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gﬁﬁ‘ Modern warfare rvequires that U.S. troops be capable of firing an artillery
il round with such accuracy and reliability that the payload ot the first round
3§5$ ) fired will destroy the target. This goal has become the highest priority for the
?.3 quality assurance team in the fabrication of munitions. ‘To achieve this goal,
S0 engineering has made many innovations in the design and ftabrication ot projec-

tiles (e.g., thinner walls for increased payload, smoother machined surfaces for
accuracy, heat treat/stress relief processes, elimination of flaws (cracks) to
prevent malfunctions, geometry changes, etc.).

The development of a nondestructive inspection (NDL) method to detect flaws
reliably in a production environment is a continuing quality assurance task. The
automated magnetic flux leakage inspection system (AMFLLS), one of the tools
designed to achieve this task on the production line, is capable ol inspécting

_i% the M483Al1 projectile body reliably at a rate of approximately 125 per hour using
'2@ only one inspector. The AMFLIS will provide cost savings of $360 « per year*
’Mfﬁ‘ over the present M483A1 inspection method at the Mississippi Army Ammunition
Sy Plant (MSAAP) which employs five inspectors at approximately 70 projectiles per
- hour, Under the MMT program, a project was ftunded to design and fabricate an
Q'd AMFLIS (phase 1), perform an application test (phase 2), and deliver the ANFLLS
_}ﬁﬁ to MSAAP for debugging and implementation on the production line (phase 3).
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'3’; INTRODUCTION |

;*&r

g The application of the magnetic ftlux leakage principle for flaw detection

:b“ was first developed in the 1930s and was knowan as magnetic particle inspection

Oy ¢ (MPT). MPTI is still used to 1inspect the M483Al1 projectile body at the

h p Mississippi Army Ammunition Plant (MSAAP). MPL applies a tine powder of iron

il particles to the surface of a magnetized projectile body. The particles are
attracted by the magnetic field gradients in the vicinity ot the flaw and tend to

Vé adhere to the surface, visibly indicating the presence of flaws. Some disadvan-—

'¢? tages of the MPL method are: (1) it requires visual (subjective) inspection of

_é surfaces that are not readily accessible, (2) there is an absence of a permanent

b0 -4 quant itative record of inspection, and (3) it requires a high-frequency magnetiz-

o ing current which limits the method or technique capability to near-surface flaw
detection.

gﬁf The magnetic flux leakage technique used in the automated magnetic flux

N leakage system (AMFLIS) for detecting flaws (discontinuities) in the M483Al pro-

y;} jectile body "is based on the fact that a near surtace discontinuity in the geom—

;*1 etry of a magnetized body produces a local perturbation or flux leakage in the
field just outside the surface of the body."* The magnitude of this flux leakage

;N‘ field across the discontinuity/flaw is directly related to the depth of the flaw

£l and is not limited to near surface flaws (fig. l).

S

Py " The induction of flux lines into a ferromagnetic material is terwed magnet-

ization. The various types of magnetizing methods used in the AMFLLS are related
to the material and the tests which are conducted and are classified as follows:

1. Trausverse Magnetization. Flux lines enter the material trom one
pole in a direction normal to the surface. The Llines divide equally and flow
circumferentially around two segments of the M483Al shell and exit normal to the
surface through a second pole directly opposite the first pole. Transverse mag-
netization is used to detect (intersect) longitudinal discontinuities/tlaws which

s are parvallel to the M483Al shell axis.

Y »

% 2 2. Longitudinal Magnetization., Flux lines in the material flow paral-
Ko lel to the axis of the M483Al. Longitudinal magnetization 1is used to detect

0y (intersect) discontinuities which are circumferential or normal to the M433Al
axis, and are called transverse discontinuities/flaws.

3. Vectored Magnetization. Flux lines in the material flow skewed to
the axis of the M483Al. Vectored magnetization used to detect (intersect) trans-
verse or circumferential discontinuities can also intersect and detect longitud-
inal discontinuities.

* Excerpts from Southwest Research Institute Technical Report NTIAC-8U-1, January
1980.
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Bach of the above magnetization methods can be cither:
l. Active, when the magnetizing force is maintained during the test, or
2. Residual, when the magnetizing force is rewoved during the test,

If the M483A1 body is magnetized and brought up to near saturization, both
longitudinal and transverse (circumferential) discontinuities on the outside
diameter (o.d.), inside diameter (i.d.), and within the walls are capable of
being detected. The o.d. and i.d. defects are distinguishable by the flux leak-
age distribution pattern which results in a specific flaw Lrequeucy.

A flux leakage ftield can be detected by various types of sensors. The in-
ductive coil sensor used by the AMFLIS is independent of temperature and supply
voltage and current, and is highly stable. This type of sensor is incorporated
into a multiprobe design which can take on any configuration, including the
M483Al1 projectile contour. Switching techniques enable the selection of the
desired individual probe for zone identification as well as variable gain.

Five shell standards have been provided for setup and calibration refer-
ences, Each standard contains a calibration electro discharge machined (EDH)
notch of a specified length, width, and depth (determined by a fracture mechanics
analysis) for each of the eight M483A1 shell zones (fig. 2). Each standard is
used for initial calibration of the zone gain calibration pots for each instru-
ment channel. The standard is manually scanned by each zone's probe yroup to set
up the gain pots for that zone and the appropriate instrumeat channel(s). Once
all zone gains are set, actual testing of the M483Al shell can begin., By record-
ing the signals from the setup on a chart recorder, it is possible to verify that
each (EDM) notch standard in each zone has been adequately represented as an
output threshold trigger. Repeated tests ensure that the AMFLLS rewains properly
calibrated,

OPERATION

The automatic M483Al1 projectile body tester is custom designed to automati-
cally inspect and test 155-mm shell bodies, using magnetic tlux leakage. ‘the
device detects metal defects exceeding specified volumetric limits, makes depth
measurements, and automatically accepts or rejects the shell bodies. Lt uses a
combination of electric motors and pneumatic cylinders to pick up the shell
bodies, one at a time, from the load station, transfer them to a test station,
and automatically separate them onto either an accept or a reject station
conveyor,

The inspection is performed by the following groups ot probes:
l. Longitudinal i.d.

2. Transverse i.d.

- -_1.-_" -‘\..".-‘\ - "." S PR \_" ™ \'.‘_.‘ DRI .“'_.\:.;

R A - " e . - - - .
ARV LA TR L T RV Y L VR A T & TR P R




-+
) S

e,

ol

N DN %, o i ol st T, ’ R I N
qu A - Ty T S B Py " -.-._<- ..\.

v WS A A AR LA AN
FRR  [aSaSSE PNt XN

. Ay Ae-by fo e
AR AR
.s.. _.‘- A, oy

Shell standard zones A through H for projectilce M483A1

~

~N

[

E™

20

-

[&
Ry Ay u %y 4y "nd (et 3w P Sl N B ST I | vy v ¢ MRS J
AN P T Sux ~| LT SR o B el
gy OOy [N RN ~




3. Transverse o.d. moving

4. Transverse H zone-fixed (single probe)

9. Transverse o.d. A zone-tixed

Each group is designed to inspect specitic areas ot the shell body at pre-
selected sensitivity levels. For this purpose, eight separate areas, designated
A through H along the length of the shell, are inspected tor defects ot orienta-
tion, depth, and location (fig. 2)

The entire system is operated in an automatic or wmanual mode by means of an
Allen Bradley programmable controller, which not only coatrols the mechanical
movement of the shell, but also coordinates the required changes in instrument
settings as the test cycle progresses.,

Mechanics of the System

Main Test Assembly (figs. 3 and 4)

This includes the main test assembly frame (35), the movable probe as-
sembly (26), the magnetization assembly (7), the probe assembly drive motor (24),
zone H probe assembly (32), zone A probe assembly (33), the rotary mechanism (4),
rotary motor (5), and the clamp unit (13).

When a shell body is lifted into test position by oune of the cradles in
the load and carriage assembly, the clamp unit (13) locks the shell against the
rotary wmechanism (4), causing the shell to rotate. The probe assembly drive
motor (24) pushes the movable probe assembly (26) and magnetization assembly (7)
into and over the shell. Internal probes are mounted on a mandrel which moves
through the rotary mechanism into the shell; an external probe woves along the
exterior of the shell, in conjuanction with two transverse and two longitudinal
electromagnets which provide the varying magnetizing ficlds required. The zone H
probe assembly (3) is pivoted into position under the base end of the shell. The
zone A probe assembly (33) travels with the clamp of the clamp unit, then pivots
into position under the nose of the shell. All probes are activated into test
position or moved back from the shell surface by means of individual air
cylinders.,

The test may be performed during the forward drive of the wovable probe
assembly or during its retraction. When all probes are sately removed from the
surface or retracted into the rotary mechanism, the cradle is raised to catch the
shell and the clamp unit releases it.

Attached to the main test assembly frame are tihe items required for
controlling and monitoring the system. A visual display board (28) shows the
position of each group of probes as they travel into and over the shell., The
flaw light (31) indicates detection of a flaw by flashing red. The jam light
(32) indicates a malfunction with a steady red glow. Mounted on top of the




frame, both lights are visible from all sides. The main air dump valve and fil-
ter-regulator—lubricator (25), together with actuating valves ftor each air cylin-
der, are mounted generally on the left side of the frame. However, the clamp
unit and zone A probe assewbly have separate pressure regulation and actuating
valves adjacent to each other on the right side of the frame.

Load and Carriage Assembly

This includes the carriage (29) mounted on linear ball bushings and hard
rails which allow it to be driven from position | (fig. 3) to position 2, in
which the second cradle (9) is located at test position, and the first cradle
(11) is located between the rolls of the main transfer conveyor (34). Each of
the two cradles is driven up and down by a separate air cylinder with appropriate
activating valve. This hardware travels on the main carriage. A welded frame
provides the supporting structure. The incoming feed track (1)) is also a part
of this assembly.

shell bodies are loaded on the inclined incoming feed track and roll
into pickup position, Sensors check to determine correct position and adequate
parts supply. The second cradle (9) is raised, picking the shell otf the teed
track. When the carriage moves, the shell 1s woved into test position, and an-
other shell rolls down the feed track into load position.

The shell previously tested is dropped into the lirst cradle (11), and
the same shuttle movement of the carriage transters to a position immediately
above the main transfer conveyor, When the ftirst cradle (ll) is lowered, the
shell rests on the conveyor rolls and is driven into the accept station or the
reject station based on the test decision.

While the shell is clamped in the test position, the second cradle (9)
is lowered.  When both cradles are down, the carriage is driven to its initial
load position, The second cradle (9) then clevates to pick the next shell from
the incoming track and the other cradle (11) elevates to catch the shell released
after the test.

Limit switches are mounted on the welded frame or carriage to assure
that the cradles either are up or down and to confirm the location of the car-
riage as a precondition to the continuing cycle.

Accept Station Assembly

This includes a welded steel ftrame with conveyor rolls (21), accepl
throw-olf arms (22) operated by an air cylinder, and the associated actuating
valve. The stamp urit (23) is mounted over the conveyor rolls so that any shell
reaching the ond posttion on the accept conveyor will be stamped betore throw-
off. The stamp action and throw-ott action are initiated wien a proximity switch
senses that the shell is in correct position., An inclined chute is supplied as
part of the welded frame, and accepted shells roll down this chute atter throw-
off.
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‘1 LEGEND: 1 Dual rotoflex instrument consoles 19. Demagnetization coil (model 750-3)
'N 2. Probe calibrator box 20, Conveyor drive motor

3. Demagnetization control panel 21. Accept station
- 4, Rotary mechanism 22, Accept throw-off arms
ol 5. Rotary motor 23. Stamp unit
4% 6. Probe calibration and selection panel 24, Probe assembly drive motor
P 7. Magnetization assembly 25. Air filter-regulator-lubricator
| 8. Control console 26. Movable probe assembly
% 9. Cradle 1 27. Main disconnect switch
i 10. 1Incoming feed track 28. Visual display board
11. Cradle 2 29, Carriage
- 12. Main control enclosure 30. Jam light
LY 13. Clamp unit 31. Flaw light
’ 14, Paint spray (marker unit, model 169) 32. Audible flaw alarm
1 15. Reject station 33. Audible jam alarm
9 16. Reject throw-off arms 34. Main transfer conveyor
17. Demagnetization control enclosure 35. Main test assembly frame

18. Demagnetization transformer enclosure
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Figure 3. Layout of the automated magnetic flux leakage inspection system (AMFLIS)
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Figure 4. Automated magnetic flux leakage inspection system (AMFLIS) .
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;:,&: Demagnetization (Demag) Station Assembly
3;:;@
}* ! This includes a welded steel frame, which supports the dewmag coil (19),
5&* suitable conveyor rolls, and a conveyor belt to transport the shell through the
3&%, demag coil, and the conveyor drive motor (20). the mtor supplies bi-directional
ﬁﬁa_ chain drive for the accepta nd reject stations as well as lLor the demag scation,
so that the conveyor rolls all drive in the scame direction at the same time.
Wl Suitable chain guards are included.
ey g
R
}“ '7'
"i? Reject Station Assembly
]
o This includes a welded steel frame containing conveyor rolls and the
,;é’ reject throw-off arms (l6). A paint spray (l4) is located above the rolls in
i%ﬂh such a position that all shells are marked with paint betore leaving the station.
K A sensor at the end of the conveyor senses that the shell is in correct position
3&@ for both marking and throw-off. An inclined chute is part of the welded steel
- frame, and allows the reject shells to roll down atter throw oft.
‘ . \d
[
N
‘\‘ Controls
)
'
e
The buttons on the control console function as follows:
W
iy Buttons Functions
0
§ ) . .
:?lzy Power "on” pushbutton Turns electrical power on to machine.
Rt
Power warning lamp Indicates status of power (power “on" when
:“,‘Q lit ) .
X)
! / Master stop pushbutton Turns all machine power off.
1Yy
L) y . ¥
B Main air "on™ pushbutton Turns air on to wachine.
Wy Main air "otf™ pushbutton Turns air oft to machine,
g
{ ;- Main air lawmp Indicates status of air (power "on” when lit).
Yo Rotor motor "on” pushbutton Turns rotor motor “on,"”
i Rotor motor “off"” pushbutton Turns rotor motor "oft.”
’ »
% Rotor motor lamp Indicates status of rotor motor.
} { Conveyor motor “on" pushbutton Turns coaveyor wotor “on.”
XY Conveyor motor "off" pushbutton Turns conveyor motor "off.”
e
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i
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Conveyor motor lamp

Power supply "on" pushbutton

Power supply "off"™ pushbutton
Power supply lamp

Probe drive "on"

Probe drive “"off"
Probe drive lamp

Jam lamp

Jam reset pushbutton

Flux/rpm override lamp

Flux override selector key
switch (normally off)

Override selector {(rpm) key
switch (normally off)

Standard test override
selector key switch
(normally off)

Mode reset pushbutton

Manual marker pushbutton

Jog pushbutton

Automatic lamp
Automatic pushbutton

Manual drive selector switch

Rl sal ke pt VAR Ala aée Al

Indicates status of conveyor wotor.

Turns power "on” to electromagnets.

Turns power “"off" to electromagnets.

Indicates status of power supply.

Turns on power to drive unit.

Turns off power to drive unit.

Indicates status of drive.

Indicates machine jam.

Allows machine to resume automatic operation.
(Jam must be cleared in manual wode beftore

automatic operation can he resumed.)

Indicates status of rpm and flux override se-
lector switch.

Allows automatic operation with incorrect flux
level. (Should be on only when trouble shoot-
ing equipment.)

Allows automatic operation with incorrect rpm.
(Should be on only when trouble shooting equip-

ment.)

Allows test cycle to be completed, when detect
is detected.

Resets machine cycle.
Permits manual operation of paint sprayer.
(Paint sprayer will not operate ir piece is not

present.)

Allows manual operation of probe drive assem-
bly.

{ndicates machine is in automatic operation.
Sets machine for autoumatic cycle,

Permits manual selection ot probe drive scan
direction.

10
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Cycle start lamp

Cycle start pushbutton

Cycle stop pushbutton

Manual Llamp
! Manual pusbutton

pushbutton

Manual accept

Manual cradle carriage

selector switch

Clamp selector switch

Manual reject pushbutton

Manual cradle 1 selector switch

Manual cradle 2 selector switch

-
BCA ”
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lndicates wachine is in running position.

cycie will not
in place on the
sensor is ener-

Starts machine cycle. (The
start until the part piece is
load track and the full track
glzed. The probe drive with magnet assembly
and carriage are in home position; cradle 1 and
cradle 2 must be in the down position, and all
required functions for the machining cycle must
be activated.)

Will stop machine cycle. (Machine will stop at
ead of cycle.)

Indicates machine is in manual mode.

Set machine for manual operation. (Manual
pushbutton must be “on” to operate all other
manual operation,)

Permits manual accept throw-ott to operate.

Lifts part off conveyor and into accepl chute.

Permits wanual operation of cradle carriage

(1. Cradle carriage caanot go forward unless
conveyor is "on,” 2. <Cradle carriage cannot
be returned to home position unless cradles |
and 2 are dowu.)

Permits manual operation of part clamp. (I,
Clamp cannot be released unless cradle 2?2 is in
"up" position. 2, Clamp cannot be clamped
unless cradle 1 is in "up” position.)

Permits manual reject throw-oft to operate.
Lifts part off conveyor and into reject chute.

Permits manual operation of cradle 1. (1.
Cradle will not go to up position, unless cra-
dle carriage is in home position. 2. Once

cradle is in the up position, cradle cannot be
lowered unless cradle carriage goes to extended
position.)

Permits manual operation of cradle 2, (L.
Cradle will not go to up position unless cradle
carriage is in home position. 2. Once cradle
is in up position, cradle caunnot be lowered
unless cradle carriage goes to extended posi-
tion.)
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Manual i.d. probe sclector Permits manual operation of i.d. probes.
switch loads L and TID (Manual o.d. probes will not operate when
internal scanning probes probe drive is in home.)

Manual o.d. probe selector Permits manual operation of o.d. probes.
switch (momentary - must be (Manual o.d. probes will not operate when
held on) Positions: probe drive is in home.)

Moviny - Loads T-0b
scanning probes
Fixed - Loads T-OD zones
A and H fixed probes

Conveyor selector switch Permits manual operation of conveyor to control
direction of conveyor in manual mode.

Manual stamp pushbutton Permits manual operation of stamp unit. (Stamp
unit will not operate if piece is not present.)

Hour timer Records number of operating hours.

Accept counter Records number of accepted parts.

Reject counler Records number of rejected parts.

Manual probe selector switch Permits manual selection on part zone to be
tested.

TESTING AND RESULTS

The AMFLIS was designed, fabricated, and delivered to Chamberlain Manufac-
turing Corporation (CMC), New Bedford, Massachusetts, an M483Al projectile body
manufacturer. The AMFLIS was installed off the production line. An acceptance
test of the ten MPIl-accepted projectiles and the five AMFLIS standards was run
repeatedly for 14 hours. The system was conditionally accepted by the government
(app A) in December 1982,

The application of magnetic flux leakage to the inspection of artillery
projectile bodies is new. Production exigencies and the high rate of inspection
(125 shells per hour) could stress any design. HBecause of this, an application
test (AT) was performed at CMC to reveal any shortcomings of the AMFLLS by actu-
ally performing inspections of the M483Al body. CMC's newly purchased prototype
M483A1 ultra-sonics production inspection system and MPT (presently used by CMC
in production to inspect the M483A1) were also used in the Al.  Inspection data
obtained from the three nondestructive inspection methods were analyzed and com-
pared for accaracy, reliability, and repeatablility.

The application test (app A) was wmoditied due to peometry ditferences be-
tween the M483Al as manutactured by CMC and the proposed projectile body to be
manufact .ced by the MSAAP, Picayune, Mississippi. The AMFLLS to be installed at

12
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W
t‘l %‘
.
‘.~
e MSAAP was designed and fabricated to inspect the M4B3Al projectile Lo be produced
;3' there,
T W
The results of the AT revealed the following two shortcomings of the AMFLLS
Ak (app A and B): (1) the AMFLIS did not tind radial cracks (detects) in the M483Al
SH' ‘ projectile band area, and (2) the AMFLIS was not repeatable.
Wy
".‘}l’. Un completion of the AT, the AMFLIS was delivered to MSAAP where it was
Vet installed oft the M483Al projectile production line for debugging. Modifications
were made to the probes, electronics, calibration procedure, and the AMFLIS pro-

gram by MAC to correct the two problems. A debug test was performed to see it

g these shortcomings were corrected and to confirm Lhat the AMFLIS was a viable
nondestructive inspection system for detecting defects in the M4B3Al projectile

;é body produced by MSAAP,

e

The results of the debug test completed in Uctober 1984 are summarized

R below:
~
thaY
w;.: a. Sample utilized in the debug test:
bl 46 MPL (MSAAP) rejected projectiles
-— 10 MPI (MSAAP) accepted projectiles
;:’.’n"t 7 MPL (CMC, New Bedford) rejected projectiles.
I
LA
‘:" ¥ b. Of the ten acceptable projectiles, AMFLIS tound one that had a flaw
:".'. (inclusion of 0,140 in. deep beneath the surface) when the projectile was cut.
“;'..l.}.,

c. Of the seven (CMC) ©projectiles, AMFLIS found five to be
N acceptable. One of the projectiles was cut and it was verified that a transversc
3 rejectable flaw adjacent to the band was found by the AMFLIS.

%% d. Of the 46 MSAAP (MP rejectables) projectiles, the AMFLLS tound 11
Wity projectiles to be acceptable (five runs). Twenty-six of the 46 were cut up and
all rejectable flaws wcre found by the AMFLIS.

Ak CONCLUSIONS AND RECOMMENDATIONS
\)

’ The AMFLIS results show that it is a viable nondestructive inspection tech-
_-,-f nique for inspecting the M483Al projectile for defects and should bhe woved into
; the production line for long term evaluation.

; -\‘: 13




APPENDIX A
EXCERPTS FROM APPLICATION TEST REPORT LW 1983 FOR

AUTOMATED MAGNET1IC FLUX LEAKAGE INSPECTION SYSTEM

Chamberlain Manufacturing Corporation
New Bedford Division
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oy I.  INTRODUCTION
'#k) This report includes and interprets the results of the application test
§§”l for the automated magnetic flux leakage inspection system.

"

’l

a% Since only 150 of the 500 shells population contained no counterbores,
ifz only the 150 shells without counterbores were tested. However, each
Nk shell was tested three rather than two times.

i

ﬁx: Because of the inability to correlate the flux leakage indications with
;3: magnetic particle, visual, and ultrasonic indications only one shell was
0

[

ar? sectioned. This shell was also x-rayed and no indication was detected
1 U

,ﬂﬁ at the location predicted by flux leakage. In addition, five shells

- were x-rayed without sectioning and only faint indications were present
iﬁ on three of the shells in the zones containing magnetic flux rejects. A
.ilﬁ study subsequently presented by the equipment vendor makes the claim

e that correlation between the equipment visual display and reject

it

f£; location was not understood. However, their claims are not precise or
[) '_‘»-.

.}’ well documented.

Ly

g3

1:§ Summarizing the results herein, we found poor repeatability in the equip-
? § ment responses. The equipment also apparently failed to detect (or

improperly locate) several flaws detected by ultrasonic and magnetic

:ﬁ: particle testing and verified during destructive testing.

o

T

i I1.  SUMMARY OF MAGNETIC FLUX RESULTS




Fal W

;s . . . - :
.;,_‘: In this section we summarize the Magnetic Flux results presented in
AN

A .

s Section VI.

e L7 .

v
>
:;,1 , The results summarized here are for the dynamic tests conducted after
‘. *ﬁ
3,'-?'?, the recalibration and tuning performed by the equipment vendor. The
o system adjustments were necessary because of an excessive false alarm
)
to
B ‘ﬂ rate in the F1 and Gl zone. Each shell was run with the following
A
Ny
’ N
O results.
T
&85 # Of Shells # of Shells # of Shells  # of Shells
T -
"{ # of Missing Accepted Once Accepted Twice Rejected Accepted
LV
—t Shells Rejected Twice Rejected Once Three Times Three Times
!‘".‘;{
::1_'-'.'
- 4 23 26 45 52
oy (#'s 22, 95
5uS
2 104, 118)
N
e:l
R
]-' These results represent poor repeatability. Indeed even the shells
- which rejected more than once did not produce the same indications for
R
2-} each run.The results of tests conducted at reduced sensitivity are
1
a‘ contained in Section VI.
Vs
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I11. CRITIQUE OF RESULTS

s As shown in the previous section, there is poor repeatability in the
?”N magnetic flux results. There is, therefore, poor signal to noise in the

o1 system overall. The origin of the noise is not known.

;'{, Referring to section VII which contains the results of destructive
b A,

é% testing of twenty-five shells which were rejected by ultrasonic and
magnetic particle testing and subsequently tested with the AMFLIS

equipment, we find the following results.

Shell # Defect Flux Leakage Results

‘- 1 radial crack not seen by MFL

near band

5 9 radial crack " £oono

P near band
’F§ ]3 craze CraCk 1 " " "
,,\:. ]7 radia] CraCk " " " ”"

) 20 radial crack " L

o
R Sl

21 radial crack " " .o

€ 1
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radial crack

46

59

73

craze

75

109
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radial crack

120

.
)

v

craze crack

121

I e e

radial crack

126

21
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-
%l Shell # Defect Flux Leakage Results
‘
= 140 craze crack " L
~
) 141 craze crack " woomon
143 radial crack " oo
! I
"\ 1 50 n n " n " "
?“ Thus, the system failed to detect several documented flaws that were detected
by both magnetic particle and ultrasonic testing. The possible causes for
- this failure are poor sensitivity to these flaws or unknown correlation
between system indications and flaw location on the shell.
] - i
9!
)
.
) IV.  EVALUATION OF AMFLIS EQUIPMENT

As noted in Section IX, RAM Records, few system problems were
experienced at New Bedford prior to testing. As indicated in the
previous section there is poor repeatability in the results consistent
with the apparent failure to reliability detect known flaws. In

;, addition certain system inconsistencies become evident during testing.
The following inconsistencies were observed in the threshold level:

[ 27
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RUN # SHELL # RESULTS
1}% X 2 n9 reject at 1.6 blocks
2 141 reject at 1.2 blocks
el
aEAL
S
SRy 2 143 no reject at 2.7 blocks
S8 2 140 reject at 2.0 blocks
A
-
. 2 137 reject at 2.0 blocks
ST
9586
s>
488 .
S5 ] 120 reject at 1.8 blocks

it 4 '). ? N
ante

A
b "
v
'
Talfalll

4

[

These results are inconsistent with the threshold level of 2.5 blocks.

After consideration by the equipment vendor of the failure to locate

ll\'l

ia{ flaws in the zones with flux Yeakage reject indications, the vendor

129

:éﬁf presented an analysis which claims to locate the flaws by an indirect
— interpretation of the display results. The analysis adds or subtracts
R

&

Ay

- > L. 8
LAAAN

N
02

180° from the observed results and incorporates an unknown angular

offset. The origin of the offset is assigned to filter phase shifts.
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\’"i

ggﬁ? At this point these claims are not adequately documented. Even if they
" -

%gé; were valid, the awkward and imprecise correlation between shell position
R '

X ' and equipment indication is a major system liability. If these claims
e

,§ g can be documented the system display shold be altered so that the

. LN

3 fc equipment operator does not have to deal with this issue.

IA'I. .

ENY

L)

% V.  EQUIPMENT

a“ d

Rk

o

This section contains the results of acceptance tests on the flux
leakage equipment. As indicated herein the equipment was conditionally

accepted. Various relevant correspondence's are also included.
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December 9, 1982

The scheduled 14-hour acceptance test and an additional special "B" zone test
was performed on the m483 Magnetic Flux Leakage Inspection System (MFLIS).

The results are as follows:

a) 14-hour acceptance test - 22 "B" zone rejects on projectiles
13 & 18 of a total 28 defects for the 1,628 projectiles

inspected.

b) Special "B" zone test - no defects found in zone "B" upon
inspection of 4 projectiles (selected randomly from

Chamberlain production line), which were cycled for 15 times.

The data provided from the test above has shown that the MFLIS has performed
successfully. However, only conditional approval of the acceptance test can
be given now due to the inability of the de-mag unit to operate during the

test.

The MFLIS will be re-programmed to de-mag the projectiles by Magnetic Analysis
Corporation and be rescheduled for a new test at a later date to be decided at
the New Bedford facility. The test shall be limited to just de-magnetizing
the projectile to 5 oersted or less during a test cycte. The length of the

demonstration to be a duration of 45 - 60 projectiles.

25
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September 14, 1983

SUBJECT: MET LAB EVALUATION IN REFERENCE TO M483 ULTRASONIC AND FLUX LEAKAGE

TESTING

On August 10, fifty (50) shells were supplied to the lab for the destructive
analysis correlating non-destructive testing indications to actual metal
defects. Twenty-four (24) shells were selected to represent the flux leakage
defects and twenty-four (24) for the ultrasonic defects. Two (2) shells were
selected from the magparticle data. Quality Control reported the type and
location of the indication found on each shell for each group. The following
scope of work per the contract for M483 ultrasonic and flux leakage testing
was followed to evaluate the correlation of non-destructive test indications

to actual metal defects on the selected shells:

ITEM 8 - Met Lab's Scope of Work:

8. Destructive Analysis Procedure: After all MP, UT and MFL testing has

been completed, ARRADCOM (DRDAR-QAR-1) and the non-destructive testing
consuitant will select from the rejects identified in paragraphs 4 through 7,
up to 50 projectile bodies for the following destructive analysis to be
performed by the contractor. Prior to the destructive analysis the selected

projectiles shall be demensionally inspected to confirm that the

26
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geometry/configuration is acceptable at that point in the production process

ARRADCOM will provide a drawing with the accept limits.

8.1 Remove the section(s) of body containing each ndication, by machining.
8.2 Radiogreaph each indication. OMIT

8.3 Measure (by Test Systems International Crack Depth Gage) and record
depth of any indication which was not accessible prior to removal from the
body. OMIT

8.4 Mill or grind a relief "V" in the section, opposite to and in line with
the indication., Take care not to cut so deep as to intrude on any existing
crack. Break the section along the crack using a suitable fixture.

8.5 Measure and record the profile of each pre-existing crack.

8.6 Photograph each crack with appropriate scales included to facilitate

measurements from the photographic prings.

8.7 Analyze the crack metallurgically for nature and probable cause.
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i 4 8.8 Forward all removed sections, fully identified, to the ARRADCOM Project
oy

1S

- N Engineer.

DLl

LLE 171

PROCEDURE: The shells were again magnetic particle tested to determine the

actual location of the reported UT and MFL indications. Very poor correlation

)
-
-

-l on o gm

was found between MFL and MP and further testing is being done on the MFL

é{' group. Good correlation was found between reported UT indications and MP

¢

)‘f' indications and the following Metallurgical Evaluation concers only the

i g g

ﬁs twenty-four (24) shells from the UT test and two (2) shells from the MP test.
.‘ -

-4

9

{-i- The location of an indication on a shell was determined by using a metal frame
oo grid work that fit over the shell with the stamped shell number on the shell
ﬂﬁ?, band as a reference point. The grid was divided longitudinally into sever (7)
i

A

f&” equal zones "A" thru "G" with "A" zone at the nose of the shell., It was also
K)

* .

'ﬁk. divided in eight (8) equal zones radially with the junction of zones 1 and 8
,E\Q located at the shell number stamp,

L

“ !

XA
2
=

Table 1 summarizes the correlation between the UT and MP tests. Table 2 shows

:;& the test results for the two (2) shells representing magnetic particle
n‘}:
% § indications. A relief "V" was made opposite to and in line with the selected
,\ .
N
R indication on each section of shell examined. A "V" was sawed on pieces
Eé:. broken longitudinally and amchined on pieces borken radially. Sutiable
igfi fixtures were used to break the section along the defect (Sketch I). Sketch
o
-‘:'4'
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a sl

I1 shows the location of the re-magnetic particle test indications according
to the above described grid. Selected test locations are also shown. Figs. )
thru 26 show photograph of the borken section along with measurements of the

crack profile. Figs. 27 thru 34 depict magnetic particle indications on some

of the selected samples prior to breaking,

NATURE _AND PROBABLE CAUSE OF THE DEFECTS:

Basically there are four types of defects detected:

Radial Cracks 13 Samples
Craze Cracking Associated With 10 Samples
The Welded Bank

Stringer Inclusions 2 Samples

I1.D. Cold Draw Tears 1 Sample

RADIAL CRACKS: These radial heat threat quench cracks were generated in Sep -

Oct 1981 and were the result of multiple heat treating. At this time we were
processing steel material that was on the low side of the chemistry range with
marginal hardenablility and these pieces received more than one heat
treatment. During the subsequent heating and quenching operations, the open
band end tends to close in and distort. The location of the radial cracks
s/16" - 1/4" forward of the machined rotating band corresponds to the forward
end of the weld heat affected zone. This is the point of maximum stress
developed in the distortion pattern plus the location of the demarcation of
the weld affected zone. The combination of these two conditions resulted in
some cases in developing radial quench stress cracks. No radial cracks are

being generated in our present production.

29




A
N
20
Nl
N September 14, 1983
e\,
s VW&
o
@ﬁﬁ CRAZE CRACKING ASSOCIATED WITH THE WELDED BAND: Craze cracking has been
e
1&%; present since the inception of welding bands due to the intergranular
‘*G‘
penetration of the steel by molten band weld. In plant visual magnetic
' *
;jga particle standards were established at the very beginning of manufacture of
o this round to allow for acceptance of a certain amount of this condition.
o
This condition may in some cases be propagated by heat treatment.
!
t::"
shﬁ STRINGER INCLUSIONS: This is another defect that has been prevalent
‘R
) throughout the history of this round. In the past, 2-3% of production has
Wt
?,* been rejected due to surface or sub-surface stringer oxide inclusions that are
350
) §i detected by magnetic particle inspection. This condition may also be
. propagated by heat treatment.
§
%
;zf COLD DRAW TEARS: Due to conditions present during cold drawing such as high
A%N
material hardness, poor lubrication, scored punches or draw ring, tooling
L
:ﬁ% misalignment or incorrect forging configuration, a tear may develop that
" N
:ép' appears on the I surface.
RN
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APPENDIX B
EXCERPTS FROM FINAL REPORT IN DECEMBER 1983 FOR

AUTOMATIC FLUX LEAKAGE INSPECTIUN SYSTEM

Magnetic Analysis Division
Mt. Vernon, NY
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11 DESCRIPTION OF SYSTEM SUPPLIED

A. THEORY OF OPERATION

The basis of the AMFLIS for M-483 shell bodies is well described in a

previous report done for the ARMY MATERIALS AND MECHANICS RESEARCH
CENTER.

"The magnetic perturbation inspection method essentially consists of
establishing a magnetic flux in a ferromagnetic material and then scanning the
surface of the material with a sensitive magnetic probe to detect anomalies or
perturbations caused in the flux by nonhomogeneities in ferromagnetic

material. Figure 1 schematically illustrates this concept. Physically, this

.is a problem in magnetostatics and analysis of solutions have provided

guidance for optimizing conditions and forecasting results. In the upper
illustrations, flux is assumed to be directed from right to left, and computer
plots of signatures obtained under these conditions from nonferromagnetic
regions or flaws as shown in the two lower illustrations. The characteristic
shape of the signatures are dependent on the magnetic field component which is
sensed by the probe. For the upper signatures the probe is oriented to sense
the component normal to the applied field and the scan is in the direction of
the applied field. For the lower signatures the probe is oriented to sense
the component in the direction of the applied field and the scan is in a
direction normal to the applied field. Other configurations are possible and

selection is based on analysis of the specific inspection of interest,
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Analysis of characteristic signatures provides considerable quanatitive
intormation concerning the perturbation source. For example, (in the

upper signature of Figure 1), quantities that can he derived inclyde:

a) Tlaw location - coincides with the zero crosing
b) tlaw volume - indicated by peak-to-pest amplitude
¢) flaw depth from surface - related to the peak-to-peal separation

measured in the direction of the applied field.

Extensive experimental results show general agreement with many details
predicted by theory and also have confirmed that the method provides excellent
qualitative and, after calibration, quantitative results. For example, in
Figure 2 data obtained from a small fatigue crack show a linear relationship

between crack opening displacement, COD, and signal amplitude,

Application of the magnetic perturbation method to the 155mm projectiles
is schematically illustrated in Figure 3. For maximum sensitivity to flaws
with the major dimension oriented along the axial direction, a circumferential
magnetic flux is provided. Under these conditions and with a scan path which
is essentially circumferential, but continuously advanced during each
revolution (a tight helical scan) characteristic normal component and paralle

component signatures obtained from two different size flaws are illustrated.
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The normal component of magnetic flux is produced by the flaw and on one side
the flux is forced out of the surface and on the other side must be forced
back into the surface since flux must be continuous. Accordingly, a signature
is generated that has an upward directed component which peaks and returns to
zero with the zero crossing coincident with the flaw location and then a
downward directed component which peaks and then returns to zero. In the
illustration signatures obtained on successive scans provide an indication of
the length of the flaw in the axial direction., Note that signature A extends
over a greater axial direction than B. For the parallel component the
signature is essentially unidirectional and is generated by the increase in
flux densit as the flaw forces flux out into the region above the projectile

surface.

With axial magnetization and the probe oriented to sense the normal component
and a circumferential scan path slightly to the left of flaws A and B, the
outwardly directed component of flux produced by the flaw generates a
signature which rapidly rises to a peak and then returns to zero; when the
path is slightly to the right of flaws A and B, the inwardly directed
component is sensed and produces the corresponding downward signatures A and
B. When the parallel component is sensed, the increase in flux above the

surface of the projectile causes a corresponding rapid increase in signature

which peaks and then returns to the ba15e1ine."1
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1 Russell D. Williams and John R. Barton, Magnetic Perturbations Inspection
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IIT  RECOMMENDATIONS AND COMMENTS BY THE AMFLIS CONTRACTOR, NAMELY MAGNETIC
ANSLYSIS CORP., MT. VERNON, NY

It is recommended that the AMFLIS be reevaluated on shells produced at

the MSAAP,

The purpose of this proposed study would be to clarify remaining
questions as to the validity of the AMFLIS as an inspection method for M-483
shell bodies. Reports have been submitted by Chamberlain Corp. of New
Bedford, MA, based upon comparative tests between an automatic ultrasonic
system and the AMFLIS as they correlated on previously inspected magnetic
particle rejects. Magnetic particle inspection is the method presently
specified for this item. The AMFLIS and ultrasonic systems are attractive
alternatives to magnetic particle since they can be automated, assuming they

can find the specified critical flaws at the requuired production rate.

The AMFLIS did demonstrate that it was capable of maintaining the
required rate but serious questions were raised by the New Bedford report
concerning the validity of the flux leakage method, which would dictate
certain remedies which can be made in the AMFLIS and suggest other
shortcomings which may be explained and rectified. As a preliminary step a
more thorough evaluation should be made at Mississippi on their production and
the original AMFLIS rejects of New Bedford shells should be examined more
thoroughly. Pursuant to this, each problem area is presented here with

comments and suggested coursed of action,
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way! A. Overall lack of correlation
W)
A
.',':'ﬁ:'\'
e 1. Description:
U J
ey
A The New Bedford report states that the AMFLIS system did not
b7
'ﬁI‘ reject the majority of the critical flaws and defects were

not found at the sites of AMFLIS indications.

1,
o
5N
' 21.}
w3 2. Comment
i
y :‘_
,’wi The sample chosen is not representative of true production
-
N, conditions, Since the UT and AMFLIS were tried upon mag
Z%p particle rejects, a fallacious assumption is made that no

hS

Tt
,ﬁ:ﬁ . critical flaws can exist in the mag particle accepts.
oo Furthermore, the vast majority of these rejects were for
$5$ ' circumferential cracks adjacent to the rotating band which
* * 3 .
X : the reports say do not normally occur and will not occur in
s
SO0 future runs.

.~‘|"
AR
5?& Conversely, there is only on example of an inclusion type
}‘ .')"
1A defect of critical magnitude although the report states that
o this type of defect historically has been present in 2-3% of
ok
%8
8

8 4
gl :

i
|
|
f
|
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the typical production run, This critical defect was not

bl A

oy

rejected by the ultrasonic system. The New Bedford report

stated that this defect was not indicated by the AMFLIS but

o

S this may be due to difficulties in correlating chart

«

%5§§ recordings with actual defect location.

Y

LT From an overview, if results were rated on the basis of

LR\

$§§" defects which normally appear in production rather than

s

K circumferential cracks adjacent to the band, the report is

W not as negative as when viewed superficially.

%

i

‘:Ldb 3. Suggested course of action:
Y

i

Qg#i a. In order to better evaluate the AMFLIS relative to the

% L)

R,

iﬁa! inspection equipment at Mississippi, complete

2 production runs should be put through the AMFLIS and
53!

*'zg compared to other NDT options on the basis of rigorous
<

-3 metallurgical examination. i

Sk |

8

:Eg" b. New Bedford shells which were rejected by the AMFLIS

Wl

"o should be re-evaluated metallurgically.

S

SRR

~i}zi B. Inability to find circumferential defects adjacent to the band.

s

R 1. Description:

S

\z.g‘
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As stated in the New Bedford report, the AMFLIS did not find

o~
o

this type of defect.

Py
-

ey

‘Q

.~
-
=y

-

NI 2. Comment

The AMFLIS probes which interrogate the areas adjacent to the

ggg, band were made less sensitive because many of the shells
e
e
%ﬁ& supplied as acceptable displayed flux leakage indications in
Mo . :
A this area, coupled with the theory restated in the New Bedford
’fﬁ. report that circumferential defects would not occur in this
AhNS
t&:ﬁ area. In retrospect this adjustment should probably not have
t."
'551 been made without a thorough investigation as to the source of
i these indications.
o
s
Ak The requirements for inspection in this area need to be
':f ' unequivocally stated as to whether the AMFLIS is to find this
g
B particular condition or not. Another condition which needs to
s be weighed is the extension of the heat effected zone due to the
fi} band welding process into the section of the shell adjacent to
O™,
:‘fé the band, If this is a rejectable condition which would then
g
.s ’
Dl normally be kept under control, the present AMFLIS system can
';" probably indicate circumferential cracks near the band. If the
F\
o AMFLIS must tolerate this extended heat effected zone and find
HoAs
Wy cracks, the method in this area will need some modification.
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C.

3.

Non

Courses of Action

a.

Redefine the exact requirements adjacent to the band

vis-a-vis the welding process.

Introduce a tangential notch adjacent to the band in the

final standard made from Mississippi shells.

Evaluate production runs of Mississippi shells,

Re-evaluate samples of natural defects in New Bedford shells

which have not been sectioned.

Modify the test system adjacent to the shell if necessary.

repeatability of AMFLIS signals

Description:

The amplitude of defect signals generated during repeated runs

of the same parts varied substantially. Furthermore, attempts

to find natural defects in the areas with flaw indications were

not successful.

Comment
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e There are a number of explanations for the disparities between
)

U

'ﬁﬁ& defect signals and the ability to verify critical defects in the
RN .

R areas they occurred.

-
3
3

P

L Vo

a. The longitudinal axis of the location of the indications

..
SO
- -
>
-,‘

were taken from strip chart recordings. These recordings

were run at a fast speed relative to the AMFLIS scan speed

and the resulting scale of approximately 1:4 between the

"l dﬁi‘
'."

" chart recording and the actual shell made the linear

L resolution for the location of the defect inkerently

2&% inaccurate. Also, since the indication for the defect can

o

'gg_: come from any one of the multi-probe elements in a given
NN scan, there can be an error of as much as 2".

A

K2

<l . s

e b. Because the AMFLIS is run at a production rate which nearly
RO, exhausts the coverage of the probe elements, there is the
. R

o6 .

: &) possibility that a defect may be seen by the probe system
. L]

:4{, with some difference in intensity during repetetive runs,
M This condition would be aggrevated, somewhat, by differing
i. 1‘
g \ responses of the strip chart recorder for defects of very ?
)

\

ﬁﬁ\ short duration since these devices are somewhat frequency
e dependent.
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3. Course of Action

In the short range, defects should be located accurately in the
manual mode. Care should be taken to ascertain which of the 1
probe elements is producing the critical flaw signal so that the
defect is located accurately in the longitudinal direction. In
a similar manner, the defect should be located circumferentially
as described in Appendix ii and a thorough metallurgical

examination made for defects in the indicated area.

In the long run, a scheme for defecxt verification during the test cycle has
been proposed. This would require extensive changes to the existing machine
and has therefore been proposed as an addition to any future AMFLIS. This

technique is described in Appendix iii.
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