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INTRO D UCTI ON

The XMoSO is an 8-inch rocket assisted projectile (RAP) . The
motor body contains a copper rotating band produced by a welded over-
lay process . During early test fi rings in the engineering develop-
ment program , hand failures were experienced as the shells emerged
from the gun tube , resulting in a substantial reduction in fli ght
dis tance.

I t was evident that the specifi cation testing had not been cap-
able of detecting inadequa te bonding in these shells. The method
used cons i sted of hardness testing and chemical analysis of machining
chips , followed by sampling for destructive testing. Because the
welding process is affected by minute changes in operational para-
meters , a nondestructive procedure capable of full area inspection
of all shells produced is obviously desirable.

An investigation of various testing techniques indicated the
desirability of an ultrasonic C-scan procedure which had been ini-
tiated and developed at Picatinny Arsenal for an earlier brazed
rotating band on the XM517 projectile (Ref I and 21 . This technique ,
although successfully established , did not reach implementation and
firing verification because the XM517 program was canceled . Applica-
t ion to the XM650 program, however , required further feasibility and
development due to the heavily cratered interface between the copper
and stee l created by the welding process employed in this program.
Similar earlier efforts at another installation were unsuccessful
because signals from unbonded areas were masked by reflections from
this desirable cratering, wh i ch indicated good steel penetration .
Thus, follow-up statistical firing verification takes on added sig-
nificance in the XM65() program. It becomes even more i mportan t since
motor bodies manufactured in this program are being used in the
deve lopment of the more sensitive XM753 RAP program .

For these reasons, it was considered essential that the hundreds
of previously built motor bodies , although having passed acceptance
inspection , be screened , followed by firing data feedback. Further-
more it would be necessary , and feasible for the first time , to estab-
lish a tolerance leve l for poorly bonded areas. Also , this l aboratory
investigation provided a secondary benefit in providing a rapid as-
sist for improvement of ~~e quali ty of the welded ove rlay process .
Similarly, in application , this inspection will be used for immediate
feedback in process control to improve economy and reliability.



DESCRIPTION OF TEST COMPONENTS

The coppe r rot~i t  in g  band  on the XM~i~ () RAE’ is deposited , in a
m o l t e n  s t a t e , on t h e  motor  body by a welded overlay process. it is
then  m a c h i n e d  to t h e  con tou r  shown in Fi gure 1. The band is a nomi-
n a l  2 inches  (50 mm) wide by 1/16 inch (1.6 mm) thick at the root
I I I  i t c in n e l i i r e s  . Howeve r , the t t i  i ek i i c s s  may r ange  down to a t ew
t h o t ,~ , I n d t n s  ( I t  an  in c h , cor ~s i de  r i n g  norma l di mens i ona I and eccentric
t o l e r a n c e s , is w e l l  as s t e e l  m i g r a t i o n  caused by the  ove n a y  process.
Be low the  r o t a t i n g  hand , the hardened stee l body is 1/2 inch (13 mm)
th i ck.

During earlier development , the welded overlay ~as produced by
a process known as MIG welding. However , because of anticipated cost
savings , a switch was made to plasma-arc welding. Units produced by
the  latter process passed the prescribed testing, hut then encountered
the loss of hand  segments during firing. Therefore, the development
work covered by this report was initiated and concentrated princi pally
on plasma-arc welded bands . A decision was made late in this investi-
gation to re vert to MIG welding. Therefore, the ultrasonic inspec-
tion detailed in this report was con firmed for applicability to the
MIG -welded overlay hands .

The diffe rence in the two welding methods is si gnificant because
of the nat ure of the copper-steel interface produced by each. With
the desired degree of steel penetration , MIG welding results in a
steel surface covered by small individua l craters ; the plasma-arc
process creates a surface with a series of “puddling” grooves follow-
ing the arc path of the electrode . Care must be exercised so that
this diffe rence does not affect the C-scan inspection.

A more complete descri ption of the evaluation of the two welding
procedures may be foi,md in Refe rence 3.

- TEST EQUIPMENT

The equipment used in this investigation is known as an ultra-
sonic C-scan system. I t consists of a standard ultrasonic flaw de-
tector with its output in the form of a lay-out chart or plan view
of the surface of interest. The technique used was pulse-echo water •

i mmers ion .
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The u l t r a s o n i c  equipment  c o n s i s t e d  of ’ a Sper ry  U M - 7 2 1  r e f lec to -
scope c o n t a i n in g  a lON P u l s a r/ R e c e i v e r , a Type II Fast  i r ans igat e ,
and a ‘t ype S record ing  a m p l i f i e r .  ‘Ih e t r a n s d u c e r  used was an Auto-
n.j r ion .J388 . This i s  a ~ v 1 j j i d r i  ca l  ~‘erami c transducer w i t h  a 1/4 ..
i n c h  ( b . 3  mm) d i a m e t e r  c r y s t a l  and a focused lens w i t h  a 2 . 2 - i n c h
I .~0 mm) focal  d i s tance  i n  w a t e r .  I t  was operated at  10 P~ l z .

The complete sys t em is  shown in Fi gure 2. The lower sectica , a
cabinet and s t a n d , suppor t s  the  apparatus . Centered on the cabinet
is a g l : i s s -w a l l e d  w a t e r  tank w i t h  a 12- inch  (300 mm) m o t o r - d r i v e n
t l l r n t a l ) l c  on w h i c h  an XMb5 () motor  body i s  p o s i t i o n e d .  The recording
drum (on the r i g h t )  i s  sy n c h r o n i z e d  to r o t a t e  w i t h  the t u r n t a b l e .
The stylus steps vert i cally, synch ronized with the transducer-holding
search tube  loca ted  ju s t above the she l l  in the wate r  tank . In t h i s
program , a ro ta ry  speed of 30 rpm and a vertical indexing increment
of .045 inch (1.1 mm) per revolution scanned the rotating band in
less than 1.5 m i n u t e s .  The recording i l l u s t r a t e s  a generally good
bond c o n d i t i o n  w i t h  only one rather large unhonded ar e a .  Another
C-scan of a hand w th flawed bonding is shown in F i g u r e  3. The char t
pape r i s  wide enough to pe rmi t recording the scans of three motor
bodies on each sheet.

TEST METHODS AND RESULTS

The program consisted of the following sequence of steps :

1. E s t a b l i s h i n g  Opera t ing  Parameters and Conf i rmat ion

a. The fi rst effort requi red experimental work to locate a
handed body with a limited section of inadequate bonding, one that
would b~ typical of the p roblem and that could be used as a standard .
It was i mportan t to identify accurately the exact contour and area
encompassed by the unbonded action . (It should be noted that a minor
change in sensitivity could have a significant effect on the apparent
defective area; th us , it was essential to establish the true pen-
meter , and the opt imum equipment se t t ings  required to obta in  the
same.) This “lab standard” would then be used to assure repeatabil-
ity on the same equipment and between other setups projected for use
at contractors ’ plants , and to establish “contractor standards .”
The selection of a lab standard is complicated by the inability to
confirm the flaw pattern by another nondestructive method. 



b .  S e l e c t i n g  a s t a n d a rd was accomplished emp irically from a
group of non- fired shell s of the same lot wh i ch had lost hand seg-
men ts during firing. Once several shells were located (using C-
scann ing) with areas resembling that on failed hands , experiment al
sctt ing levels were optimized. These settings were con firmed by:

( 1 )  Scann ing  f i v e  f i r e d  s h e l l s  wh i ch had hand segments miss-
i n g .  The C-scans  i n d i c a t e d  ad jacen t  areas of poor b o n d i n g .  These
areas were lifted with a hamme r and ch ise l  u n t i l  the l i m i t of the un-
bonded area was e s t a b l i s h e d .  The p h y s i c a l  s i ze  showed e x c e l l e n t  cor-
relation with the C-scans.

( 2 )  From the non-fired group , a pair of shells wi th similar
appearing flaw areas , which were not too extensive , was selected.
One was set aside as the prospective lab standard . The second was
scanned at a series of equipment settings ranging from a 10% to a
70% th reshold leve l , producing C-scans of varying size “fl aw” indi-
cations. The copper band was then carefully removed from the shell
body to permi t correlating the pattern of the unbond to that shown
on its C-scan . This was accomplished by initially cutting away the
copper on a lathe to a .005-inch to .010-inch (.13-mm to .26-mm)
th i ckness. By following this with a series of very light cuts , the
shearing action of the cutte r tears away most of the unbonded area
(Fig 4). Because of eccentricity , it was necessary to etch away
the balance of the copper chemically. Frequent observation during
the etching process revealed the extent of the unbonded area with
reasonable accurary . Selection of the C-scan most closely resembling
this area established the test parameters to be used on further veri-
fication studies .

2. Development and Use of the Lab Standard

Having established the exact size and location of unhond in the
shell to he used as the lab standard , th ree flat-bottomed holes were
drilled through the outside diameter of the copper down to the copper-
stee l interface . The holes were 3/16 inch (4.8 iiim) , 1/8 inch (3.2 mm)
and 1/16 inch (1.6 mm) in diameter , respectively, and placed 1 inch
(2.5 cm) apart along a c e n t r a l l y  p laced  ci rcum ference of the ro ta t ing
band in an area totally devoid of flaws . The size and placement of
the holes were selected to facilitate setting up the equipment. The
two larger holes assisted in expeditiously locating the ali gnmen t of
the transducer.

The 1/16-inch (1.6-mm) diameter hole and the natural flaw pattern
in this standard are cons i dered to he the key items which enhance
this inspection procedure , making it unique and highly repeatable.
It has been amply demonstrated that sizing the hole exactly to the
beam diameter at focal distance , or slightly smaller , permits much

4
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grea te r  s e n s i t i v i t y  i n  p r e c i s e l y  a l i gn ing  the  t r a n s d u c e r  and s e t t i n g
the  p u l s e  a mp l i t u d e  on the ca thode ray tube than the 1/8-inch (3.2-
mm) d i ame te r  ho l e  mo re commonly used.

S i m i l a r l y ,  the na tu ra l f l a w  p a t t e r n  on the lab s tandard  has been
fo und to he h i g h l y  s e n s i t i v e  to dev ia t ions  f rom the  optimum setup .
In the course of t h i s  i n v e s t i g a t i o n , nea r l y 1000 s h e l l s  were scanned .
The s tandard  was used to c e r t i f y  the setup before and a f t e r  each set
of runs , with a maximum of th ree hours of operat ion between cer t i fi-
cations. On many occasions the flaw pattern indicated a significant
variation which was , without exception , caused by some minor mecha-
nical or electroni c maladjustment. Most important , this was invari-
ably easily discerned on the standard flaw pattern , and almost never
detectable by the three-hole pattern .

3. V e r i f i c a t i o n  of the Prescribed Technique

The ultimate proof of the validity of this inspection procedure
is its impact on successfu l fligh t tests. Because of the high cost
of firing 8-inch shells , and the cost and time required by recovery
and inspection , special firings to establish this inspection method
have not been deeme d p r a c t i c a b l e .  Furthermore , i t  was cons ide red
unnecessary to alter the established development schedule of this
weapon. Support ing in f o r m a t i o n  gathered to date:

a. A group of 19 motor  bodies was especially prepared to evalu-
ate proposed inspection techni ques. Seven inspection categories
ranged from no bond at all through ligh t, medium , and heavy penetra-
tion of the base metal , and included intermittent welding. All bodies
were correctly identified except the seven containing varying degrees
of weld penetration exceeding .010 inch (.26 mm), all of which were
identified only as good bonds .

b. As the program progressed , the copper bands were removed from
selected samples. The contours generally followed the pattern seen
on the C-scan , although in many cases the flaw area appeared to he
slightly smaller than on the C-scan chart. This is he1ieved to he

p caused by a transitional zone where the bond is of marginal quality.

c. Of the shells made in earlier lots (similar to those in which
flight problems were encountered), a total of 572 were inspected.
The poor category numbered 131 shells , or 23%. This is in general
agreement with the 10% to 20% flight failure rate wh i ch initiated
this investigation .
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d. Since the  i n c e p t io n  of t h i s  program , 264 s h e l l s  have been
t e s t  f i red in th ree separa te  se r i es  of t es t s , a f t e r  those c o n t a i n i n g
the  po0 r~’5t bonding were removed. Not a single short-range flight
which could be attributed to hand  lifting has been experienced , nor
h a v e  any of the recovered s h e l l s  lost any band segments . The three
series of test firings were :

( 1 )  54 motor bodies  rated Fa i r  to E x c e l l e n t  f i r ed  in  Zones
8 and 9.

(2) 76 moto r bodies selected as being only of the best
q u a l i t y ,  Good to Excellent , tested in hi gh zone fli ghts in the XM753
program . 0n the basis of this series , C-scan ultrasonic inspection
is being recommended to the Safety Committee as a suitable procedure
for the  \M 7 53 program .

(3) The third series consisted of 134 firings as listed
he I ow:

Fai r  to
Zone Excel lent Marginal ~~~~ p~~ r

b Total

1 -- - — 6 1 7
3÷ 27 7 1 2 37
6 2 6 1 -- 9
7 30 13 7 -- 50
8 - -  - -  - -  6 6

16 1 2 1 20
SZ_ g c 5 - -  - - -- 5

a1~5~ defined as poor because of starting pass only.

hThe worst bodies in this category were not included in the chart
nor in the firings .

CSuper~Zone 9 - higher pressure in gun tube.

~~

In analyzing the above chart, it should be noted that the primary
purpose of testing was engineering development , concerned with other
considerations. Thus:

(a) The concentration of the poorer quality was in the
lower zones.
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(b ) The in c  I us i on 01 t ~~ ) N p band s  i n  t h e  :one ¶ 1 f i r i n g
was not cons ide red  se r i o u s , s in c e  poor b o n d i n g  i n  t h i s  area was gene-
r a l l y  less  e x t e n c  I ~e and  more 1 b e l y  to  i n c l u d e  r an s i  t ional bonds .
(See p a r a g r a p h  ( 3 )  . f o o t n o te  F , ab ove .

I c )  The wors t h o l i e s  in the I 1 oor c a t e g o r Y  we re not  i n —
chided in the r i  r i n g  p rogram .

(d ) On l y good h an d i n g  was i n c l u d e d  in the Super— Zone 9
group .

It may he seen t h a t  en ly  a very  l i m i t e d  n umber of the “C” ca tegory
wer e  i n c l u d e d  in  the  tc~~tS a r d , w i t h  o n l y  one e x c ep t i o n , a l l  in t he
lower  zones .  Thus , t h e r e  was o n l y  one Thue ¶) f i r i n g  t h a t  mi ght  have
been expec ted  to f a i l

e. One rejected body , when subjected to a f l i ght - leve l spin tes t ,
had t he  hand f a il  in exactly the locat ion and area antici pated from
the C-scan .

f .  S i x t e e n  f i r e d  motor  bodies  were examined  before and a f t e r
f i r i n g ,  both v i s u a l l y  and u l t r a s o n i c a l l y .  There was no hand l i f t i n g ,
nor  any growth in the mi nor unhonds that had been considered passable.

4. Development of a Grading System

I n i t i a l l y  a labora tory  g r a d i n g  sys tem of f ive ca tegor ies  was used.
As more s h e l l s  were e x a m i n e d , new ca tegor ies  were added to speci f y
condi t ion s be l ieved  to he b o r d e r l i n e  and to i d e n t i f y f l a w s  p r i m a r i l y
associated with the starting pass of the weld , as distinguished from
extensive areas of poor weld penetration . For use as an acceptance
inspection , the grading has been reduced to two level s : “accept ”
and “reject.” The reject leve l now includes flaws wh i ch are con-
side red possibly borderline; it is anticipated that this gro up may be
upgraded at a later date.

5. Weld Process Improvemen t/Forgi ng Inspection

A parallel effort was conducted d u r i n g  t h e  course of this program
to assist in the improvement of the welding overlay process. Rapid
scanning enabled the contractor to evaluate variations made to his
welding process.

Examination of the shells was conducted in the “forging ” configu-
r a t i o n ; t h a t  is , prior to final m a c h i n i n g .  The experience gained was
used to specify inspection at this stage of manufacture . The advant-
age of immediate feedback for process control is obvious , as well as

7
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i t s  c i  i n i t i a t i n g  a d d i  t i o n a l  p r o c e s s i n g  of de f e c t i v e  u n i t s .  A l s o , the
t h i c k e r  copper  at  t h i s  St a g e  p e r m i t s  a l % i d e r  t o l e r a n c e  in  the  set-
t i n~~ . of  the  ul t i a s o n  i c equi  P11~’nt  . rh i s  l) ermi ts less cr i  t i  cal setup
and h~~s a n ~~i t I v i t y  t o  e l e c t r o n i c  d r i f t .

She I Is  w e r e  e x a m i n e d  a show t h a t  f i n a l  u r i c h i n i  ng had  no e f f e c t
on the  (Ii s p l a y e d  b ond q u a l i t y .  Howeve r , hea t  t r e a t m e n t  d i d  open up
11 i n  some s i t e  i l s , h e l l  e eel to be due to ma rg i n a l  bond qua i i  ty
Fh tes  , i n s p e c t  i O n  W O S  speci l i e d  t o  he conducted a f t e r  h ea t  t r e a t m e n t
on I y .

6. I s suance  of C a l i b r a t i o n  and Operating Instructions

A f t e r  e x t e n s i v e  r e v i s i o n s based  on e v al ua t i on of ma ny moto r
b o d i e r , t he  f i r s t  set  of procedu res was incorporated into an exist-
i n g  c o n tr a c t  on an “ i n f o r m a t i o n a l ”  bas i s , (Re f 4 and 5 ) .  The in-
t o r m a t i o n a l  Conce pt requi res  t h a t  a l l  motor bodies be scanned and
grade d , but no t  r ej e c t e d  at t h i s  i n i t i a l  stage . R e j e c t a b l e  bodies
i, i l l  be used for less seve re tes ts , wh ich  should  preclude malfunct ion-
i n g .  P rocess contro l feedback has demonst rably  he ld  the n umber of
u n i t ’~ i n  t h i s  category to a ve ry low coun t , as deta i l ed in the Dis-
c u s s i o n  Sect io n of t h i s  repor t .  The decis ion to implement  the ultra-
sonic C-scan inspection in this manner was made to correct the bond-
ing p r o b l e m  as q u i c k l y  as possible , and with a minimum cost impact.

The substance of the instructions , other than rou tine equi pmen t
se tup , i s  as fo l l o w s :

a . The i n i t i a l  s t a n d a r d , des igna ted  the  “ lab  s tandard , ” w i l l  be
retained by ARRADC OM at the l)over Site to provide “contractor
standards ” for use a t t he  manufacturing plant and to provide corre-
lation between C-scans conducted at the l)over site or elsewhere . The
contr actor standard is a motor body wh i ch mus t he of identica l physi-
cal p roperties and conf i g u r a t i o n  as t h a t  used on the product ion run
and cont ain an unbonded area of li ght weld penetration of approxi-
matel y I to 2 square inches (6.5 to 13 cm 2). Flat-bottom holes are
d r i l l e d  to the copper -s tee l  i n t e r face  and C-scans are fu rn ished  i n -

p d i c a t i n g  an o p t im u m  scan , as w e l l  as upper and lower limits to wh i ch
v a l i d a t i n g  runs are accep tab le .

h .  The con t rac tor  standard is used to set up the inspect ion
equipment each day to veri fy electronic stability and to detect
mechanical maladjustments . Conducting standard scans before , during,
and after inspection testing validates the accuracy of the inspec-
tion scans. These validation runs are required at periods not to
exceed 4 hours .
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c A c c e p t  ;e n c c  is h ; i s e d  on the  ove r a l l  appea rance  of the band
w i t h  e x h i b i t s  to  serve  as  guidelines. The f u n d a m e n t a l  conce p t i s
that - co y  unbo nd sha 11 b~ r ej  ec ted i a i i  n ea r  Ine a-a i r ement  exce eds
I i r ich ( 2 .  m m )  c c  rosa i t s  s ee  c - f a c e  . Sonie e x c ep t i o n s  a i’e p e r m i t t e d
based  on the nature of t he  b a n d  Ca l  l u re s  experienced and oti centr e —

fu g a l  st r e s s  c a l c u l a t io n s . ihe  accept—reject ri ~e r i  a are c ons id—
cr eel  t h e  bes t  b a ses  a t  the presen t  t i m e  to assure  good f l i g h t r e l i —
i i b i  l ity. As a d d i t i o n a l  e xp e r i e n c e  i s  g a i n e d , i t  i s  a n t i c i p a t e d  t h a t
t h e c r iteri a w i l l  be r e v i s e d  p r i o r  to i n c o r p o r a t i o n  i~~t o  :c new ~o rc—
t r a c t  as a m a n d a t o r y  a cc e p t a n c e  t e s t .

DISCUSSION

Ih e  m a t e r i a l  i n c l uded in t h i s  report shows the current status of
C-scan bonding i n spec t i on and in c l u d e s  t he  i n s pe c t i o n  method b e i n g
used. Althou gh there appears to he ample  evi dence of adequacy , a
f i n a l  report can on ly  he issued when addit~ ona ! f l i ght data is se-
cured. Sped f i c a l l y ,  data i s  needed on :onc 9 (1 i ght  range in wh i ch
the sp in vel oc I ty xceeds 11 , 000 rpm.

The inspection method is essentially a visual test based on com-
para tiv e i l l u s t r a t i v e  fi gure s , included in the O p e r at i n g  Instructions ,
(see Ref - I i .  l~ecause of the i n f i n i t e  v a r i e t y  of con tour s  and areas
tha t may be encoun tered , the f i gu re s  arc  p r o v i d e d  is gu i d e l i n e s  o n l y .
At the present  s tage of i mp l e m e n t a t i o n , this is considered the most
feasible approach. In the fut ure , it is felt that a more automa ted
type decision-making process can he inco r p o r a t e d .

The i n s p e c t i o n  procedure  e s s e n t i a l l y  covers  t h e  e x i s t i n g  require-
m e n t s  for mi n imum base-meta l weld penetration by the welded overlay .
It was instituted expeditiously to rectify an e x i s t i n g  hardware
problem.

As of J u l  v 19Th , 1500 M I G - w e l d e d  hands had  been produced and in—
;pected i t  the  p roduc t i on  f a c i l i t y  w i t h  o n l y  one i t e m  b e i n g  classi-
f i e d  as  marg i n a l l y  r ej e c t ah i e  and o n l y  four h a v i n g  a minor unhonded
area , w h i c h  ~oii d s t i l l  q u a l i f y as “Good” on a graded 6 - l e v e l  scale
or m i d -  rang e i n  the  accept a t ) I e  catego ry . The l a t t e r  4 served as the
p re di cted p roc ess  con t ro l i i i  t h a t  a minor  adj us tment to the welding
ap p a r a t u s  e l i m i n a t e d  even t h i s  s m a l l  unbond.

~
()

p

—~~ 
•
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

S - 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~~--wp..~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- _____________



The dat a  l i s t e d  in t h i s  report  i n di c a t e s  that  the i m m e d i a t e  goal
of rectifying the hardware problem has been achieved.

The i n s p e c t  ion method mus t now he f u r t h e r  mod i f i ed  to inco rporate
the r cqu i  c emen t s  of maximum hose m e t a l  pene t r a t i on  and of cracks.
T h i s  ~. i l 1  accomplish a si gn i fi can t cost reduction by reducing the
need for soni c of the destructive tests currently required.

CONCLUSIONS

1. Ihe u l t rasonic  C-scan inspection for rotating band bond
quality is a satisfactocy and highly repeatable procedure .

2. Further fligh t data is requi red to ensure its value for
substitution in lieu of existing destructive testing.

3. The ultrasonic inspection should be developed further to
include other weld characteristics such as maximum penetration , base
metal cracking, e tc .

REFERENCES

1. Jay S. Pasman, “Ultrasonic C-scan for Inspection of Brazed
Rotating Bands on an Artillery She l l ,” Technical Memorandum 2082,
Picatinny Arsenal , Dover, NJ , April 1973.

2. Jay S. Pasman , Proceedings of 22nd Defense Conference on Non-
destructive Testing, November 1973 , Paper 11 , pp 247-252, “Ultra-
sonic C-scan for Inspection of Brazed Rotating Bands on an
Artillery Shell .“

- 
-p 3. Peter Variden hlouten , “Evaluation of Plasma Arc Welded ~otatirig

Band Overlays Deposited on 8 Inch XMo5O RAP Motor Bod~~s,”
to be issued.

4. “Calibration and Operating Instructions for Ultrasonic C-scan
inspection of Rotating Band ,” Picatinny Arsenal Drawing 9289688.

5. “Equipment Tabulation for Ultrasonic C-scan Inspection of Rotat-
ing Band ,” l’icatinny Arsenal Draw i ng 9289689.

I

10 

~~_~ u_._._~- — V.. ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -. — - - - 

- —



l.,—2”
CAtdN ELURES

1/6 ~,‘~~~-ROTArINO BAND , COPPER
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Fig 1 Cross section of XM650 RAP motor body
(welded overlay rotati ng band)
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