W6 el

B e B e e 7R e R Ve L e Sy G MRt ety

AD-784 033

FEASIBILITY STUDY OF X-RAY GAGING
FOR ON LINE TESTING OF SHELL CASES
FOR (SMALL CALIBER AMMUNITION

MODERNIZATION PROGRAM) PROJECT

Anthony C. Piazza

Army Materiel Comnmand

Prep ared for:

Texas A and M University

March 1973

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

PR SEL T~
L S,




e AT e vt e e e v e s L+

SRR G T N AT Potpme iy, B N I N L L
%
N

BN TN TR o M e R R R R, © S 2 CER PRI IR e N TEOE AP WORT
SECUKITY CLASSIFICAT ~y OF T1 1S PAGE (When Nara Enterad) s}
- READ INSTRUCTIONS ¥
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM '
1. REPORYT NUMOER 2. GOVY ACCESSION NOJ 3. LACIENT S CATALOG HUMBER ’
USAMC-1TC-2-73-17 @- 7 W d S ’
4. TITLE (mnd Subtitle) 5. TYPE OF REPORT'O PERIOL COVERED
. Final
FEASIBILITY STUDY OF X-RAY GAGING FOR ON LINE
TESTING OF SHELL CASES FOR "'SCAMP" PROJECT . PERFORMING ORG. REPORT HUMBER
7. AUTHOR(s) 8. CONTRACTY OR GRANT NRUMBER(e)
L Authony C. Piazza
DR. J. W, Foster )
. e T, PROJECT, TASK
8. PERFORMING ORGANIZATION NA.VE AND ADDRESS 10 PAzgiqAA:OERLKESEINT NUMOBJEERS :
» ?roduct/Production Graduate Engr Program i
USAMC Intern Training Center X
Red River Army Depot, Texarkana, TX 75501
11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORYT DATE
Product/Production Graduate Engr Program March 1973
& Texas A&M University Graduate Center 13, NUMBER OF PAGES ]
USAMC Intern Training Center = USAIMC 41
14. MONITORING AGENCY NAME & AODRESS(I! different from Controlling Olfice) 1S, SECURITY CL ASS. (of thie mport)
s 1Sa. DECL ASSIFICATI( N/ DOWNGRADING
e SCHEDULE
2 6. OISTRIBUTION STATEMENT (of this Report)
f
- Approved for Public Release: Distribution Unlimited
7 ’
5 .
>.'A 17. DISTRIBUTION STATEMENT (of the abstroct e=tered In Block 20, If dilterent from Report) ‘
4{.
E 18, SUPPLEMENTARY NOTES
Research performed by Anthony C. Piazza and Dr., J. iv. Foster, Industriai
Engineéring department, Texas A&M University.
5’
4 19. KEY WORDS (Continue on reverae side Il necessary and tdentily by dlock nun.bér}
. Cartridges, Detection Systems, Acceptance Inspection, Quality Control, Testing
K . ThaTIoNRL TERENICAL ¢
& N e -
& INFORMATION SEVCE }
Za U o forprr wrt 8y A 3 4
. Qremetin t Ve i
t ) 20. ABSTRACT {Continue an revetse side I necessary end ISentity by bijock number) -
The purpose of this research is a feasivility study of X-ray gaging for i
; on line testing of shell cases for project "SCAMP", The advantages and ¥
disadvantages of solid state X-ray gaging arz qualitatively discussed and
quantitatively weighed,

it is concluded that solid state X-ray gaging of production line products
at high speed is now coming into its own with the use of minicomputers and
gshows great promise for use on the "SCAMP" project.

ey “om a0

DD, 5::",” 1473 €oiTion OF t NOV 68 (3 ORSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Date Enterad)

-
L
DI DY PP
ey

et A e R R T N




'Y

CiIGVLEDGHENTS

Gratitude iz exteénded to 3r. J.W. Fester who closely observed the

progress of this research and provided many invaluable sug sgestions .

Support Iros Hre R,G, Schonvers of Philips Electronic Instrurents was
also greatly apprecidated,

during the course of this work, the author was ernnlered dy the

UiS.. arny as a career intera in the AMC Product/Production Sesign

Engineering Graduate Progran, The auther is srateful o the U.S. aruy

Ter the -oppértunity to participate in this progra:,

-

The ideas, concepts, and results herein presented arc taese of ine

authors and do not necescarily reflect approval or accepiance by the

ne; . ...uab of the Arnye
v

IOt st b ansiaiati .3 T i

NIRRT St Aol il RN

bl ATE @RS R e SN S 4 SAC ;‘w.w,ﬁ;g‘m%\.;. N
e T !

3
T
!
::35;.

.2-

s
e v, wsamidd

4

.“WM-
A R

g 270
gl ieand

om0 +
B W

5

TR U B ’1‘«:‘,
LY TES L L Oy R L o)

«
1 4o

S

Sk

Y

R 24 :‘.‘g CN \3‘5’5«& B T Sy T

51

PN
WS

i
.

A _bé‘i;iﬂ;'a\\:‘vh,ﬂ:é@ s

5
e -
N
RN e

ey i

o

[

FAR ¥

st atdrint s 5406 2

r
HIPRY

CEPR VI PPN LS I )|

)

\: ., .
g PN ’
2aeedra\e e Y v

s sk dickz




BTN LTIy e
“L g,%»,‘ -mi,x, ,,{\..ﬂ_ T tyj‘,%‘}ﬁ\‘:'tgb\;

E@ﬁgﬁ@&“mn~3§at £t -

e

1‘< ~,w-; Dy
Al T"i (AT "h H

CONTENTS
Page
* I IImODUCTIOHQQoooooooooooooooooo.oo 1,

I REVISN O THE LITERATURE ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 6 06 06 06 06 06 0 o o L

Xe2ay URLiS 4« o 0 6 ¢ ¢ 6 06 606 606 0060606060000 00 4

(&Y

Solid State 0d3ation 2etoctorsS o ¢ ¢ o ¢ ¢ 0 6 ¢ ¢ 0 o o
Zersy Telovicion Systen o o o ¢ 0 0 6 0 06 0 ¢ 0 0 0 0 0 @ 11
Preocent Tnductriol USCS o e ¢ ¢ 6 066 066 0606060600 00 i2

ProtectiON o o o o ¢ ¢ ¢ ¢ 6 6 060600 0606000060000 ik

-3
A .
G st

I1X AUTOLATED XeRlY TUCESCTICH WHIT o 6 ¢ 6 ¢ 6 ¢ 0 0 06 ¢ 0 @ 1

N
)
shed

.
ke

)
%
g

x-ra,uni ® 6 & 0 0 9 6 0 & 0 & & 0 0 8 0 O s 0 e 0 00 15

<

O
v
:
J
1o

‘l
s
i

)
Lo

g,

BRE

Shicld RO 6 o o ¢ ¢ 0 o ¢ 0606 0666 0606066600000

!

'

) Closed Circiit Televicion o o o ¢ s o 0 o 0o 0o 0 0 0 0 o o 22 .

4,
®

]
v
IS

Irfornation Processing o o o o ¢ ¢ o 0 ¢ 6 08 0 0 0 0 o

g
Recordins anC 2I5P1AT o o o ¢ ¢ ¢ o ¢ 6 6 6 00 06 00 0 o 23 :3,
: s

Hondlin; SySI02 o ¢ o ©« ¢ ¢ ¢ 0o ¢ ¢ ¢ 6 ¢ 6 6 060 06 0 oo 235 .

. 38

'
"
{

pa

= B3

Gencral Requirenitril o o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 ¢ 0 0 0 0 o o ek A

* ‘3'

. v CORCLUSICIS 45D RECCLIFIDATIONS & o ¢ o ¢ ¢ ¢ o 6 0 06 066 Z0 .

3
+

A

*

.

]

.

[
[
[V}
~3

“ ROICTENCOS o o a ¢ 0o ¢ ¢ 0 0 0,066 6 ¢ 000 ¢

2o 00

»
Ja

o
N
e

APpPONZiN o o o 6 ¢ 2 0 ¢ ¢ 0 s o 0 0 e v e 00 e e e e

2O

2

e

AT 1

SRt

5

+

1
1
i
Sy ol ot bima it

Cap d
v,




R e M R T A TS < T N NSy Py -y IO AW LR o=
mx...,,%h.. S5 ..N.. R wwv e A R o, RN N e o B Y S T T i
- B il G { ‘. ' . N Al P [ Pl 7 ,mr.mﬁ DAS ﬂ.. ..\.S w»?.\ e #awuﬁﬁm aw-“\«\&wﬁ.ﬁw,..f.» e R s eprery pan s
1y v ﬂ\, ) R . . oG P . RO R [ o
MV . . , 1 B
. s [
N - v 0 . ot B
. - . H s " i
e, A Wt s —~— Y AF
¥
3
b
)
.
.
(12 (4] [&] [¢]

S

Sk

i

rmare ne
T e

-

e

e

[
B
—— e ol

4

oy Sy X8

v tn
) m

; i \-—'«v:-:—&-- AT

P
fu

-

<
(358
S—_

2 G
B
A

7,

3 W

. PRV SR
LR

3 y

=3

L
oo
N
B i
o AN
122
[
DAEA

ax i,
R ALY

,
PR

1c

{

. . .

. . .

. . .

. . .

. ° .

. . .
e 0
= . ..w
4 <%
nw. ® [+
8 .
ﬂ-. “.
B e+ A
-3 |
o4 [ u
‘-‘
2 4 B

-4 Lo
_ Y 8

I
GE A

"

ey i ]
i ]
[ o1] (&
gV d
3 :
2] <
|
(o]

In

BASIC CIRCUIY OF SELF=RECTIFIZD XwRAY APPARATUS o o o o

BLSIC CIRCU
THPROVED RADICGR

PHOTCCCHDUCT

1
2
b

o

#

=
o

(N

<rpapy e

iR,

o

SIGi

L [ ] L L J L ]
* L * L
e .
m wm [} .
-3 m.w ® .
]
>3] (& L] .
=4
mua.m 0 . .
[ %] . .
H 3 M.uw
X .
o [ L
=] el L] Tﬁ.
r
fre a4 . ntv.
o & . "
N 0
a 5 ow 2
(o] 2 1 [ ol
(3] 4 t
5] Ixd ] =]
|o] o ko
RS’ [aa] %] (&)
& & . &
g [ o 0
e 4 1 4]
%] Ed 2]
e}
w £ B
o4 .
g O =
m :
=1
[¢]
]

650y

A
-
CHATZD X=Ra¥ IIZPET

2N
Mm 3
15 "
a o 8 o
| U (3
g R 2 m

At

.

&

s

vt o
s

R P o T sy seryye
Ay RTINS e ey Y
' N ¢

e Lo gl TN

I

W T b a2

)

i




CHAPTER 1
INTRODUCTICH

The tern nondestructive testing' is a general name giver to all’
test methods which permit testing or inspection cf naterial without
impairing its future usefulness, From an industrial viewpoint, the
purposéfof nondestructive testing is to deteraine whether a material or
‘part will satisfactorily perfora its intended funciion,

It must be realized that the desired propertios or qualities must
te built into- a procduct; they cannot e 1nspéctéd into it; Tﬁe prizary
»puréose of a nondestructive inspection is to determine the existing
state or quality of z material, with a view to acceptance or rejection.
3y use of nondastructive testing wethods and techniques it has been
possible to decrcase the factor of ignorance asbout material without
decreasing the factcr of safety in the.Xinished product, Absolute,
perfect, and sound industrial material does nn% exist, Any correctiy
applied nondestructive test can tell c¢nly whether the relative scuidness
of a specimen lies withinr specified tolerancess The use of nondestruc~
tive testing has been and 1s beins wore fully reccgnized dy managesent as
a pmeans cf meeting consumer demands {or better products, reduced costi,
and increased production,

In radiograpay Xeray and Gammza radiation the so=called Vpenretrating
radiation" is usede Variation in thickness aad density nodify the
passage of radiatior through the test specinen, This variation in the

1

Pt

R

Voo ise

i

N

-

R NS

o

o

) LI !

H
I
Akis;

%

i R

A
2

Pher o sl :,,
e R R

.

S oy - <;‘4‘}.\ Aog N ol
e LA CININEC L L o M L

9

RS

-,
AL

{&.

A

X

e a
O Ry e TRty

. A ey [ S . "‘ yh‘)/'
CIN VL RTIPSANIE L N M 72 BVt ] PGP AP

e,
715

e

et

5k

+
.5

ST .
ARET AP



S i B T T —

»

2

- ot 3
B aliads wel w e arvoaiait,

new generation of production equipment rather than the replacement of

T

existing wmanufacturing egquipnent which was desizncd over scme thirty to

R : ' N . . - | ' ' j',g
Cn . N i
4
. iatensity of the transmitted radiation can be detected in a variety of 5
§.§ ways, by use of film, semiconductors, phctoconductors, and scintillation é
g crystals, ;é
iR el
i % Since the discovery of Xerays, radiographic examinations and %ests WAﬁ
5:3 .- have been useéd primarily for medical and industs;ial applicationse. One 2%
3 o
3»2 industrial application is the inspection of casiings and welds. Uutil ,E
i% - a few years ag6, X-ray technology advanced very slowly, especially a3 . é
g y
related to quality control; however, when the snace age came into heing, 'E
the need arose for new inspection techniques, and the usz ¢f radiogra= ;é
phic inspection spread to this new field. Gradually, this inspection i%
technique moved intc. the area of electronics., Xesistors, capacitors, :é
diodes, and transistors.weré baing radiographed with startling results, i%
and this encouraged -even wider use of radiograpnic inépecéion; éspacie ?g
ally in critical space applications. é
Suring the lact century, the develcpment of szmzall arms has under ;%
gone a very drastic change, Ifrom nuzzle loaders to fully automatic %~E§
rifles and nachine guns, 1In recent yeérs small arus for field iroops *i'é
have gone from fi?e power of a 100 to 200 rounds per uninute to over 400 ;é
rounds per ninuvte, bhut the. production of amzuniticn has not advanced o : }%
the same degree, Therefcre, the United States Ar:y.natericl Commandé nas } _é
. inmplemented a program for the modernization of sm2ll calider aimmunitisn ;  §
rroduction facilities (SCAMP). "{E
. SCAMP provides for the acquisition, installation, and tryocut of 2 § j%

0 §

£ifty yewrs ago. The new generation of production equipuent is cagavle . 3
B
of prcducticn rates ol 12G0 rcunds per aninute, and at this rate nene- P S
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3 . destrictive quality control has become a very serious block in the 3
2 . prodiction line. 3

A,

‘This: Feport is -concerned with the feasibility study of dn autotated

L5 agter oF,

R A

27

X-ray inspection unit. Chaptér II is a literature survey of X~ray

0
o,

. , £aging crystals and the nse of these erystals in automated systems. In

.

o Ty
S
”

néhaptéi 11T and IV-the proposed system and conclusions will be discussed
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X~ray Units

Ye=ray generators may be classified as selfercctified or as rectified

Lol

o,
RS

X-ray machines. The usual practice ia industrial radiocgraphic apparatus

is tu connect the high voltage transforner directly to the Xeray tube,

Ml

N

ko

as shown in Figire 1. This arrangement is knéwn as tae seélferectified

circuit because the high vcltage alternating curréat is rectified in

> - -

the X=ray tubée This type of rectified sSystem is used in portable Xeray
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A rectifier to change the alternating current from the high voltage

m,‘.
T B e
P

transformer to diréct current is sometimes used with the net effect of

st

inéreasing the ¥<ray machine output. This sain is achieved because

B

loading of the focal spot is more uniform, inverse eléctron enission

W

i

. fron the target is prevented, effécts of charge reversal on tube walls

aré eliminaved, and dielectric heating of ‘transforuer insulaiion is

RN T X

reduced, Rectification is at present usually obtsined through the use

PR TRN A

: of rectifier valve tubes, Four réctifier tubes arc used in the bridie

N R T te T T i NN £ N

. S50

¥
5

circuit for fallewavé rectification, shown in Figuve 3,
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Figure 2, Basic circuit of rectified Xerzy apnaratus
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the- intensity, quantity, and duration. of Xeray éxpdsure desired and to

coordinate it with other- associated apparatus. This purpose is acéoispe
lishégﬁby’aité?;ﬁg:aﬂdzééﬁitp}iing the fpltage and/or frequency of the
bur:ent:éubpiyntO‘thé—high voltage and filaﬁé@f transforners,

Xeray qqﬁip@énﬁ'isipgavided in a wide variety of désigns akd ratings
to moet. the diverse requirements of nonedestructive testing. The facters

affocting the. selection of thé apparatus #ost suitadle for a partieular

-aréa -of application as stated in the Miondestrusiive Testini Handbook®

B7 Robert £, Mcilaster(9) * avés
1.. T@éwéggsity and. thickness of material to be radicifapked or
flﬁ@?éscbpﬁ@p A
2s The :Spced.with which inSpection is to vé doné and ‘the nuver

of radiopgraphsd. neéded per uait of tinme,

W
*
‘gs

& configuration ol material o be inspecieds

6catiod of Work, i.c., Whether work can 26 brought to the

[}

4e The :

machine or whether thé work must bé radicgrapned 61 the Spét.

5¢lideState Radiation Detectors
The efficiency of X=ray détectors is déteérained by twe facicrs:
1. The absorption of the incident radiation; aad 2, The ¢caversicn of

the absorbed cnergy into photoelectrons and the resulting vroduction of
vy a7 L <

g

optical or electrical signals, In détéctors for longér wavélensth, i.c. {
visible 4r ultraviolet radiation, abs?rptién of{ers no specific proulenia :
‘However, the penotrating power of Xerays i$ so great that coasideradie
thicknesces of uatier are necessary to obtain an appreciable amocunt of i
“*The nupﬁers ih‘ﬁnrqntheéos refer to snunbers references in the list i
of Reforcnces.
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Photoconductozs which show -high dark registance and very high 1 ;

amali ication of the primarJ photocurrents aré hexégonal cadriium §uliids;
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,cﬁdpiuﬁ s¢lenide, and reréuris sulfide. Crystals of these materials cap
! .,

*
itada

2 AR ARSI | R
,

e,

. e -Gynthesized; Uith.such crystals a ratio.of 1 : 10" between tihe dark

+
RPN

h

b S At e £

cﬁrrénﬁ and thé current uitdler irfadiation can be cbtained with moderate

-
-

X-raJ :Lntens:z.tie.a (9)0

A ke

3

Giwwrien

-

Accugay§, mple, ineXpensive X~ and gamma eray détection can be

1,
s

P
BN
e T T

accomplished. witli vhotoconduétive calls, Such susstances as &adhiun

ak A A ARk i s L s e SRR RN > S
Sulfide; exhivit conﬂ@g;ivity»cgagggs.from.g@qut lel; ohn ~ e&m ‘%,gark

to 2. X 10‘5 ;@g‘*l,ﬁgng:zbo & r/ap 100 = oV X=ray veau. {ith sucit - VQJ“Q:

;5;

L

;

.
Y eraiie 3

L1
v,
o i e

a @ggqﬁic;ﬁéf@s;a;cg,gra.gb fio aiplification is réquired, Ohly a

vattery; a conventisnal qétgf, and a Cd3 cell are. necessary for a -

égmpiétcupﬁit, ‘The‘zw.égd%ggmmg -rgy §péqtgal respoase extends Irow
o26@;0%*30“kéﬁ~t0.dbbﬁé,g;gci. inténSitios from 1 to millions of r/hr ¢an

bé.ﬁéaéqtcd‘éénvéniéntiya

geligbiiiij owminpédance circuit try,: suali 3ize, 1o pover consunp-

W e & s
TS PRRMPE S T, ¥

tiod, and oxiréne rujgedness ncke this typé of detection highly désiravle

for portadble gamua surver equlpment, high=intensity inc ust*ial controls,

ARl Al

N

rezote area monitoring and intercavity medical applications.
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. ‘ The phenonenon of photuccnductivity occurs in the varicdle eners! m%
. C N

i
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region between the filled band and the cenduction tand, Elecirons in

e

¥
‘o

tae conduction band &re free carrierss In unction they coastitite a

current flow when a potential differoncc is opplied, Slectrons ih the

u? .

PR TR SRRt

uppér levels arc ropeatedly being cnergized by thermal agitation into
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the ¢onduction bans and then trapped again. The iantermediate energy .
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are absent in

bands betveéen the conduciicn band and the f£illel band
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~porfect ‘erystal. and are- croatéd in real crystals by imperfecticng and
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activating inmpurities in the crystal lattice, The average energy o

thege. states is detdrﬁiqod oy Fermi statistics and termed the

™
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‘See Fgure 3.
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Upon orpiion of a gamma photon, a shovwer ¢ cleciro o the

&L

ceéper levels aré cncrgized into the conducticn bdan Trece

's]

L

carriors. 2he lifetine of these free carriers is determined oy th

recoxbination ratee The dark Fermi is deternined by the steady stxte

thernsl equilibriunm of the molesule, Upon irradiation, the energizeld

electrons arc at firct rapidly retrapped but as the tropplus levels
nei1l", raising the Fermi level, more free carriers are available %5

3)

Anong the properiies ¢f Fwrays listed earlior

raise the cauductivity of the sudvstance.

is their ability Yo

<72

cause certain nmaterials tc fluoresce. This properiy isc utilized ir

-

fluorcscopy in which the Xeroy energy is converted fo visible lijale Thne

advaniages of fluoroscody are that it iz fast and cconouical., Unicriwie
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into a drizat visaal sisnol, (8)

‘s arsaee S ak ' ana

A group in indhoven, Nolland, has Zeveloped the Philins Tiage
ntoasifier, Sho Pallianc Inase Iatensifier and. tie VWestinshouse unitc

0-

Q
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0
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are conuereiall: avalilable, 3ub ik
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the Harshall Spnase F2izat Zeniter which is called The Inproved failogr.e
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ately, fluoroscopy hat inherent limitations waich have hitherto cnnfines :
- P
. its application %o a fairly narrow fleld.
. -3
) - . . . 5
- In rocent rears, considerable atiention has een focused upon the b
4
31 % £ > 2w o L Y - A LI 3
nced Jor ur;ggtcr fluorsscopics streens, It kas boen pointed out that 3
the clarity -of fluoroScopic visicn chould »e inpreved zany times and g
. i
that 22 pozsidle the need for dari adcpiation bafore fiuoroscony shoull ;|
. z
be eliudnnted, XL few years ago work was tegun im ot least tiree latore : :
ascries in the United Siates ic develop devices Ly which flucrescopic 2
. - 3 o K L) - o "5
scereehs any be arightened or intenzifiecd.s Sslinon ai the Tesiinghous 3
Lodoratoriés imliertéol invesiizations which cul:inniel in fhe dovelohm i ,;
‘meat o an olecircais ingge twbe capatle of iatensifying the [luorde §. E:
Seopic sereen cpproxinatelr 130 tiunes. Schparabively 1it: lc ‘q the woy % 3
- - ~ ~ - - - ",(
¥
o3 sain (about 180 tines) over a conventicnel flucrascopic sereen is § .
fecded in order io reach the quantun limitation in the inferzaticn -
R
content of ihe Awrar signale The direct image converier tube develope ! f
. by Coliman cnlors a sevoralestage nrocess to cenvert the Jerar sisnel 4
. ¢
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palc Iasge Amplifier Panel,
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Tre BASA Innge Anplificr Panel is a igrerel linge amplifice for
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roadiepraphic (Yeray and goma roy) applicaticns cllers a nwdar of

-

advantagos over comventlonal lgere.. dovices used Jor radiogrsaphiz fonge
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aplificatisne Tac now device is of relaiively siople couctrusilion anl .

DN Bed1 S e

provides imcges of hicher conirast aund tefter res:iutien over ionger

oo e o s

Y s A AR RSP

Loyt

PRSI, v S N O - O P '}{



storage poriods than are =t
tais tipe.

(10 :11liroenigens, or lis

optinun

photeconductive md lighteenitiing fo o hasic
ing ti3c assemtl; with o modilied HThorne" nanel, hien czcited b Yerar

or garia ray radiation directed

AYRRERTE

d%splay, cempared to 350 milliroentge

The lovice

5”§Eﬁﬁ§%&/t'~w
%

-~

oy

TR
]

ry

>

regicn, the inajo andlificr nroduces

radicsraphic

I
3

The conpléte imnge anplilier panel consisic of o munber of lxlers,
3 »

:s geen in Mgure &,

.e Nlacihz clect

structural de

10, trarcnaren

5. electroluminescent nateri

conveniio

talls in its

ol penetrating r

tainable with previous

2lso comdines very hisgk

g8

er) with fast ifmage duildup ané crasure

noracterictics are achieveld by wdding a2 layer

through a test

a darlica

field o

rasiakion senzitiviisr

adiation required Tor

ns for o "Thorae" i:nage

coironiliities, Theso

of naterinal that is ue

4 e 3
dacge anplilier anli cascru

sreciner ox anatonical

wevisual inzge of tae

vioy.

|

+]

-t
nsnarent adhesive
e Soriiizgmsnarent,
- ‘e -~
— —=Y coAuctive uaterizl
7 4 7 . 2 2 e
7+ vhoicconductive
o131t cuiiting
naterizal
Ponan, 7

e transparent
conductive naterial

ac

Moure ke

In

Le

sepply

this desizn,

nal dezinng

2%

Inproved ¢

DIRTIDIGH

dic ‘runﬁllv in

1 throug:

» through 2

saterial

\“\\ 1. »rars-

prrent substrate

age oarlificd> Panel

5 constitute an Inoe auplifier

ncificl "hornet pnnel,

5« photoconiuciine

Bage omplifiers o2

29ty

?

of

B R W VY

¥
WA R

e

S ﬁ{:

R N R N

am E3vh e N £ e W

e

< wis

< b ey




& i xﬁéf‘*ﬁ?i&—‘w@%\u 7 RO LA ey et e
I VRN . T cT ™~ -
72 S NORSEANY
1 b
%
which i3 a second imcge anplifier in caccade with 3he basic firstectase
i
-
izage amplifiere, Contacts to thie electrical power supply are male ad 2
el
layers 3, &, ond 8, The total weight of 2 typical (10 insh ¥ 10 inch) .
?
panel Including matiery pewer cupply, %5 less than 10 pounds, } ?
. 5
The panel it exposed siumllarly o Xeray Fila, But requires much less A
. radiation and ghorter tinme to develoup thon the il, The inmnge on in §
steres panel rencing vicilie Jor long nericds after Jeray concitation s 4
3
eut cils This fuoage can be phoiographed and erasel vhen desiroed ik o 3
+ 3 ~ 3 1 : L1 o - (n 5 Tt;
fracticn of a second leavirs the ponel ready Zor rcuse, The imazing and 8
b
ek - . . ~ nae . . 3
cracire ¢reclec e Bo reneated nany thousands of tines.e This device g 5
sheull Jind advasizgeous application in inducirial and medic l radice HE-
i
e lyer B!
ETaDA e i e
5
Yooy Televisicn Sycten P
L
Zeans ave zow avadloile o which radiop-opids techiniques cao we at I &
least serlautonaled, a2 lasge gunantity of radiograpiic Jilnm can bo ¢ill ~ -3
inated, This equipment an Jeror Television Jrnies, uiilines o conve..- o
1
- P
. . : 1e X
onal Yerz: pencxratsr in corjunction with an Yerar seasitive vidizen i
3
tube tc produce o picture on o televisicn osreene Tho clofedwcireuil pr
. ;}
- . -
televicicn spyston is entirely clectronic and dcec not ouplor” enxerg) o1 .- e
. . . e n . * 1
Joraations, sucl 25 an inage intensilier, The deroy bean i converis . . £
3
elecirical inmpuises In the vidicon tube and transciitiel through casic:s i :
i
& conveational television menilor where the cobjeet under inspection oo 3
i !
be directly vieweld, normolly with ten to thirty tines maznilicciicn. E 3
§
e
Tandling equipment =ay de uce. ia eonjuaction will the srsiex o aclicve } B
EY
5
%
nodica in t.ue X and T ootes; rotational nmotien eaxn alse ue cchiovels el g i
o1
autenatic loading devices are used, the operation ¢f the grater i3 i
~al Ligaly autcnaled. f 3
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Present Industrial Uses
Cannuvd and packaged projucts can now be Inzpected for height of £ill
at inctantaneous rates up to 1200 cans per minute. A tiny beam of Yeray
passing threugh the containers, as they travel alons on 2 convegzor belti,

ith

a3

falls upon a cadmiua sulphide crystal Aeray setecior. The crystal
itz associated circuits mezsures the Xeray transmission of the containers
to deternine if the neight of fill is above or telow the preeselected
level, The containers filled atove tiae selected lovel are passed and the
ones below are rcaoved {rcz the conveyor delt, The inspection unit has
a definition of beiter than 1/15% and containz 2 self mcnitoring eircuit
that maltes it virtually unaffected by normal line voliage variations, (5)
Hethods or systems for control of operatisns such as canned and

packaged preiucts have teen used in industry for over 20 years, 3But no
real scphistication has been developed until the iate 1370's when certain

develcpuents frca the aerc space industry were incorpurated into Yeray

Ia 1971 when the Philips Research Ladoratory in Hazburg, Germany,
neaded a Jast, reliablc orocess tc Zdentify defective balls of fissione
able material embedded in carbon and naving a cart(a shell (575,000 are
used as fuel elcuents in = 300 nw neclear reactor),enginvers solved the
problen with the Xerzy diagnostic system shown in figure 5, It can
automatically check and sort 320 balls per hour with a high degree cof
accuracys In a hypothnetical test of 1.a1111cn defective balls, only ons
was erroncously vassed as beling good.

Zach carbon ball, & cr (2,35 inches) in diaxcter, contains abeut
10,000 particles cf Iissicuadle material (uraniu-/ithoriun). The parti-

cles are about 0.35 211 (0.01%4 inches) in diameter, The hails rave
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51m (0e20 inches) thick shells of pure carben, whitsh must be absclutely
free of particles of fissionable material to ensure safe operation of
the reactor, The testing device takes less than 10 scconds tc 3determine

whether a fuel clomont is free from faulis,

Tigure 5 e« The instollation for rapii {luoroscopy of
uranium valls includes l. an Xeray tube,
2o an aluminun compensation ring, 3. =2
mechanism for rotating the »alli, 4, a
fluorescent screen, Se. a zirror for
reflectine the X=ray inage, Ze a lens,
and 7. 2 television cazeras The ball
can 2150 be tilted 3¢ thar tuc entire
area can bte scanned by the televisien
carera.

45 shown in figure 5, a toint X~-ray source nrojects an inage ol he
ball on a fluorescent screcens This image, reflected by a ulrror, is
scanned by a televisinn camera., as the b2ll is rotatel by an electric
2otor at 30 rpm, one rctation about its verkical anis allews a 500 sene
to be scanncde fTher the Ball is tilted &5° adoui 2 horizo.tal axis so

that the rost of ithe surface can be examined.
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. The low signal to noise ratio of the videe signals produced by the

)

television camera was the fundamental difficulty in this testing processe

(It should dc ncted, of course, that a particle of fissionadle material

i
Ao

SRR S 2 Az he erah e

s
\

enbedded in the carbon shell is difficult to detect against the tacke

v

<

) ground of the material in the ball beczuse tac contrast is very poor.) - J

¥ 4

. To iwprove the signal to noise ratio, enginzers placed an aluvinuy -4

4 ring of apprcprizte profile between the Zeray source and the dall ¢o { ki

e g %

% : 7

o ccupensate for the siron; radical change in absorptlon in the shell, and § 3

Es added filter and correlaticn circuits as well, ;

. .. o g

As coapleted, thé test installation fails to indicate only l.cut of i

. . . K

1 million defective balls, Furthermore, oaly one in 10,000 zooi ones are 5 :

erroncourly indicated as defective, walch is5 negligible fron the eccnonmic 3

. . R

X H

point of view, The durpose o the installation is, after all, tc preovent ? ;

' }

defective bdalls zotting into the reactsr, and this is largely suarantecd -

b7y the instzllation®s high ratio of accuracy, 1 3 1,000,000, (15) K

Philips Zlectronic Instruments is al present one of the leading 3

g

coapanies in autonated X=ray inspection units in the United States ans 3

B

. 4

Zuropes In the United States ther develcped an inspectien unit Jor :

i

£illed glass contalners and for large industrial fusens The basic unit 3 3

cmploys a rpigh quality, coastant poteniial Xerar tait; a fine grain, ki

- igh sensitivit; fluorosco screen, and a high resolution clcsed i

high sensitivit; fluoroscopic screen, and a high resolution clcse §

3 »

circuit television chaln ccupled directly tc a vildeo nenory disc. g i

. . g i

Protecticon :

One ol ithe nest important considerations in the lleray or gamma ray :

laberatory is iae provision and exercise ol zdejuale safeguzrds for the i

personnel, The Safety Colde for the industrial use of Ye=ral” proposed .

g .

BE . the Acerican Standards Asnouiation should bae cemnlied with for new ¥
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installations, and existing installations should be checked to rake

certain that they neet the requirenents,

Any of the body tissues may be injured by overexposurc to Xerays
or gama rays, the blocd, skin, and some internal organs being porti-
cularly sensitive, For this reason, persons who are exposed regularly
tc small quantities cf Xerays or gamma rays should have periocdic blood
counts ané physical exaninations, under the direction of a paysician, to
note at the eavliest possidle moment any effects which night ve attrivute
ed to thege expcsures,

Ualess exposure to Xerays or gamma rays is kent at a minimun, the
cunulative effect mar cause injury to the body; thersfore, it is essen=
tial that workers in the X-ray department be adequately pr?tecfed against
radiagtion at all tines, Furthermorz, protective measures should be so
arranged that those in deparinents near the places vhere X=rays or
radiua are used zre also safe, Precautions shouli be particularly
observe& when raiiographé nust be done in the shop rataer than in 2
specially protected radiographic department.

The VOltaéec used to energize radiographic tudes are highly danger~
ocus, and the best assurance of safety against hazord from them is the

enclosure of high voltage parts in a shockproof container, Host Xeray

generators Sor indusirial radiography are of sheclprocf construction, buz,

where the design 15 such that high voltage conductors are exnose:d,
operators should keep at a liberal distance from them and should gueri
against the poscibility of sparkover to other conucters with which ouy

person nar bte in contacts The nost dangerous cituation iz ic permit tae

©
(1.4
=
0
<t
(%)
Q

bedy to form a part of the high voltage circuit, either acres

lcads or terminals, oxr between a aigh potential lead and 2 low potentiol
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‘conjunction with a fludroicopic image, These have inherent limitations
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CHAPTER III
AUTOMATED X=-RAY INSPECTICH UNIT

There are several nethods of automating inspection of naterials

with Ierayce The sinmpliest type devices use photodiode senscrs in

ol accuracy, gquantity of inforhatlon and flexibility for nultiple inSpece

tion use, Another nmethod uses a closed circuit television viewed systen

with a flying spet ccanning technique of the television screen, Tae

infornmation gained is af low sensitivity and the anouat of infornation

<

is vory liuited.
The inspeciion method proposed for shell case iaspection udl lizes

the most nodern technigues of imaze storage and comporision, The hacic
uxit enploys a kigh quality, constant potential Yeray unit, Iiasits
pLOY giq 7y T A ’

ingroved radiographic imace amplifier panel, ari a high resolutio

S

closed circuit televicion Ehnin coupled d&irectly to a videc aeuery &is-,
Figures 5 and 7 shov autczated Xeray inspection uaits.

The disc can stcore up to 32 chamnels cof infermztion, 15 perzw.cat
ctorage channels and 15 temporary channels. 32ach permaneant channel
stores o standard unit of scar waich ;atche: a perfect inspection sc¢an.
Then an inspection cecan ic placed on the éisc, a couparison of the
standaré with the inspectica scan iz carrded out by means ¢f sustraction.
Any inforanticn appearing at the output indicates a dilference. The .

2> dotermine wacther the

lifference car then ve seal to a gating elerent
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dagnitude 15 sufficiently large to actuate the rejection mechanism.

v

S shows an éxample 0f signal,
The shell cases must be oriéented in a unifora uanner such that a

coéuparisor of inforaotion with the standard does no%t have randon position
¥ P

inforaaticn superinicsed.

X~Ray Units

A stendord MG 150 Berylliunm window with 20 m=a beam capavdility and

cofstant potentinl jproduced By Philip Electronic Instrunents is proposed

#ten At Y Sttt ot

Tor ‘use,

The Jwrary unit using 'a waier %o air heat exchanger is sel? coriained

DN
NPT e

M
Nt

except for clactrical power. Fhis tude iz designed with nininuw inhereat
£i1t ation, ahd is particulary suitadle for radiograpaic and fluoroscopic

exazdnation o low density materials, as well as routine radiograpny in

s,

s R I O TR

[N

thick seciions of dense uaterials., Typlcol applications zre examination

-
A
-

of alloys, »lactics, rubbor compounds, and the irradiation of diclcegice

specinens,

Stiels Reon

leadestell lamirated housing large enough to contain the Zeway

2

s 3w

wcad, imagc anplifier panel, television canera aand couveyin

5
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shovld ve prevideds The chielsd rcon shail zeet all radiation

.
.
3 N

1 be by twe deors, ona on the end and the second on the

132RA

aa . ks

o reentrant nazes are used 0 aszsure safe novenent of the chell

awxs .

Y

nto and 2wt ¢f the Inspection region.

ssura

Interlocks on

safe operation mnd i
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Closed Circuit Television
A NASA improved image amplifier panel with a 10 inch by 10 inca
viewing area is proposed. The closed circuit telcvision eumploys a high

quality vidicon tube with suitable wide angle lens to enuble viewing a

larpge aré2 with misimunm distance requirenent between the scréeen and the

caueras
_ The television system uses a 1025 line, 3C IHZ camera and contirol
into a high resoluticn nonitor, The resultant image complete through

4h¢ image amplifier panel and television chain can resolve better than a

50 nmesh over the central 3/4 of the inage.

The video iaaze presented on the television ucnitor uay ve selected

from the camera cuiput, nemory disc storage, or.zuntractiaen opnocessor
Fut, 25€, X

for versatility in nanual inspection and systenm monitoring. The complete

inspection image is also fed onto a vides tape {or per:anent record.

Informmation Processing
The sudtraztion unit prcduces a difference signal resulting froy

tre Aifferentizl siynal betwesen a standard and the iaspection sigand,

¢ e = A o R A R St

The sudbtraction output is directed to a gate circuit with counting iz.ic
P -

and amplitude selection, When a part is cut of place, a signal appears.

The anplitude of signal is =measured and a pulse is gencrated vwhen =z

n

preset level is exceceded, E=ach of the scan lines produces a count il a i ~§
part is out of position. An integrater is used to deternine the siic i ;§
error and the number of counts can be set to reject at a level well adove § g
¢

noise. The time an errcor signal occurs is neasurcd to produce informa- %
tion for location of the specimen pro .woing the error, Afiter procescing % E
. k 2

the information and locating a faulty shell case, the reject mechanian i §
N

is actuated to remove the preper shell case Iren the flow of material. § §
3 3
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) Recording and display

D 5 g vrin P

3

Lot A,

o g ot

The output from the teolevision cazera is ccupled to a videc tape

Frere

¢

recorder. Joth Iune complete inmage ~ud the subtraction imag. can be

¢z
2 e

s
L

placed on tapes The televicicn image presentcd ca a» wonitor aay also

e B S b e Sl

ve switched to view either picturce.

X
b
. The record perici for one rame of inforaatis, is 1/30 scoond and i a2
- Y -
at this rate of Iaspection fhe ainizus Inspection »ite of 1200 siell i
: 3
€a5235 per minute zan ensily 2e ete  In ianual wods of operation the 3
¢

N

¥ a3 oo

uoaiicr views the ropcating cingle frane iutze siored on the

.

£ 22X v

In crder to achiove anleozated inspeciion usin; the grsten

<20 T Sy I e ar By

descrited, 1i i pencosary o orient the shell eased in a manner thatl
asaures a repeating, exast saticrn from 2 correcily set shell caze withn 3
3
3! . +
£ 2ll parts in ple-e. 5
i -
{! ., y . sy !
3 Philips Flectronic Instrunents produces twe haniliag systens, that %
y D 3
4
with 2 1itile me Eficadien cin ve empleyed fer use wita the chell cucec, 3
The 4219 and 5%2 woth have a sirple neans of cbiaining swiiable criene g
“51
PR, x
tations The 112192 has an offset hole in cne end anl the 1532 has an 3
) i
i

Yoy

indent on the ouiside whieh is oricnted in a repeatable uauner with

regpect to the orocve in the platess Tho shell cases arrive at the ]

- inspection unit either by cenveryor chain or o Muller storacece The 3

. shell cases are then plases on inspecticn trars in indexes lacctiens, o
The maximur: usable inapection Jiels is & inches b § iackes, Tach shell E
case has a particular orientation provlens The woans of moving parts Is ég

;

3ol

proposed to be - vacunn pic!h ude
Ty

B R L L IR L RYEE T ou R SN PR

after place..ent in the ingpection trays, the Toaded trzy will pnas %

into the shielded Xeray enclosure by neans 87 a reonirant cyoning, i
2y S

2 A

o H

- “ §

e

3
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o

Tue shell cases on the inspection Lray are

ceaveyor in ccntinauous feele

stop for 1/30 sercond ani then nove one

enploycd, using - added channel of the nemory dfse

Ynen the shell coses oxit the Xerar housing,

are renwovesd, again by means of vacuunn pichk une The

rcquired,

Zeneral Requirements

entire Lasac

The ctisn ctation and lceal vical

witain a rooun

.y 2,
is ug water, air or

required

d=ray proteciion et Wi
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At the point ef inspection, the tray

P

*4

3

3

S

rensported on a roll B
»

vust % ¢

an alteranate ctorage tracik is

ney insgoction iulorrmation while the earlier trar ia
* proceased,

the Zaulty chell

arc sent ot to the nexi operation, %

4 nanuoleautenciis sxitch is provided to switsh operatiug ncil. in g
aanual nociltion, a stopereversceforward swilch wiih variadle specd Is %
provided o Insprel withoul autonatic coutriles Uhe reject cchanis: is : %
aZco cwitened of7, e that anunl reaoval of Tauli s shell cnzmos Lo

with the egainuent,

-

3 wver 3wk

i

o

fer obtaining tue

s

s L
bR ohyktsyapeds]

is vein:

reunalaing shiell cases
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CHAPTER IV

COIICLUSICHS AMD RECCIZERIATICNS

e

The Yaray Televisicn Srsten elininates nest ¢f the diszlvantages ol

L)
TERERN

conventional radiographic incpection systems. Sizregariing the initial

relatively high invectaent, (for the automatel Yer2y unit describes in

Chapter III) thc sosi is approximately 2100,000 with transport edhanizm
op ’

RTINS VAR LT RANEE, by

includeds The cost of performing radicgraphic exaninations
cantly reduzed because it takes less time, fever raterials, ang less

uanpower o per sy the exmminsation, An additiensl advantace is that ;

£ Py P PR
=532, :hered; expediting

Inspection can e perfermed on a real tize o

decisicn making ané reducing the paperverxk invelvelds A third major

-

aivantage is that the systerm is Qynanic, that i, the parts undergoing

L amey A

iaspection can Lo cboerveld while they are in wotica (in rotation, traas
4

YA

laticu, or possibly visratica.) ot only does the Xerzy Televisicn

Systex nave economic advantages, but wita the capability of wuotion and

L, &t

rexl time radiocraphy, a hroad new fielsd has also veen opened to o

4 smrani. 2

qualit; ané reliability enginnere Whex using conventional radissraph.:

. ]
SRS

technigues, a scparad: film is nade for each position of a specinen 7 2
recorl is neededls ¥With the A~ray Televisicn Systery, the part can ve
viewed in a sequence of pcsitions and the best npositlion [or phctograpbing

selected if a racerd is reguired,s If no record ol inspecticw is require.,

tae systes can ue uzed on a SO=nOwgo basis,
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The Appendix of this repsri chows scre of the lefects that cam
result in the manufacturing of siaell casese The deTective shell case
pictures are fron [{IL=3TD=C35, and are at present tie guide line for
the visual inspeclion uethod,

n coxparisicn to the Lagser Systenm which has een in the research

stage for geveral years now ihe dutomated Hera: Usit has aanr advantazes.

With the Loser Sr-ten, the nesitioning ani cleanlincszs of the shell cases

(9

jis nmuch nore criticsl,e The bijgest disadvantaze 57 the Zaser Systen is

et
G
o
=
b
(XX
rYy
I
43
o
by
Q
')
ot

that il is only copablie of detecting surface Jdefec

s ca the incide of the chel

(2

cuch ac a draw sceraten

Systen will naver sce it.

Jita the reccent advances in Xeror technolog: tie autonated Yeray

television systen. agpears ts khave real pramise in tle kizh Speed inzpen-

- . ® S L M hld - -pude o .Y - .
tion ol shell cascs for the MGCAMPY profect, The Marar oisten dues 2ot

3]

rave the disadvaningec of other systeds of inspection and can gzals wmores
infornation a
being nanusl or automntic,

With the inl-rmatien gained by this projeat 20 to what equipuent i
countercially avalliable anl what conpanies have tﬁ: “mowledse Lo proauce.
sucih a syster is Is reccunended that ucre sericus c usideratica Lo giie.

tc the Autonated Hera; Televiszion Systens It 23 al.oo recomuended now

with a better knowledre of the available eguip.cent that as a further

praject for cae ¢f the studenis at the Intern Training lenter, a prato

type be built and tested wilh zazples of shell casc tc sece ow reliable

the syztem cun be under operating condlitions,
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s10% coie ol the A Terent
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the productien ¢ snall aras

A tortridge is 1o be counted as @ dofec-
tive becovse of u split cote if the cor-
tridge coss shows & definite separetion
of the metal ontirely theough the cose

wall.
-

—s

A curtridge is 1o be clossified either a3
@ “mejer'’ or “eriticed’” defective de-
pending on locotion of aplit. A split in
the (I}, (S} or (1) pesition shell he
counted o1 @ “‘mejor'’ defect when re
oss of powder occurs; and a3 @ “‘criti-
col’’ defect when loss of pewder occuts.
A split in the 1K), (1), or (M) pesi-
ton shall be covnted o3 o “‘criticel™
defoct.
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Draw Scratch i

The seriousness of o draw scratch is fo be determined by the depth, location and N :

shape of the scrakkh. Draw scratches which cannot be detected by the finger nail S

ore permissible. Draw scaiches which CAN be detected by the finger nail but do DI

net extend into the neck section are 1o be ceunted as minor draw scrotches. Drow i

scrotches which CAN be defected by the finger noil ond extend into the neck section - g

are to be counted as mojor draw scrotches. K
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Case Mouth net Crimped in €
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A cartridge is olso to be counted as o defective bacause of case mouth not erimped in cannelure

if the crimp does not extend around the entire circumference of the case mouth.
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