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Report No. 710/66 E.

%atertown Arsenal Septeaber 8, 1936

(¥ade for Dr. Reed)
OF THE

"WHITE BANDS* CAUSED BY JTHE
PENETRATLION OF ARNOR PlLATE

I. Makerial Emploved for Study
Two specimens were exsmined:-
by = 4 whioch 18 one-half inch homogeneous arwor
plate mmnufactursd by satertown Arsenal and rolled by
Henry Disston % Sons Ino., 5. h. Order 8642, Ingot 12-614.
Compomition

o Mg s 5. & . Ya G ko
6l .42 .14 .013 .016 .09 .39 1.21 .56

hgat Ireatmsnt

.uenched from 1650°F in oil, drawn to 11580®" for two
nours.

3rinell Hardnees - Front 430, back 444

striking veloeity 2391 ft./sec., Helght of bulge beck 03"
smmunition Cal. .30 ¥ 1922 A.P. Weight core 87.5 grains.
Dl atance from muszle to plate - 100 yards

Penetration - partisl, Spec. 31

Angle of indent - norsal

Sullet hole sectioned through axis of bullet.



B, - 614.5.5 - Same as 614.5.8 except &8 follows:
Striking velocity - 2495 ft./sec.
Penetration - partial.
Angle of indent - normal.
Bullet hole was sectioned to one side of axis of bullet.
Sample was tempered 1/2 hour at 300°C in tin bath, and

cooled in alr.

II. Object

The primary purpose of the gtudy was the detec-
tion ot the possible presence of metellographic structures
1n the "white bands" which hed been observed by Doctor Reed
in ale work on the penetration of armor plate. They were,
simply, reglons 1in tLe netal which feiled to recespond to
normsl metallographic etching and hence, arpeared as white
streaks sgalnst the background of the etched plste materlal.

A customary survey of the unetched, pollshed sur-
face, however, 1ndicated the interesting nature of the maln
crecks caused by the penctration and the peculiar state of
many of the nonmetallic elements. Consequently, & general

examination of these conditions was first made.

II1I. Experimental Work
Specimen #614,5.8
A. Unetched

Three groups of photomicrographs were obtained, showing
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1. The main crack systens at 50 dlameters.

©. Fortlone of the main cracks st 1,000 diameters.
This vwes Gone to discover the possible existence of minute
frecturee which might ocour ag continuations of the cracks.

. Typlcel groupe of nonmetsllic elemente at 1,00C

dlexeters.

These 1llustrations are presented in Folders #1 - #8.
A more detelled record of observations accompanies each
folder.

B. Eteched

1. A 2% Nital etch revealed the structure of the plate
metal and the presence of the "white bandes" which were to
be investigeted. A complete view of the latter, wvhich ococur
both alone and in conjunction with cracks, may be seen &t
10 dlsuweters in Folder #9.

They evidenced no metallographlc etructure and
practically no detail when examined at 600 diameters. By
using oblique i1lluminatlon on the same surface, however,
1t vas possible to obeerve definite flow llnes which indi-
ceted metal movement and whioh occurred both adjacent to
and within the white areas. Characteristic sectlons of the
white reglons were photographed at 1,000 diameters employling
first normal illumination and then oblique illumination of

the sample. Folder #10 contains these illustrations.

ade



Folder #12 (105 and 106) shows the same material at
3,000 diameters. Cracks within the "white band" are

more easlly noted &t tnies maganificatlion.

2. Additional and prolonged etching of the same
surface with 2% */ital producea apparent etructure in the
white bandse". It ie i1llustrated at 1,000 diameters in
Polder #11 (109, 108, 110) and at 5,000 dlameters 1n
Folder #12 (11&'. DJue to leck of sharpness of the material
within the white &ares, 1t was decidel to make subsequent

gtuéles on e nevliy-cul surfoee of the snuple.

5. After a very careful repolish the speecimen was sub-
jeoted to a prolonged etching with 57 Nital. Evidence of
structure was obegerved even at falrly low magnificatlone.
Photomicrogrephe showing it el 450 diameters are presented
in Folder #9 (1558, 136) and at 3,000 diameters 1n Folder #13.

The binoculaer eyeplece, which vroduced a three -
dimensional effect, confirmed the presence of & multiplicity
of swall, though rounded, grains but e metallographlec plate
cannot recoru thie appearance. Furthermore, the "white
band" consisted not of one plane surface but of furrows.
This condition, which was revealed by oblique illumination
of the sample, would account for the absence of the well-
defined outlines of orthodox metallogresphic structures. It

was considered advisable, therefore, to make another at-
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tempt to level down the "white bands".

4, Fingl examination was made on a surface which
had been prepared by a departure from current polishing
practice in this laboratory, i.,e. 1t was cut slowly and
by hand on the abrasive papers rather than on the rapidly-
rotating, paper-covered disc. The finishing procedure wae
unchanged since it is normally carried out slowly. The re-
gsulting surface, after a prolonged etch with 5% Nital,
proved to be a dunlicetion of the one deseribed under (3)
above, Although this condition vindicatec the high-speed
paper work, it indlceted thet metele can agsume some struc-
tural arranizements which resist belng cut to a level by or-
dinary methods and hence, prevent a sharply-definea presents-
tion of thelr metaellingranhie charsateristics.

Photomicrographs, at 1,000 diameters, deplcting

the last surface obtalned on specimen #614.5.8 are assembled
in Folder #11 (142, 141, 140) and, at 3,000 diameters, in
Folder #14. These show sections of a “"wnite band" as they
appear when 1lluminated first nurmslly and then obliquely.
Comparison of these 1llustrations should be made with those
noted in paragraph 3 and found 1n rolder #13. In both cases
the occurrence of structure within the band i1s obvious. To
see fully the wealth of detail recorded in these prints it

1s rcoommended that they be examined by mesns of a hand glaes.

-5-



Specimen #614.5.5
A. Unetched

The crack systems on this sample, which were more
numerous than those on specimen #614.5.8, were photographed
at 50 diemeters (see Folders #16, #16 and #17).

Visual examination, but no photography was carried
out at higher magnification. The appearance of cracks and
of nonmetallic elements at X1000 is typified by the illus-

trations secured on specimen #614.5.8.

£. Etched

1. This metel, which had been tempered 1/2 hour at
500°C, responded more readily to ctehing attack. A treat-
ment with 1% Nital revealed the structure of the plate
metel and the presence of numbers of "white bands". Addl-
tional etching showed the occurreace of exiremely fine
detail within the bands. The latter condition is 1llus-
trated at 300 dlemeters in Folder #18 (54 and 53) and at
3,00C dlameters ln Folder #2C (47, 4€, 42, 50, 51, 52). In
addition, a study of the surface under obllque 1lluminatlion
showed the existence of flow lines, due to metal movement,
similar to those described for specimen #€14.5.8. A pnoto-
micrograph recording this stste, at 1,000 dlameters, may be
seen in Folder #19 (45 and 46).



9. As in the case of specimen #614.5.8, 1t was Dbe-
lieved that improved sample preparation might sharpen the
appearance of the structure 1in the "wnilte bands" of
#6l4.0.b, Accordingly, it was ocarefully repolished by hand
on tne papers and finished slowly on the wheel. This time,
prolonged etching was carried out with 2% Nital. The re-
sulting exceedingly fine, rounded structure may be seen at
1,000 dlameters in Folder #19 (57, 59, 58, 80) and at 3,000
diumeters in Folder #20 (61, 62, 63, 64).

The photomicrographs confirm the presence of minute
structural features within the band. The ones made with
oblique illumination furnish evidence of the rough surfeace
conditions to which must be attributed the lack of sharply-

cut characteristic metallographic outlines.

IV. Resgults

Results are presented in the form of illustrations
bound together in "Folders". The latter are accompanied,
where necessary, by detailed comments on individual prints.
The story could be told just as effectively by means of &
few carefully selected photomlcrographs. The experimental
results are, however, being glven completely in order that
Doctor Reed may, if he finds any of them useful, perform

the final weeding-out procese himself.
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The following explsasnatory notes pertein to
all folcers:-

1. 4% the beginning of easch folder is « photomicro-
graph vt 10 dlametere which servee as 6 map ol tne 1llus-
trations following 1t.

. Tne number which occurs in the upper right-nend
corner of each print 1is repested on tie WHP thueg locating
the ares wnion aas been photographed.

5. 4 number spvearing in brackets under tne number
described in note ¢ above, refers to another photomicroJrack
of the same @8pot mede elther st o aiftferent nmegnificatlon
or witi # ualfferent Lyne of 1lluminatlion.

4. A letter “U" in tne upper left-nand corner slgnlties
tnat the photography we: carried out with normel illumination.

5. A letter “0U" in the upper left-hand corner slpgniiles
thaet the chotography was carriad out with obllique {iliumination.

6. -ach vrint has Lhe same ortentotion &8 tast of the Gup.
7. It i recommended thmt the printe - particularly
those aeploting siructures revesaled by etchliny - be examined

with the 18 of & hand glasas.

‘9-
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56

57

4

68

Polder i3

Creok offset.
Mne fracture between teo parts.

sInclusion® st "a® on left of orsek is swung
around about 40° fros its original loeation
in the plate metal.

Fine fractures extend beyond & portion of
main oraeck.

Discontinuity of orsek.

*Inclusion® on left of orack has been swirled
around from its original horiszontal position.

tnd of main oruock shown about center of print.

rine faintly visible ruptures appeer to riant
of 1it,

-l
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59

27

28

76

Folder 74

Fine freoture run:ing left from top of oraok.

*Inclusion® above orsck, moved out of position.

Fine fractures extending from end of ride arm
of erack in upper hslf of jploture.

*Inclueions® above orsck.

’ine fraoturs above and to right of oraock.

Fine frrcture below crack extending to side
branch of mAin Orack,

spherieal *inclusion® st junetion of msin
orack and side one.

Fine fractures ruaning out from small breanches
on lower side of main oraok.

No apparent fracture extending beyond endc of
main orack. Extremc end of ernck sppears to
have besn caused by foroes whiohk were perpen-
dloular to those csusing the main vortion of
the orsck.

Fine eraske oconneeting diecontinuous sections
of main orack,

¥aln orsek discontinuous.
*Inclusions® im rizht portion of the print are
swung out of their horiontal position.

Ko evidenos of frasture extending beyond ex-
tremity of maln oraok.

*Inelusion’ below oraek swirled out of its
original horisontal position.

alde
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74

73

70

71

D9

]3‘!] gder 78

Fraoture st end of inclusion.

none &t end of orack.

Discontinuity of oraock.

Cracke nerr edge of penstration cavity.

Fine fraotures extencing between parts of
smaller oruagks.

so apprrent fine fracture at beglnning of erack.

Creok offset. Fine fractures present in several
extremities.

Two streight lines at left of photomiorograph
are “inolusions”.

#ine fractures at ends of small orscks and 2lso
between two "inclusione® which ocour in lower
half of print,

“ine fracture &t digcontinuous end of mein oerack,

«16e
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61

30

75

o4

b

82

Folder 8

Faintly visible fraoture extending beyond
beginning of orack - snother extends rrom
very short rupture &t left of main oraok.

Crack outting tarough large "inolusion®.

Fracture at left extremity of "inclusion”.

Diecontinuity of orack,
Fine horigontal frscture extending from either

slde of small "inclusion® between two branohes
of oraok.

Diescontinuity of orsck,

Fine fraotures extending from extremities of
some Dbranohes.

Crack disocontinuous.

Fracture at left side of distorted sphericsl
"tnolusion®.

Crack diseontinuous.

Small "inelusionu* =nd fine fr:cture at beginnlg

of middle seotion.

Very faintly visible fruoture extending well
beyond end of coreok toward bottor of print.

*Inelusions®, not orucks, at upper left-hand
eorner.

=18~



o

cracks een in older

w1000 inatched

- — " 19p303Y

~ 19pI09Yy
B ~ - paysulyg JApIO
PayInNo03ayy

SHIeWN
°p10
JwIBN

R - ‘ON

jee puge 1.

-fC-



76

77

81

79

18

Folcepr 7

Fine traoture Uetween main orack and section
of eresok to leflt of 1it.

*Inclusion® below corack is distorted.

Fine fractures in plate muterisl vetwsen two
branches of oraok.

seotion of nlate metal trapred in oraok.

section of rupture disconnected from main
orsok.

Cavities betweeen ceclion zaown 4n 79 and
main orsok.
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b2

1.3

83

82

84

Foldsr #8

Distorted Lnelusions® - fine fragtures ex-
tending from some of them.

Fine fraoture extending from right extremity
of both "slsg stringers".

o evidence of fractures connected with these
*inclusions”.

Very distorted “inclusions*, fine fraoturecs
agoonpanying some of them,

*Inclusions* distorted - evidence o: fine
fraoture 2djoining some of them,

Fractures extending from sphericsl "inclusion®
at right of print. Fine fracture oxtending
from longs “inclusion® in upper psart of print.

No evidenoce of frsctlures ascocompanying these
*inolusions".

Petorted “inolusions®. Frastureas at both
sides of spheriosl partiole et ton of fleld.
Fine fracture to leit of "stringer® at bottow
of print.

=23



6d)
87)
63)

108

103

1064

Fragmonted "inclusions typloul of many
found in ares below rensiration ocavity,
some helns well down in dDlatea., Mote actusl
sharp breeks in the "stringers. ot found
1n reglons remote from penitts»L.. section.

feme "inolusicn® shosn in 57 after oF Nitel
etoh., Jaeck of ehenge in metallozrarhie
struocture immecdiately adjucent to it indlentes
that the nertiocle might huve been shnttered by
an elastic®rather then by a plastic deformstion
of the metal,

A lghater print of the szene photonierograph
sbowing thut tine “inclusion® hxs not been lost
by etehing.

Another rragmented "inclusion* - not photo-
grephed before etobing. Here, too, there is
no evidence sround the “stringer* of a changed
wetallogranhic structure wmhicn would be ex-
vected had the fnoluded mnterial been moved
through plestio deformation. 7o the left of
and extending below 1t is ths last remnsat of
¢ "wilte band* ss it nerses into the plate
metal, Mor loontion of this *"white band® gce
photouderoyraph of etched speoimen at 10 di-
austers in next folder.

* The rossibility that this fragmentation
ocourrsd durinig the rolling of the plate
should not be exeluded.

-4
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Fhotomicrographs at 10 diaseters show ocomplete
number of “white bands® on spesimen, They also re-
veal the looation of the bands with reference to the
crack systems. The white areus vhioh are assoclated
with the OFacke are not 50 essily sten &s are those
whieh extend beyond them.

156) _  structursl detell, lerge crackes and fine
136) eracks in *white band’.

Hard material of the band is in relief -
hence structurs of plate metal osunot be
focused at same time, ¥From Rmep at %10
1t may be seen that this section of the
*xaite band® 1s independent of the wain
Crsokase.

Note flow lines at outer edges of band.

26~
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101

94

ve

91

90

89

98

87

Eodder #10

Deformed metal at lower edse of penetration
cavity.

*ahite band® in oconjunetion with = main ersck.
Fine orseze but preactiocnlly no detsil dis-~
cernible.

&nd of a main oreck with “"white band® extending
beyond it. Crseoks but no detail in band.

Geme ns 95 but photozraphea with oblinue Llluul-
nation., Note flow lines in bend.

Beginning of creck at lower edae of penetreticn
cavity. Ko detell in "white band" running psr-
allel with one branoh of oreck. Ffine detall in
remainder of ares whioh is deformed plate metal
at edge of cavity.

same ae 90 but photogrsphed with obligue 1l-
lumination. Yo detall in "white band® but flow
iines are visible in region adjoining 4t xs well
as in the plate metal.

seotion of “"white band" extending seross plate
between two main oraoks. }No detall within bend.

“ame as 98 but photographed with oblique illumi-
nation. Flow lines sdjscent to and within band.



10C

89

13

90

Folder ¢30

Region of "white band* to right of area
shown in 98. o detail in band. Strueturs
of plate metsl Sppareatly unchanged near it.

some as 100 but photographed wita obligue
illumlnation. Flow linss vieible within
band snd in adjoining territory.

“eme band shown in 98 snd 100 &g it ocrosses
& Baln oruck., It is offset By the crack.
tractioslly no detail witain the whiite area.

~ame as 96 but photographed with oblique
lllumination. »low lines and oracke visible
in "white band".

Lighter srint snows erack o better advantage.
Aleo reveals flow lines in reglon adjoining
“white band*.

*2%=
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109 -

108 =

110 -

142)
140) -
141)

Folder 211

"ihite band® running parsllel with and to
the left of a ualn oreck - near area shown
in Folder 710 - 94. Addlbional etohlng
with 9% tital has revealed consideravle
structure in band. This eas overexvosec

in the present illustrstion whlch wug mice
in order to show the detail in the isoluted
seotion of "white band" contained witinin tue
Orack,

Same ares shown in ~older 10 - 21, 92,
adélitionael etoning with 29 Hital has devel-
oped pronounced evidence of atructure.

-8me sres shown in Folder :lu - 96, 06 sfter
additional etoning with o7 Nital.

Hote intermeclete metrl struoture betwveen
vlate materisl «nd “white banc”.

‘eotions of & "white bend® whiou ogours in-
dependently of main oersoke. “his 18 the lest
surfece to be polished snc photosrsphed - iteg
preparation 1s described in tae text,

The effectiveness of & BY Nitsl etoh may be
noted in the weslth of f{ine aetall whieh 1¢
ensily visible with ordinsry illumination.
in intermediate gtructurs ccoure bet:zeen tae
band and the plate metel. The latter belny
at » lower level from tast of the white ms-
teriel, ite structure 1s not in foous.

-310
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106

16d

113

Seotion of “"white band® (same etoh)} shown
in Folder s1C - 99, 1C0. Higher magnifica-
tion with ordimary illumination revesls no
further detail then 1e¢ savn &t X1C00,

seme ae 106, but photogrsphed uwlth obligue
illuminstion. ~low lines wihlich tnls type
of illumination wade vieible at 100U are
more eansily seen here,

Fronounoed evidence of oracke witnln the
band,

seetion of *white bend” oclose to that shown
in 108 and 10% after an addéitionsl etehlng
with 27 Mital. LStructural detalls sre
viaible =ith ordinary illuminstion. ee
text for commente conoerning laok of sharp
outlines, Hote crsoke.
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e

128

124

136

131

132

Eodder ild

Portion of one of isolated patohss of
*shite band' material present at bottom
edge of penetration ocavity. itrueture is
self-evident. The bDlack lower part of this
1llustration is the location o the plate
netal which 42 at a different level.

Seetion of “white band" attached to side of
crack whioh begins at lower edge of pene-
tration cavity. Contains struoctural detslls
eimiler to those in 1638,

seotion of a “white band" as 1t sterts to
extend asway I'roin A paln crack. Struoture

1ike that in 120 and 124. Band at much

nigher level than plate. Latter is, therefore,
out of foous - & ocondition existing in every
1liustration contained in this rolder.

section of same "white band" as 1L appears
in region Lo right of 126,

Finer detall a2vident.

Seotion of sams "white band" - to right of
121 « Just before it orosses & main orack.
Note rine eracks and detall within band.

Same "white band® after orossing the main
erack mentioneé under 122. ¥Note presence of
fine estrusture.

«308-



120

Seme "white bandG® in aresa to right of 127
and 128. Dark spots within band &re not
cavities. 7They are actually gray-colored
inclusions which in this illustration are
blackened by the length of exposure necee-
sary to bring out detalls in the wbite
paterial. fThelr smoothly spherioal shape
appears Lo huve been undisturbed by the
deformation of thne metal. This 1e one Of
numerous instances in wnich suoh *inclusions”
were observed in the bands. 4n explanation
might be that the violent resotion which
snduced the formation of the *white bands"
genersted sufficlent neat to welt any iaclu-
slons existing in the scme reglons. Upon
subsecuent solidiflcstion, the perticles
sssumed their norsal shapes snd thus present
the appearance of having been unaffected by
the sanook of pensetrstion.

je@ 2ls0 the fine orsacks which eeesm elther
to start or to end at the “inclusions”.
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143)
146)
147)

l44)
1456)
148)

149

1860

150

feldar £14

seetions of "white band* shown at X000
in Folder ;11 - 142, 141, 140.

Fine detsil and oocoesional oracks are
present.

Identical with 143, 146, and 147 but photo-
graphed with oblique iilumination.

Pine ¢etail still apparent. Hers, nhowever,
is evidenoce of the furrowed condition of

the surface wnhich prevents the presentation
of welli-cefined structural characteristics.

A narrowm portion of & "white band" se 1t
merges ianto the plate metal., The latter 1is
at 8 different level froa the hard white
saterisl and consequently not in foous.

Same &s 149, but photographed with oblique
1llumination.

Kote fine orscks.

snother part of sase “white band® shown in
145, 148, 147, for whieh there 1s no oor-
responaing photosloregrsph wode with obligue
illusination. Note "inclusion®, fine oracks
and very evident "“structure”.
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Photomicrographs at 10 diameters show complete
nusber of “white pands® on spseimen. They reveal, %t0C,
the loestion of the bands eith reference to the maln
crack aystems. Kore pumerous and finer *white banans®
exist in this sample than 1in spocinen vB8ld,H.8.

654 = FRegion directly below pottom of penetration
cavity showing & *wnite band® maklng & comnlete
turn, and distorting the plate metal., o evi-
dence of laock of structure witnin band.

£35 « Branching of & *white band” ymmpdlately below
penstration cevity.

Cracks and fine getal. qQra? evicent within
the band.
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40

46

5?7

b9

60

Folder 119

A "wplte band® dirsetly below penetrstion
eavity. Fine uetall visible.

~ame se 45, but photogranhed wita oblique
f1llumination. Flos lines may De sson both
within the bend and adjacent to 1t.

*:hite bena® directly velow peastration
oavity as 1t anpeered after resolishing
and an etob with 27 Nitsl.

Xtremely fine deteall anc ornoks are evident,

A *wilte band® as it mekee e turn 1in reglon
Deiow penetration csvity. ironouncea fine
struoture,

4 "wnite band® »s it oroesses between WO

zein orsoks. /t the top of thls illuetration
1s the normal plate metal. Then follow: the
band containing very fine detall and an un-
disturbed *inclusion”, @ region of intermedlate
structure and finally the distorted glrusture
of the plate.

jegtion of another "white band” with 1ts
further evidence of structursl detail. This
photomicrograph, as do sll the others in the
present frolder, serves to 1llustrate the
striking difference between the extremely

fine detall within the “white bands" and the
rclatively coarse structure of the plate metal,
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The oompsrison is made ossible Dy the
fueet that the white mmterisl in thie
epecimen, unlike thut in specimen 614.56.8,
eould be cut down wmore nearly to the level
of the plate. The more favorable rosponse
to the polishing action indioates a state
of leaser hardness than that of the bands
in epecisen /614,6.8 ~ due, probably, to
the effeot of the tespering to wiieh the
sample »as subjeoted,
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47 -

46 -

49)
50) -
6)

e -

6L -

Same &rea aeé shown in Folder #19 - 45,

lore detsil is visible here than &t X10C0,
11lustrating the observation that the
etructure within the *white banés® of s1001-
men #614,06.t ceems to be Of mn even finer
oraer than that preseat in lhe “white bends*
ot epeciumen '614,0.8.

Another portion of ares seen 1n Yolder 1P - 45.
tnie 1llustrstion, tou, sxem;plifies the nee-
essity of using magnificstions zreater thsn
X1000 in order to resolve tae fine detnlle 00~
ourring in the “while brnde" of spscluen

?6140 6. .

teations of “white band* ghown at 13X 4in
Folcder 18 « 04,

49 and bl are at points where the band makes
s turn.

All three photomicorographe testify to the
pressnce of minute structural details. The
bands in every osse are so wide that the plate
setal is oxcluded from the print. They are
slightly in relief with respest to the plate
mstarial but not to the same extent as are
the bands in speocimen s614.5.8.

% "white band® which osours in conjunetion vith
e main orsok. The Band, with its fine struo-
wure, sppears at the left of the ereok and the
plate metel s visible at the right.

Portion of ares shown in Folder /19 = 87.
Abund;neo of winute but not sharply-defined
dstall.,

odBe
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63

Felder #8Q

Same as 61 but photographed with obligue
tllusination. Ffeveals furrowed occndition
which is much leas severs than that of
speeimen 7614.6.8 but which s sufficlient
to secount for the lack of sharply-defined
sstallographic sharseteristiocs in 61 snd
in all the photomicrographs of this folier.

Portion of ares shown in Folder #19 = 68,
Very fine,but rounded, struotural detall
present.

Same as 63, but photographed with oblique
illumination.

¥avy appearsnce of surfroe again evidenoed.
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V. Sumsery of Obgervetions

1. KEalo CraQk Syetems
Specimen /6l4.5.8 wss photographed unetoched
at XBO and X10C0. The xaln cracks oaueed by the pene-
tration of the bullet wers asen to be very diseontinuous.
Offsetiing was frequent. Many continued as very fine
fractures whiock wers vieible at X1000., Although “inelu-
sions" oocurrad in conjuaction with some of them, there
wae no evidence that the crscis wera greatly influenced
by the pregsnce 22 the nonmetsllic slements in tae plate.
specimen 76l4.5,6 wes photogracned unetohed nt
X80 only, the conditions illustrated for #614.5.8 belng

common 1o outb sasples.

2. laoiuatona®

Gpecluen <l4.5,8

Study of the unetched metal revealed that parti-
oles of nonmetrllic elements were very numerous. Nany of
them showed evidence of having been svung out of thelr
originel positions (some to the extent of 45°) through
the movement of the plate metal which ocourred when it
was penstrated by the bullet. In some cases tiny oracks

appenred at one or both ends of the partiecle.

B0-



A number of “inciusions" in the region below the
penetration oavity exhibited & peculiar effect in that
they were fragmented - offset into oleanly cut blocks.
#“hen etohed, the melal around taem ailed to show Blgns
of plastioc deformation. It was concluded, therefore, that
the partiocles might have been Jarred by an alngtic*move-
ment in the metal.

other "inolusions® in the plate tailed to reveal
cracks or distortion of eny kind.

7he nonmetallic particles of specimen 7614.5.5 were
not photographed but they were generally gimller Lo those

of 78614.56.6.

Q. 1 -
Ao & 614.6.6
LLoh L{feat
Normal ¢ 1. Plate structure revealed.
27 Nital ¢
9., "wWhite bands® visible.
{ 3. Normsl itllumination: no detail in
: "white bands".
¢ 4, Oblique illuminstion: flow lines
: present in "white banda".
rrolonged : 1. Detail in "white bands" which ocourred
27 Nital ¢ in conjunotion with mein oracks.
Prolonged : 1. Maximum detall in *white bands" whioch
B% Nitel ¢ did not ocoexist with main oracks.
1

*The poesibility that this fragmentation oocurred
during :ho rolling of the plste should not be
excluded.

wfle



B. Speoinen #614.5.5
EtQl Effeqt

Nerwzal ¢ «. Plate structure brought out.
17 MNital :
2. "Waltle omnds" visibls.
; O. hOorwdel Lllumination: a0 detall in
: "wnlte bands".
i 4. Vblique lllumination: flow lines
: preseat in "waite opands",
Frolonged : 1. Detall in “white bands" which oo~
1% Nital : ourred in conjunction with ormcks.
Frolongea ¢ i, kexluum detsll in “white Dsnds®
27 Nital : whioh did not coexist with mein

cracks.

Specluen ,;614.6.0 was much more resnonsive tc eteohing
than wus speoimen ;814.5.8. It wes noted, too, that the
"wnite bande" which were intertwined with the main orucke
vgre, iln general, more easily etchod than those bands
wihlch extended away Irom the cracks.

4, My "
5. Gresks
In both speoclmens the bande contalned n very great
number of oracks, sowe of which were visible at X30G, others
of whioh were just dlscernible at X3000. In all cases these
Craoke werv seen L0 wuch better advantage when tne seaple

wag studlied with oblique illumination,



2. How Lines

vhen viewed witu obligue lllumination the bands
in doth specimens were founc Lo rosgess evidence of setal
movement in tue Jorm of lliues of flow. There occurred
also in the melsl sdJacent to the rhite reglons. They
became vislole witsa much less etcuing then that which
was required to produce structursl detalls.

&. Zlpglusions?

Many clesrly-cut, undeforwmed perticles of non-
metellic elemente were ovcerved Autagt within the “white
pande® of botia samplee. Thelr oceurrence was consldered
notevorthy eince the bands themselves bore witness Lo the
drastic reaotions whlch must have taken nlsce At the mo-
ment of penetration. The uncilsturbed aprearsnce of Lhese
“inolusions” was particularly striking when they were com-
pared with thoee found scattered through the plate metal
bansath the penetration cavity. Il hag salready Deen
pointed out Laal some of Lae lutier vere /reatly dlstorted
wioile others were shattered to sherply-defined fragments.
The presence of undeforsed particles witain the "white
bands” was, therefore, inconsiztent witn the axistence of
badly sutlilated ones tarougnout tne plate.,

As a probeble explenstion of thie lnconsistency
it 18 suggested that lhe forces whicn induced the formation
of the “"white bends" generated enough heat Lo melt any

-53-
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"snoluelone’ ocourring in the ssme regione. The sub-
sequent sollalfication of auch particles would account
for the tact that, apparently, Lhey were uneffected by
snook o the penetration.
2. 2afuoturce
Normal etohing appeared to huve nc effect on

the "wiite bands". Prolonged etching with 6% Nital in
the case of specimen /8l4.b.5 and wltn 27 lltal 1in the
crge of 7614.5.5 revesiec cunntities of tine though rounded
detell witnin the bunds., The almost complete uzbDsenoe of
charecteriatic vell-defined structural outlines wae noted
and expleined with the »la of obllouu 1lluminetion, through
the use of wnion 1V wee jo@alble to pbotograph the real
surface conditions of the wnite regions. The latter, ue
hre baen sho«n in the illusireilons, sere hard enough %o
rasist the cutting ~ction of the cpeclmen-pollshing. They
presenteu Lo tho miecroscupe, therefore, not flut, smoothly-
fiilshed frces but rather irregular, oracked, furrowed ones,
the gtructural fepturese of wilcl couid not posalbly De seen
is noranl metellographle outlines.

'ne diffioulty of wearing down the *‘waite bande"
to & proper level vng rurtaer attested to by the faot that
they stood out in great relief from uhe plate metel. Those

in specimen 614.6.5 exhibited thle effect to o less degree



then d1d the Dandce 1o epecimen /614.0.8 - a ciroumstance
voleh was stiributed to the prodoebls scftealng action of
L the teapering treatment to walel tals sample hed Deen
| subjected, It +az Dellieved, too, that the slightly lower
resistence Lo e«drasion - 1.e. softness - might explsin
the greotsr Tinensees of gtructure Jbsorved in tae "valte
bsnde® of epecizen #614.5.5. In other words, altoough
thelr surfaces wers far from beling flat, ths detalls wituln ’
them wers cutl wore 4ffsctively and hence were seen in o
trusr lizat than were thoee in the roucher pands 97 speclmen
4614.5.8, Thie suppoaltlion wag supported oy the faet that
the whita reglone of specimen 514.5,8, when obeserved wiih
ablicue ililumination, 41d not appesr Lo De as extensively
furrowed as 414 those of speaolmen +814,.85.8,
On the basis of thwe foregolng obrervaiions,

therefore, the followiag statementa coneeruaing tae nature
of tue *waite bands" w«re offered;

L. THEY CONTAIN MASSZS OF FINE DETALLS WARICK INDICATL
THEIR CRYSTALLINITY, }

g. THEY ARE HARD AND RESISTANT TO ABRASION, HENCE,

THEIR STRUCTURAL PSATURES ARE VISIBLE AT VARIOUS LEVELS AuD

NOT ON ONE PLANE SURFACE - A CONDITION WHICH ACCOUNTS FOR |
THE LACK OF WELL-DEFINED OUTLINES AND EXPLAINS WHY THE TINY ]
GRAINS NIGHT APPEAR T0O SE OUT OF POCUS IN THE PHOTOMICROGRAPHS.
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ge  SHEIN FALLUKL IV LAAIBIV ACICULAR SUTRUCTUAR Lo
NU PROOF THAT THEY LACK ThHe CHARACTLRISTICS OF HARDENLD
STLELL SINCL SUCH SULELS DU 40T NaCESSARLILY HAVE 10
Acolll ONe DEFIRITIVe 1XrE OF STRUCTURAL ARRANGEMENT,

Respectfully submitted,

¥, K. Norion,
Agst. Metallurgist




