00/-0.05)

= MINIMUM BUTTON DIAMETER:
0.230 (5.8) FOR 5/32 RIVETS

« ALL OTHER INSTALLATION DATA AS SPECIFIED IN PART 1, 51-01-04

[€= FLaT BOTTOMED HOLE
DEPTH "0* = 0.025 (0.64)

[T FuLAT BOTTOMED HOLE
DEPTH "0" = 0.020 (0.50)

REFERENCE STANDARD NDT1091
DETAIL I (SHEET 2)

Part 6
51-00-00 CMN NDT
Fig. 15 Apr 5/05
Page B
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~
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)
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> @

NDTlO9i////

CALIBRATION POSITION A
VIEW A

NDTlO9i////

CALIBRATION POSITION B
VIEW D

IMAGER DISPLAY WHEN THE MOI IMAGER
HEAD IS AT POSITION A, LOW
POWER CALIBRATION
VIEW B

IMAGER DISPLAY WHEN THE MOI IMAGER
HEAD IS AT POSITION A, HIGH
POWER CALIBRATION
VIEW C

IMAGER DISPLAY WHEN THE MOI IMAGER
HEAD IS AT POSITION B, HIGH
POWER CALIBRATION
VIEW E

CALIBRATION POSITIONS ON REFERENCE STANDARD NDT1091

DETAIL II
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)
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NDTlO9i////
IMAGER DISPLAY WHEN THE MOI IMAGER

HEAD IS AT POSITION C

CALIBRATION POSITION C VIEW B
VIEW A

NDTlO9i////
IMAGER DISPLAY WHEN THE MOI IMAGER

HEAD IS AT POSITION D
CALIBRATION POSITION D VIEW D

VIEW C

CALIBRATION POSITIONS ON REFERENCE STANDARD NDT1091
DETAIL III
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LOW POWER CALIBRATION HIGH POWER CALIBRATION

EXAMPLE A
3
NDT1091
CALIBRATION POSITION E LOW POWER CALIBRATION HIGH POWER CALIBRATION
VIEW A EXAMPLE B

NOTES:

THE SIGNALS FROM ALODINED FASTENERS WILL
CHANGE IF THE INSTALLATION FIT OF THE
FASTENERS CHANGES.

VIEW B SHOWS EXAMPLE ALODINED FASTENER
SIGNALS. THE ALODINED FASTENERS IN YOUR

REFERENCE STANDARD MUST CAUSE SIGNALS TO LOW POWER CALIBRATION HIGH POWER CALIBRATION
OCCUR THAT LOOK ALMOST THE SAME.

VIEW C
POSSIBLE IMAGER DISPLAYS WHEN THE MOI IMAGER

HEAD IS AT POSITION E
DETAIL B

CALIBRATION POSITIONS ON REFERENCE STANDARD NDT1091

DETAIL IV
Part 6
CMN NDT 51-00-00
Apr 5/05 Fig. 15

Page 11
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LOW POWER CALIBRATION HIGH POWER CALIBRATION
EXAMPLE A

NDT1091

CALIBRATION POSITION F
VIEW A

LOW POWER CALIBRATION HIGH POWER CALIBRATION
EXAMPLE B

POSSIBLE IMAGER DISPLAYS WHEN THE MOI IMAGER
HEAD IS AT POSITION F
VIEW B

NOTES:

THE SIGNALS FROM ALODINED FASTENERS WILL
CHANGE IF THE INSTALLATION FIT OF THE
FASTENERS CHANGES.

VIEW B SHOWS EXAMPLE ALODINED FASTENER
SIGNALS. THE ALODINED FASTENERS IN YOUR
REFERENCE STANDARD MUST CAUSE SIGNALS TO
OCCUR THAT LOOK ALMOST THE SAME.

CALIBRATION POSITIONS ON REFERENCE STANDARD NDT1091

DETAIL V
Part 6
51-00-00 CMN NDT
Fig. 15 Apr 5/05
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POSITION ABOVE A LONG CRACK
VIEW A

POSSIBLE DISPLAY FROM A LONG CRACK
VIEW B

SIGNAL DISPLAY OF A CRACK THAT IS BETWEEN FASTENER
DETAIL VI

LOCATIONS
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PART 6 - EDDY CURRENT

ALUMINUM PART FASTENER HOLE INSPECTION (ROTARY SCANNER)

Purpose

To do an eddy current inspection of open fastener holes in aluminum parts with the use of a rotary
scanner. The minimum material thickness that can be examined dunng this procedure is 0.020 inch
(0.50 mm).

Equipment
NOTE: Referto Part 1, 51-01-00 for data about the manufacturers of the equipment.

A. All eddy current instruments with a rotary scanner that can satisfy the calibration instructions of
this procedure can be used.

(1) Instrument - An eddy current instrument that can operate in the dynamic mode (time
related display) with a rotary scanner is necessary. The instrument must be able to
operate between 300 kHz and 500 kHz. These instruments were used to prepare this
procedure:

(a) AV100SE - Hocking, Ltd.

(b) Defectoscop D2.831 - Forster

(c) Elotest B1 - Rohman

(d) NDT-18 - Nortec

(e) Phasec 1.1 - Hocking, Ltd.

Rotary Scanner - To do this procedure, a rotary scanner is necessary. The rotary scanner
is used to turn automatically the probe connected to it. The rate at which the probe is
tumed is a function of the eddy current instrument. The rate of probe movement through a
fastener hole is controlled by the operator.

Probes - Rafer to Detail | and Detail |l for examples of probe configurations for use with the

rotary scanner. Probes that can be expanded for a close fit in the fastener hole are

recommended. To do this procedure, the instrument and probe must be able to get the
necessary lift-off and sensitivity results. Fastener hole probes must have these properties:

(1) Probes must be able to operate at a frequency range between 300 kHz and 500 kHz.

(2) The probes must have a differential-bridge coil or a differential-reflection coil.

Part 6
CMN NDT 51-00-00
Apr 5/04 Fig. 16
Page 1
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(3) The probes must be able to operate with a minimum 5:1 signal-to-noise ratio on the reference
standard and a minimum 3:1 signal-to-noise ratio on the part to be examined. Referto
Section 4.K.

NOTE. To get a better signal-to-noise ratio, you can add 0.003 inch (0.076 mm) thick tape to
cover the probe coil area Make sure that the tape is not conductive.

The probe diameter to use is determined by the diameter of the fastener hole to be examined.

(a) If you use a probe that cannct be expanded, make sure the difference between the hole
diameter and the probe outer diameter is not mare than 0.010 inch (0.25 mm).

(b) Probes that can be expanded must be set so that there is a light interference fit when the
probe is put into the fastener hole.

NOTE: If the probe fit is too tight, the probe will wear quickly.

These probes were used to prepare this procedure:

1)  0.125nch (3.18 mm), Part Number BPD-8, NDT Engineering Corp.
2) 0187 inch (4 75 mm), Part Number BPD-12, NDT Engineering Corp.

3) 0187 inch (4.75 mm) to 0.25 inch (6.35 mm) adjustable probe; Part number
BXEM-12/16, NDT Engineering Corp.

Reference Standards - Fastener hole reference standards must have EDM notches. See
Detail lll for the correct notch size. A reference standard for each hole size to be examined is
necessary unless expandable probes are used. Reference standards can be different than
those specified in Detail Ill if the hole sizes, EDM notch locations, and EDM nolch sizes agree
with the conditions specified in Detail Ill. Reference standards made as specified in Part 6,
51-00-00, Fig 1 or 11 are acceptable

3  Preparation for Inspection
A.  Identify the inspection location(s) and the size of the fastener holes to be examined.

B Clean loose dirt and sealant from inside the fastener hole.

CMN NDT
Apr 5/04
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Visually look into all holes to be eddy current examined for surface
conditions that can cause rejectable noise signals during the

inspection. Borescopes, endoscopes or other optical aids can be used
to help the visual inspection. Look for these conditions:

(1) Burrs

(2) Galling

(3) Corrosion

(4) Out-of-round holes

NOTE: If a eclean-up ream is necessary to remove one or more of
these conditions, a 125 RHR or better surface finish is
necessary. Get local engineering approval to do a
clean-up ream.

4, Instrument Calibration

G.

H.

CMN NDT
Apr 5/04

Connect the rotary scanner to the instrument.

Make sure the instrument is on and let it warm up. Refer to the
manufacturer's instruction manual.

Get the applicable reference standard and probe.
Connect the probe to the rotary scanner.
Set the instrument's frequency between 300 and 500 kHz.

If possible, set the speed above 1000 RPM. Rotary scanner speeds less
than 1000 RPM are not recommended because it is easy to miss a small
defect at the lower speeds.

Set the instrument in the impedance plane mode (X/Y). Make sure the
rotary scanner is on and put the probe into the reference standard
hole. Make sure the probe coil is away from the EDM notch.

Balance the instrument. Refer to the instrument's instruetion
manual. Use the instrument's vertical position control to put the
signal at approximately the center of the screen.

NOTE: If your instrument does not have a balance function, ignore
this step and go to step 4.I.

Put the probe on the surface of the reference standard. With the
phase control, turn the signal to the horizontal position. Refer to
Detail IV,

Change the instrument display to the timebase mode. To do this, turn
the sweep function on. Refer to the instrument's instruction manual.

Part 6
51-00-00
Fig. 16
Page 3
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K. If the instrument filters are set automatically when the rotary scanner is connected, go to step
4.L. If the instrument filters are not set automatically when the rotary scanner is connected, it
will be necessary to set the filters manually. Use the steps that follow to adjust the filters:

(1) High Pass Filters (HP) - Increase the filter to maximum or until the reference notch signal
is decreased by 50%. This will decrease low frequency noise signals.

(2) Low Pass Filters (LP) - Decrease to the lowest adjustment possible that does not cause
the signal height to decrease.

(3) Band Pass (BP) - If available, it is an alternative to the high pass and low pass filters.
Adjust to get the best signal-to-noise ratio. A minimum signal to noise ratio of 5:1 is
necessary.

NOTE: If the speed of the rotary scanner is changed, the filters will need to be adjusted.
The maximum high pass filter adjustment must not be higher than the low pass

filter adjustment.

L. Put the probe in the hole of the reference standard. Calibrate the probe on the 0.030 inch
(0.76 mm) length notch unless told to calibrate on the 0.020 inch (0.51 mm) length notch by
Engineering or the Maintenance document.

M. Adjust the instrument gain (vertical) to get a 40 to 60 percent full screen height signal from the
0.020 inch or the 0.030 inch reference notch. Refer to Detail V. A minimum signal-to-noise
ratio of 5:1 is necessary. Refer to Detail V. Adjust the instrument gain and filter controls to get
the necessary signal-to-noise ratio. Refer to Section 4.K for information on how to adjust the
filters. Refer to the note in Section 2.B.(3) for more information on how to decrease the signal-
to-noise ratio.

NOTE: The reference standard has the usual 0.030 inch (0.76 mm) notch but also includes a
0.020 inch (0.51 mm) notch. If your instrument can satisfactorily find the 0.020 inch
(0.51 mm) notch, an instrument calibration with this notch permits a more sensitive
evaluation.

N. Find the maximum speed that the probe can be put into a fastener hole. To do this, follow
these steps:

(1) Move the probe through the reference standard used to set the screen calibration. Refer
to Section 4.L.

(2) Monitor the response level of the reference standard notch.

Part 6
51-00-00 CMN NDT
Fig. 16 Apr 5/05
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Increase the speed the probe is moved through the reference
standard until the signal drops to 90% of the calibration level.

This is the maximum speed that the probe can be moved through a
fastener hole.

NOTE: The use of an audible or visual alarm is recommended. 3et

the alarm to operate at 50 percent of the reference
standard noteh signal.

The location of a crack or notch signal on the timebase line is
directly related to the loeation ¢f the ecrack or notch in the fastener

hole. Refer to Detail VII.

Inspection Procedure

A. Prepare for inspection. Refer to Section 3.
B. Do the instrument calibration. Refer to Section 4.

NOTE: If the equipment or the instrument controls are changed after
an instrument calibration, you must calibrate again.

Examine all necessary fastener holes. To do this, make sure the
rotary scanner unit is on and move the probe smoothly through the
length of each fastener hole. Do not do a scan faster than the scan
rate found in Section 4.N. Do an instrument calibration check
regularly and after all fastener holes have been examined. If the
sensitivity has decreased since the last calibration, all fastener
holes examined since the last calibration must be examined again.

NOTE: An approved light oil or grease put on the probe coil area will
decrease probe wear.

Do Section 5.A. thru 5.C for each size fastener hole to be examined.

Make a record of all fastener hole locations where a crack signal
occurs. Also make a record of those fastener holes where it is
necessary to do a cleanup ream before a satisfactory inspection can be
made. Refer to Section 3.

Do a minimum 0.016 inch (0.41 mm) cleanup ream on those fastener holes
recorded in step 5.E where a cleanup ream is necessary.

NOTE: Get local engineering approval to do a cleanup ream.

Make an inspection again of all fastener holes where a ream was
necessary.

Part &
CMN NDT 51-00-00
Apr 5/04 Fig. 16
Page 5
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Fastener holes with no crack signals are acceptable. An eddy current crack signal will look
almost the same as the reference standard notch signal. Moise signals have a wider shape
than crack signals and can make it hard to see crack signals. If the signal-to-noise ratio
between the reference standard's notch signal and the inspection surface noise level is less
than 3:1, refer to Section 3.C.

Fastener holes with crack signals that are 100% or more of the reference standard's notch
signal must be rejected.

To remove a crack, oversize the hole a minimum 0.016 inch {0.40 mm) and do an eddy current
inspection again. If the crack was removed by the first oversize ream, go to step 6.D. If the
crack was not removed after the first oversize ream, continue to oversize and do an eddy
current inspection of the hole until the crack is completely removed.

NQTES: 1. Get local engineering approval for all holes that need to be oversized or reamed.

2. Monitor and make a record of the depth and the position of the crack. When you
examine the hole again, look carefully at this location. New indications that occur
at other locations can be caused when the hole is oversized and can be ignored.

3. If alarger probe is necessary to examine an oversize hole, you must calibrate
again before you do the examination.

When a crack has been removed and cannot be found by the eddy current inspection, it is
necessary to do one more ream as an “insurance cut®. If the 0.020 inch (0.50 mm) reference
standard notch was used for the instrument calibration, a 0.047 inch (1.20 mm) oversize ream
is recommended. If the 0.030 inch (0.75 mm) reference standard notch was used for the
instrument calibration, a 0.063 inch (1.60 mm) oversize ream is recommended. This "insurance
cut" is done to make sure that a crack too small to find by the eddy current inspection is fully
removed.

NQTE: Get local engineering approval before you do an insurance cut.

GVIN NDT
Jul 15/09
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A fastener hole with an eddy current signal that looks almost the same as a crack signal and is
between 50% and 100% of the reference standard notch signal must be examined some more.
Examine by:

(1) Do a visual inspection of the fastener hole. Look for surface conditions that can cause an
eddy current crack signal. Refer to Section 3.C. If a surface condition is seen at the same
depth and in the same position of the eddy current signal, the fastener hole can be
accepted. If no surface conditions are seen that could be the cause of the eddy current
signal, reject the hole and go to step 6.C.

NOTE: Get local engineering approval to accept the hole with the surface condition that
caused the eddy current indication.

Part 6
CMN NDT 51-00-00
Aug 5/04 Fig. 16
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..-r-—---..._

L“— 3.00 (76) (EXAMPLE}) ——— =

FROBE EGIL

/”;
é> -

EXPANDABLE PROBE

ADJUSTING
SCREW

3.00 (76 (EXAMPLE)

PROBE COIL

EXPANSION 5LOT

el

ADJUSTABLE PROBE

NOTES E::"—’ THE PROBE DIAMETER MUST FIT THE
INSPECTION HOLE. USUAL PROBE
* ALL DIMENSIONS ARE IN INCHES (MILLIMETERS DIAMETERS ARE: 0.187 (4.75)
ARE IN PARENTHESES) 0.250 (6.35)

0.312 (7.92)
THE USUAL PROBE CONFIGURATION IS SHOWN. 0.375 (9.53)

DIFFERENT PROBE MANUFACTURERS MAKE PROBES 0.437 (11.1)
THAT ARE SYMMETRICALLY DIFFERENT OR HAVE 0'500 {12'?)

DIFFERENT END CONNECTOR FITTINGS

THE PROBE 15 ADJUSTABLE FOR THE DIAMETER

PROBES MUST HAVE A DIFFERENTIAL-BRIDGE RANGE SPECIFIED ON THE PROBE BODY. THE

COIL OR A DIFFERENTIAL-REFLECTION COIL USUAL NDT ENGINEERING PROBES THAT WILL
DO AN INSPECTION OF HOLE DIAMETERS FROM

[::3>'0.020—U.030 (0.50-0.76) EXPANSION SLOT. 0.188-0.875 (4.75-22.2) ARE:

THE SLOT MUST PERMIT THE PROBE TO BE BXU=12/16 D.187-0.250 (4.75=-6.35)

EXPANDED UP TO 0.063 (1.60) BXU=-16/20 0.250=-0.312 (46.35=7.92)
BXU-20/26 D.312-0.375 (7.92-9.53)
BXU-24/28 0.375-D.437 (9.53-11.1)
BXU=-28/32 0.437-0.500 (11.1-12.72
BXu=-32/40 0.500-0.625 (12.7-15.8)
BYU-40/48 0.625-0.750 (15.8-19.1)
BRU-4B/56 0.750-0.875 (19.1-22.2)

EXAMPLE OF EXPANDABLE AND ADJUSTABLE FASTENER HOLE PROBES
DETAIL I

Part 6
51-00-00 CMN NDT
Fig. 16 Apr 5/04
Page 8
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[ PROBE COIL

3 TO & IMNCHES (76 TO

(EXAMPLEY

NOTES

ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE IN PARENTHESES)

THE USUAL PRODE CONFIGURATION IS SHOWN.
DIFFERENT PROBE MANUFALTURERS MAKE PROBES
THAT ARE SYMMETRICALLY DIFFERENT OR HAVE
DIFFERENT END CONMECTOR FITTINGS

USE PROBES S0 THAT THE DIFFERENCE BETWEEN
THE HOLE DIAMETER AND THE PROBE OUTER
DIAMETER IS NOT GREATER THAN 0.070 INCH
(0.25 MM)

PROBES MUST HAVE A DIFFERENTIAL-BRIDGE
COIL OR A DIFFERENTIAL-REFLECTION COIL

;i::? THE PROBE HEAD DIAMETER MUST FIT THE

INSPECTION HOLE.

DIFFERENT PROBE SIZES

ARE AVAILABLE IN 0.037 INCH (D.7% MM}

INCREMENTS

EXAMPLE OF A FASTENER HOLE PROBE
THAT IS NOT ADJUSTABLE

DETAIL II

Part 6
51-00-00
Fig. 16
Page 9
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2.0 (51.00
DIAMETER

‘*‘ mm/" w :
/]

NOTCH NO. 1

s

i

!
-
A-A

A B C

WIDTH LENGTH DEPTH

0.005 (0.13)

0.030 (0.762

0.030 (0.76)

0.005 €0.13)

0.020 (0.51)

0.020 €0.51)

TOLERANCE

+0.002 (0.05)
=0.002 (0.05)

+0.002 (0.05)
-0.002 (0.05)

+0.002 (0.05)
=0.002 ¢0.0%)

=

REFERENCE STANDARD HOLE DIAMETERS FOR
ADJUSTABLE PROBES:

REFERENCE STANDARD
—EART NUMBER = HOLE DIAMETER

NDT1016 D.188 (4.76)
NBT1017 0.250 (4.35)
NDT1018 0.313 (7.94)
NDT1019 0.375 (9.53)
NDT1020 0.438 €11.11)
NBT1021 0.500 ¢12.7)
NDT1084 [:::h KOO 00 XX

TOLERANCE ON ALL HOLES: £0.005 (10.13)

OTHER HOLE DIAMETERS CAN ALSQ BE USED IF
NECESSARY. USE REFERENCE STANDARD NUMBER
NDT1084 AND MAKE SURE TO IDENTIFY THE

HOLE DIAMETER AS SPECIFIED IN FLAGNOTE 5.

[ IDENTIFY THE WOLE DIAMETER AND THE
REFERENCE STANDARD PART NUMBER ON THE
REFERENCE STANDARD (THE LOCATION FOR
THESE IDENTIFICATION MARKS IS OPTIONAL).

IF THE HOLE DIAMETER I5 FROM 1.730 (44.45)
To 2.250 (57.10), MAKE THE OUTER DIAMETER

==
3.0 (76).

REFERENCE STANDARD
DETAIL III

NOTES:

= ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE TN PARENTHESES}.

TOLERANCE ON ALL DIMENSIONS +0.050 (1.27)
UNLESS SPECIFIED DIFFERENTLY.

MATERIAL: ALL ALUMINUM ALLOYS THAT HAVE A
CONDUCTIVITY BETWEEN 28 AND 36X IACS
(INTERNATIONAL ANMEALED COPPER STANDARD)
SUCH AS 2024-T3 OR -T&4, TO75-T6, 7079-Th.

REFERENCE STANDARDS MADE AS SPECIFIED IN
PART &, 51-00-00, FIGURE 1 OR FIGURE 11
ARE ACCEPTABLE.

FINISH REAM THE HOLE TO &3 RA.
DEBURR .

ELECTRICAL DISCHARGE MACHIME (EDM) NOTCH.
REFER TO THE GIVEN DIMENSIONS.

WHEN PROBES THAT ARE NOT ADJUSTABLE ARE
USED, THE HOLE DIAMETER OF THE
REFERENCE STANDARD MUST EQUAL THE
FASTENER HOLE TO BE EXAMINED.

DO NOT

Part 6
51-00-00
Fig. 16
Page 10

CHMN NDT
Aug 5/04
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=]

OO0 ao)
000 ao

g |
ROTARY t INSTRUMENT
SCANNER = BALANCE

/

LIFT=0FF
SIGMNAL

FASTENER
HOLE
FROBE E:h__,)

J' r |—-— REFERENCE

STANDARD

NOTE

« WITH THE ROTARY SCANNER ON, AND THE PROBE
AGAINST THE SIDE OF THE REFERENCE STANDARD,
WSE THE PHASE CONTROL TO TURN THE LIFT-OFF
SIGNAL TO THE HORIZONTAL POSITION

PHASE ADJUSTMENT
DETAIL IV

Part &
CMN NDT 51-00-00

Apr 5/04 liig- :?
age
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[ [ I

| | |
R

| |

| | |
REFERENCE STANDARD R ] = .

NOTCH SIGNAL [

'I'_IJJ.l!I!_I'lL

ADJUST THE SIGNAL HEIGHT
TO BETWEEN 40X AND &0X
OF FULL SCREEN HEIGHT

1 1

I
|
I
I
f
I
|

l“IIi

/ ROTATING SCANNER ——

KEEP THE PROBE
VERTICAL WHEN YOU
MAKE A SCAN
/ 90 DEGREES / 90 DEGREES
|

I H
\—- REFERENCE STANDARD 4

THE HORIZONTAL POSITION OF THE SIGMAL
ALONG THE TIMEBASE LIME 15 RELATED TO
THE LOCATION OF THE NOTCH OR CRACK IN
THE FASTEMER HOLE. SEE DETAIL VII

NOTES

WHEN THE SCREEN IS DIVIDED INTO EIGHT
PIECES, EACH PIECE EQUALS 12.53% OF
FULL SCREEN HEIGHT

INSTRUMENT CALIBRATION
DETAIL V

Part &

51-00-00 CMN NDT
Fig. 16 Apr 5/04
Page 12

BOEING PROPRIETARY - Copyright © - Unpublished Mork - See title page for details.




BOECING

NONDESTRUCTIVE TEST

NOTCH SIGNAL = S0%

 NOISE = 33%

SIGNAL=TO-NOISE 50:33
1.5:1

| NOTCH
NOISE STGNAL

4
i 3
r

ROTARY
SCANNER

/

WITHOUT SIGNAL FILTERS -

FASTENER
HOLE
PROBE

i I—

|
|
|
|

l
1

+—j——
1

T 1 7 T1T77]
4

i“‘

B RRRARRENE

i

REFERENCE
i STANDARD
|
!

—

NOTCH SIGNAL = 50%

r NOISE = 10%

SIGHNAL-TO—NOISE 50:10
511

NOTCH
STGNAL

o Tt

WITH SIGNAL FILTERS

NOTE

[17= WMEN THE SCREEN IS DIVIDED INTO EIGHT
PIECES, EACH PIECE EGQUALS 12.5% OF FULL
SCREEN HEIGHT

USE OF SIGNAL FILTERS TO GET 5:1 SIGNAL-TO-NOISE RATIO
DETAIL VI

CMN NDT
Apr 5/04
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V]
L
|

L L]

f— g ——t——
- |

4
S b
-1
4

—_—— e — —

i
S S T [
- — = — -]

__"T_'_T"""_;_'_'Z'_'

REFERENCE
STANDARD
(EXAMPLE)

/f”

|
#-— PROBE

ROTARY
SCANNER
(EXAMPLE)

0
[

NOTCH LOCATION FOR NOTCH LOCATION FOR NOTCH LOCATION FOR
SIGNAL A [1> SIGNAL B [1= SIGNAL ¢ [i=

ﬁ@{

NOTE

[:::> THE SIGNAL LOCATION ON THE TIMEBASE LINE
WILL BE DIFFERENT WITH DIFFERENT INSTRUMENTS.
USE A REFERENCE STANDARD NOTCH TO COMPARE
THE SIGNAL LOCATION ON THE TIMEBASE LINE TO
THE CRACK LOCATION IN THE TEST PIECE
CRACK LOCATION

DETAIL VII

Part &
5!-&0—0& CMN NDT
Fig. 16 Apr 5/04
Page 14
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EFFECTIVITY
MODEL: ALL

PART & - EDDY CURRENT

OPEN HOLE INSPECTION OF TITANIUM AND OTHER LOW CONDUCTIVITY MATERIA

Pumpose

A. This procedure does an eddy current inspection of open fastener holes in titanium parts with
the use of a rotary scanner. The minimum material thickness that can be examined during this
procedure is 0.020 “inch® (0.50 mm).

This procedure will find fatigue cracks as small as 0.030 inch. Instrument calibration is done on
a 0.050 inch reference corner notch which has been found to give signals equivalent to a 0.030
inch fatigue crack in titanium.

This procedure will also find cracks in other low conductivity materials such as non-magnetic
corrosion resistant steels and inconel.

2. Eguipment
NOTE: Referto Part 1, 51-01-00 for data on equipment manufacturers.

A. All eddy current instruments with a rotary scanner that can be calibrated as specified in this
procedure can be used.

(1) Instrument - An eddy current instrument that can operate in the dynamic mode (time
related display) with a rotary scanner Is necessary to do this procedure. The instrument
must operate between 1 MHz and 2 MHz. These instruments were used to prepare this
procedure:

(a) Phasec 1.1 - Hocking/Krautkramer
Defectoscope D2.831 - Institute Dr. Forster
Elotest B1 - Rohmann GmbH
NDT-19 - Nortec/Staveley Inc.

(e) AV100SE - Hocking/Krautkramer

Rotary Scanner - To do this procedure, a rotary scanner is necessary. The rotary scanner
is used to automaticaily turn the probe connected to it. The rate at which the probe is
turned is controlled by the eddy current instrument. The rate of probe movement through
a fastener hole is controlled by the operator.

Part &
CMN NDT 51-00-00
Apr 5/04 Fig. 17
Page 1
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Probes = Refer to Detail I and Detail II for examples of probe
configuration for use with the rotary scanner. Probes that can be
expanded For a close fit in the fastener hole are recommended. To do
this procedure, the instrument and probe must be able to get the
necessary lift-off ana sensitivity results. Fastener hole probes must
have these properties:

(1) Probes must operate in a frequency range between 1 MHz and ? Miz.

(2) The probes must have a dirferential-bridge ceoil or a
differential-reflection coil.

(3) The probes muat operate with a minimum 5:1 signal-to-noise ratio
on tne reference stanocard and a minimum 3:1 signal-to-noise ratio

on the part to be examined.

Use a probe with a diameter that is correct for the size of' the
fastener hole to be examined:

(a) If you use a probe that cannot be expanded, make sure the

difference between the hole diameter and the probe outer
diameter is not more than 0.010 "anch™ (0.25 mm).

Probes that can be expanded must be set s0 that there is a
lignt interference fit when the probe is put into the
fastener hole.

NOTE: If the probe fit is too tight, the probe will not
rotate freely and will wear guickly.

These probes were used to prepare this proceaure:
{a) ©0.125 inch (3.18 mm) diameter, BPD-10, NDT Engineering Corp.

B) 0.125 ineh (3.18 mm) diameter, VMED1Ol-.125, VM Products,
Inec.

{(e) 0.187 inch (4.75 mm) diameter, BPD-12, NDT Engineering Corp.

0.187 inch (4.75 mm) diameter, VMED10l=-.187, VM Products,
Ine.

0.187 inch (4.75 mm)} - 0.250 "inch" (b.35 mn) diameter,
ad justable probe; BXEM-12/16, NDT Engineering Corp.

NOTE: These probes need an adapter for use witn the NUT-19
rotary scanner. The probes have a four-pin Fischer
connector.

Part 6
51-00-00 CMN NDT
Fig. 17 Apr 5/04
Page 2
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Reference Standards - Fastener hole reference standards must have EDM
noteches. See Detail III for the correct notech size. A reference
standard for each hole size to be examined is necessary unless
expandable probes are used. Reference stanaards can pe aifferent than
those specified in Detail III if the hole sizes, EDM notches,
locations, and EDM notch sizes agree with the conditions specified in
Detail III.

Preparation for Inspection

A.

Identify the inspection location(s) and the size of the fastener holes
to be examined.

Clean loecse dirt and sealant from inaide the fastener hole.

Visually look in all holes to be eddy current examined for surface
conditions that can cause rejectable noise signals during the
inspection. Borescopes, endoscopes, or cother optical aids can be used
to help the visual inspection. Look for tnese conditions:

(1) burrs

(2) galling

(3) out-of-round holes

NOTE: If a eclean-up ream 15 necessary to remove one or more of
these conditions, a 63 RHR or better surface finish is
necessary. Get local Engineering approval to do a clean-up
ream.

Instrument Calibration

CMN NDT
Apr 5/04

Connect the rotary scanner to the instrument.

Make sure the instrument is on and let it warm-up. Refer to the
instruments instruction manual.

Get the applicable reference standard and probe.

Connect the probe to the rotary scanner.

Bet the instrument's frequency to between L MHz and 2 MHz.

If possible, set the speed above 1000 RPM. Hfotary scanner speeds less
than 1000 RPM are not recommended because it is not as easy to find a
short defect at the lower speed.

Set the instrument in the impedance plane mode (X/Y). Make sure the

rotary scanner is on and put the probe into the reference standard
hole. Make sure the probe coil is away from the EDM notch.

BOEING PROPRIETARY — Copyright @ - Unpublished Work - See title page for details.
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Balance the instrument. Refer to the instrument's instruction
manual. Use the instrument's vertical and horizontal position
controls to put the signal at approximately the center of the screen.

NOIE: If your instrument does not nave a balance function, ignore
this step and go to paragraph 4.I1.

Put the probe on the surface of the reference standard. With the
phase control, adjust the lift-off signal to the horizontal position.
Refer to Detail IV.

Change the instrument display to the timesweep moae. To do this, make
sure the sweep function is on. Refer to the instrument's instruetion
manual.

If the instrument filters are set automatiecally when the rotary
scanner is connected, go to paragraph U.L. If the instrument filters
are not set automatically when the rotary scanner is connected, it
Wwill be necessary to set the filters manually. Use the steps that

follow to adjust the filters:

(1) High Pass Filters (HP) - Increase the filter to maximum or until
the reference notch signal is decreased by 50 percent. This will
decrease low frequenecy noise signals.

Low Pass Filters (LP) - Decrease to the lowest adjustment
possible that does not cause the reference notch signal height to
decrease.

Band Pass (BP) - If available, it is an alternative to the high
pass and low pass filters. Adjust to get the best
signal-to=-noise ratio. A minimum signal to nolse ratio of 5:1 is
necessary.

NOTE: If the speed of the rotary scanner is changed, the filters
will need to be adjusted. The maximum high pass filter
adjustment must not be higher than the low pass filter
adjustment.

Put the probe in the hole of the reference standard.

Adjust the instrument gain (vertical) to get a 40 to 60 percent full
secreen height aignal. Hefer to Detail V. A minimum signal-to-noise
ratio of 5:1 is necessary. Refer to Detail VI. adjust the instrument
gain and filter controls to get the necessary signal-to-ncise ratio.
Refer to paragraph 4.K. for data on how to adjust the filters.

NOTE: To get a better signal-to-noise ratio, you can add 0.003 inch
(0.076 mm) thick plastic tape to the probe coil area.

Part 6

Fig. 17 Apr 5/04
Page &
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Find the maximum speed that the probe can be movea through a fastener
hole. To do this, follow these steps.

(1) Move the probe through the reference standard used to set the
screen calibration. Refer to paragraph 4.L.

(2) Monitor the response level of the instrument because of the
reference standard notch.

(3) Increase the speed the probe is moved through the reference
standard until the signal from the notch drops to 90 percent of

the calibration level. This is the maximum speed that the probe
can be moved through a fastener hole.

The use of an audible or visual alarm is recommended. Set the alarm
to operate at a signal that is 50 percent of the reference standard
notech signal.

Tne leocation of a crack or notch signal on the timebase line is
directly related to the location of the erack or noteh in the fastener
hole. Refer to Detail VII.

Inspection Procedure

A. Prepare for the inspection. Refer to paragraph 3.

B. Do the instrument calibration. Refer to paragraph 4.

NOTE: Do not change the control settings from those you get during
calibration.

Examine all necessary fastener holes. To do this, make sure the
rotary scanner unit is on and move the probe smoothly through the
length of each fastener hole. Do not do a scan faster than the scan
rate found in paragraph 4.N. Do an instrument calibration check
regularly and after all fastener holes have been examined. Il the
sensitivity has decreased since the last calibration, all the fastener
holes examined since the last calibration must be examined again.

NOTE: If plastic tape is not used, an approved light oil or greass
can pe put on the probe ceoil area to nelp decrease probe wear.

Do paragraphs 5.A. thru 5.C. for each size fastener hole to be
examined.

Make a record of all fastener hole locations where a crack signal
occurs. Also make a record of those fastener holes where it is
necessary to do a clean-up ream before a satisfactory inspection can
be made. Refer to paragraph 3.

CMN NDT
Apr 5/04
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Do a minimum approved cleanup ream on those fastener holes recorded in
paragrapn 5.E. where a cleanup ream is necessary.

NOTE: Get local Engineering approval to do a cleanup ream.

G. Make an inspection again of all fastener holes where a ream was
necessary.

Inspecrion Results

A. Fastener holes with no eraek signals are acceptable. An eddy current
erack signal will look almost the same as the reference standard notch
signal and will give at least the same amplitude. Tight cracks will
produce inecreased crack to lift-off phase angles and as a result, a
erack will give more vertical amplitude than an EDM notch of the same
depth.

Noirse signals can make it hard to see crack signals. If the
signal-to-noise ratio between the reference standard's notch signal
and the inspection surface noise level is less than 3:1, refer to
paragraph 3.C.

Fastener holes with crack signals that are 50 percent or more or the
reference standard's notch signal must be rejected.

NUTE: If it is necessary to oversize a hole to remove a crack, you
must get Engineering approval. Ask the Engineering group for
the maximum amount of oversize allowed.

To remove a crack, oversize the hole to the minimum amount that has
been approved by Engineering and do an eddy current inspection again.
I the eddy current crack signal was not removed by the first oversize
ream, continue to oversize thne minimum approved, but do not exceed the
maximum allowed by Engineering. Do an eddy current inspection after
eacn oversize ream to see if tne crack has been removed. If no eddy
current crack signals are seen after the oversize ream, it 1s
recommended to do another ream. This 15 called the "insurance cut".
This "insurance cut" is done to make sure that a crack too small to
find by the eddy current inspeection is fully removed.

i fastener hole with an eddy current signal that looks almost the same
as a crack but is less than 50 percent of the reference standard notch
signal must be examined in more detail. Examine by:

(1) Doing a visval inspection of the fastener hole. Look for surface
conditions that can cause an eddy current crack signal. Refer to
paragraph 3.C. If a surface condition is seen 1n the same
location as the eddy current signal on the screen display (refer
to Detail VII) the fastener hole can be accepted. If no surface
conditions are seen that could be the cause of the eddy current
signal, go to paragraph 6.E.(2).

Part 6
>1-00-00 CMN NDT

Fig. 17 Apr 5/04
Page &
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{2) Ream the fastener hole the minimum amount approved and do an eddy
current inspection again. If no eday current crack signals are
seen after a ream, do an "insurance cut". If the eddy current
signal was not removed after the hole was oversized, report tnais

to your local Engineering group.

Part 6

CMN NDT 51-00-00
Apr 5/04 Fig. 17
Page 7
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Li 3.00 (76) (EXAMPLE) ——

PROBE COIL

ADJUSTING

3.00 (76) (EXAMPLE)

PROBE COIL
E::} -] EXPANSION 5LOT

i

ADJUSTABLE PROBE

NOTES

* ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE IMN PARENTHESES)

THE USUAL PROBE CONFIGURATION IS SHOWN.
DIFFERENT PROBE MANUFACTURERS MAKE PROBES
THAT ARE SYMMETRICALLY DIFFERENT OR HAVE
DIFFERENT END CONNECTOR FITTINGS

E:::h PROBES MUST HAVE A DIFFERENTIAL-BRIDGE [:::: THE FROPE 15 ADJUSTABLE FOR THE DIAMETER
COIL OR A DIFFERENTIAL-REFLECTION COIL RANGE SPECIFIED ON THE PROBE BODY. THE
USUAL NDT ENGIMEERING PROBES THAT WILL

0.07-0.020 (8. 30°0.700 EXEINSIUN ~LOT- DO AN INSPECTION OF HOLE DIAMETERS FROM

THE 5LOT MUST PERMIT THE PROBE TO BE 0.188-0.875 (4.75-22.2) ARE:

EAPRpEW AT SOINDAS “Hity: BXU-12/16 0.187-0.250 (4.75-6.35)

THE PROBE DIAMETER MUST FIT THE BXU-16/20 0.250-0.312 (6.35-7.92)

INSPECTION HOLE. USUAL PROBE BXU-20/24 0.312-0.375 (7.92-9.53)

DIAMETERS ARE: 0.187 (4.75) BXU-24/28 0.375-0.437 (9.53-11.1)
0.250 (6.35) BXU-28/32 0.437-0.500 (11.1-12.7)
0.312 (7.92) BXU-32/40 0.500-0.625 (12.7-15.8)
0.375 (9.53) BAU-40/48 0.625-0.750 (15.8-19.1)
0.437 €11.1) BXU-48/56 0.750-0.875 (19.1-22.2)
0.500 (12.7)

EXAMPLE OF EXPANDABLE AND ADJUSTABLE FASTENER HOLE PROBES
DETAIL I

Part &
51-00-00 CMN NDT
Fig. 17 Apr 5/04
Page 8
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SEE VIEW A

3.00 (76) (EXAMPLE)

[T Prose corL

NOTES

* ALL DIMEMSIONS ARE IN INCHES (MILLIMETERS [:::3'PROBE5 MUST HAVE A DIFFERENTIAL-BRIDGE
ARE IN PARENTHESES) COIL OR A DIFFERENTIAL-REFLECTION COIL

THE USUAL PROBE CONFIGURATION IS SHOWN.
DIFFERENT PROBE MANUFACTURERS MAKE PROBES
THAT ARE SYMMETRICALLY DIFFERENT OR HAVE
DIFFERENT END CONNECTOR FITTINGS

USE PROBES 50 THAT THE DIFFERENCE BETWEEN
THE HOLE DIAMETER AND THE PROBE OUTER
DIAMETER IS NOT GREATER THAN 0.010 INCH
(0.25)

THE PROBE HEAD DIAMETER MUST FIT THE
INSPECTION HOLE. DIFFERENT PROBE SIZES
ARE AVAILABLE TO ORDER

EXAMPLE OF A FASTENER HOLE PROBE
THAT IS NOT ADJUSTABLE
DETAIL II

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. AT
Page 9
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2.0 (51.0)
DIAMETER

DIA O.XXX
NDTXXXX

0.050 £0.005
(1.30 20.13)

i
|
|
|

N
0.050 0.005 NOTCH E}'

€1.30 £0.13)
A=A

NOTES : E::—" REFERENCE STANDARD HOLE DIAMETERS FOR
- ADJUSTABLE PROBES:

ALL DIMENSIONS ARE IM INCHES (MILLIMETERS
REF T
ARE IN PARENTHESES) ¢ EE“!EEHIEEHSIB&MEEDARD HOLE DIAMETER

TOLERANCE ON ALL DIMENSIONS IS5 $0.050 (1.27) NDT1022 0.188 (4.762
OR AS NOTED NDT1023 0.250 (6.35)

NDT1024 0.313 (7.94)
NDT1025 0.375 (9.53)
NDT1026 0.438 (11.1)
FINISH REAM THE HOLE TO &3 RA. DO NOT NDT1027 0.500 ¢12.73

I DEBURR NDT108% [ — XXX XK. XKD
[:::: ELECTRICAL DISCHARGE MACHINE (EDM) NOTCH. TOLERANCE ON ALL HOLES: +0.005 (+0.13)

SETER To Tox WAEN DN OTHER HOLE DIAMETERS CAN BE USED IF
WHEN PROBES THAT ARE MOT ADJUSTABLE ARE HECESSARY. USE REFERENCE STANDARD NUMBER
USED, THE HOLE DIAMETER OF THE REFERENCE HNDT10B? AND MAKE SURE TO IDENTIFY THE HOLE
STANDARD MUST EQUAL THE FASTEMER HOLE TO DIAMETER AS SPECIFIED IN FLAGNOTE 5.

BE EXAMINED
IDENTIFY THE HOLE DIAMETER AND THE REFERENCE
STANDARD PART NUMBER ON THE REFERENCE
STANDARD (THE LOCATION FOR THESE
IDENTIFICATION MARKS IS OPTIOMAL).

[£= 1F THE HOLE DIAMETER IS FROM 1.750 (44.45)
TO 2.250 (57.10), MAKE THE OUTER DIAMETER
3.0 (76)

REFERENCE STANDARD
DETAIL III

MATERIAL: &AL=GV TITANIUM ALLOY

Part 6
51-00-00 CMN NDT
Page 10
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ROTARY = TNSTRUMENT
SCANNER BALANCE
LIFT=0FF

SIGNAL

:! —'-—-L- — e — — — =

FASTENER /

HOLE I

PROBE t:q__,)
1

J].L |—— REFERENCE

STANDARD

NOTE

« WITH THE ROTARY SCANNER ON, AND THE PROBE
AGAINST THE SIDE OF THE REFERENCE STANDARD .
USE THE PHASE CONTROL TO TURN THE LIFT=OFF
SIGNAL TO THE HORIZONTAL POSITION

PHASE ADJUSTMENT
DETAIL IV

Part 6
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|
|
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REFERENCE STANDARD
NOTCH SIGNAL [

| |

| |
————T—-

| |
b=l

| |

ADJUST THE SIGNAL HEIGHT
TO BETWEEN 40% AND 60X
OF FULL SCREEN HEIGHT

1
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|
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ROTATING SCANNER

KEEP THE PROBE
VERTICAL WHEN YOU
MAKE A SCAN

90 DEGREES 90 DEGREES
;’/ ///

REFERENCE STANDARD /f/#,f’,’

NOTES

THE HORIZONTAL POSITION OF THE SIGNAL
ALONG THE TIMEBASE LINE IS RELATED TO
THE LOCATION OF THE NOTCH OR CRACK IN
THE FASTENER HOLE. SEE DETAIL VII

WHEN THE SCREEM IS5 DIVIDED INTO EIGHT
PIECES, EACH PIECE EQUALS 12.5% OF
FULL SCREEN HEIGHT

INSTRUMENT CALIBRATION
DETAIL V

Part 6
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NONDESTRUCTIVE TEST

NOTCH SIGNAL = SDX

F NOISE = 33X

SIGNAL=TO-NOISE 50:33
1.5:1

ROTARY
SCANNER

/

WITHOUT SIGNAL FILTERS

. |
FASTENER
r=————— HOLE

PROBE

L_,J\_Lj

REFERENCE
STANDARD

NOTCH SIGNAL = 50X

* MNOISE = 10%

SIGNAL-TO-NOISE = 50:10
= 5:1

| HHHH

R RSRRREE

WITH SIGNAL FILTERS

NOTE

WHEN THE SCREEN IS DIVIDED INTO EIGHT
PIECES, EACH PIECE EQUALS 12.5% OF FULL
SCREEN HEIGHT

USE OF SIGNAL FILTERS TO GET 5:1 SIGNAL-TO-NOISE RATIO
DETAIL VI

CMN NDT
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REFEREMNCE
STANDARD
CEXAMPLE )

(TN
a

=—— PROBE
ROTARY
SCANNER
(EXAMPLE)

NOTCH LOCATION FOR NOTCH LOCATION FOR NOTCH LOCATION FOR
SIGNAL A 1> SIGNAL B [ SIGNAL € [

NOTE

[:::? THE SIGMAL LOCATION ON THE TIMEBASE LINE
WILL BE DIFFERENT WITH DPIFFERENT INSTRUMENTS.
USE A REFERENCE STANDARD NOTCH TO COMPARE
THE SIGMNAL LOCATION ON THE TIMEBASE LINE TO
THE CRACK LOCATION IN THE TEST PIECE

CRACK LOCATION
DETAIL VII
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BOEING

EFFECTIVITY

MODEL: ALL NONDESTRUCTIVE TEST

PART &
-BOTT
1. PBurpose

A. This procedure is used to examine holes in aluminum materials that are open
from one side only (flat-bottom holes) for cracks. The minimum material
thickness that can be examined with this procedure is 0.020 inch (0.5 mm).

. This procedure must be used with one of the procedures for open fastener
holes identified below:

(1) For the inspection of an aluminum fastener hole with a rotary scanner,
refer to Part 6, 51-00-00, figure 16.

For the inspection of an aluminum fastener hole with an impedance plane
display, refer to Part 6, 51-00-00, figure 11.

For the inspection of an aluminum fastener hole with a meter display,
refer to Part 6, 51-00-00, figure 1.

Equipment
NOTE: Refer to Part 1, 51-01-00, for data about the equipment manufacturers.
A. Instrument

(1) Refer to the applicable procedure identified in paragraph 1.B. for the
necessary equipment specifications.

Probes

(1) Probes that can operate as specified in this procedure and the
applicable inspection procedure identified in paragraph 1.B. can be
used to do this procedure.

It is important that the probe coil be as near as possible to the end
of the probe (see Detail I).

The probe must be unshielded.

A probe specified by one of the procedures identified in paragraph 1.B.
can be changed, if necessary, so it can be used to examine a flat-
bottom hole. This is done by the removal of material at the probe end
until you have a 5 to 1 signal-to-noise ratio when you put the probe in
the reference standard that is specified in this procedure.

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 18
Fage 1
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NONDESTRUCTIVE TEST

The probes that follow are satisfactory to use to do this procedure.

a) Rotary scanner probe; BUB-1/4, Tyvin Inc.

b) Rotary scanner probe; SP0O 5376, Nortec/Staveley

c) Hand-held probe; NEC 1015, NDT Engineering Corp.

d) Hand=held probe; H.250-100 KHZ, Uniwest
Reference Standards - Reference standard details can be found in the
applicable procedure referred to in paragraph 1.B. The reference
standards specified in these referenced procedures are for open holes.
To give the reference standard a configuration equivalent to a flat-bottom
hole, place an aluminum plate on the same face of the reference standard
as the 0.030 inch (0.75 mm) corner notch (see Detail II).

Preparation for Inspection

A. Follow the instructions specified in the applicable procedure identified
in paragraph 1.B. to prepare for this inspection.

Make sure the hole is clean and has no rough surfaces.
. i .

A. Calibrate the equipment as specified in the instructions of the applicable
procedure identified in paragraph 1.B. Use the 0.030 inch €(0.75 mm) corner
notch of the reference standard during calibration. Detail II shows the

reference standard configuration that is necessary to do the calibration for
a flat-bottom hole.

Inspectjon Procedure

Examine the flat-bottom hole as specified in the "Inspection Procedure"
instructions of the applicable procedure identified in paragraph 1.B.

Inspection Results

A. Refer to the "Inspection Result" instructions of the applicable procedure
identified in paragraph 1.B. to help make an analysis of the inspection
results you get when you do this procedure.

Part 6
51-00-00 CMN NDT

Fig. 18 Apr 5/04
Page 2
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NONDESTRUCTIVE TEST

PROBE COIL
\»\ )/ EXPANSION SLOT

¢

EDDY CURRENT PROBE FOR THE INSPECTION OF HOLES
WITH ACCESS FROM ONLY ONE SIDE
(FLAT BOTTOM HOLES)

"

DETAIL I

0.030 INCH (D.75 mm)
CORMER NOTCH REFERENCE STANDARD

ALUMINUM

BACK PLATE \ \

USE OF AN ALUMINUM BACK PLATE WITH THE REFERENCE STANDARD
FOR CALIBRATION

DETAIL II

Part &
CMN NDT 51-00-00
Apr 5/04 Fig. 18
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BOEING

EFFECTIVITY

MODEL- ALL NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT

PEN HOLE INSPECTION IN STE ITH A ROTARY SCANNER

Purpose

A. Use this procedure to do an inspection for cracks that are on the inside surface of holes in
magnetic steel parts.

This procedure uses an instrument with an impedance plane display and a rotary scanner.
The thickness of the material must be 0.020 inch (0.51 mm) or more.
Refer to Part 6, 51-00-00, Fig. 17 to do an inspection for cracks in non-magnetic steel parts.
Eguipment
A. General

(1) Use inspection equipment that can be calibrated on the reference standard as specified in
paragraph 4.

(2) Referto Part 1, 51-01-00, for data about the equipment manufacturers.
B. Instrument
(1) Use an eddy current instrument that:
(a) Has an impedance plane display and a rotary scanner.
(b} Operates at a frequency range of 200 kHz to 1 MHz.
(2) The instruments specified below were used to prepare this procedure,
(a) Phasec 1.1; Hocking/Krautkramer
{b) Defectoscop 2.831; Foerster Instrumants, Inc.
(¢} Elotest B1; Rohman GmbH

(d) NDT-19e; Nortec/Stavelay Inc.

Part 6
CMN NDT 51-00-00
Apr 5/04 Fig. 19
Page 1
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BOLfING

NONDESTRUCTIVE TEST

a probe that:
Operates at a frequency range of 200 kilz to 1 MHz.

Has a differential-bridge coil or a differential reflection
coil.

Operates with a minimum signal-to-noise ratio of 5:1 on the
reference standard and a minimum signal-to-noise ratio of
3:1 on the part to be examined.

Use a probe with a diameter that is correct for the dlameter
of the hole to be examined (see Details I and II for
examples of different probe designs):

1) If you use a probe that cannot be expanded, make sure
the difference between the hole diameter and the probe
outer diameter is not more than 0.010 inch (0.25 mm).

Probes that can be expanded must be set so that there is
a light interference fit when the probe is put into the
hole.

NOTE: If the probe fit is too tight, the probe will not
turn freely and will wear quickly.

The probes specified below were used to prepare this procedure.
(a) VMED101-.125; VM Products, Inme.
(b) BPD-12; NDT Engineering Cotp.
(e) BXEM-12/16; NDT Engineering Corp.
feference Standards

(1) See Detail III for data about reference standards HDT1040,
NDT1041, NDT1042, NDT1043, NDT1044, and/or NDTL1045.

(2) BReference standards can be different than those speciflied in
Detail III. The material, hole dimension, EDM notech location and
EDM notch dimensions must agree with the conditions specified in
Detail III.

Part &
51-00-00 CMN NDT

Fig. 19 Apr 5/04
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NONDESTRUCTIVE TEST

3. Preparation for Inspection

A. Get access to the inspection areas.

B. Remove loose paint, dirt, and sealant from the surface of the
Inspection area.

Look in all the holes to be examined for surface condltions that can

cause noise signals to occur during the inspection. Look for these
conditlons:

(1) a rough edge (burr)

(2) metal smears and/or rough surface (galling)

(3) grooves caused by a tool or fastener (gouge)

(4) hole out-of-round

Do a cleanup ream, if necessary, to remove one or more of the

conditions specified in paragraph 3.C. The surface roughness for a
cleanup ream must be 63 microinches Ra or better.

NOTE: Get local engineering approval to do a cleanup ream.

Instrument Calibration

A. Set the frequency between 200 kHz to 1 Miz.

B. If it is possible, set the speed of the rotary scanner to
approximately 1000 3PM or more. Small cracks may not be found if the
scanner speed 1s below 1000 RPM.

Set the display to the X/Y mode (impedance plane mode).

Balance the instrument.

Set the balance point in the center of the screen display as shown in
Detail IV.

Start the rotary scanner.

Put the probe on the surface of the reference standard as shown in
Detall IV.

Adjust the instrument phase control to set the lift-off signal to the
horizontal position as shown in Detail IV.

Set the instrument to the time-base mode, or start the sweep function.

CMN NDT
Apr 5/04
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Put the probe in the hole and get a maximum signal from the EDM
notch. Make sure the probe fits in the hole as specified in paragraph
2.C.(1)(d).

Adjust the galn to get a 40 to 60 percent full screen height signal as
shown in Detail V.

If necessary, adjust the instrument gain and filter controls to get a
minimum signal-to-noise ratio of 5:1 (see Detail VI). You can get a
better signal-to-noise ratio LIf you add a piece of 0.003 inch (0.08
mm) thick plastic tape to the probe coil area. If necessary, set the
filters as follows:

(1) Instruments with a high pass filter:

(a) Set the filter to its lowest value.

(b) Increase the filter wvalue to get the best signal-to—noise
ratio. Do not let the notch signal decrease more than 50
percent of the signal height set In paragraph 4.K.

Instruments with a low pass filter:

(a) Set the filter to its highest value.

(b) Decrease the filter value to get a stable dot or until the
signal from the notch in the reference standard starts to
decrease. Do not decrease the filter value below the value

of the high pass filter.

For instruments that have only one filter control or that have a
bandpass filter:

(a) Adjust the filter to get the best signal-to-noise ratio.

NOTE: Refer to the instrument operation manual for more filter
ad justment instructions, if necessary.

Find the maximum speed that the probe can be moved through the hole.
To do thls, follow these steps!

(1) Move the probe through the reference standard used to set the
screen calibration.

(2) HMonitor the signal height on the screen display from the
reference standard notch.

CMN NDT
Apr 5/04
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Increase the speed the probe is moved through the reference
standard hole until the signal from the notch drops to

approximately 90 percent of the calibration level. This is the
maximum speed that the probe can be moved through the hole to be
examined.

The use of an audible or visual alarm is recommended. Set the alarm
to operate when a signal 1s 50 percent of the reference standard notch
signal.

Monitor the location of the notch sigonal on the screen display to the
location of the notch in the reference standard. See Detail VII.

5. Inspection Procedure

CMN NDT
Apr S5/04

Prepare for the inspection as specified in paragraph 3.

Start the rotary scanner.

Slowly move the probe through the hole to be examined. Do not move

the probe faster than the maximum speed that was found in paragraph
4.M. Do the steps that follow while you examine the hole:

WOTE: If plastic tape is not used, use an approved light oil, silicon
spray, or grease on the probe when possible to decrease probe
wear. If plastic tape 1s used after the initial calibration,
do a calibration again.

Make a mark at the locations that cause crack signals.

If you get a crack signal, examine the locatlons for the
conditions specified in paragraph 3.C.

If the hole has a condition specified in paragraph 3.C., do a
minimum approved cleanup ream and examine the hole again.

NOTE: Get local engineering approval to do a cleanup ream.

Do a calibration test regularly as follows if a large gquantity of
holes are to be examined:

NOTE: Do not make adjustments to the instrument gainm or filters.

(a) Put the probe in the hole of the reference standard to get a
signal from the notch.

(b) Compare the signal you got from the notch durlng callbration
with the signal you get now.

Part 6
51-00-00
Fig. 19
Page 5
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NONDESTRUCTIVE TEST

{(c) If the signal from the notch in the reference standard has decreased 10 percent or
more, do a calibration and examine all holes since the last calibration again.

Do a calibration test as specified in par. 5.C.{4) at the end of the examination to compare the
signal height from the EDM notch to that set in paragraph 4.K.

NOTE: Do not make adjustments to the instrument gain or filters,

(1) If the signal from the notch in the reference standard has decreased 10 percent or more,
do a calibration and examine all holes since the last calibration again.

6. Inspection Results

A. Fastener holes with no crack signals are acceptable. An eddy current crack signal will look
almost the same as the reference standard notch signal. Noise signals have a wider shape
than crack signals and can make it hard to see crack signals. If the signal-to-noise ratio
between the reference standard notch signal and the inspection surface noise level is less than
3:1, refer to Section 3.C.

NOTE: Cadmium plating is frequently used on steel parts. If the plating is broken in some
locations, a crack signal can occur, The removal of the plating in that area will be
necessary to get a satisfactory inspection.

Fastener holes with crack signals that are 100% or more of the reference standard notch signal
must be rejected.

To remove a crack, oversize the hole a minimum 0.016 inch (0.40 mm) and do an eddy current
inspection again. If the crack was removed by the first oversize ream, go to step 6.D. If the
crack was not removed after the first oversize ream, continue to oversize and do an eddy
current inspection of the hole until the crack is completely removed.

NOTES: 1. Getlocal engineering approval for all holes that need to be oversized.

2. Monitor and make a record of the depth of the position of the crack. When you
examine the hole again, look carefully at this location. Mew indications that
occur at other locations can be caused when the hole is oversized and can be
ignored.

3, [Ifalarger probe is necessary to examine an oversize hole, you must calibrate
again before you do the examination.

When a crack has been removed and cannot be found by the eddy current inspection, it is
necessary to do one more ream as an “insurance cut”. A 0.063-inch (1.59 mm) oversize ream
is recommended. This "insurance cut® is done to make sure that a crack too small to find by
the eddy current inspection is fully removed.

Part &
51-00-00 CMN NDT
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E. A fastener hole with an eddy current signal that looks almost the same as a crack signal and is
batween 50% and 100% of the refarence standard notch signal must be examined some more.
Examine by:

(1) Do a visual inspection of the fastener hole. Look for surface conditions that can cause an
eddy current crack signal. Refer to Section 3.C. If a surface condition is seen at the same
depth and in the same position of the eddy current signal, the fastener hole can be
accepted. If no surface conditions are seen that could be the cause of the eddy current
signal, reject the hole and go to step 6.C.

NOTE: Get local engineering approval to accept the hole with the surface condition that
caused the eddy current indication.

Part 6
CMN NDT 51-00-00
Aug 5/04 Fig. 19
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NONDESTRUCTIVE TEST

3.00 (76) (EXAMPLE) ————— =

ADJUSTING
SCREW

|

3.00 (76) (EXAMPLE) — M — -—_._l

PROBE COIL
fi=> H] / EXPANSION SLOT

ADJUSTABLE PROBE

NOTES (3
INCHES (MILLIMETERS

THE PROBE DIAMETER MUST FIT THE

INSPECTION HOLE. USUAL PROBE

DIAMETERS ARE: 0.187 (4.75)
0.250 (4.35)
0.312 (7.92)
0.375 (9.53)
0.437 (11.1)
0.500 (12.7)

THE PROBE 15 ADJUSTABLE FOR THE DIAMETER
RANGE SPECIFIED ON THE PROBE BODY. THE
USUAL NDT ENGINEERING PROBES THAT WILL
0O AN INSPECTION OF HOLE DIAMETERS FROM
0.1B8-0.875 (4.75-22.2) ARE:

BXU-12/16 0.187-0.250 (4.75-6.35)

* ALL DIMENSIONS ARE IN
ARE IN PARENTHESES?

THE USUAL PROBE CONFIGURATION IS SHOWN.
DIFFERENT PROBE MANUFACTURERS MAKE PROBES
THAT ARE SYMMETRICALLY DIFFERENT OR HAVE
DIFFERENT END CONMNECTOR FITTINGS

PROBES MUST HAVE A DIFFERENTIAL-BRIDGE
COIL OR A DIFFERENTIAL-REFLECTION COIL

[ 0.020-0.030 ¢0.50-0.76) EXPANSION SLOT.
THE SLOT MUST PERMIT THE PROBE TO BE

EXPANDED UP TO 0.063 (1.60)

BXU-16/20
BXU-20/24
BXU-24/28
BXU-28/32
BXU-32/40
BXU=-&0/48
BXU=4B/56

0.250-0.312
0.3512-0.375
0.375-0.437
0.437-0.500
0.500-0.625
0.625-0.750
D.750-0.875

(6.35-7.92)
(7.92-9.53)
(9.53-11.1)
(11.1-12.7)
{12.7-15.8}
(15.8-19.1)
19.1-22.2)

EXAMPLE OF EXPANDABLE AND ADJUSTABLE FASTENER HOLE PROBES

Part 6
51-00-00
Fig. 19
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I
|

3.00 (76) C(EXAMPLE)

PROBE COIL

NOTES

= ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE IN PARENTHESES)

THE USUAL PROBE CONFIGURATION IS SHOWN.
DIFFERENT PROBE MANUFACTURERS MAKE PROBES
THAT ARE SYMMETRICALLY DIFFERENT OR HAVE
DIFFERENT END COMNNECTOR FITTINGS

USE PROBES SO THAT THE DIFFERENCE BETWEEN
THE HOLE DIAMETER AND THE PROBE QUTER
DIAMETER IS NOT GREATER THAM 0.010 (0.25)

PROBES MUST HAVE A DIFFERENTIAL-BRIDGE
COIL OR A DIFFERENTIAL-REFLECTION COIL

THE PROBE HEAD DIAMETER MUST FIT THE
INSPECTION HOLE. DIFFERENT PROBE SIIES
ARE AVAILABLE TO ORDER.

EXAMPLE OF A FASTENER HOLE PROBE THAT IS NOT ADJUSTABLE

DETAIL II

CMN NDT
Apr 5/04
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2.0 (51.00
DIAMETER

(BIA X, XXX
|NDT XAAX

0.030 #0.002
€0.75) 2(0.05)

~=i t=— 0.030 $0.002
g
|
1

(0.75) #(0.05)

NOT
OTES REFERENCE STANDARD HOLE DIAMETERS FOR
= ALL DIMENSIONS ARE IN INCHES (MILLIMETERS ADJUSTABLE PROBES:

ARE-TN EARENTHESES) REFERENCE STANDARD

TOLERANCE ON ALL DIMENSIONS IS £0.050 €1.27) PART NUMBER HOLE DIAMETER
UNLESS SPECIFIED DIFFERENTLY NDTI1040 0.188 (4.76)
MATERIAL: LOW ALLOY STEEL SUCH AS 4330, NDOT 1041 0.250 (6.35)
4340, 4330M OR 4340M (HEAT TREAT NDT1042 0.313 (7.94)
IS5 OPTIONALY NDT1043 0.375 (9.53)

NOT 1044 0.438 (11.11)
REAM THE HOLE TO A &3 Ry SURFACE ROUGHNESS NDT1045 0.500 (12.7)

(OR BETTER). DO NOT DEBURR NOT1083 [ X.XXX (XX XX)
ELECTRICAL DISCHARGE MACHINE (EDM) NOTCH. TOLERANCE ON ALL HOLES: #0.005 (+0.13)
REFER TO THE GIVEN DIMENSTONS OTHER HOLE DIAMETERS CAN BE USED. USE
WHEN PROBES THAT ARE NOT ADJUSTABLE ARE REFERENCE STANDARD NUMBER NDT1083 AND MAKE

USED, THE HOLE DIAMETER OF THE REFERENCE SURE TO IDENTIFY THE HOLE DIAMETER AS
STANDARD MUST EQUAL THE FASTENER HOLE TO SPECIFIED IN FLAGNOTE 5.

BE EXAMINED IDENTIFY THE HOLE DIAMETER AND THE
REFERENCE STANDARD PART NUMBER ON THE
REFERENCE STANDARD. CTHE LOCATION FOR
THESE IDENTIFICATION MARKS IS OPTIONAL)

E:::’ IF THE HOLE DIAMETER IS FROM 1.750 (44.45)
TO 2.250 (57.10), MAKE THE OUTER DIAMETER
3.0 €76).

REFERENCE STANDARD
DETAIL III

Part 6
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1
L
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ROTARY INSTRUMENT
SCANNER BALANCE

/

LIFT-0OFF
SIGNAL

SO {111+

| |
| |
i I i -
| | I
l l

FASTENER
HOLE PROBE

(_ﬂ:i

REFERENCE
STANDARD

NOTE

* WITH THE ROTARY SCANNER ON, AND THE PROBE
AGAINST THE SIDE OF THE REFERENCE STANDARD,
USE THE PHASE CONTROL TO TURN THE LIFT-OFF
SIGNAL TO THE HORIZONTAL POSITION

PHASE ADJUSTMENT
DETAIL IV
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|
|
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REFERENCE STANDARD
NOTCH SIGNAL

|
i g
|
|
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| !
I
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|
|

—
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ADJUST THE SIGNAL HEIGHT
TO BETWEEN 40% AND &0X
OF FULL SCREEN HEIGHT

1

e e

|
[Repemnts CECTRE: Coalie™ M
|

=

T
| |

IS e

ROTATING ROTATING

SC&NNER~\\HH\\ SCANNER

KEEP THE PROBE
VERTICAL WHEN YOU

KEEP THE PROBE MAKE A SCAN —
VERTICAL WHEN YoU
MAKE A SCAN I

L 90 DEGREES ] ’f/,-vﬂ DEGREES

| L i |
‘\\ REFERENCE ~ REFERENCE

STANDARD STANDARD

THE HORIZONTAL POSITION OF THE SIGMAL
ALONG THE TIMEBASE LINE IS5 RELATED TO
THE LOCATION OF THE NOTCH OR CRACK IN
THE FASTEMER HOLE. SEE DETAIL VII

WHEN THE SCREEN IS DIVIDED INTO EIGHT
PIECES, EACH PIECE EQUALS 12.53% OF
FULL SCREEN HEIGHT

INSTRUMENT CALIBRATION
DETAIL V

CMN NDT
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-

NOTCH NOTCH SIGNAL = 50%

STGNAL F NOISE = 33X

SIGNAL-TO-NOISE 50:33
I 1.5:1

ROTARY
SCANNER

FASTENER

HOLE

PROBE
11

~

REFERENCE
STANDARD

>
1‘

WITHOUT SIGNAL FILTERS

NOTCH SIGNAL = 50%
* NOISE = 10X
SIGNAL-TO-NOISE 50:10
5:1

WITH SIGNAL FILTERS

WHEN THE SCREEN IS DIVIDED INTO EIGHT
PIECES, EACH PIECE EQUALS 12.5% OF FULL
SCREEN HEIGHT

USE OF SIGNAL FILTERS TO GET 5:1 SIGNAL-TO-NOISE RATIO
DETAIL VI
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L

REFERENCE
STANDARD
CEXAMPLE)

t=— PROBE

ROTARY
l_____[E.__J
|

SCANNER

(EXAMPLE)
NOTCH LOCATION FOR
SIGNAL A

NOTCH LOCATION FOR
SIGNAL B

NOTCH LOCATION FOR
SIGNAL C [T=

[1=> THE SIGNAL LOCATION ON THE TIMEBASE LINE
WILL BE DIFFERENT WITH DIFFERENT INSTRUMENTS.

STANDARD NOTCH TO COMPARE
LINE

USE A REFERENCE
THE SIGNAL LOCATION ON THE TIMEBASE
THE CRACK LOCATION IN THE TEST PIECE

TO

CRACK LOCATION
DETAIL VII
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EFFECTIVITY
MODEL: ALL

BART 6 — EDDY CURRENT
NDUCTIVITY MEASURE

1. Purpose

A. Use this procedure to measure the electrical conductivity of aluminum
material.

This procedure is for aluminum material that:
(1) 1Is bare (unclad).

Has a thickness at least 2.66 times the standard depth of
penetration for the conductivity instrument and probe used.

NOTE: Detail I identifies how to calculate the standard depth
of penetration. Detail II identifies the minimum thickness
a materijal must be before you can do a conductivity test
on it at frequencies of 60 kHz, 100 kHz, and 250 kHz.

Does not have a convex surface radius of curvature less than 3
inches (76 mm) or a concave surface radius of curvature less
than 10 inches (254 mm).

Has a surface roughness of 150 Ra or better.
Does not have a nonconductive finish that is thicker than the
maximum permitted lift—-off for the instrument to be used. See
Paragraph 4.E. to see how to find the maximum permitted Llift-off.
If you want to measure the conductivity of aluminum material that
does not meet the requirements of Paragraph 1.B., refer to Boeing
Process Specification BAC 5946, or ask Boeing.
If you want to measure the conductivity of aluminum material to

see if it is heat damaged, refer to Part 6, 51-00-00, Figure 3,
"Investigation of Fire Damage on Aircraft Structure”.

Equipment
General

(1) Use inspection equipment that can be calibrated as specified in
Paragraph 4.

(2) Refer to Part 1, 51-01-00 for data about the equipment
manufacturers.

Part 6
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B. Instrument
(1) Use an eddy current instrument that:
(a) Has a metered or digital display.

(b) Gives conductivity values directly in percent International
Annealed Copper Standard (IACS), or in MegaSiemens per
Meter (MS/m).

Operates at a frequency between 50 kHz and 300 kHz.

Can clearly identify conductivity changes of 0.5 percent IACS
(0.3 MS/m) in the applicable conductivity range.

Can measure the conductivity of the applicable reference standards
with a precision of plus or minus 0.5 percent IACS (0.3 MS/m) or
better.

Gives a conductivity change that is no more than 0.2 percent

IACS (D.11 MS/m) for a Lift-off distance of 0.003 inch (0.08 mm)
between the test probe and the reference standard. The reference
standard must be in the applicable conductivity range.

Has identified minimum distances that the probe must be from part
edges and adjacent structure to make sure that the conductivity
measurements will be accurate within plus or minus 0.2 percent
IACS (D0.11 MS/m).

Has identified limits for curvature to make sure that the
conductivity measurements on rounded surfaces will be accurate
within plus or minus 0.2 percent IACS (0.11 MS/m).

The instruments specified below were used to prepare this procedure.

(a) Autosigma 2000; Hocking Krautkramer Branson.
{(b) Sigmascope $; Fischer Instruments.
(c) Verimet M4900C; K. J. Law Engineers, Inc.

(d) Sigmatest 2.068; Institute Dr. Forster.

Part 6
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Probes
(1} Use a probe that:
(a) Is made specifically to be used with the instrument.
(b)Y Is flat on the surface that touches the test material.

(c) Is not sensitive to the small pressure differences that occur
when it touches the test material.

(d) Is not sensitive to heat transfer from the hand to the probe
and between the probe and the test material.

Reference Standards

(1) Use reference standards that:
(a) Are certified to a known standard, such as ASTM B193.
(b) Are sufficiently large to prevent edge effect. The

surface area must be at least 1.2 inches (30.5 mm) by 1.2 inches
(30.5 mm).

Have a thickness at least 3.0 times the standard depth of
penetration for the conductivity instrument and probe used.

NOTE: Detail I jdentifies how to calculate the standard depth
of penetration. See Detail III for the minimum material
thickness that can be used for conductivity standards to
test material at 60 kHz, 100 kHz, and 250 kHz.

Are accurate within plus or minus 0.35 percent IACS (0.2 MS/m)
or better for conductivity values less than 50 percent IACS
(29 MS/m) and plus or minus 0.70 percent IACS (0.4 MS/m) for
conductivity values more than or equal to 50 percent IACS

(29 MS/m).

A minimum of three reference standards must be used to do this
procedure. The certified conductivity values of the reference
standards must agree with the required conductivity range of the
material to be examined. See Table I for the conductivity range of
some aluminum alloys. Use reference standards with conductivity
values such that:

(a) One reference standard is no more than 7 percent IACS (4 MS/m)
above or below the required conductivity range.

Part 6
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{b) One reference standard is no more than 25 percent IACS (15 MS/m)
below the required conductivity range.

(c¢) One reference standard is no more than 25 percent IACS (15 MS/m)
above the required conductivity range.

(d} There is a minimum of 3 percent IACS (1.7 M5/m) between the three
reference standard values.

The reference standards specified in this procedure are available from
letec, Inc.

Preparation for Inspection

A.

B.

Get access to the inspection area.

Remove Lloose paint, dirt and sealant from the surface of the part to be
examined.

Make sure the material to be examined is approved for this procedure.
See Paragraph 1.B. for the necessary conditions.

Make sure that the temperature in the area where the material will be
examined is between 40 and 90°F (4.5 and 32.2°C) and will not change
during the test. Do not do a test of the material in direct sunlight
or in a cool airflow.

NOTE: Changes in material temperature will change the conductivity.

Identify the required conductivity range for the material to be examined.
See Table I for the conductivity range of some aluminum alloys.

. ;

Part 6
51-00-00
Fig. 20
Page &

Use at Least three reference standards. See Paragraph 2.0.(2) for the
necessary conductivity values of the reference standards.

To decrease the risk of errors caused by temperature, put the
instrument, probe, reference standards, and the material to be examined
at the location where the inspection will be done.

Make sure that the instrument, probe, reference standards, and the
material to be examined are at the same temperature {plus or minus 5°F
(2°C)).

Calibrate the instrument as specified in the manufacturer's instructions.
Make sure that the instrument can measure the (certified) conductivity of
the conductivity reference standards within plus or minus 0.5 percent
IACS (0.3 MS/m).

CMN NDT
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Identify the maximum permitted Lift-off as follows:

(1) Measure the conductivity of the reference standard that is nearest
in conductivity to the material to be examined.

(2) Put a 0.003 inch (0.08 mm) nonconductive shim on the surface of
the reference standard and measure the conductivity again.

(3) Ccontinue to add nonconductive shims and measure the conductivity
until the conductivity measurement changes by more than plus or
minus 0.3 percent I[ACS (0.17 MS/m).

The thickness of the nonconductive layer used before the conductivity
measurement changed by more than 0.3 percent IACS (0.17 MS/m) is the
maximum permitted Lift-off.

Identify the minimum distance the probe must be from edges, fasteners,
ridges or other structure and the curvature Llimit that cause a conductivity
measurement change of 0.2 percent IACS.

ocedur
Calibrate the instrument as specified in Paragraph 4.

Set the probe on the inspection surface. Do not move the probe at an
angle or move it along the inspection surface. Keep the probe at least
the minimum distance from edges, fasteners, ridges, or other structure
as identified in Paragraph &4.F.

Make conductivity measurements on the surface of the test material.

Do a check of the instrument calibration regularly during the inspection
and at the end of the inspection. If the conductivity measurement on each
reference standard is not within plus or minus 0.5 percent IACS (0.3 MS/m)
of the conductivity measurement you got during calibration, do the
calibration again. Then, examine all the test material that was examined
since the last satisfactory instrument calibration.

Inspection Results

Compare the conductivity values measured in Paragraph 5 to the electrical
conductivity range specified in Table I for the alloy and tempers
identified.

1f the measured conductivity values are not in the specified conductivity
range, refer to the applicable document for what to do.
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ELECTRICAL CONDUCTIVITY
RANGE, PERCENT IACS (MS/m)

TEMPER

48.5 - 51.0 (28.1 - 29.6&)
3.5 - 35.0 (18.3 - 20.3)
3.5 - 35.0 (18.3 - 20.3)
35.0 - 40.0 (20.3 - 23.2)

48.5 : (28.1 29.6)
31.5 35.0 (18.3 20.3)

45.5 (26.4 = 28.4)
28.5 - 32.0 (16.5 - 18.6)
28.5 {16.5 - 18.6)
35.0 (20.9 = 25.2)
38.0 (22.0 = 24.4)

ity .0 {25.5 - 2B.4)
26.0 {15.1 18.0)
€15.7 = 18.0)
(16.2 - 18.6)
(18.6 - 20.3)
(18.0 - 20.3)
(18.0 - 20.3)

(27.3 - 32.5)
(20.9 = 26.4)
(20.9 - 26.4)

(25.5 - 27.5%)
(17.4 = 20.3)
(22.0 = 24.4)

(17.4 19.4)

(19.7 - 22.9)
(18.6 - 21.8)

1] . {24.9 = 27.3)
TEXXX £17.1 19.1)
TToXXX 2 ; (22.0 - 24.4)

NOTE:

For alloys not included above, refer to Boeing Process Specification BAC 5946, or ask
Boeing for the electrical conductivity ranges.

TABLE I
ELECTRICAL CONDUCTIVITY RANGES FOR SOME ALUMINUM ALLOYS

Part 6
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Use one of the equations that follow to calculate the standard depth of
penetration for aluminum alloys:

English: §=26#’m

where the standard depth of penetration in inches
the instrument test frequency in hertz

the electrical conductivity in percent
International Annealed Copper Standard (IACS)

5=134/fo

where the standard depth of penetration in millimeters
the instrument test frequency in hertz

the electrical conductivity in MegaSiemens per
meter (MS/m)

STANDARD DEPTH OF PENETRATION EQUATIONS
DETAIL I

Part 6
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CONDUCTIVITY
% TACS (MS/m)

MINIMUM THICKNESS OF THE CONDUCTIVITY STANDARD, INCHES (MILLIMETERS)®

INSTRUMENT TEST FREQUENCY

60 kHz 100 kHz 250 kHz 500 kHz
25.0 (14.5) 0.056 (1.43) 0.064 1.11) 0.028 €0.70) 0.020 €0.50)
30.0 17.4) 0.052 €1.31) 0.040 (1.01) 0.025 €0.64) 0.018 €0.45)
35.0 (20.3) 0.048 (1.21) 0.037 (0.94) 0.023 {0.59) 0.m7 (0.42)
40.0 (23.2) 0.045 (1.13) 0.035 (0.88) 0.022 (0.58) 0.015 (0.3%9)
45.0 (26.1) 0.042 01.07) 0.033 €0.83) 0.021 €0.52) 0.015 €0.37)
50.0 (29.0) 0.0%0 (1.01) 0.031 €0.79) 0.020 €0.50) 0.014 (0.35)
55.0 (31.9) 0.038 {0.973 0.029 €0.75) 0.019 €0.47) 0.013 €0.33)
60.0 (34.8) 0.036 (0.93) 0.028 €0.72) 0.018 (0.45) 0.013 (0.32)

* The minimum thickness of a conductivity standard must be equal to 2.66 times the

standard depth of penetration.

Part &
51-00-00
Fig. 20
Page B
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MINIMUM THICKNESS OF THE CONDUCTIVITY STANDARD, INCHES (MILLIMETERS)}*

CONDUCTIVITY
% IACS (MS/m)

INSTRUMENT TEST FREQUENCY
100 kHz 250 kHz 500 kHz

0.04% €1.25% 0.03 (0.79) 0.022 (0.56)
0.045 €1.14) 0.028 (0.72) 0.020 €0.51)
0.042 £1.06) 0.026 (0.67) 0.9 (0.472
Q.039 (0.99) 0.025 (0.63) 0.7 (0.464)
0.037 €0.93) 0.023 (0.5%9) 0.016 (0.42)
0.035 (0.89) 0.022 (0.56) 0.& (0.40)
0.033 (0.84) 0.021 (0.53) 0.015 (D.38)

0.032 (0.81) 0.020 (0.51) 0.4 (0.36)

* The minimum thickness of a conductivity standard must be egual to 3.0 times the
standard depth of penetration.

MINIMUM THICKNESS OF THE CONDUCTIVITY STANDARD
DETAIL III
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MODEL: ALL NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT

DUAL FREQUENCY EDDY CURRENT FOR SECOND LAYER CORROSION
(IMPEDANCE PLAME DISPLAY)

1. Purpose

A. Use this procedure to find corrosion on the faying surface of the second skin (second layer
corrosion) on structures with two or more aluminum skin layers. This procedure can find
material loss of 10% or more in the second skin layer.

B. The material thickness of the second layer must be between 0.032 inch (0.080 mm) and
0.125 inch (3.2 mm). The total thickness of all the skins must be between 0.064 inch (0.16 mm)
and 0.25 inch (6.4 mm). The separation between skins (the gap) must be included as part of
the total thickness of all the skins.

C. The material must be aluminum clad 2024-T3/T4 or aluminum clad 7075-T6.
NOTE: Use this procedure only after you do the top layer corrosion inspection procedure

(Part 6, 51-00-00, Fig. 5 or 12). See Detail | for a flow chart that shows how to use
this procedure.

2. Eguipment
A, General

(1) Use equipment that can be calibrated on the reference standard as specified in paragraph
4,

(2) Referto Part 1, 51-01-00 for data about the equipment manufacturers.
B. Instrument:
(1) Use an eddy current instrument that:
{a) Has as impedance plane display.
(b} Operates at frequencies from 1 to 7 kHz.
(c) Operates in a dual frequency mode.
(2) The instruments specified below were used to prepare this procedure:

{a) NODT 19 (Dual Frequency); Staveley Instruments

Part 6
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(b) NDT 19e (Dual Frequency); Staveley Instruments
(c) MIZ-22; Zetec, Inc.
B. Probes
(1) Use an eddy curreat probe that:

(a) Operates at a frequency range shown in Table I and can make
an inspection of the second skin.

(b) Has a flat surface.

(¢) Has a small diameter.

The probes specified below were used to prepare this procedure:
(a) SPO 565; Staveley Instruments

(b) SPO 5254; Staveley Instruments

(c) SPO 5255; Staveley Instruments

(d) VM112; VM Products
(e) 927-8657; Zetec, Inc.
C. Reference Standard
(1) Make reference standard NDTL1037 to the specifications shown in

Detail II. Also, make a nonconductive shlm to the specifications

shown in Detail II.

NOTE: Reference Standard 127-XXX, specified in Table I, is
acceptable for use if the nonconductive shim specified in
Detail II is added.

3. Preparation for Inspection

A. Make sure that you know the operation of your dual frequency eddy
current Instrument.

Get access to the inspection areas.

Remove loose paint, dirt, sealant from the surface of the inspection
area.

Make the inspection surfaces smooth if they are rough.

Part &
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4. Instrument Calibration

NOTE: These instructions are for the Staveley NDT 19e and the Zetec

A.

CMN NDT
Apr 5/04

MIZ-22 instruments. Use the applicable calibration instructions
for your instrument. Other instruments with manual mixing and

segarate horizontal and vertical gain controls can use the NDT19%e
calibration instructions.

Calibrate the NDT 19%e or equivalent dual frequency eddy current
instrument, as follows!:

(1) Preliminary Calibration

(a) Find the thickness of the outer skin of the airplane. Refer

to the applicable service bulletin or skin drawings for the
skin thickness if necessary.

NOTE: Some skins have more than one thickness.

With the thickness of the outer skin, refer to Table I and
identify the reference standard to use during calibration.
During calibration, use the skin of the reference standard
without machined spots as the upper skin layer and the

gpotfaced skin of the reference standard as the lower skin
layer.

NOTE: If it is necessary to examlne an area that has three
layers of material (for example, two skins and a
stringer), add a third layer of material to the
bottom of the reference standard and do the
calibration with the three layer reference standard.
The thickness of the added (third) layer to the
reference standard must be equal to the thickness of

the third layer (for example, stringer) of the
airplane.

With the thickness of the outer skin, refer to Table I and
identify the frequencies ("frequency 1" and "frequemcy 2")
to use during calibration.

"Frequency 1" Display Mode Calibration:

(a) Set the channel 1 frequency to “"frequency 1" identified in
paragraph 4.A.(1)(c).

(b) Set the eddy current instrument controls to show the
"frequency 1" display mode.

Adjust the horizontal gain so that it is equal to the
vertical gain.

Part 6
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Put the probe on the reference standard at probe position 1
as shown in Detail III. The reference standard layers in
this area are their full thicknesses (no spotfaces) and the
separation (gap) between the layers is the smallest.

Balance the instrument.

Use the vertical and horizontal position controls to move

the balance point to the upper left part of the display as
shown in Detail III, view "A".

Adjust the phase or rotation control so that the signal
moves in a horlizontal direction and to the right when you
1ift the probe off the reference standard. Detail III,
view "A" shows the correct location of the lift-off signal.

Move the probe from position 1 to position 2 (see Detail
III) in the direction of the larger gap. The signal will
move down the display. Adjust the "frequency 1" gain
control so that the signal difference between probe position

1 and position 2 is 80% of the full screen height as shown
in Detail III, wview "A".

"Frequency 2" Display Mode Calibration:

(a) Set the channel 2 frequency to "frequency 2" identified in
paragraph 4.A.(1)(c).

(b) Set the eddy current instrument controls to show the
"frequency 2" display mode.

(e) Do paragraphs 4.A.(2)(b) thru 4.A.(2)(h) again but make all
of the adjustments specified to the “frequency 2" controls.

Frequency Subtraction Calibration:

(a) Set the eddy current instrument to show the frequency
subtraction display mode (F1-F2).

(b) Put the probe on the reference standard at probe position 1,
as shown in Detail III.

(¢) Balance the instrument.
(d) Use the horlzontal and vertical position controls to move

the balance point to the lower right part of the screen
display as shown in Detail III, view "B".

CMN NDT
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Lift the probe off the reference standard. The lift-off
signal must move in a horizontal direection to the lefr. If
the lift-off signal moves to the right when you lift the
probe off the reference standard:

1) Put the probe at probe position 1 as shown in Detail III.
2) Decrease the "frequency 1" horizontal gain.
3) Monitor the 1ift-off signal.

4) Continue to decrease the "frequency 1" horizontal gain
until the 1ift-off signal moves horizontally to the left.

NOTE: A small phase angle adjustment of one or two
degrees can be necessary to make the lift-off
signal move in a horizontal direction. Adjust
the phase angle for "frequency 1" or
"frequency 2" as necessary.

Balance the 1lnstrument.

Move the probe from position 1 to position 2 as shown in
Detail IIT and wmonitor the signal on the display. This is
the signal from the separation (gap) between the two skins
of the reference standard and will be referred to as the
"gap signal."” If there is more than a 30% full screen width
separation between the signals as probe position 1 and probe
position 2, then:

1) Put the probe at position 1 as shown In Detail III and
balance the instrument.

2) Move the probe to position 2 as shown in Detail III.

3) Keep the probe at position 2 and decrease the
"frequency 2" horizontal gain until the signal is within
30% of the balance point.

Do a check of the lift-off signal. If the lift-off
signal is not horlzontal and to the left, then decrease
the "frequency 1" horizontal gain so the lift-off signal
moves from right to left.

Do steps 4.A.(4)(g)l) thru 4.A.(4)(g)4) again until the
horizontal lift-off signal decreases to approximately
3J0% of full screen width.

Part 6
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Make sure that the lift-off signal and the gap signal are
nearly on top of each other. Detail IV shows the correct
signal locations.

1) If the gap signal is above the lift-off signal (see
Detail IV), then increase the "frequency 1" vertical
gain, with the probe at position 2 until you get the
1ift-off signal shown in Detail IV.

If the zap signal moves below the lift-off signal (see
Detail IV), then decrease the "frequency 1" vertical
gain with the probe at position 2 until you get the
1ift-off signal shown in Detail IV.

Balance the instrument with the probe at probe position 1 as
shown in Detail III.

Put a 0.003-inch (0.08 mm) nonconductive shim between the
probe and the reference standard. The display shows the
lift—off signal.

If there is more than a 30% full screen width separation
with and without the nonconductive shim then decrease the

"frequency 1" horizontal gain and do paragraphs 4.A.(4)(i)
and (j) again.

Remove the shim.

Put the probe at probe position 1 as shown in Detail III and
balance the instrument.

Move the probe to probe position 3 (10% thickness decrease)
as shown in Detall III.

The signal difference between probe position 1 and probe
position 3 must be 20% of full screen height. See Detail
ITII. If the signal difference is not 20% of full screen
height then:

1) Put the probe at position 2 as shown in Dastail III.

2) Increase the "frequency 2" vertical gain until the gap
signal at position 2 moves up 4 divisions.

3) Increase the "frequency 1" vertical gain to bring the
gap signal at position 2 back to 20% of the display
height as shown in Detail III, view "B".
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4) Do steps 4.A.(4)(m), (n) and (o) again until the signal
at probe position 3 is approximately 20% of full screen
height above the signal at probe position 1.

NOTE: If it is not possible to get a signal at 20Z of

full screen height for the 10% spotface, then use
a different probe.

Make a scan of all the spotfaces and monitor the signals.
These are the calibration signals that can be used to
indicate the approximate quantity of material lost to
corrosion when you do the ilnspection.

Calibrate the Zetec MIZ-22 as follows:
(1) Preliminary Calibration
(a) Find the thickness of the outer skin of the airplane. Refer

to the applicable service bulletin or skin drawings for the
skin thickness if necessary.

NOTE: Some skins have more than one thickness.

(b) With the thickness of the outer skin, refer to Table I and
identify the reference standard to use during calibratiom.
During calibration, use the skin of the reference standard
without machined spots as the upper skin layer and the
spotfaced skin of the reference standard as the lower skin
layer.

NOTE: If it is necessary to examine an area that has three
layers of material (for example, two skins and a
stringer), add a third layer of material to the
bottom of the reference standard and do the
calibration with the three layer reference standard.
The thickness of the added (third) layer to the
reference standard must be equal to the thickness of
the third layer (for example, stringer) of the
alrplane.

With the thickness of the outer skin, refer to Table I and

identify the frequencies ("frequency 1" and "frequency 2")
to use during calibration.

Set “"Display 1" to "frequency 1" identified in paragraph
4.8.(1)(e).

Set Display 2 to the off position.
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(f) Put a nonconductive shim that has the same thickness as the
paint on the part to be examined on top of the reference
standard. The nonconductive shim must be within +0.003 inch
(0.08 mm) of the paint thickness.

"Frequency 1" Display Mode Calibration:

(a) Use the "Frequenmey 1" in the "Display 1" mode on the eddy
current instrument.

(b) Adjust the V/H controls on the instrument so the vertical
and horizontal galns are the same.

(c) Put the probe on the full thickness area of the reference
standard as shown In Detail III, probe position 1.

(d) Balance the instrument.

(e) Use the horizontal and vertical position contrels to move
the balance point to the upper left part of the screen as
shown in Detall III, view "A".

Ad just the phase control so the signal moves in a horizontal

direction and to the right when you lift the probe off the
reference standard. Detail III, view "A" shows the correct

position for the lift—off signal.

Move the probe from position 1 to position 2 (see

Detail III) in the direction of the larger gap. The signal
will go down the display. Adjust the "frequency 1" gain
control so that the signal difference between probe position
1 and position 2 is 80% of the full screen height as shown
in Detail III, view "A".

"Frequency 2" Display Mode Calibrationm:
(a) Set the "Display 1" to "frequency 2" found in Table I.

(b) Do steps 4.B.2.b thru 4.B.2.g, but make all of the
ad justments specified to the "frequency 2" controls.

Frequency Subtraction Calibration:

(a) Balance a probe at probe position 1 (see Detail III) and
move the probe to positiom 2.

(b) Keep the probe at position 2 (see Detail III) until you push
the hold button.

If the gap signal is not recorded (the hold button pushed )
within 10 seconds after you push the balance button, do
steps 4.B.(4)(a) and (b) again.
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Push "Draw Buffer” on the screen menu to display the stored
signal.

Push "Data #" and "View" to adjust the display window until
the complete gap signal is shown.

Push "Mix Menu."
1) Make sure that "Mix 1" is shown on the display.
2) Push "Clear" and then "Suppress” on the display.
3) Leave the "Mix Menu” mode.
4) Push "hold” on the display.

the mixed signal on the display.

Set "Display 1" to the mixed signal.

Put the probe at position 1 (see Detail ITI) and balance
the instrument.

Move the balance point to the lower right of the display
as shown in Detall III, view "B".

Move the probe on the reference standard from position 1
to position 2 (see Detail III).

If the signal movement i1s more than half a division from
the balance point, then do steps 4.B.(2){(a) thru
4.B.(4)(g) again.

Adjust the 1lift-off signal with the phase rotation control
so that it moves horizontally to the left.

Put the probe at position 1 as shown in Detall III and
balance the instrument.

Move the probe to position 3.

The signal difference between probe position 1 and probe
position 3 should be 20% of full screem height. See
Detail III. If the signal difference is less than 20%:

1) Increase the mix channel gain.

2) Do steps 4.B.(2)(a) thru 4.B.(4)(h) again. Use a
different probe 1f necessary.

Part 6
CMN NDT 51-00-00
Apr 5/04 Fig. 21
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NONDESTRUCTIVE TEST
(1) Make a scan of all the spotfaces and monitor the signals.
These are the calibration signals that can be used to
indicate the approximate quantity of material lost to

corrosion when you do the inspection.

Inspection Procedure

A. Calibrate the instrument with a reference standard that is the same

thickness as the skin of the airplane. Paragraph 4 specifies how to
calibrate the instrument.

NOTE: Add a third layer to the bottom of the reference standard to

calibrate for an inspection area that has three skin or
material layers.

Put the probe on an inspection area that has only two layers and no
visual corrosion indications.

Balance the instrument as specified in the instrument's instructioms.

Move the probe to an adjacent area where there is a single layer.
Look for the position on the airplane where the signal begins to
increase as the probe is moved toward the single layer. Use a
nonconductive straightedge to keep the correct edge margin to make
sure that you do not get an edge margin signal.

NOTE: When you do the inspection on tapered or machined skins, it is
very important to know the correct skin thickness. GSee Table I
for permitted calibration thickness limits.

Put the probe at the same location it was put in paragraph 5.B.

Slowly move the probe into the area of possible corrosion and monitor
the display.

If you ger a signal, slowly move the probe around the possible defect
area to try to decrease the signal. Compare this signal with signals
from adjacent areas.

Inspection Results

A. Refer to the applicable service bulletin or repair instructions for
corrosion limits.

B. Do not use this procedure to find material loss less than 10Z.

C. Differences in the conductivity of the material or the thickness
between the reference standard and the airplane skin, intergranular
corrosion, and paint will cause changes in the eddy current signals.

Part 6
51-00-00 CMN NDT

Fig. 21 Apr 5/04
Page 10
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D. These conditions can cause signals to occur that look almost the same
as corrosion signals:

= The probe is too near to an edge.
- The probe is too near to a fastener.

- The gap thickness change on the inspection part is more than
the gap thickness change of the reference standard.

- The skin thickness has decreased.

E. Compare adjacent areas with the probe at equivalent locations on the
airplane to make sure the area 1s corroded.

AIRPLANE INSTRUMENT
OUTER SKIN REFERENCE STANDARD TEST FREQUENCY
THICKNESS NUMBER *[1] RANGE kHz

FREQ. 1 FREQ. 2
0.032-0.034 | NDT1037 or 127 -0.032 S=7 2.5-3.5

0.034-0.038 | NDT1037 or 127 -0.036 -7 2.5-3.5
0.038-0.045 | NDT1037 or 127 -0.040 2.5-3.5
0.045-0.056 | NDT1037 or 127 -0.050 1.5-3.5
0.056-0.068 | NDT1037 or 127 -0.063 1.5
0.068-0.076 | NDT1037 or 127 -0.072 1.5
0.076-0.085 | NDT1037 or 127 -0.080 1.5
0.085-0.095 | NDT1037 or 127 -0.090
0.095-0.105 | NDT1037 or 127 -0.100
0.105-0.118 | NDT1037 or 127 =-0.110

0.118-0.125 | NDT1037 or 127 -0.125

*[1] THE NUMBER AFTER THE DASH IDENTIFIES THE ALUMINUM CLAD
THICKNESS (IN INCHES) OF EACH LAYER OF THE REFERENCE STANDARD.

TABLE I

Corrosion Loss in Aluminum Skins (Impedance Plane Display)

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 21
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-—— 2.5 (64) —=t=—2.0 (51)-=t=—2.0 (51) =

f

1.5 (38)

A e

NDT1037
4

SPOTFACE 1 INCH
DIAMETER (TYPICALD

HH
|

SEE TABLE I FOR
THE THICKNESS

— R e e ed

. . W W W W T Y WL W

- W, Wl W, L
E:_ ———— e
. X

A=A
DETAIL II

NOTES

* ALL DIMENSIONS ARE IMN INCHES (MILLIMETERS ARE
IN PARENTHESES)

TOLERANCES:

[:::k THE SPOTFACE DEPTH IS5 10 PERCENT OF
THE REFERENCE STANDARD SKIN THICKMESS

THE SPOTFACE DEPTH 15 20 PERCENT OF THE
REFERENCE STANDARD SKIN THICKHWESS

INCHES 13 THE SPOTFACE DEPTH IS 30 PERCENT OF THE
P REFERENCE STANDARD SKIN THICKMESS

X.% [£= eTch or STEEL STAMP THE REFERENCE
X STANDARD NUMBER “NDT1037"

LA & 9 ¢
X X%
X.X

SURFACE ROUGHNESS = 125 Ry OR BETTER

MATERIAL: CLAD 2024-T3 OR-T&4 SHEET THAT
HAS A BASE ALLOY CONDUCTIVITY OF
28.5 TO 32.0% IACS

THE FAYING SURFACE OF THE REFERENCE STANDARD SKIN
CAN BE MACHINED TO MAKE THE THICKNESS OF THE SKIN
EQUIVALENT TO THE THICKNESS OF THE AIRPLANES SKIN.
BEFORE YOU MACHINE, MAKE SURE THE SKIN IS5 THE
SPECIFIED THICKNESS OR NEXT THICKER GAGE.

muwn

REFERENCE STANDARD NDT1037
DETAIL II

Part &
CMN NDT 51-00-00

Apr 5/04 Fig. 21
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8.5 (218

1.0 (25)
CTYPICALY

/

VARTABLE GAP SHIM

®

E::33 STAPLE THE SHEETS TOGETHER IN 2 LOCATIONS

MATERIAL: PLASTIC OR PAPER.
NOMINAL THICKNESS 0.003 (0.08)

REFERENCE STANDARD NDT1037
DETAIL II (CONTINUED)

CMN NDT
Apr 5/04&
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i
rEE g

e et et
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1
_ BALANCE POINT
(PROBE POSITION 1)

i

FREQUENCY SUBTRACTION DISPLAY

INSTRUMENT CALIBRATION
DETAIL III
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CORRECT GAP
SIGNAL LOCATION

e i T M. U A S

\\\\BﬁLANtE

POINT

LIFT-0FF
SIGNAL

(1) 1f THE GAP SIGNAL IS ABOVE THE LIFT-OFF SIGNAL:
~INCREASE THE "FREGUENCY 1% GAIN

(2) IF THE GAP SIGNAL 1S BELOW THE LIFT-OFF SIGNAL:
—DECREASE THE "FREQUENCY 1" GAIN

GAP SIGNAL ADJUSTMENT
DETAIL IV

Part &
51-00-00 CMN NDT

Fig. 21 Apr 5/04
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SBOEING
EFFECTIVITY

MODEL: ALL NONDESTRUCTIVE TEST

ART 6 - EDDY CURRENT

OPEN COUNTERSUNK HOLE INSPECTION IN STEEL WITH A ROTARY SCANNER
1. Purpose

A. Use this procedure to do an inspection for cracks that break the countersunk surface of holes in
magnetic steel parts. This inspection is done with the fastener removed.

B. This procedure uses an instrument with an impedance plane display and a rotary scanner.

C. The thickness of the material must be 0.020 inch (0.51 mm) or more.
2. Eguipment
A. General

(1) Use inspection equipment that can be calibrated on the reference standard as specified in
paragraph 4.

(2) Referto Part 1, 51-01-00 for data about the equipment manufacturers.
B. Instrument
(1) Use an eddy current instrument that:
(a) Has an impedance plane display and a rotary scanner.
(b) Operates at a frequency range of 200 kHz to 1 MHz.
The instruments specified below were used to prepare this procedure.
(a) Phasec 1.1; Hocking/Krautkramer
{b) Defectoscop 2.831; Foerster Instruments, Inc.
(c) Elotest B1; Rohman GmbH
(d) NDT-19e; Nortec/Staveley, Inc.
C. Probes
(1) Use a probe that:

(a) Operates at a frequency range of 200 kHz to 1 MHz.

Part &
CMN NDT 51-00-00

Apr 5/04 Fig. 2$
Page
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NONDESTRUCTIVE TEST

(b) Has a differential-bridge coil or a differential reflection coil

(c) Operates with a mimimum signal-to-noise ratio of 5:1 on the reference standard and a
minimum signal-to-noise ratio of 3:1 on the part to be examined.

(d) Use a probe with the diameter that is correct for the diameter of the hole to be
examined.

The probes specified below were used to prepare this procedure.
{a) VMFD103S-3/16. VM Products, Inc.
(b) CSD100-12, NDT Engineering Corp.
D Reference Standards
(1) See Detail | for data about reference standard NDT1047,
(2) The reference standard can be different than that specified in Detail |. The matenial, EDM

notch location, and EDM notch dimensions must agree with the conditions specified in
Detail I.

3. Preparation for Inspection
A. Get access to the inspection areas.
B. Remove the fastener.

Look at all the holes to be examined for surface conditions on the countersunk surface that can
cause noise signals to occur during the inspection. Look for these conditions.

(1) metal smears and/or rough surface (galling)
(2) grooves caused by a tool or fastener (gouge)

. Clean the countersunk surface, if necessary, to remove one or more of the conditions specified in
paragraph 3.C.

NOTE: Be careful not to damage the countersunk surface.
ibrati

Set the frequency between 200 kHz to 1 MHz.

Set the display to the X/Y mode (impedance plane mode).
Balance the instrument.

Set the balance point in the center of the screen display

CMN NDT
Apr 5/04
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Start the rotary scanner.
Put the probe on the surface of the reference standard as shown in View "A" of Detail II.
. Set the instrument filters as specified in the manufacturer's instructions.

. Adjust the instrument phase control to set the lift-off signal to the horizontal position as shown n
View "A”" of Detail Il

Set the instrument to the time-base mode or start the sweep function.

Put the probe in the hole and move the scanner slightly at an angle forward and rearward and/or
side-to-side to get a maximum signal from the EDM notch..

Adjust the gain to get a signal that is from 40 to 60 percent full screen height, as shown in View B,
Detail Il

If necessary, adjust the instrument gain and filter controls to get a minimum signal-to-noise ratio of
5:1 as shown in Detail lll. If necessary, set the filters as follows:

(1) Instruments with a high pass filter:
(a) Set the filter to its lowest value,

(b) Increase the filter value to get the best signal-to-noise ratio. Do not let the notch signal
decrease more than 50 percent of the signal height set in paragraph 4 K.

(2) Instruments with a low pass filter:

(a) Set the filter to its highest value

(b) Decrease the filter value to get a stable dot or until the signal from the notch in the
reference standard starts to decrease. Do not decrease the filter value below the value
of the high pass filter,

(3) Forinstruments that have only one filter control or that have a bandpass filter:
{a) Adjust the filter to get the best signal-to-noise ratio.

NOTE: Refer to the instrument operation manual for more filter adjustment
instructions, If necessary,

. The use of an audible or visual alarm is recommended. Set the alarm to operate when a signal is
50 percent of the reference standard notch signal

Monitor the location of the notch signal on the screen display in relation to the location of the notch
in the reference standard. See Detail IV,

Part 6
CMN NDT 51-00-00
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5 Inspection Procedure
A. Prepare for the inspection as specified in paragraph 3.
B. Start the rotary scanner.
C. Do an inspection of the countersunk surface fastener hole. Move the scanner shightly at an angle
forward and rearward and/or side-to-side during the inspection Do the steps that follow while you

examine the hole:

NOTE: Use an approved light oil, silicon spray, or grease on the probe when possible to
decrease probe wear

(1) Make a mark at the locations that show crack signals.
If a crack signal occurs, examine the holes for the conditions specified in paragraph 3 C.

If the countersunk surface of the hole has a condition specified in paragraph 3.C, clean
the surface and examine the hole again.

Do a calibration test regularly, as follows, if a large quantity of holes are to be examined
NOTE: Do not make adjustments to the instrument gain or filters.
(@) Putthe probe in the hole of the reference standard to get a signal from the notch.

Compare the signal you got from the notch during calibration with the signal you get
now

(c) If the signal from the notch in the reference standard has decreased 10 percent or
more, do a calibration and examine all holes since the last calibration again.

D Do a calibration test as specified in paragraph 5.C.(4) at the end of the inspection to
compare the signal height from the EDM notch to that set in paragraph 4.K.

NOTE: Do not make adjustments to the instrument gain or filters.
€& Inspeclion Resuits
A. Signals that are 50 percent or more of the reference standard notch signal are signs of a crack.
B. MNoise signals can make it hard to see crack signals [f the signal-to-noise ratio between the
reference standard notch and the inspection surface noise level is less than 3 1, refer to

paragraph 3 C,

Compare the crack signal to the signal you got from the EDM notch in the reference standard
during calibration.

CMN NDT
Apr 5/04
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Other NDT inspections can be used to do a check of a positive eddy current crack signal. Ifyou
use one or more of the inspections specified below, be careful when you compare the results with
that of the eddy current results. Examples of other inspections are as follows:

(1) Visual inspection of the surface examined at 10 to 25 times magnification with a sufficient
quantity of light. If a crack is found by this inspection, no other inspection I1s necessary

(2) High sensitivity fluorescent penetrant inspection. Refer lo D6-51702, Standard Overhaul
Practices Manual, Section 20-20-02, "Penetrant Method of Inspection "

NOTE: To make penetrant results show better on areas with metal smear or on tight
cracks, do a chemical etch on the surface. To do an etch, engineering approval
s necessary.

BOEING PROPRIETARY - Copyright (£ - Unpublished Work - See title page for details.
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4.0
(1002

(4 LOCATIONS)

=

{6 LOCATIONS)

‘ S

(25)

A
4 G@g@
2;5? [::f;f
®

i O

NDT1047

i

%

0.08 (2)

4
!

5= t4 LOCATIONS)

0.020 = IT IS5 RECOMMENDED THAT A RUST PROTECTION BE
{0.75) APPLIED TO ALL SURFACES OF THE REFERENCE STANDARD.
RUST CAN CAUSE DAMAGE TO THE COUNTERSUNK SURFACE.

DRILL A 0.167 (4.09) DIAMETER HOLE AND COUNTERSINK
100 CEGREE TO THE BOTTOM OF THE TOP PLATE.

DRILL A D.191 (4.85) DIAMETER HOLE AND COUNTERSINK
100 DEGREE TO THE BOTTOM OF THE TOP PLATE.

DRILL A D.2798 (5.54) DIAMETER HOLE AND COUMTERSINK
100 DEGREE TO THE BOTTOM OF THE TOP PLATE.

DRILL A D.250 (6.35) DIAMETER HOLE AND COUNTERSINK
100 DEGREE TO THE BOTTOM OF THE TOP PLATE.

EDM NOTCH:
WIDTH - 0.005 £ 0.002 (0.13 % 0.05)
PEPTH = THRU THICKNESS OF THE TOP PLATE

MATERTAL: LOW ALLOY STEEL, 4000 SERIES, ETCH OR STEEL STAMP THE REFERENCE STANDARD NUMBER
CHEAT TREAT 1S OPTIONAL) DRILL HOLES FOR 3/16 (5) OR 1/4 (&) FASTENERS TO
SURFACE ROUGHNESS = 63 R, OR BETTER HOLD THE TWO PIECES TOGETHER.
REFERENCE STANDARD NDT1047
DETAIL I

NOTES:

+ ALL DIMENSIONS ARE IN IMCHES
{MILLIMETERS IN PARENTHESES).
DIMENSION TOLERANCES:

ANCHES HILLIMETERS

X.XxX = 0,005 X.Xx = #0.10
X.AX = +0.025 XM = 20.5
X.%X = £0.050 X =1

W VVVVV

CMN NDT
Apr 5/04
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| BALANCE
ROTARY POINT
SCANNER

LIFT-OFF
STGNAL

REFERENCE
STANDARD

/

PROBE POSITION AND SCREEN DISPLAY FOR
ADJUSTMENT OF INSTRUMENT LIFT-OFF AND BALANCE POINT

VIEW @

EDM NOTCH

" SIGNAL
[

ROTARY
SCANNER

ADJUST THE GAIN

S0 THE NOTCH SIGNAL
IS BETWEEN 40 TO &0
PERCENT OF FULL
SCREEN HEIGHT

N—.

REFERENCE
STANDARD

\

b
N
i

PROBE POSITION AND SCREEN DISPLAY FOR
ADJUSTMENT OF INSTRUMENT SENSITIVITY

[{= THE NOTCH SIGNAL POSITION ON THE VIEW

TIMEBASE IS5 RELATED TO THE NOTCH POSITION
IN THE REFERENCE STANDARD. SEE DETAIL IV

PROBE POSITIONS AND INSTRUMENT DISPLAYS FOR CALIBRATION
DETAIL II

CMN NDT
Apr 5/04
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T
I |

B e T S B

|
_L
1
=
|
.
i

5

]

A
--r—

I

i

EDM NOTCH
SIGNAL

NOISE

STGNAL {50% F.S.H.)

(33% F.5.H.)

i

T

WITHOUT FILTER ADJUSTMENT
(1.5:1 SIGNAL-TO-NOISE RATIO)

ROTARY SCANNER

REFERENCE
STANDARD

EDM NOTCH
SIGNAL
(50X F.5.H.)

NOISE
SIGNAL
{16.5% F.5.H.)

WITH FILTER ADJUSTMENT
(3:1 SIGNAL-TO-NOISE RATIO)

NOTE:

F.5.H. = FULL SCREEN HEIGHT

SCREEN DISPLAY EXAMPLES OF SIGNAL-TO-NOISE RATIOS

DETAIL III

CMN NDT
Apr 5/04
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Tt T 1 £ 1T T T
K 4 B =201 1 B J
e S o S e G

| o1 E gl

ROTARY

=— SCANNER

ROTARY REFEREMCE
SCANNER —p STANDARD

oL

SCANNER POSITION FOR

SIGNAL B
SCANNER POSITION FOR

SIGNAL A
NOTE:

THE LOCATION OF THE NOTCH SIGNAL ON THE SCREEN DISPLAY CAN BE USED TO HELP
IDENTIFY THE CRACK LOCATION IN THE INSPECTION PART. DURING CALIBRATION, TURN
THE ROTARY SCANNER IN RELATION TO THE REFERENCE STANDARD TO LEARN WHERE THE
CRACK IM THE INSPECTION PART WILL BE IM RELATION TO THE CRACK ON THE DISPLAY.
THE SCREEN DISPLAYS AND ROTARY SCANMNER POSITIONS CAN CHANGE WITH DIFFERENT
INSTRUMENTS.

CRACK LOCATION
DETAIL IV

Part &
CHMN NDT 51-00-00
Apr 5/04 Fig. 22
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EFFECTIVITY
MODEL: ALL

1. Burpose
A. Use this procedure to do an inspection for surface cracks in aluminum parts.
B. This procedure uses an impedance plane display instrument.
C. Part 6, 51-00-00, Fig. & is an alternative inspection procedure.
2. Equipment
A. General

(1) Use inspection equipment that can be calibrated on the reference standard
as specified in paragraph 4.

(2) Refer to Part 1, 51-01-00, for data about the egquipment manufacturers.
. Instrument

(1) Use an eddy current instrument that:

(a) Has an impedance plane display.

(b) Operates at a frequency range of 50 kHz to 500 kHz.

(2) The instruments specified below were used to prepare this procedure.
(a) Phasec 1.1; Hocking Krautkramer.
(b) Nortec NDT-19e; Staveley Instruments.

(c) MIZ-22; letec, Inc.

C. Probes
(1) Use a probe that:
(a) Operates at a freguency in the range of 50 to 500 kHz.

(b) Has the configuration shown in Detail I.

CMN NDT
Apr 5/04
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2. C. (1) (c¢) can satisfactorily do the angularity check as shown in Detail II.

(d) Can satisfactorily do the probe shield test of Detail III. This is
necessary if the inspection area 1s near adjacent structure to
make sure the adjacent structure will not change the signals.

NOTE: Shielded probes are recommended.
D. Reference Standards

(1) Use reference standards 126, 188A, 189 or NDT1048. See Details IV
thru VII for data about the reference standards.

(2) Other reference standards can be used if they are equivalent to
those shown in Detail IV thru VII.

Special Tools

(1) Use a nonconductive circle template as shown in Detail IX to help
examine the area around flush head fasteners for cracks.

(2) Use a nonconductive straightedge as shown in Details X and XI to help
examine near the edges of parts for cracks.

NOTE: The circle template and straightedge help to keep the probe a
constant distance from a fastener head or structural edge.
The signal will slowly increase when the probe gets closer to
an edge of a part.

3. Preparation for Inspection

A. Get access to the inspection area.

B. Remove loose paint, dirt and sealant from the surface of the inspection
area.

Part 6
51-00-00 CMN NDT

Fig. 23 Apr 5/04
Page 2
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4. Instrument Calibration

A.

Set the frequency between 50 and 500 kHz.

NOTE: To examine scribe lines, set the frequency between 50 and 150 kHz if
possible.

. Calibrate the instrument with the applicable reference standard. Paragraph

5.E. identifies the different types of structural configurations that can be
examined. The reference standards to use for the different structural
configurations to be examined are:

(1) Large_ Areas, Near an _Edge, On_an Edge, Radius: Use reference standard 126.

NOTE: To examine an area where scribe lines have been removed, and
before more material is removed for an insurance blend, it is
permitted to use a reference standard with a notch depth as small
as 0.008 inch (0.20 mm). It is not permitted to use a notch depth
that is less than 0.008 inch (0.20 mm). Before you blend scribe
lines, make sure it is permitted in the repair instructions.

(2) Flush_Fead Fasteners: Use reference standard NDT1048.
(3) Protruding Fead Fastener s: Use reference standard 188A.

Set the vertical to horizontal gain between 2:1 and 4:1.
Set the filters as follows:
(1) Set the high-pass filter to off or zero Hz.
(2) If the instrument has a low-pass filter:
(a) Set the low-pass filter to its highest value.
(b) Decrease the filter value to get a stable dot.

Put a nonconductive shim on the reference standard. The thickness of the
shim must be equivalent (| 0.003 inch (0.08 mm)) to the paint thickness
on the airplane.

Put the probe on the reference standard at least 0.5 inch (12.7 mm) away
from the EDM notch and the edge of the reference standard.

G. Balance the instrument.

H. Adjust the balance point to 20 percent of the display as shown in Detail VIII.
I. Adjust the instrument for lift-off. Adjust the phase control so that the
lift-off signal moves horizontally to the left when the probe is lifted
off of the part surface.
J. Move the probe across the notch in the reference standard.
K. Adjust the gain to get a signal that is 20 to 40 percent of the display above
the balance point as shown in Detail VIII.
L. If the instrument has an alarm, set the alarm as shown in Detail VIII.
Part 6
OVN NDT 51-00-00
Aug 5/07 Fig. 23
Page 3



381897

BOEfING
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4. M. Move the probe across the notch in the reference standard to find the
maximum scan speed. The scan speed is too fast if the signal is less than
90 percent of the calibration notch signal.

NOTE: Higher scan speeds are possible with a higher low-pass filter
value.

5. Inspection Procedure

A. Put the probe on the inspection surface.
B. Balance the instrument.
C. Adjust the balance point to 20 percent of the display as shown in Detail VIII.

NOTE: Do not adjust the gain. Gain adjustments will make the instrument
calibration unsatisfactory.

D. Make sure the signal moves horizontally to the left when the probe is
lifted off of the part surface.

E. Slowly make a scan of the inspection area and monitor the instrument
display during the scan. Do the scan as follows:

(1) Use a scan pattern that:
(a) Will help you find cracks that are 0.1 inch (2.5 mm) in length.

(b) Move the probe across the crack at 90°. This is done to
increase the probability that you will find a crack.

NOTE: To examine an area where a scribe line was removed by blending,
make small scans across the location where the scribe line was.
Do not make the scans too large as this can cause false
indications from the change in clad thickness caused by the
blend operation.

(2) During the scan, move the probe no faster than the maximum scan
speed that was identified during calibration.

Part 6
51-00-00 QVN NDT
Fig. 23 Aug 5/07
Page 4
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5. E. (3) Do the scan as follows for the specified structural configurations:

(a) Large Areas: Use a grid system to do the inspection of large
areas. The grid lines must be spaced so that when the probe is
moved along the grid lines, the probe will cross the smallest
crack you want to find at least two times.

MOTE: If you are not sure of the minimum crack length, use 0.1
inch (2.5 mm).

Flush Head Fasteners: Use a nonconductive circle template to

do inspections around flush head fasteners. Put the template
adjacent to the fastener so that you can find cracks that
extend 0.1 inch (2.5 mm) from the fastener head as shown in
Detail IX.

Protruding Head Fasteners: To examine areas around fasteners

with protruding heads, use the fastener head or the washer as a
probe guide as shown in Detail XII.

Radius: To examine the radius of a part, keep the probe
perpendicular to the radius surface. If the crack direction is
not known, move the probe along and across the radius as shown
in Detail XIII.

(e) Edges: When you do an inspection near the edge of a part, use
a nonconductive straightedge to keep the probe the same
distance from the edge of the part. See Detail X to see how to
examine a part near the edge. See Detail XI to examine the edge
of a part.

Make a mark at the Llocations that cause signals that are more than
20 percent of the display above the balance point.

NQTE: To find the end of the crack, continue to move the probe
across the crack until there is no more crack signal.

Frequently do a check of the instrument calibration as follows:
NOTE: Do not adjust the gain.

(a) Put the probe on the reference standard to get a signal from
the notch.

(b) Compare the signal you got from the notch during calibration
with the signal you get now.

If the signal has changed 10 percent or more, do the
calibration and inspection again.

CMN NDT
Apr 5/04
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6. Inspection Results

A. Fast upscale signals that are more than 50 percent of the signal height
from the reference notch are signs of defects.

. Compare the signal that occurs during the inspection to the signal you
got from the notch in the reference standard.

NOTE: The signal from a crack can have less horizontal movement than the
signal from the notch in the reference standard. See Detail VIII.

(1) To find the end of a crack, continue to move the probe across the
crack until there is no more crack signal.

(2) To make an estimate of the depth of a crack that is less than 0.02
inch (0.5 mm) deep, compare the horizontal movement of the crack
signal to the horizontal movement of the reference standard notch.
A reference standard with notches that are less than 0.02 inch
(0.5 mm) deep can also be used.

conditions specified below can also cause defect signals:

The probe is moved too close to an edge. Use a nonconductive
straightedge to keep the probe the same distance from the edge.

A worn probe coil. Put a piece of tape on the surface of the probe
coil or get a new probe and calibrate the instrument again.

Local changes in material conductivity. Compare the signal to the
signal from the reference standard. Signals from conductivity
changes will be slower than the signal from the reference standard.

D. Do one of the procedures that follow to make sure a signal is the result
of a defect.

(1) Remove the surface finish and do a visual inspection with 10-power
(or higher) magnification and sufficient Llight.

(2) Do a penetrant inspection of the area as specified in Standard
Ooverhaul Practices Manual, Subject 20-20-02, "Penetrant Inspection
Methods".

FPart 6
51-00-00 CMN NDT

Fig. 23 Apr 5/04
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PROBE 1

a
\\\"‘1—

LU

PROBE 2

NOTES

*» THE PROBE CONFIGURATIONS SHOWN CAN BE USED
TO ACCESS MOST INSPECTION AREAS WHEN IT IS
MECESSARY TO USE PENCIL PROBES. SHIELDED
PENCIL PROBES ARE RECOMMENDED. WHEN A
SPECIAL PROBE CONFIGURATION I5 NECESSARY,
SPECIFY THE PROBE DIMENSIONS AS SHOWN FOR
PROBE 2:

A = THE PROBE DROP, OR DIMENSION A
B -— THE PROBE HEIGHT, OR DIMENSION B

C - THE PROBE HANDLE LENGTH, OR DIMENSION C.
IF THE HANDLE MUST BE BENT, IT WILL BE
MECESSARY TO KNOW DIMENSION C1 AND THE
HANDLE ANGLE (ANGLE THETA —= @). FOR
MOST USES, THE PROBE LENGTH WILL BE
3~5 INCHES (76.0-127.0 MM).

DIAMETER: 0.20 INCH (5.1 MM) MAXIMUM,
A DIAMETER OF 0.12 INCH (3.0 mmM) IS
RECOMMENDED FOR AREAS WITH NOT MUCH
ACCESS.

THE ANGLE (O = ALPHA). DIFFERENT ANGLES
ARE POSSIBLE.

EXAMPLE OF PENCIL PROBE CONFIGURATIONS
DETAIL I

CMN NDT
Apr 5/04
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PERPENDICULAR

EDDY CURRENT PROBE —

SURFACE CRACK
REFERENCE
STANDARD

/

NOTES

* TO IDENTIFY THE ANGULAR PERFORMANCE OF THE
PENCIL PROBE:

= CALIBRATE THE PROBE WITH THE INSTRUMENT AS
SPECIFIED IN PARAGRAPH &.

ANGLE THE PROBE 20 DEGREES TO THE SURFACE
OF THE REFERENCE STANDARD IN MANY
DIRECTIONS. THE ANGULAR POSITION OF THE
PROBE MUST NOT CAUSE THE SIGNAL TO CHANGE
MORE THAN 10 PERCENT OF THE DISPLAY.

MOVE THE PROBE ACROSS THE NOTCH AS IT IS
HELD PERPENDICULAR TO THE SURFACE OF THE
REFERENCE STANDARD AND AGAIN AS IT IS HELD
20 DEGREES FROM PERPENDICULAR. THE NOTCH
SIGNAL MUST NOT DECREASE MORE THAN

30 PERCENT.

EXAMPLE: A SIGNAL FROM THE NOTCH ON THE
REFERENCE STANDARD IS &40 PERCENT
OF FULL SCALE WHEM THE PROBE 1S
HELD PERPENDICULAR TO THE SURFACE.
WHEN THE PROBE IS HELD AT AN ANGLE
THAT 15 20 DEGREES TO THE SURFACE,
THE NOTCH SIGMAL MUST NOT BE LESS
THAN 28 PERCENT OF THE DISPLAY.
(40X SIGNAL X 0.3 = 12%
AND &40% - 12X = 28X

PENCIL PROBE ANGULAR PERFORMANCE
DETAIL II

CMN NDT
Apr 5/04
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VERTLCAL VERTICAL
POSITION 2 I

(SHIELDED PENCIL \
PROBE IS AGAINST

THE BOLT OR WASHER)
o | —— POSITION 1
1 . (SHIELDED PENCIL
PROBE 15 AWAY FROM

MAGNETIC THE BOLT AND WASHER)

STEEL BOLT ] '
MAGNETIC i
STEEL WASHER

"-.,__.-.T

= \

PROTRUDING HEAD
FASTENER REFERENCE
STANDARD NO. 1004

NOTES

« TO IDENTIFY IF A SHIELDED PENCIL PROBE HAS
SUFFICIENT SHEILDING:

— CALIBRATE THE PROBE/INSTRUMENT ON REFERENCE
I STANDARD NO. 1BBA AS SPECIFIED IN PARAGRAPH &.

- PUT THE PROBE ON THE PROTRUDING-HEAD
REFERENCE STANDARD AT POSITION 1 AND MOVE
THE PROBE TO POSITION 2. THE MAGNETIC
STEEL MUST MNOT CAUSE THE CALIBRATION NOTCH
SIGNAL TO CHANGE MORE THAN 10 PERCENT. IF
THE SIGNAL CHANGES MORE THAN 10 PERCENT,
IT IS5 NECESSARY TO DO A SCAN AROUND THE
FASTENER AT A CONSTANT DISTANCE FROM THE

FASTENER.
PENCIL PROBE SHIELD PERFORMANCE
DETAIL III
CMN NDT
£ Apr 5/06
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>

1.0 (25.4) MIN

g |
£ ™|

L_‘LS (38.1) MIN

L—‘ 1.5 (38.1) MIN ———I

1

NOTES

0.25 (6.35) MIN

—0.005 (0.13)
MAXIMUM WIDTH

:
!

0.020 (0.51)
0.0715 (0.38)

* ALL DIMENSIONS ARE IMN INCHES (MILLIMETERS
ARE IN PARENTHESES).

* TOLERANCE £0.050 {£1.3) ON THE DIMENSIONS
UNLESS SPECIFIED DIFFERENTLY.

* SURFACE ROUGHNESS: &3/ 0R BETTER.

* REFER
ABQUT

TO NDT PART 1, 51-01-00, FOR DATA
THE REFERENCE STANDARD MANUFACTURERS.

* MATERIAL: 2024-T3 OR -T4, 7O75-T& OR -T73,
7O79-T6 OR 7178-T6 ALUMINUM.

ETCH OR STEEL STAMP THE NUMBER "126" ON

THE

[2= eom

Part 6
51-00-00
Fig. 23
Page 10

REFERENCE STANDARD.
NOTCH

REFERENCE STANDARD 126 — FOR THE SURFACE INSPECTION OF ALUMINUM PARTS

DETAIL IV

BOEING PROPRIETARY — Copyright ©® - Unpublished Work - See title page for details.
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p——1.00 (25.4)—s—1.00 (25.4) —=4=—-1.00 (25.4) —=f
MINIMUM MINIMUM l MINIMUM

|

1.00 (25.4)
MINIMUM

|
|

1.00 (25.4)
MINIMUM

-
NDT1048

5> >

0.100 (2.54)

0.090 (2.29) . —-— 0.100 (2.54)
‘ | ru.nqu (2.29)

X
7 71’ ‘?;f B> g
o

NOTES

» ALL DIMENSIONS ARE IN INCHES (MILLIMETERS E> FASTENER - 0.25 (6.4) DIAMETER FLUSH-
ARE IN PARENTHESES). HEAD STEEL BOLT, SUCH AS BACB30JCB-*

MATERIAL: 2024-T3 OR T4, TO75-T4, TO79-T6, {:::b FASTEMER - 0.25 (4.4) DIAMETER FLUSH=
7178=T& HEAD ALUMINUM RIVET, SUCH AS BACR15BA*DD*

SURFACE FINISH: Q&/’on BETTER. [:::? NOTCH — 0.005 (0.13) MAXIMUM WIDTH,

IF YOU HAVE REFERENCE STANDARD 187, YOU CAN 0:015-0.020 ©0.38-0.31) DEPTH.
USE IT FOR THE INSPECTION AROUND ALUMINUM [::Zb ETCH OR STEEL STAMP WITH NDT1048.
FASTENERS.

REFERENCE STANDARD NDT1048 = FOR FLUSH=-HEAD FASTENERS
DETAIL V

Part 6
CMN NDT 51-00-00

Apr 5/04 Fig. 23
Page 11
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1.00 (25.4) —e—t=— 1.00 (25.4) —=p=—21.,00 (25.4)
MINIMUM MINIMUM MINIMLU™

= |
|
> 5=

0.100 (2.50) 0.100 €2.50)
0.0%0 (2.40)

7 r /’r\ ot

g0 \li> e -1sfu..u:-
D A

0.0%90 (2.40)

MINIMUM

NOTES

* ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE IN PARENTHESES).

TOLERANCE £0.050 (£1.27) UMLESS SPECIFIED
DIFFERENTLY.

SURFACE ROUGHNESS: 643/ OR BETTER.

REFER TO PART 1, 51-07-00, FOR DATA ABOUT
THE REFERENCE STANDARD MANUFACTURERS.

MATERIAL: 2024-T3 OR =T4, TO75-Té, 7O79-=Té
OR T17B-T& ALUMINUM

[:::’ FASTENER — 0.25 (6.4) DIAMETER EXTERMAL
WRENCHING STEEL BOLT, SUCH AS BACBIDNE*-*;
FLAT STEEL WASHER, SUCH AS BACWIOAK*WP.

[;,.::’ RIVET BACR15BBSADS

[3== wotch - 0.005 ¢0.13) maxIMUM WIDTH,
0.015-0.020 (0.38-0.51) DEPTH.

ETCH OR STEEL STAMP THE MUMBER *“1BEA" ON
THE REFERENCE STANDARD.

REFERENCE STANDARD 188A - FOR PROTRUDING-HEAD FASTEMNERS
DETAIL VI

Part 6
51-00-00 CMN NDT

Fig. 23 Apr 5/04
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0.125 (3.2)

I—’A 0.115 (3.0) _’l r_

/

/

0.085 (2.2)
0.075 (2.0)

L’B *
1.0 (25.4) MIN 0.005
|>\ (4 LOCATIONS) (0.13)
\ 0.040
1
89 (1.0)
A B-B
0.065 (1.7) -
—— [———
1.5 (38.0) MIN—== 0.055 (1.4) 0.105 (2.7)
NOTES 0.095 (2.4)
ALL DIMENSIONS ARE IN INCHES (MILLIMETERS AA
ARE IN PARENTHESES).
TOLERANCE [0.050 (]|1.27) UNLESS SPECIFIED
DIFFERENTLY.
SURFACE ROUGHNESS: 63 /OR BETTER.
REFER TO PART 1, 51-01-00, FOR DATA ABOUT
THE REFERENCE STANDARD MANUFACTURERS.
MATERIAL: 2024-T3 OR T4, 7075-T6, 7079-T6
OR 7178-T6 ALUMINUM (ALL PARTS MUST BE OF
THE SAME ALLOY AND HEAT TREAT).
FASTENER: USE AN ALUMINUM OR TITANIUM
FASTENER WITH A HEAD DIAMETER THAT IS LESS
THAN 0.5 (12.7).
NOTCH - 0.005 (0.13) MAXIMUM WIDTH;
0.040 (1.0) DEPTH.
[> ETCH OR STEEL STAMP THE NUMBER "189" ON
THE REFERENCE STANDARD.
REFERENCE STANDARD 189 - FOR CRACKS AT THE EDGE OF PARTS
DETAIL VII
Part 6
QvIN NDT 51-00-00
Aug 5/07 Fig. 23
Page 13
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e e

iy ]

[

LIfT-DFF///

R T Tl SO I [PRPPI TPy TIPSR R Ry —

R |NPR R RS R ——— S SSPI KN N ——— R | ———

b ]

e e e e - ————

i
i
i
-
1

NOTES:

* THE DISPLAY EXAMPLE ABOVE SHOWS WHERE TO SET
THE ALARM AS SPECIFIED IN PARAGRAPH &.

THE SIGNAL FROM THE NOTCH IN THE REFERENCE
STANDARD IS SET AT 20 TO 40 PERCENT OF
THE DISPLAY ABOVE THE BALANCE FOINT.

[:::r BALANCE POINT

ALARM SET POINT (50 PERCENT OF THE REFERENCE
NOTCH SIGNALD

THE SIGNAL FROM A CRACK CAN HAVE LESS
HORIZONTAL MOVEMENT THAN THE SIGNAL FROM
THE NOTCH IN THE REFERENCE STANDARD.

CALIBRATION AND ALARM ADJUSTMENT
DETAIL VIII

CMN NDT
Apr 5/04
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PROBE GUIDE
(NONCONDUCTIVE CIRCLE TEMPLATE)

PROBE
(NON-SHIELDED PENCIL)

PROBE GUIDE
FLUSH HEAD

FASTENER

{\_

NOTCH
0.1 €2.5)

| I FROM EDGE OF
\ FASTENER
FLUSH-HEAD FASTENER
REFERENCE STANDARD

PROBE GUIDE USE FOR INSPECTIONS NEAR FLUSH-HEAD FASTENERS

NOTES

* ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE IN PARENTHESES).

USE THE HOLE DIAMETER IN THE PROBE GUIDE
THAT WILL PERMIT YOU TO FIND CRACKS THAT
ARE 0.70 INCH (2.5 MM} IN LENGTH FROM THE
EDGE OF THE FASTEMNER.

THIS 15 THE MINIMUM NOTCH LENGTH THAT CAN
BE FOUNDP WITH THIS PROCEDURE.

FLUSH-HEAD FASTENER INSPECTION GUIDELINES
DETAIL IX

CMN NDT
Apr 5/04
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NONCONDUCTIVE

STRUCTURE STRAIGHTEDGE

REFERENCE
STANDARD

NOMNCONDUCTIVE
STRAIGHTEDGE

NOTES

* POSITION A NONCONDUCTIVE STRAIGHTEDGE A
CONSTANT DISTANCE FROM THE EDGE OF THE
STRUCTURE.

THE MINIMUM DISTANCE THE PROBE MUST BE FROM
AN EDGE 15 RELATED TO THE DIAMETER OF THE
PROBE COIL AND IF THE PROBE IS SHIELDED OR
UNSHIELDED.

TO IDENTIFY THE MINIMUM DISTANCE THE PROBE
MUST BE FROM THE EDGE:

= CALIBRATE THE INSTRUMENT AS SPECIFIED IN
PARAGRAPH &,

= POSITION A NONCOMDUCTIVE STRAIGHTEDGE A
CONSTANT DISTANCE FROM THE NOTCHED EDGE
OF REFEREMCE STANDARD 126.

— MOVE THE PROBE ALONG THE STRAIGHT EDGE AND
MONITOR THE DISPLAY. THE MINIMUM FPROBE
TO EDGE DISTANCE OCCURS WHEN THE SIGNAL
FROM THE NOTCH FALLS BELOW 90% OF THE
SIGNAL YOU GOT DURING CALIBRATION, OR WHEN
THE ALARM C(IF SET) DOES NOT QPERATE. IF
MECESSARY, BALANCE THE INSTRUMENT AGAIN
BUT B0 NOT CHANGE THE CALIBRATION
SENSITIVITY.

INSPECTION NEAR AN EDGE
DETAIL X

Part 6
51-00-00
Fig. 23
Page 16
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LI 7

(S et
v@C/”%"/\

NOMCONDUCTIVE
STRAIGHTEDGE

REFERENCE STANDARD

NONCONDUCTIVE }f

STRAIGHTEDGE W

Fi

NOTES

* POSITION A NOMNCONDUCTIVE STRAIGHTEDGE A
CONSTANT DISTAMCE FROM THE EDGE OF THE PART
TO BE EXAMINED.

THE MINIMUM WIDTH THAT THE STRUCTURE MUST BE
S0 THAT YOU CAN IDENTIFY CRACKS IS RELATED
TO THE DIAMETER OF PROBE COIL AND IF THE
FROBE IS SHIELDED OR UNSHIELDED.

TO IDENTIFY THE MINIMUM WIDTH THE STRUCTURE
MUST BE BEFORE YOU CAN EXAMINE IT FOR CRACKS:

= CALIBRATE THE INSTRUMENT AS SPECIFIED IN
PARAGRAPH &. USE REFERENCE STANDARD 126.

= PUT A NONCONDUCTIVE STRAIGHTEDGE A COMSTANT
DISTANCE ALOMG A NOTCHED PART OF REFERENCE
STANDARD 189.

= MOVE THE PROBE ALONG THE STRAIGHTEDGE AND
MONITOR THE DISPLAY. THE MINIMUM STRUCTURE
WIDTH IS IDENTIFIED WHEN THE SIGMAL FALLS
BELOW 90X OF THE SIGNAL YOU GOT DURING
CALIBRATION OR WHEN THE ALARM (IF SET) DROES
NOT OPERATE. IF NECESSARY, BALANCE THE
INSTRUMENT AGAIN BUT DO NOT CHANGE THE
CALIBRATION SENSITIVITY.
INSPECTION ON AN EDGE

DETAIL XI

Part &

CMN NDT 51-00~-00
Aug 5/04 Fig. 23
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PROBE
(NON-SHIELDED PENCIL)

| COoIL
PROTRUDING HEAD FASTENER st

| = NOTCH [T
tl;lj 0.1 (2.5) FROM THE
EDGE OF THE WASHER
PROTRUDING HEAD FASTENER
REFERENCE STANDARD

PROBE POSITION FOR INSPECTIONS NEAR PROTRUDING-HEAD FASTENERS

NOTES

= ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE IN PARENTHESES).

= USE THE FASTENER HEAD OR WASHER AS A PROBE
GUIDE.

THIS IS5 THE MINIMUM NOTCH LENGTH THAT CAN
BE FOUND WITH THIS PROCEDURE.

PROTRUDING-HEAD FASTENER INSPECTION GUIDELINES
DETAIL XII

Part &

51-00-00 CMN NDT
Fig. 23 Apr 5/04
Page 18
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PENCIL

PROBE
CRACKS ALONG
THE RADIUS

STRUCTURE (REF)

TRANSVERSE SCAN

CRACKS ACROSS
THE RADIUS

STRUCTURE (REF)

PENCIL
PROBE

NOTES PARALLEL SCAN

« HOLD THE PROBE PERPENDICULAR TO THE SURFACE
OF THE RADIUS.

« MAKE THE DISTAMCE BETWEEN SCAN INCREMENTS
SUCH THAT, WHEN MOVED PERPENDICULAR TO THE
LENGTH OF THE CRACK, THE PROBE WILL GO
ACROSS THE CRACK AT LEAST 2 TIMES.

RADIUS INSPECTION
DETAIL XIII

CMN NDT
Apr 5/04
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EFFECTIVITY

MODEL' ALL NONDESTRUCTIVE TEST

PART 6 — EDDY CURRENT

STEEL PART SURFACE INSPECTION
IMP NC NE DISPLA

1. Purpose

A. Use this procedure to do an inspection for surface cracks in magnetic steel parts,
CAUTION: WHEN STEEL PARTS WITH CONDUCTIVE FINISHES SUCH AS CADMIUM,

TITANIUM-CADMIUM OR CHROME ARE EXAMINED, IT IS POSSIBLE TO GET
CRACK-TYPE SIGNALS WHEN THE FINISH HAS BEEN SCRATCHED.

B. This procedure examines two types of magnetic steel parts:

(1) High permeability steels such as 4000 series, 15-5PH and 17-4PH CRES.

(2) Low permeability steels such as 301 1/2 hard.

This procedure uses an impedance plane display instrument.

Part 6, 51-00-00, Fig. 13 is an alternative inspection procedure that uses meter display
instruments to find cracks in the surfaces of steel parts.

E. Refer to Part 6, 51-00-00, Fig. 14 to do an inspection for cracks in non-magnetic steel parts.
Equipment
A. General

(1} Use inspection equipment that can be calibrated on the reference standard as specified in
paragraph 4.

{2) Referto Part 1, 51-01-00, for data about the equipment manufacturers.
Instrument
(1) Use an eddy current instrument that:
{a) Has animpedance plane display.
{b) Operates at a frequency range of 50 to 500 kHz.
(2) The instruments specified below were used to prepare this procedure.
{a) Phasec 1.1; Hocking Krautkramer.
{b) Nortec NDT-19e; Staveley Instruments.

{c) MIZ-22; Zetec, Inc.

Part 6
CMN NDT 51-00~-00
Dec 5/04 Fig. 24
Page 1
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C. Probes

(1) To examine high permeability steels, use a non-shielded probe to examine all large area
structural configurations,

(2) To examine low permeability steels, use a shielded probe to examine all large area
structural configurations.

It can be necessary to use a shielded probe 1o examine the surface of a steel part:

(a) inthe areas around fasteners.

(b) in areas where there is adjacent structure

(c) when the surface is curved (has a radius)

(d) when the surface is near the edge of the steel part

(e) when the surface to be examined is the edge of the stee! part

Use a probe that:

(a) Operates at a frequency in the range of 50 to 500 kHz.

(b} Has the configuration shown in Detail |.

(¢) Can satsfactorily do the angularity check as shown in Detail II.
Reference Standards

(1) To examine high permeability steels, use reference standards 185, 192, NDT1061 and
NDT1062 as applicable. See Details Ill thru V| for data about the reference standards.

(2) To examine low permeability steels, use reference standards NDT1072, NDT1073,
NDT1074, and NDT1075 as applicable. See Datails |l thru V| for data about the reference
standards.

(3) Other reference standards can be used if they are equivalent to those shown in Details 1l
thru VI.

Special Tools

(1) Use a nonconductive circle template as shown in Detail IX to help examine the area
around flush head fasteners.

(2) Use a nonconductive straightedge as shown in Detail XIl and X|Il to help examine near
and on the edges of parts.

NOTE: The circle template will help to keep the probe a constant distance from a
flush-head fastener head and a straightedge will help to keep the probe a
constant distance from an edge.

Part 6
51-00-00 CMN NDT

Fig. 24 Dec 5/04
Page 2
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Preparation for inspection
A. Get access to the inspection area.
B. Remove loose paint, dirt and sealant from the surface of the inspection area.
Instrument Calibration
A. Setthe frequency as follows:

(1) Use a frequency between 50 and 500 kHz to examine high permeability steels.

(2) Use a frequency between 100 and 200 kHz to examine low permeability steels.

Calibrate the instrument with the applicable reference standard. Paragraph 5.D.(3) identifies the

diffarent types of structural configurations that can be examined. The reference standards to
use for the different structural configurations to be examined are:

1. Large Areas, Near an Edge, On an Edge, Radius: Use reference standard 185 to examine

high permeability steels. Use reference NDT1072 to examine low permeability steels.

Flush Head Fasteners: Use reference standard NDT1061 to examine high permeability
steels. Use reference NDT 1073 to examine low permeability steels.

Protruding Head Fasteners: Use relerence standard NDT1062 to examine high
permeability steels. Use reference NDT1074 to examine low parmeability steels.

If the inspection area is painted, put a nonconductive shim on the reference standard that has
the same thickness (+0.003 inch (0.08 mm)) as the paint.

Put the probe on the reference standard at a location that is at least 0.25 inch (6 mm) away from
the EDM notch and the edge of the reference standard.

Balance the instrument.
Set the instrument balance point in the lower center of the screen as shown in Detait Vil or VIII.

Adjust the instrument phase control so that when the probe is lifted off of the surface, the lift-off
signal moves horizontally from right to left.

Use a vertical to horizontal gain ratio of 2:1.

Move the probe across the notch in the reference standard.

Adjust the instrument gain to get a signal that looks almost the same as the screen display in
Detail VIl or VIIl. The vertical height can be lowar or higher than that shown in Detail VIl or VIIL

Set the filters as follows:

(1) Set the high-pass filter to off or zero Hz.

Part 6
CMN NDT 51-00-00
bec 5/04 Fig. 24
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(2) If the instrument has a low-pass filter:
{a) Set the low-pass filter to its highest value,
(b) Decrease the filter value to get a stable dot.

It the instrument has an alarm, set the alarm as shown in Detail VIl or VI,

Move the probe across the notch in the reference standard to find the maximum scan speed.
The scan speed is too fast if the signal is less than 90 percent of the calibration notch signal.

NOTE: Higher scan speeds are possible when the low-pass filter is set at a higher value.
In ion Proce

Put the probe on the inspection surface.

Balance the instrument.

Make sure the lift-off signal moves horizontally to the left when the probe is lifted off of the part
surface. Adjust the phase control again if necessary.

Slowly make a scan of the inspection area and monitor the instrument display during the scan.
Do the scan as follows:

(1) Use a scan pattem that wili move the probe across the length of a possible crack. This is
done to increase the probability that you will find a crack.

(2) During the scan, move the probe no faster than the maximum scan speed that was
identified during calibration.

Do the scan as follows for the specified structural configurations:

(a) Large Areas: Use a grid system to do the inspection of large areas. The distance
between the grid lines (increment distance) must be less than the diameter of the
probe to get 100 percent complete examination of the area.

(b) Flush Head Fasteners: Use a nonconductive circle template to do inspections
around flush head fasteners. Use a hole in the template that has a larger diameter
than the fastener so that you can find cracks that extend 0.1 inch (2.5 mm) from
the fastener head as shown in Detail IX.

Part 6
51-00-00 CMN NDT
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(c) Protruding Head Fasteners: To examine areas around fasteners with protruding
heads, use the fastener head or the washer as a probe guide as shown in Detail X.

(d) Radius: To examine the radius area of a par, keep the probe as vertical as possible
to the radius surface. If the crack direction is not known, move the probe along
(paralle! scan) and across (transverse scan) the radius as shown in Detail X|. Use an
increment distance that is less than the diameter of the probe to get 100 percent
complete examination of the area.

(e) Edges: When you do an inspection near or on the edge of a part, use a
nonconductive straightedge to keep the probe the same distance from the edge of the
part. See Detail Xl to see how to examine a part near the edge. See Detail Xlll to
see how to examine on the edge of a part.

NOTES: (1) Cadmium thickness can change on the part surface. Thickness changes
will cause the balance point to move up or down and cause the lift-off line
to have a different phase angle. Balance the instrument and adjust the
phase as necessary. It can be necessary to use an instrument frequency
of 50 kHz to help decrease the balance point movement caused by
cadmium thickness changes.

Thickness changes in nonconductive (paint) and conductive (cadmium)
finishes can cause the balance point to move out of the screen display
frequently. It can be necessary to decrease the horizontal gain to keep the
balance point on the screen display. Use a vertical to horizontal gain ratio
of 3:1 or 4:1.

(3) Steel parts can have areas that will have changes in permeability. The
permeability changes will give the same results as thickness changes of
cadmium. Balance the instrument and adjust the phase as necessary,

Make a mark at the locations that cause signals that are more than 50 percent of the notch
signal from the reference standard.

NOTE: To find the end of the crack, continue to move the probe across the crack until
there is no more crack signal.

(5) Frequently do a check of the instrument calibration as follows:
NOTE: Do not adjust the gain.

(a) Putthe probe on the reference standard to get a signal from the notch.

Compare the signal you got from the notch during calibration with the signal you get
now.

If the signal has changed 10 percent or more, do the calibration and inspection again.

Part 6
CMN NDT 51-00-00
Dec 5/04 Fig. 24
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Inspection Results

A. Fast upscale signals that are more than 50 percent of the notch signal from the reference
standard are signs of cracks. See Detail VIl or VIIl for an example of a signal from a crack.

Compare the signal that occurs during the inspection to the signal you got from the notch in the
referance standard.

The conditions specified below can cause signals that look the same as crack signals:

(1) A womn probe coil. Put a piece of tape on the surface of the probe coil or get a new probe
and calibrate the instrument again.

(2) Magnetic poles (domains) in the material can cause signais that look almost the same as a
crack signal. Compare the signal to the signal from the reference standard. Signals from
magnetic poles (domains) will aimost always (or usually) be slower than the signal from the
reference standard.

{3) Scratches in conductive finishes such as cadmium plating.

NOTE: It may be necessary to remove the conductive finish and do the inspection again.

You can use one or more of the procedures that follow to make sure a signal is the result of a
crack. Be careful as you compare results with the eddy current procedure.

(1) Remove the surface finish and do a visual inspection with 10-power (or higher)
magnification and sufficient light.

NOTE: The visual inspection is not always as sensitive to cracks as eddy current.

Do a magnetic particle inspection of the area as specified in the Standard Overhaul
Practice Manual, subject 20-20-01, "Magnetic Particle Inspaction.”

CHMN NDT
Dec 5/04
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PROBE 1

PROBE 2

NOTES

* THE PROBE CONFIGURATIONS SHOWN CAN BE USED
TO ACCESS MOST INSPECTION AREAS WHEN IT IS
NECESSARY TO USE PENCIL PROBES. WHEN A
SPECIAL PROBE CONFIGURATION IS5 NECESSARY,
SPECIFY THE PROBE DIMENSIONS A5 SHOWN FOR
PROBE 2:

A = THE PROBE DROP, OR DIMEMSION A
B - THE PROBE HEIGHT, OR DIMENSION B

C = THE PROBE HANDLE LENGTH, OR DIMENSION C.
IF THE HANDLE MUST BE BENT, IT WILL BE
NECESSARY TO KNOW DIMENSION C71 AND THE
HANDLE ANGLE (ANGLE THETA - 0). FOR
MOST WSES, THE PROBE LENGTH WILL BE
3-5 INCHES (76.0-127.0 MM).

DIAMETER: D0.25 INCH (6.4 MM) MAXIMUM.
A DIAMETER OF 0.12 INCH (3.0 MM) IS
RECOMMENDED FOR AREAS WITH NOT MUCH
ACCESS.

THE ANGLE (0 = ALPHA). DIFFERENT ANGLES
ARE POSSIBLE.

EXAMPLE OF PENCIL PROBE CONFIGURATIONS
DETAIL I

Part 6
CMN NDT 51-00-00
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PERPENDICULAR

EDDY CURRENT PROBE — |

SURFACE CRACK
REFERENCE
STANDARD

/

NOTES

« TO IDENTIFY THE ANGULAR PERFORMANCE OF THE
PENCIL PROBE:

= CALIBRATE THE INSTRUMENT AS SPECIFIED IN
PARAGRAPH &. USE REFERENCE STANDARD 185 FOR
HIGH PERMEABILITY STEELS; USE REFERENCE
STANDARD NDT1072 FOR LOW PERMEABILITY STEELS.

ANGLE THE PROBE 20 DEGREES TO THE SURFACE
OF THE REFERENCE STANDARD IN MANY
PIRECTIONS. THE ANGULAR FOSITION OF THE
PROBE MUST NOT CAUSE THE SIGMAL TO CHANGE
MORE THAN 10 PERCENT OF THE DISPLAY.

MOVE THE PROBE ACROSS THE NOTCH AS IT IS
HELD PERPENDICULAR TO THE SURFACE OF THE
REFERENCE STANDARD AND AGAIN AS IT 15 HELD
20 DEGREES FROM PERPENDICULAR. THE NOTCH
SIGNAL MUST NOT DECREASE MORE THAN

30 PERCENT.

EXAMPLE: A SIGNAL FROM THE NOTCH ON THE
REFERENCE STANDARD IS5 &40 PERCENT
OF FULL SCALE WHEM THE PROBE IS
HELD PERPENDICULAR TO THE SURFACE.
WHEN THE PROBE IS HELD AT AN ANGLE
THAT IS5 20 DEGREES TO THE SURFACE,
THE NOTCH SIGNAL MUST NOT BE LESS
THAN 28 PERCENT OF THE DISPLAY.
(40% SIGNAL X D.3 = 12X
AND 40% = 12X = 2BX)

PENCIL PROBE ANGULAR PERFORMANCE
DETAIL II

CMN NDT
bec 5/04
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£

EDM NOTCH

|
1

1.0 €(25.4)

=

xxxx < 1

o 1.5 (38.1) MIN

[-'p:h

A

1.5 (38.1) MIN ———= ’

——
]
N ¥
——
0.10 (2.5
A-A MIN

0.005 <0.13>

MAX WIDTH
EDM NOTCH

\

NOTES

* ALL DIMENSIONS ARE IN INCHES (MILLIMETERS
ARE IN PARENTHESES).

* SURFACE ROUGHMESS: 32/ 0OR BETTER.

+ REFER TO PART 1, 51-01-00, FOR DATA
ABOUT THE REFERENCE STANDARD MANUFACTURERS.

* MATERIAL: FOR REFERENCE STANDARD 185, USE
4130, 4140, 4340, 4330M OR 4340M STEELS
(HEAT TREAT OPTIONAL). FOR REFERENCE
STANDARD NDT1072, USE 307 1/2 HARD.

ETCH OR STEEL STAMP THE REFERENCE STANDAR
NUMBER THAT REFERS TO THE TYPE OF STEEL
IDENTIFIED IN THE MATERIAL NOTE.

®

(1]

0
)

0
a

1

!

8

(
(

0.56)
0.46)

REFERENCE STANDARD 185 AND NDT1072 — FOR THE SURFACE INSPECTION OF STEEL PARTS

CMN NDT
Aug 5/05
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[——1.00 MIN 1.00 MIN 1.00 MIN —=
(25.4) (25.4) (25.4)

1.00 MIN
(25.4)
A
L,z &=
1.00 MIN ih-
(25.4)

A

,T_f
T o=

AXAX

35
4

’_-

0.100 (2.50)
| 0.090 (2.40)

=

=
f

Werd

A=A

NOTES

= REFER TO PART 1, 51-01-00, FOR DATA ABOUT THE
REFERENCE STANDARD MANUFACTURERS

# ALL DIMENSIONS ARE IN INCHES
(MILLIMETERS ARE IN PARENTHESES).

* MATERIAL: FOR REFERENCE STANDARD NDT1041,
USE 4130, 4140, 4340, 4330M OR 4340M STEELS
C(HEAT TREAT OPTIONAL). FOR REFERENCE
STANDARD NDTI1073, USE 301 1/2 HARD.

* SURFACE FINISH: Eajfoﬂ BETTER.

* REFERENCE STANDARD 190 CAN BE USED FOR THE

INSPECTION AROUND STEEL FASTENERS IN HIGH
PERMEABILITY STEELS.

(2.5)

)
-
S |

FASTEMER — 0.25 (6.40) DIAMETER FLUSH-HEAD
STEEL BOLT, SUCH AS BACB3I0JCB—-* (REFERENCE
STANDARDS THAT HAVE BEEN MADE WITH STEEL
RIVETS ARE SATISFACTORY FOR USEJ.

FASTEMER — 0.25 (6.40) DIAMETER FLUSH-HEAD
TITANIUM BOLT, SUCH AS BACB3ONYBK-*
CREFERENCE STANDARDS THAT HAVE BEEN MADE
WITH TITANIUM RIVETS ARE SATISFACTORY FOR
USE).

NOTCH — 0.005 (0.13) MAXIMUM WIDTH,
0.018-0.022 €0.46—0.56) DEPTH.

ETCH OR STEEL STAMP THE REFERENCE STANDARD
NUMBER THAT REFERS TO THE TYPE OF STEEL
IDENTIFIED IN THE MATERIAL NOTE.

REFERENCE STANDARD NDT1061 AND NDT1073 - FOR FLUSH~HEAD FASTENERS
DETAIL IV

Part 6
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———— 1,00 MIN ——=! 1.00 MIN 1.00 MIN ——=]
{25.4) (25.4) (25.4)

|

1.00 MIN
(25.4)
A T T~ A
‘t- <:!!l{i::::.h 1I!!:!::::;Th -ﬂl
1.00 MIN D’ D.
(25.4)

| .

1 2.500
(2.400

=S =

(2.5)

NOTES

REFER TO PART 1, 51-01-00, FOR DATA ABOUT

[{== FASTENER ~ 0.25 (6.40) DIAMETER EXTERNAL
THE REFERENCE STANDARD MANUFACTURERS

WRENCHING STEEL BOLT, SUCH AS BACBIONF4—*;

ALL DIMENSIONS ARE IN INCHES FLAT STEEL WASHER, SUCH AS AN960-416.
(MILLIMETERS ARE IN PARENTHESES). [i:::" FASTENER — 0.25 (&6.40) DIAMETER EXTERMAL
MATERIAL: FOR REFERENCE STANDARD NDT1062, e gl a el A g o S
USE 4130, 4140, 4340, &4330M OR 4340M STEELS AS ANDEOD—416 ’

CHEAT TREAT OPTIONAL). FOR REFERENCE .

STANDARD NDT1074, USE 301 1/2 MARD. [ NOTCH - 0.005 (0.13) MAXIMUM WIDTH,
SURFACE FINISH: %5/'on BETTER 0.018-0.022 (0.46~0.56) DEPTH.

REFERENCE STANDARD 191 CAN BE USED FOR THE [£=> e7cH or STEEL STAWP THE REFERENCE
INSPECTION AROUND STEEL FASTENERS IN MIGH g:*gg::t :EE:ERFT““TI§55§ESHI$ET“E THEE
PERMEABILITY STEELS. IFIED RIAL NOTE.

REFERENCE STANDARD NDT1062 AND NDT1074 - FOR PROTRUDING-HEAD FASTENERS

DETAIL V
Part 6
CMN NDT 51-00-00
Aug 5/05 Fig. 24
Page 11
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0.085 (2.2)
0.075 (2.00

1
f

(3.2) 0.125

I—DA .00 0.115 | |

NN
O ©
vy o

1.0 MINIMUM
€25.4)

L 0.105 (2.7
P—— 1.5 WIN ——o 0.095 (2.4)
(38.0) = 0.065 €1.7)
0.055 (1.4
VIEW A-A
NOTES
« REFER TO PART 1, 51-01-00, FOR DATA ABOUT
THE REFERENCE STANDARD MANUFACTURERS [{== wotcH ~ 0.005 (0.13) MAXIMUM WIDTH,
0.035 TO D.040 (D.90 TO 1.00) DEPTH.
« ALL DIMENSIONS ARE IN INCHES
(WILLIMETERS AKE IN PARENTHESES). E:3" ETCH OR STEEL STAMP THE REFERENCE STANDARD
NUMBER THAT REFERS TO THE TYPE OF STEEL
= MATERIAL: FOR REFERENCE STANDARD 192, USE IDENTIFIED IN THE MATERIAL MNOTE.
4130, 4140, 4340, 4330M OR 4340M STEELS
(HEAT TREAT OPTIONAL). FOR REFERENCE [L\) FASTENER — USE A FASTENER WITH A
STANDARD NDT1075, USE 301 1/2 HARD. HEAD DIAMETER LESS THAN 0.50 (13.03,

(3 LOCATIONS).
» SURFACE FINISH: 32/ oR BETTER. OCATIONSY

| REFERENCE STANDARD 192 AND NDT1075 — FOR CRACKS AT THE EDGE OF A STEEL PART
DETAIL VI
Part 6
>1-00-00 CMN NDT
Fig. 24 Dec 5/04
Page 12
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LIFT-OFF BALANCE POINT

NOTES:

THE SCREEN DISPLAY ABOVE SHOWS SIGNALS THAT OCCURRED WHEN A 200 KHI.
UNSHIELDED PROBE WITH A VERTICAL TO HORIZONTAL GAIN RATIOD OF 2:1, WAS USED.
DIFFERENT PROBES AND FREQUENCIES CAN MAKE THE NOTCH AND CRACK SIGNALS LOOK
DIFFERENT.

ALARM LEVEL. SET THE ALARM TO ALARM AT S0X OF THE VERTICAL HEIGHT OF THE
SIGNAL THAT QCCURS FROM THE REFERENCE STANDARD NOTCH.

SIGNAL FROM THE 0.020 INCH (0.50 MM) NOTCH IN REFERENCE STANDARD 185.

SIGNAL FROM A TIGHT FATIGUE CRACK IN A TEST PART OF 4340 STEEL THAT IS
HEAT TREATED TO 185 KSI.

EDGE EFFECT SIGNAL WITH AN UMSHIELDED PROBE.
PHASE AMGLE RANMNGE THAT THE 0.020 INCH (0.50 MM) NOTCH SIGNAL CAN COME INTO VIEW.

PHASE ANGLE RAMGE THAT A CRACK SIGNAL CAN COME INTO VIEW. THE PHASE ANGLE OF THE
CRACK SIGMAL CAN CHANGE A5 THE WIDTH OF THE CRACK CHANGES.

INSTRUMENT CALIBRATION AND ALARM ADJUSTMENT FOR HIGH PERMEABILITY
DETAIL VII

STEELS

Part 6
51-00-00
Fig. 24
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RS R WNNSNR A [N T NANME SN PRS-y (S PR SO,
- __.|._____'

- e o

LIFT-0OFF BALANCE POINT

NOTES:

THE SCREEN DISPLAY ABOVE SHOWS SIGNALS THAT OCCURRED WHEN A 150 KHZ,
SHIELDED PROBE WITH A VERTICAL TO HORIZONTAL GAIN RATIO OF 1:1, WAS USED.
DIFFERENT PROBES, FREQUENCIES AND GAIN RATIOS CAN MAKE THE NOTCH AND
CRACK SIGNALS LOOK DIFFERENT.

ALARM LEVEL. SET THE ALARM TO ALARM AT 50X OF THE VERTICAL HEIGHT OF THE
SIGNAL THAT QCCURS FROM THE REFERENCE STANDARD NOTCH.

SIGNAL FROM THE 0.020 INCH (0.50 MM) NOTCH IN REFERENCE STANDARD NDT1072.

SIGNAL FROM A TIGHT FATIGUE CRACK, APPROXIMATELY 0.020 INCH (0.50 mM) DEEP,
IN A TEST PART OF 301 1/2 HARD STAINLESS STEEL.

PHASE ANGLE RAMGE THAT THE 0.020 INCH (0.50 MM) NOTCH SIGNAL CAN COME INTO VIEW.
PHASE ANGLE RANGE THAT A CRACK SIGMNAL CAN COME INTO VIEMW.

INSTRUMENT CALIBRATION AND ALARM ADJUSTMENT FOR LOW PERMEABILITY STEELS
DETAIL VIII

CMN NDT
Dec 5/04
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PROBE GUIDE
(NONCONDUCTIVE CIRCLE TEMPLATE)

PROBE GUIDE
FLUSH HEAD

FASTENER

X
T

FLUSH=HEAD FASTENER
REFERENCE STANDARD

PROBE GUIDE USE FOR INSPECTIONS NEAR FLUSH-HEAD FASTENERS

NOTES

. USE THE HOLE DIAMETER IN THE PROBE GUIDE THAT WILL PERMIT YOU TO FIND CRACKS
THAT ARE 0.10 INCH (2.5 MM) IN LENGTH.

THE MINIMUM MOTCH LENGTH THAT CAN BE FOUND WITH THIS PROCEDURE IS5 0.10 INCH
(2.5 MM) FROM THE HEAD OF THE FASTEMER

FLUSH-HEAD FASTENER INSPECTION GUIDELINES
DETAIL IX

CMN NDT
Dec 5/04

BOEING PROPRIETARY - Copyright @& - Unpublished Work - See title page for details.




BOEING

NONDESTRUCTIVE TEST

PROTRUDING-HEAD FASTENER

I
PROTRUDING-HEAD FASTENER
REFERENCE STANDARD

PROBE POSITION FOR INSPECTIONS NEAR PROTRUDING-HEAD FASTENERS

NOTES
=  USE THE FASTENER HEAD OR WASHER AS A PROBE GUIDE.

[:::’THE MINIMUM NOTCH LENGTH THAT CAN BE FOUND WITH THIS PROCEDURE IS
0.10 INCH (2.5 MM

PROTRUDING-HEAD FASTENER INSPECTION GUIDELINES
DETAIL X

Part 6

51-00-00
Fig. 24
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CRACKS ALONG
THE RADIUS

STRUCTURE (REF)

TRANSVERSE SCAN
CRACKS ACROSS
THE RADIUS

e
WL

e
PENCIL
PROBE

PARALLEL SCAN
NOTES

STRUCTURE C(REF)

« HOLD THE PROBE AS VERTICAL AS POSSIBLE TO THE
SURFACE OF THE RADIUS.

« THE LENGTH OF THE CRACK THAT YOU WANT TO FIND
AND THE DIAMETER OF THE PROBE WILL SET THE

IMCREMENT DISTANCE FOR WHICH TO MOVE THE PROBE
BETWEEN EACH SCAN.

RADIUS INSPECTION
DETAIL XI

CMN NDT
pec 5/04
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NONCONDUCTIVE

STRUCTURE STRAIGHTEDGE

REFERENCE
STANDARD

N

NONCONDUCTIVE
STRAIGHTEDGE

NOTES

« POSITION A NOMCONDUCTIVE STRAIGHTEDGE A
CONSTANT DISTANCE FROM THE EDGE OF THE
STRUCTURE.

THE MINIMUM DISTANCE THE PROBE MUST BE FROM
AN EDGE IS5 RELATED TD THE DIAMETER OF THE
PROBE COIL AND IF THE PROBE IS5 SHIELDED OR
UNSHIELDED.

TO IDENTIFY THE MINIMUM DISTANCE THE PROBE
MUST BE FROM THE EDGE:

- CALIBRATE THE INSTRUMENT AS SPECIFED IN
PARAGRAPH &. USE REFEREMCE STANDARD 185
FOR HIGH PERMEABILITY STEELS. WUSE
REFERENCE STANDARD NDTI1072 FOR LOW
PERMEABILITY STEELS.

POSITION A NOMCONDUCTIVE STRAIGHTEDGE A
CONSTANT DISTANCE FROM THE NOTCHED EDGE
OF THE REFERENCE STANDARD

MOVE THE PROBE ALONG THE STRAIGHT EDGE AND
MONITOR THE DISPLAY. THE MINIMUM PROBE

TO EDGE DISTANCE OCCURS WHEN THE SIGMNAL
FROM THE WNOTCH FALLS BELOW 90X OF THE
SIGMAL YOU GOT DURING CALIBRATION. IF
NECESSARY, BALANCE THE INSTRUMENT AGAIN
BUT DO NOT CHAMNGE THE CALIBRATION
SENSTITIVITY.

INSPECTION NEAR AN EDGE
DETAIL XII

Part 6
51-00-00
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/ CRACK

A o DOUBLER

L|] ( < m_l_:b i
— /L; \
=) =/

v’
/ ||
)
NONCONDUCTIVE O O O/.
STRAIGHTEDGE DOUBLER

SKIN

STRAP

REFERENCE STAMDARD

NONCONDUCTIVE ff

STRAIGHTEDGE \%

NOTES

* POSITION A NONCONDUCTIVE STRAIGHTEDGE A
CONSTANT DISTANCE FROM THE EDGE OF THE PART
TO BE EXAMINED.

THE MINIMUM WIDTH THAT THE STRUCTURE MUST BE
SO0 THAT YOU CAN IDENTIFY CRACKS IS RELATED
TO THE DIAMETER OF PROBE COIL.

TO IDENTIFY THE MINIMUM WIDTH THE STRUCTURE
MUST BE BEFORE YOU CAN EXAMINE IT FOR CRACKS:

= CALIBRATE THE INSTRUMENT AS SPECIFIED IN
PARAGRAPH 4. USE REFEREMCE STANDARD 185
FOR HIGH PERMEABILITY STEELS. WUSE
REFERENCE STANDARD NDT1072 FOR LOW
PERMEABILITY STEELS.

- PUT A NONCONDUCTIVE STRAIGHTEDGE A COMNSTANT
DISTANCE ALONG A NOTCHED PART OF REFERENCE
STANDARD 192 FOR HIGH PERMEABILITY STEELS
OR REFERENCE STANDARD NDTI107S FOR LOW
PERMEABILITY STEELS. SET THE STRAIGHTEDGE
S0 THE PROBE WILL BE CENTERED ON THE
MOTCHED PART

MOVE THE PROBE ALONG THE STRAIGHTEDGE AND
MONITOR THE DISPLAY. THE MINIMUM STRUCTURE
WIDTH IS IDENTIFIED WHEN THE SIGMAL FALLS
BELOW S0X OF THE SIGNAL YOU GOT DURING
CALIBRATION. IF MECESSARY, BALANCE THE
INSTRUMENT AGAIN BUT DO NOT CHANGE THE
CALIBRATION SENSITIVITY,

INSPECTION ON AN EDGE
DETAIL XIII

CMN NDT
bec 5/04
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EFFECTIVITY

MODEL: ALL NONDESTRUCTIVE TEST

PART 6 - EDDY CURRENT
CRACKS IN SKINS BELOW FLUSH HEAD RIVETS

Purpose

A. To find cracks in skins that extend from fastener holes below flush head rivets, without removal
of the rivets.

2. Equipment

A. The Foerster Rivet Check was used to prepare this procedure. Other automatic
scanners are permitted if they can do the calibration specified in this procedure.

NOTE: See Part 1, 51-01-00, for data about the equipment manufacturers.

B. Probe

(1) Use the manufacturer's probe that comes with the scanner equipment. The probe scan
radius must be correct for the fasteners to be examined.

C. Reference Standard

(1) Use reference standard NDT1071-D-t,/t;. See Detail 1. The reference standard number
includes data on the part structure as specified below:

NOTE: This reference standard is the same design as the NASA reference standard in
the Standard Practice Manual (SPM, Document Number MDC 93K0393) for
McDonnell Douglas aircraft. Refer to SPM procedures 06-00-03, 06-00-06, and
06-20-01,

The "D" code identifies the diameter of the fastener shank, in 1/32 inch increments, of
the inspection fasteners. The fasteners in the reference standard must be the same
diameter as the inspection fasteners.

The " ty/ty" code shows the first layer and the second layer thicknesses of the
reference standard in thousandths of an inch. For this high frequency inspection
procedure, it is not necessary for each layer of the reference standard to fully agree
with the airplane structure.

(2) The NDT1071-5-080/040 reference standard is the same as many Boeing skin laps on
Boeing 737 and 727 airplanes.

3. Preparation for Inspection

A. Do acheck of the inspection area for magnelic fasteners, protruding-head fasteners, or
fasteners that are larger than usual. You must use an alternative procedure to examine
these areas.
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B. Measure and make a record of the head diameters of the nvets in the inspection area.

Instrument Calibration
Connect the RivetCheck cable to the RivetCheck scanner and laptop computer.
Energize the laptop computer and start the RivetCheck software.
Push the “test config” button,

Identity the diameter of the rivet head in the instrument data entry window. Make a record of
the scale adjustment after you identify the diameter of the rivet head.

Identify the adjustment screws on the bottom of the scan head. Use a flat-bladed screwdriver to
unlock the small lock screw, then turn the large adjustment screw until the index mark aligns
with the correct number on the housing. The number must be the same as the scale
adjustment on the lap top display. For example: for a rivet head diameter of 0.238 inches

(6 mm), the adjustment must be 2.2.

Tighten the lock screw.

Loosen the adjustment screw on the side of the scan head housing to adjust the Iiftoff as
follows:

(1) With the probe on a flat surface, turn the support ring until the probe touches the surface.

(2) Then lurn the support ring two increments clockwise to lift the probe from the part by 0.010
inch (0.25 mm). Each increment mark on the support ring is equivalent to a 0.005 inch
(0.13 mm) lift of the probe.

Tighten the lock screw on the side of the housing.

Set the test depth to “top layer”.

Set “save delay” to 0.500 seconds.

Set "lile mode”, *file prefix", and *file index" as necessary Refer to the instrument instruction
manual.

Click "ext”.
From the subsequent screen, click “test”,

Click “motor on",
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When the dialog box comes on the screen, put the rotating probe in calibration position A on a
good area of the skin matenal to be tested This area must not have a rivet head near the
probe. See Detail Il, view A.

Press the button on the side of the test head (the scanner head button) and monitor the display
{see Detail Il, view B). Do not move the probe head until you hear a “beep”,

At the subsequent dialog box, align the rotating probe at calibration position B (see Detail lll,
view A) on a good rivet in the reference standard. Use the vector signal that occurs in the left
side of the display to help you center the probe head. See Detail I, view B.

NOTE: You can adjust the “rotate” control until the probe head movement direction agrees
with the vector signal direction on the display.

Press the scanner head button. Do not move the probe head until you hear a "beep”.

At the subsequent dialog box, hold the probe in air at calibration position C. See Detail IV,
view A,

Press the scanner head button and monitor the display (see Detail IV, view B). Do not move
the probe head until you hear a “beep”. The instrument is now ready to find cracks.

Press and release the scanner head button.

Align the probe at position D on the reference standard. See Detail V, view A.

(1) The computer display will “freeze” when the probe is aligned. The reference standard
notch signal will show on the wavelorm display, as well as a "flaw peak value”. See
Detail V, view B.

Make a record of the signal height and the flaw peak value.

NOTE: It is not possible to adjust the gain level of the instrument.

Press the scanner head button and align the probe at position E on the reference standard.
The computer display will "freeze” when the probe is centered. See Detail VI, view A,

Make a record of the waveform signal and the flaw peak value. See Detail VI, view B.

Press the scanner head button and align the probe at position F on the reference standard.
The computer display will “freeze” when the probe is centered. See Detail VII, view A.

. Make a record of the wavefarm signal and the flaw peak value. See Detail VI, view B.

.- Adjust the threshold control to 10 mV. The flaw peak values with the probe at positions A and
B must be above 10 mV. If they are not, do a check of your calibration adjustments, the probe
rotation adjustment, and the ift-off adjustment,
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Inspection Procadure

A. Examine skin layers for cracks in areas where the fastener diameter is the same as the
fastener diameter of the reference standard for which the instrument was calibrated. If there
are fasteners that are larger or smaller in diameter than those you used for calibration, then you
must calibrate again using a reference standard with the correct fasteners.

Align the rotating probe on each rivet in the inspection area. The instrument display will
“freeze” when the probe is aligned correctly above the rivet.

During the inspection, monitor the raw signal (left side of the display) for bulges and the
waveform signal (right side of the display) for sharp peaks. These are indications of cracks.
The data that follows was recorded from cracked structures. This data can be used as
raference data, to help identify cracks:

(1) Display from a 0.040 inch long crack (see Detail V).

(2) Display from a rivet with a 0.040 inch long crack at 90 degrees and a 0.050 inch crack at
260 degrees (see Detail IX).

{3) Display from a 0.060 inch long crack (see Detail X).

If the instrument alarm is triggered, save the crack indication signal. Use an applicable file
name that identifies the crack location.

If the rotating head is not positioned above the center of the rivet (see Detail XI, view A), an

off-center indication will show on the display. The raw signal will be asymmetrical and the
waveform display will show large peaks which lock almost the same as crack signals. See
Detail XI, view B. The instrument display will not “freeze” when this occurs.

6. Inspection Resulls

A. A waveform signal that is more than 10 mV is a crack indication and the inspection area must
be fully examined.

To make sure there is a crack, you can remove the fastener and examine the countersunk hole
area. Referto:

(1) Part 6, 53-30-00, Figures 1, 3, or 4 (707, 727, 737, 747 NDT Manuals).
(2) Part 6, 53-30-02, 53-30-03, or 53-30-04 (757 NDT Manual).

(3) Part 6, 53-30-01, 53-30-02, or 53-30-03 (767, 777 NDT Manuals).
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