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ABSTRACT

The present magnetic particle method of inspection using

a black light borescope for the detection of cannon bore

indications such as cracks , inclusions and discontinulties

is time consuming and requ ires constant operator control .

The ins pector is highly susceptible to fatigue from prolonged

staring into the scope which Increases the possibility of

overlooking a defect.

A new method employing a recently developed laser scan

inspection system automatically scans, detects and record s
a . . - . ~~~~~ — . . . S ._ —~~~ * - .  . — S

indications . In doing so, it provides a faster and more

reliable inspection method to replace the method using a

black l igh t  borescope

CROSS-REFERENCE DATA

Indications
Magnetic Particle
Black-light borescope
Laser Scan
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1. INTRODUCT ION

Prior to acceptance , all cannon tube bores are inspected

for indications such as cracks which requires the application

of magnetic particle inspection using a black light borescope .

(see figure 1). The borescope method is a time-consum ing

process and requires constant operator control . The operator

is highly susceptible to fatigue ( from prolonged staring
into the scope ) which increases the chances of overlooking

a defect. Also , some operators are able to easily pick-up

indications in the cannon tube while some find it very

difficult to pick out fluorescent particles that collect in

an indication.

The danger in not detecting a crack in a cannon tube {s

obvious. Also if a crack is detected after l eaving the manu-

facturing facility , additional costs are incurred for trans-

portation back to the facility for additional inspection.

A more positive , faster and reliable method with the capability

of recording indications to reduce the present dependency on

the human element was required to better assure materiel

integrity in cannon tubes.
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2. THEORY OF MAGNETIC PARTICLE INSPECTION

The fluorescent magnetic particle process is used for the

inspection of cannon tubes. It consists of estab lishing a

magnetic field in the tube to be inspect.ed . The degree of

magnetization depends on size , shape and material composition

of each tube. When the field cuts across a crac k or discon-

tinuity in the cannon tube , the two sides effectivel y form

new magn etic poles.

A special fluorescent material mixed in a suitable solution

to I C I t a suspe n.~ion of fluorescent particles is then app l i ed

to the cannon tube being inspected . The magnetic field around

the defect attracts and holds the fluorescent magnetic particl es

forming a brilliant fluorescent pattern of the defect when

illuminated and observed under a black light (near ultraviolet )

source s .ich as the black lig ht borescope . The fluorescent

material will show the defect as a bright col or contrasting

to the dull purple of the reflected radiation from the rest

of the area free of surface anomalies.

2
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3. DESCRIPTION OF THE LASER SCAN SYSTEM

In 1976, an MTT project was initiated to develop an

automatic magnetic particle cannon bore inspection system.

The objective of the project was to develop a faster and

more reliable inspection system.

As a result , a laser scan inspection system was developed

for the automatic scanning and detection of cannon bore

ind ications such as cracks , inclusions and discontinuitie~
throughout the bores of 105mm. M68 and 1 55mm. M185 cannon

tubes. (see figures 2 & 3). The cannon tubes are presented

to the scanning system after they have been properly magneti zed

and the fluorescent particle solution applied to the bore surfaces.

The laser scan inspection system uses blue light from a

Helium-Cadmium laser to excite the pigment in the fluorescent

particles . When the laser light strikes an indication ( a
col l ection of fluorescent particles ) in the bore , yellow—

green light is produced that is detected by a photodiode

pointed at the spot the laser is striking . An optical filter

removes all the reflected blue light from the laser leaving

onl y the i nduced fluorescent light. This photod i ode converts

the light into an electrical signal tha t is amplified and ,

after some processing displayed on the facsimile recorder.

3
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The laser is pointed down a l ong pushtube that goes i nto

the cannon bore. At the end of the cannon tube is a head

assembly consisting of a hollow-shafted motor through which

the laser beam passes. This motor rotates a mirror which

reflects the beam 90 degrees to the bore of the cannon tube.

As ft rotates, the beam traces a circle on the bore. Slip

rings carry the signa l from the rotating photod iode to the

remaining electronics.

This system uses a scanning technique commonl y known as

a “flying spot” scanner. The operation is very similar to

the way pictures and documents are transmitted by wirephoto.

A laser beam scans the bore of the cannon tube in a spiral

foshicn .- .The ~cann~ng~ is do~ at5t~o revG1uti~ns.. par second .

while mov i ng forward at 1/8 inch per second . This produces

a spiral scan wi th a pitch of 1/16 inch. The laser beam Is

1/8 inch wide so the entire tube is covered with overlap

between scans. Synchronized to the rotation of the head is

a drum on the recorder. This drum has mounted just above

its surface a wire wrapped around it in a spiral fashion.

The spiral begins and ends at the same angular position on

the drum , and makes one revolution in the length of the drum .

The recording paper (see figure 4) is sandwiched between this

wire and a knife edge running the width of the paper. As the

4
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drum spins the i ntersection of the helix wire and the knife

edge moves in a straight line from left to right. Electric

current passing through the paper darkens It produc ing the

permanent record. (see figure 5).

An oscilloscope is also included as a part of the readout

system. The scope displays a constant signal level which is

adjusted as the “threshold” level . Just below this level Is

the background noise of the rifling and electronics. If an

indication is found , the signal shoots upwards and is dis-

played as a spike above the threshold level. A buzzer sounds

and a light flashes at the same time the indication is being

printed out. The print out scaling size Is either 1:1 or 1:5

by se1eEtior~. 
- ~~*

Once a print out is obtained for each cannon tube ,

indications on the print out may be eval uated . If any

remain questionable , the cannon bore i s boresco ped i n

the areas shown to contain indications.

1

_____ - - . - . -—.- .-. ~~~~~— - -  -— —-— - . ~~~~~~~~~~~~~~~~~~ -—— - - - 5-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- i~~~~
--—-—---’--~

-
~i~~~: 

-

~~~~~~~~~~

4. TESTING RESULTS

The purpose of the testing was to determine the systems

capability of detecting cracks of a known size in a cannon

tube wi th a number of known d~ f e c t s  as reu~~~ed by the spec i-

fication for the system and also to determ i ne its reliability.

The defects or cracks were of various sizes in length and width .

As the testing began , impressions of the rV iing lands were

being shown on the facsimile record i ng at the 6 o ’cloc k position

of the tube. It was discovered that improper draining of the

magnetic particle solution caused puddling at the bottom of

the tube which in turn caused reflections of the las e - beam

to be picked up and printed as it would with a defect. This

condition was not acceptabl e because an actual defect could

be hidden in the same area . With modifications to the wetting

and draining procedures , the condition was corrected .

Another prob lem discovered was the diff iculty in estab-

lishing the level of sensit ivi ty . That is , adjustment of

the system so as to be capabl e of detecting defects and yet

eliminate the extraneous electr ica l noises being picked -up

and shown as defects .

With changes in some of the electr ica l components and

other adjustments , the level of s~ns~tivity was established

for inspection of productio n tubes. Occ asionally when there

is doubt about the vali dity r~ ai indication , inspe ction by

the borescope is used .

‘
5
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A lthoug h the system as procur~i does have a method to insure

proper operation prior tc ent erini the iube , it was dec ided

additiona l assurances were required to insure its continued

operation during the entire inspection cycle. Briefl y, the

system has a machined defect l ocated in a position so that

the head assembl y scans the defect prior to enter i ng the

tube. The system proceeds automatically if the defect is

detected ; if not the system is shut off automatic ally until

the problem is corrected .

To insure the system is calibrated and functioning

properl y after entering the tube , actual cracks from a

scrapped cannon tube were machined into small specimens

(see figure 6). These specimens are now placed at both

ends of each cannon tube inspected . The positioning of

these specimens assures continued proper operation of the

system after the head assembl y enters the tube and also

that there is proper operation during the entire inspection

cycle. The print out showing all three defects in their

proper location assures calibr ation.

The eva l uation of the testing results was satisfactory

and the system was accepted .

7
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5. CONCLUSION

The use of the automatic laser scan inspection system

has reduced inspection time by 20 mm /tube or approximatel y

fifty (50) percent and has increased inspection reliability

by the elimination of the human element. The substantially

i ncreased probability of detecting critical defects will

reflect directly on i ncreased field reliability and safety.

8
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6. IMPLEMENTATION

The laser scan inspection system has been implemented

on production 105mm ., M68 cannon tubes.

9
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