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Report No.  310,2/12 
''.'atertovm Arsenal 

October 5,   1933 

Llfftit Arroor Plate 

Special Study of Selected Dlaaton Plates» 

Conclusiona 

Investigation of specially selected Dlsston plates 

made  from this arsenal's heats nos.  12-444 and 12*445 

indicates that: 

1. The most satisfactory plate  in the 1/2" group, 

from the point of view of ballistic efficiency and 

freedom from cracking and spalling,  was plate No. 

2-444.     This plate was drawn at 9000P and had a  case 

3.2 ram.  deep.     It showed a surface hardness of 534- 

601 Brinell  on the  front and of 375-444 Brinell  on 

the back.     Its ballistic  limit was 3076 f.«. 

2. Of  the  1/4"  plates examined,   No.  4-444 was  the 

most satisfactory.     It was drawn at lOOOop and had a 

case 0.8 mm.  deep.     It showed a  surface  hardness of 

514-534 Brinell  on  the  front and of 363-429 Brinell 

on the  back.     Its  ballistic Umit was  1991 f.s. 

3. The depths of case obtained ware not uniform,  and 

plate No.  3-445 was  carburlzed on both sides* 

4. The hardness values of some  jf the plates showed 

too much variation over the surface of the plate, 

particularly on the back surfaces. 

I 
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Introduction 

Tie msults obtained at the Aberdeen Proving Ground 

In the testa of llfht armor plato submitted by Honry 

Dlsston & Sons, Inc., on ^'ntertown Arsenal Purchase Order 

Ne. 237G were, in general, very satisfactory.  The Chief 

of Ordnance has directed2 that an additional group of 

plates be made of the same steel cemposition and heat 

treatment, except that the draw temperature will be 1000°? 

for all the plates. 

Some of the plates tested under P. 0. No. 2376 showed 

exceptionally good ballistic properties while others, for 

no apparent reason, were decidedly Inferior to the good 

plates In ballistic efficiency. The object in making the 

additional lot of plates referred to is to duplicate the 

results obtained rlth the better plates of P. 0. No. 2376. 

Purpose 

The purpose  of  this  inveatlgation was  to determine; 

If posalble,   the  reasons for the high ballistic limits Ob- 

tained with certain plates and for the poor ballistic lim- 

its  shown by certain other plates of the  same group. 

Experimental Procedure 

All «f the  plates of this lot will eventually be ex- 

amined at this arsenal as a part of the arsenal's general 

program for the study of light amor plate.    However,  in 

order to enable Henry Dlsston & Sons,  Inc.  to proceed 

i Wumbors refer to references listed at tne end of  LKU 
report« •£• 



with the order for nddltlorwl plat«, a few plates were 

selected for preliminary study.    These plates,   selected 

after consultation v/lth Dr. Henry E. Allen,  Chief Metal- 

lurgist, Henry Dlaston * Sons,  Inc., bore the followine 

serial numbers: 

(a) 1/4" plate«-5*445, 4-444,  1-445 and 2-444 

(b) 1/2" plate:-3-445,  3-444, 1-445 and 2-444. 

Unfortunately,  l/4n plate No. 2*444 has not yet been re- 

ceived at this arsenal and it was,  therefore,  not possible 

to include it with this group. 

* The other plates, as listed above, were examined 

microscopically to determine: 

(a) the general cleanliness of the steel 

(b) the depth of case 

(c) possible accidental carburlzation of the back 

surface  of   the  plate 

(d) the  structure  of the case 

"                                  (e)    the structure of the core 

Photomlcrocraphs were  taken on longitudinal  (in the dir- 

ection of major reduction in rolling) and transverse spec- 

imens at 25 and 1000 diameters and photomacrographs were 

made at 3 diameters. 

The plates were ground on an emery wheel in a number 

of spots chosen to give a fair reprenentation of the whole 

surface.    Brlnell hardness measurements were made in at 

I least six locations on the front and back surface of each 

plate.    The mlcrosoctions were used to obtain Vickers- j 
i 

Prinell hardness measurements on the cross-section of the 
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plates. 

Exporlmental Results 

All tho plates vhlch were eximinod wore made from 

heats  12-444 and 12-445.    Tho  chomlcal analyses and pert- 

inent data from the foundry rocörds aro given In Table  I. 

Table I 

Foundry Data    -    Armor Plate Ingots 

Heat No.    Date      Charge    Mnlng    Heat    Runner      Remarks 
on        Cup 

Lining  
'     "    (mr stocK Kgu 1"so.hole Hot pour- 

12-444      4/20/32(Armeo      Crucible 9th ;}00(i 
(Iron ?: shrinkage. 
(Alloys Slight 

evolution 
of gas. 

12-445      4/20/32      " MgO    10th 3/4"sn.holo Cool pour- 
Crucible lood 

shrinkage. 
^uiot. 

Chomlcal Analyses 
Ingot 

,i 

.t CMnPSRiCrVaMo      ,r'eight j 

9 12-444     .315   .53     .012     .016   .13     1.33     .24     .655       500^ 
12-445     .32     ,55     .012     .018   .IP    1,32   > .24     .68 500# 

j The platos e.raminod were made from 6 l/2" x 10" 

j- rectangular Ingots.    The ingots were forged to  2"   slabs 

and  the  slabs wore  then rolled to the desired thicknesses. 

The platos wore  quenched in oil  from 16750F (912 C)  and 

thon from 15250F (8290C).    Individual platos wore  then 

drawn  for two hours  at various  tomporatures,  as  indicated 

* in Table II.    Tho ballistic  Units of tho  plates,   their 

draw  temperaturos,   the Brinoll hardnesses as  roportod by 
1 

the Aburduon Proving Ground  t  and  the  relative resistance 

of  the   nlatos  to spallinc are  set forth in Table II, 
i -4- 
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Photomicrographs of   bhe  plates aro shown In Figures 

Ko«  1  to No. 7,  incluslvo.    A  summry of tho raotallo- 

graphlc  atudy, nado by Vv. F.  0. Carter, Motallognphlst, 

is s^.t forth In Table III. 

Table  III 

Armor Plato 

Spec- 
imen 

Mot-illoeriphlc Study of  Sleeted Dlsston Plates 

Thick-      Mon      Stmuturo    Depth of 
;t\l-      of Oasc      Case mm 
 (aporox») 

no s s 
Inches    lies 

;-;_444       i/2    V-.ry dirty C(;nentlt< 
^longatud    orabed led 
nulphldoa     In Troor,- 

tltc 
Troostlte 
ohf.nglnß 
to Sorbite 
Vory fine 
r^r'ilnod 

Flguru No.  1     P™*^ 

5-444 iA 

FlfrlT 

1-445       1 '2 

Dirty 
Short 
olongat- 
od sul- 
phidors. 
Crack 
fo^lows 
■Mrt 
str .-ikn 

nitto 
Noto:   ¥o 
micros 
but  s in P.' 
ar to 2' 
444 

V ry 
dirty 
Short 
olongat- 
ed  nulp-dd  s 
Spallcd alonp, 
dirt streak 

Dibto 
Spa lied 
in caso 

T 2 

Structure 
of 

Core 

Sorblto 
Pine grained 
Banded. Small 
amt. of ferr- 
ito in scattr 
od 600planes 
Trans.sect» 
Flattened 
sog. 

.^.0    Sorblto 
^Ine grained 
Rinded 
Small amt. 
of forrlto 
in0sog.areas 
60 pianos 
Trans.Sect. 
Flattened sect 

Fli^uri; V.o.  5 

1.8 Sorbite 
Banded 
High carbon 
bands very 
fine grained. 
Low carbon 
bands fine 
grained with 
c«nsid arable 
forrlto In 
sog.  areas. 
Trans. Scot. 
Flattened sog 
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Spec- Thlch :-      Non      Structure Depth of Structure 
imon    noas Metal- of cane '«" of 

I no he s      lies         ( 'ase (Approx. ) Core 
S-4''rR      1/5 DlT'ty.sborr. Oltbo, ex-mck 1 ^ Sortolte 

olong^itort copt cas-FrontS ,0 slightly band- 
pinlphidi-.a, ed on both ed - Pine 
Cnck nnd sides. grained.  Con- 
spallinc Thickc ist siderable 
along rtlrt case on scattered 
streak front- •spall- ferrite in 

ed at front planes 
in  cane, 
Y;hen firod at 

Ficuro No. from rear 
l-^c5    1/4 Very dirty Ditto 73" Soroito very 

Long chains 2-M'l banded Crack 
of eloncat- and split 
nd sulphide . follows bands. 
Crnck and Pine grol neg 
split folio' 73 numerous  60 
dirt chain planes.  Very 

little free 
ferrite Trans 
Sect. Flatten- 

PlRuro No. o ed leg. 
i-v.:- 1/4 Dirty.Short Ditto 7B Sorbite band- 

elongated 2-411 ed - fine 
sulphides grained.Small 

a'nt.  of free 
forrite in 
«mail  scatter- 
ed ureas. 
Trans.Sect, 

Figuro No. 
5-1*5 1/4 

6 flattened seg. 
Vr;ry dirty. ölt to i 7Z SorMte band- 
Elongated 2-44 i ed - crack 
sulphide follows band - 
cracks follow fine grained. 
dirt streaks Small amt, of 

froo ferrite 
in small 
scattered 

Figure Ho, 7 _ areas 
TJotr.   T   -   All   flpoclwmn   nbr»w.-«d  ron<»<dr.rohlpi   cold work  at 

f;d y)  of  hn 11 ot  hoi n , 
"    ?.  - SpxTline and  longitude r»il  rracl 

th«) bullr.t  impact on tho  stool 
elonpatod  sulphide  inclusions 
banded structures, 

"    3 - Depth of case is approximate as the  steel is 
in a somi-hardonod condition. 

sks caused by 
wenkaned by lone 
and soverely 

-7- 
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A  suimnar./ of  the   Brinüll hnrdnosa readings obtoln- 

od  on both  aurfacoa of ouch plate,  showing tho lowest 

and tho hlghoat reading for each surface,  is given In 

Table IV.    For comparison,   the Prlnell hardneasos re- 

ported by tho /.bordocn Proving Ground are also givon 

in this  tablo.    Aa a check on the  comparative  impross- 

lona nude v/lth tho  two iBrinoll machines,   Erinell hard- 

nesses v/cro  t'ken as close  as possible to those made 

at  the  Proving Ground.  The   grentcst variation between 

this Arsenal's micliino and  the Proving Ground machine 

was   .05 mm in tho  dianuter of  the  improscion.  This is 

equivalent,  in the range used,  to ^bout 14 points  on 

thi   Erinell hardness  scale. 

Table  IV 
Light Arr.or Plato 

Disston Plates Selected ror~Spoclal  Study 
Sunmiry of Hardness Survey 

Brine11 Hardness 
Fron^E Sack 

Plate     Thick- *APÜ V'.A, APG '^/.A. 
No,      ness      Report       Survey    Report      Survey 

2-444 172" 555       534   - G01 418    376 -  444 

1-445 1/2" 600       601   - Ü53 402    293 -  477 

3-"44 l/S" 495 -  512   514  - 534 321-364 321 -  401 

3-445 1/2" 460 -  477  514   - 534 414-477 293 -  444 

5-445    1/4"  477  -  495 477   -  495  4.^0-44^ 415 -  444 

4-444     1/4'• 495       514   -   534  387-418 363 - 429 

1-145    l/i" COG       57C  -  C01  5o£-555 477 -   514 

« Figures  taken from A.P.O.,  Partial Reports of Tost 

of Thin Armor, Nos, 63,  65 and 66. 

-8- 



Detailed results of the hardness  tests,  and 

Vlckora-Brlncll hardnesses on the cross-soction of 

the pl-itus,  arc shown In Figures No, 8 to No. 14, 

Inclusive, 

Discussion 

The mlcrostmcturc  of ill  of the  platos was 

very similar.    It will be  sufficient,  therefore, 

for a genornl discussion,   to refer to Plgurj No, 1, 

The  appearance of a  section of plate No, 2-4 ii,  1/2", 

in the vicinity of a partial penetration is shown in 

Figure 1, A,   it 3X,    The depth of caso, and tho markod 

banding of the  core arc  readily apparent.    This band- 

ing as  it appears in a transverse section,  (i,o, at 

rl^ht angles  to that shown in A)  is pictured at 25X 

in Figuro 1,  p.    The  steel contained an objectionable 

amount  of dirt, as  shown in longitudinal and trans- 

verse  sections at 25y. in Figures 1,  0,  and H,  re- 

spectively.     Tho apnearnnce  of  the case  ind core is 

shown at 25X  in Pijuru 1,   F.     The  light band at the 

top of  tho case is caused by an agglomeration of 

large carbide   particle:?.     It extends  into the case 

for a distance of nbout 0,2 m.m. 

This unusual condition might be attributed to "ab- 

normality".    It is felt, however,  that what is contnonly 

termed an "abnormal" stool would show signs of agglomer- 

ation for a greater depth into the case.    A possible 

-9- 



ronson for the condition noted may bo that tho stool was 

exposed to the fitmosphcro at n rolling hoat In tho roll- 

ing which  took plnco iftor carburlzatlon.    Absorption 

of oxygen from the atmosphere might oauso agglomeration 

in the  surface nones  thus involved.     It should, hom;vor, 

also leave ovldenco of surface docarburlzatlon which was 

not apparent.    Figure 1,C,  shows  thu  nature of those 

carbide particlon as soon at 1000X,  nnd the abrupt change 

from the surface zono to rest of tho  ease Is evident. The 

structure  of the rest of tho caae Is  shown In Figure 1#D, 

at 1000X,  and that of the core at the same magnification 

is  shown in Figure  !,£. 

The  depth of  case was not particularly uniform,  as 

can be  soon fron Table II,  or from an examination of 

figure  4,   A. Plato No.  3-445 was accidentally car- 

burized on both sides.    Apparently the depth of case was 

but a small  factor in determining   tho  quality of tho l/2n 

plates.    2-444 had a case 7,2 m.m,  deep a^d gave a ballis- 

tic limit  of 3076 f .3.,  while plato  1-445,  which had a 

case only 1.8 m.m.  deep gave  a ballistic  limit of 3009 

f .s.,   and  plate 3-444, with a  3,0 m.m. case had a ballis- 

tic limit of 2948 f .s.. Tho fourth plate of tho group, 

3-445, was   cased on both sides and  cannot be considered. 

It would soem that plate 1-445 showed high rosistanco in 

spite of  its thin caso chiefly because of its hardness. 

Although plate 1-445 showed a high ballistic resistance 

it did spall considorably.    It was   drawn at 6000P,    Plato 

2-444,  with a 3.2 n.m, caso,  shown at 900oF, was undoubtod- 

-10- 



ly tho most sntlafactory plntc In tho group.    Its 

ballistic  limit,   3076 f.s,,   is oxccllont,  ospoclally 

whun It is   'onaidorcd how dirty tho stool wna. 

As  to   the  l/i" pin tos oxaminud,   the  1<4 m.ra.  case 

on 5-445 wis apparently too thick.     At any rate,  it 

dovolopod a balllstio limit about 160 f.s.,  lower than 

4-444,  which had a cue only 0.8 m.m.  thick.    Both of 

theso platos woro  drawn at 10000P.     Plate  1-445, which 

was drawn at» 600op 3hor;od a high ballistic limit,  but 

it split into two pieces under firing impacts.    Plato 

2-444,  which was  not available for study,   doveloped 

the highest ballistic limit in its group (2290 f,s.). 

However,   it was  dravm at 600oP and reports of tost 

show that it spalled considerably under fire.    Hence, 

it would scorn that tho best results In l/4H plate 

would probably be   obtained with a case  about 0.8 m.m. 

deep ".nd  a draw  temperature of 10000F. 

Figure 2,C,   and Figure  5,A and C,  present striking 

evidence   thtt cracks in the platn  that finally develop 

into button or petal spalls havo  their origin in chains 

of inclusions or  "dirt" particles in the  stcol,    A 

cleaner steel should result in material  increaso in re- 

sistance  to spa Hing, even with lower draw tompuraturo. 

Erinoll hardness readings arc commonly tikon at 

two points on each surface of a face-hardened plate and 

the readings thus  obtained are listed as the hardness 

figures for the plate.    In the present investigation it 

was deemed nucossary to explore tho surfaces more caro- 

-11- 



fully to dot.;milno the uniformity of hirdnosa  In nny 

given plito.     Thj  rüsults obtilnod  iro  not forth In 

Flßiirc:; No,  6  to No.  K,  inclualvo,     "nie  lack of uni- 

formity is  it  once  'ipp'iront,  cspucinlly on the back 

surfaces of plates l-i\5,  and 5-445.     3uch variations 

in hardness v/cro not n})Piront under the standard 

method of taking hnrdnoss roadlngc,  as can bo  soon from 

a glanco at Table IV.    The question may woll bo raised 

as to whether tentative Specification AXS-54,   Rev. 1, 

May 1,  19tt should bo revised to cover tho conditions 

encountered.    Granting that this lot of plate was purely 

experimental  in nature,  ncvorthclcss,   fivo plates that 

pn.sscd satisfactory ballistic  tests might have been re- 

jected without ever coming to teat under the  present 

hardness Tpcciflcation.    The oth^ r two plates examined, 

neither of which met ballistic  requirements,  were satis- 

factory from tho point of view of uniformity of hardness, 

Vickers-Prlnell hurdncsses v/cro  taken on the cross- 

section used for metallographic  examination.     Tho re- 

sults arc Included with the Brinell hardness  readings, 

in Figures No, 8  to No.  14. 

Conclusions 

1, Criteria of quality in armor plate must include 

tho following factors: 

(a)  Ability to withstand penetration of 

specially hardened,  armor piercing bullet cores moving 

at high velocities; known as the ballistic limit, and 

expressed,  for a given bullet,  as striking velocity, 

-12- 
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In f( ' t per nocond, • 

(b) Realstanco to cracking and to breaking off 

of small plocos of  plato; somctimus tormod spaHing* 

(c) Compnrntlvo facility of  fabrication and 

repair under field conditions. 

This paper deals only with the  first two of these 

factors.    Prom the data presented above It is concluded 

that the most satisfactory plates of  the limited number 

oxamlnod In the two  thlcknnas  groups wore: 

Plate     Thick-      Prinoll Depth      Draw    Ball. 
No, noas      Hnrdnoss of TVmp    Limit    Spalling 

Front      Back      Case f.s. 

2-444   .507," (534) (375) 
(601) (444) 3.2 mm 900oP 3076  None 

4-444 .250"   (514)   (363) 
(534)   (429)    0.8 ram 1000op    1991      Nono. 

2. The non-notallic,  or "dirt"  content  of the steel 

was high.    This condition contributed to the spalling not- 

ed In some plates.    It also presented the original cause 

of excessive banding  ind of the non-uniformity of hardness 

found in some  of the  plates. 

3. The depths of case obtained wore not uniform. 

1/2"  plate 3-445 waa  accidentally carburled on both sides. 

4. Hardness,  especially on the back surfaces of the 

plates, wan not uniform.    The failure of the  solvent, 

gamma iron,  to uniformly and completely hold in solution. 

Just before and during the quenching operation,  the solute, 

carbon or ir«n carbide, may be attributed to the high non- 

metallic content of the stool, a condition known to inhibit 

-13- 



uniformity of solution«    This  tendency wna undoubtedly 

onhancod by the  low quonchinc tompenture  (15250P:8290C) 

used in tho  qicaching opent ion for the refinement and 

hardening of the onao. 

Re; rjwctfully submit tud. 

D,/J. Martin 
lot Uf,t Ord. I>.pt, 

i 
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"ccblon l'cjüatlvc !Io. > tcht.nt cation liun/irtcs 
A C116-2 Nital-1^ 3X Longitudinal 

section near 
indent left 
by partial 
ponotration. 

B C116-B ii      it ^fSV Tnnsverso 
noction of 
core. 

C C116-4 n      II 100OX Hyper-eutec- 
toid zone in 
cose. 

D C116-5 n    «i 100« Futuctoid 
zono in case. 

E C]lfi-6 it    'i lonox Oorr -  very 
little free 
forrlte. 

F C116-3 »»    n •J5X Cnsc and core 

0 C116-1 None 25X N^n-motalllc 
content  - 
longitudinal. 

H C116-7 II 25X Non-metallic 
content - 
transverse 
section. 
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Pitman TTo.  ^ 

i-f      / I'ueiilfl- 
Soction Kep;:itive No« Ktcht'mt c.itlon Remarks 

A C116-10 Nltal-1^ 7>X 
T ongitudinal 
section near 
mullet holo- 
No'.o cracks. 

P cnfi-n »i          « 257 Trmsvcrao 
sr.ction of 
core. 

C Cllf-13 üono VRV Non-notftllies 
vcre cause 
of crack. 
Transverse 
motion. 

D C11C-9 ii 2fty Non-nota111c 
contont - 
longitudinal 
section. 

V C116-14 Nital-1^ 25X Case and 
core. 

F cue-12 II        it 1000X Core - a 
prrall amount 
of free  fer- 
rito in seg- 
rtp^tcr^  aroas 

0 
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' rwrn   Ho.   5 

■:.   A. 
Section      Ncgottvo No, Etcht?.nt 

C116-10 

C1T6-20 

C116-15 

Cnfi-19 

C116-17 

Nltal-1^ 

•i »» 

None 

C116-18 

Mital-1^ 

«i it 

of 

Ma^ni.rica- 
Remarks 

3X Noto tho 
thin caso 
on this 
nlatc, 

W irans- 
VCrSG    30C- 
tion of 
coro, 

25X Non-motol- 
lte content 
long. 

^5X Mon-metal- 
11c content 
transverse, 

2.SY 0Q3ö and 
core. Note 
pronounced 
banding In 
coro. 

lOOOX     Core show- 
ing con- 
siderable 
froo fer- 
rlto In 
segregated 
aronn. 

J 

r 

o 

fög/l.'Ä 
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FM.fmn-,   Vn. 

".   A. 
Soctlon    Negative No. Jütcht-mt 

iviagniti- 
cntion Horaarks 

C116-22 Nltal-l'^ 

n C116-2o it        it 

C nnr.-^i Nono 

n Clir,-25 ii 

s Cl16-27 ^it".].-l 

F C116-24 it         it 

37        Note that this 
pit to vnr.  cas- 
ed  on both 
si flop.  Tho 
mrvfituro  at 
tho edge was 
caused by n 
bullot which 
pone trn tod 
from tho roar 
surfncQ of  tho 
plate. 

25X Tnnsverso 
section of 
core. 

25v Nop-metallic 
content - 
longitudinal 

r^v Non-mutalJic 
cont.nt - 
tr innvorsc   ? 

fr.v <*:n;-!0  and core. 

innny        ror<j - .Somo 
f r ;o fcrritc 
in  segrega- 
ted areas. 

'.^,: .mftiismT rnnsssm arw»  
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Pl.rurv.   Vri,   .r) 

'",   A.                                         ii'~i<,ux£'i.v.'i~ 
;ction    Ncgntlvo  No.       Etchtant tion Romarka 

A fnie-lO TUt'il-l^ W Note   crnck 
which leads 
to  spalllng. 

B Clir)-;4.." "        " 25X Trnnsverac 
section of 
core. 

C CllC-SB None 25X Non-raetillic 
content. 
Typical 
cnune  of 
encks   shown 
1.n   A. 

T) mn-.^ " 25X Von-ractallic 
content - 
transvorso. 

E C116-30 Nltal-1^ 25X Cnso  and 
roro.    Note 
pronounced 
bnndlng and 
presence of 
non-me tallies        .. 
In fcrrlte >   ) 
bands• 

C116-31 "      " 1000X Core  - Very 
little  free 
fcrrlte. 

) 
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Pirruro  No.   6 

C 

E 

• it 

Nogatlve 

C116-22 
NO.      ^tchtani: 

C116-.V, 

Cl16-39 

C116-37 

nitnl.i< 

Nono 

cution Romarka 

PTY 

25X 

25X 

Mt .1-1^ tw 

inooy 

''Ood durtll- 
^ty indlcnt- 
nd by free- 
iom from 
sticks aftor 
penetration. 
T.oni5ltudlnal 
•action of 
oorc, 
Nor-motalllc 
content - 
longitudinal 
Non-motalllc 
content - 
tnnnvorse, 
Cnae and core 
Relative froo- 
fJ^m from band- 

Core  - small 
amount of free 
fcrrlto in 
scattered 
areas. 

*   ) 
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Flrnirr; V^.   7. 

'.uctlon N.-^ntivo No. Etchtnnt   cation   R^mnrks 

covo. 

B 0110-12 " " 257 Longitudinal 
r,o-tiün  of 
ooro.  Cracks 
f ol lev/ binds . 

C c;il6-40 None iibX Trnckn   follow 
non-metallie 
long.  Soction. 

D fni!',-'j.4 " «nv      Kon-mctaiiic 
non^.ont  - 
tnnsverso. 

F 

Cllo-.b lUCui-l^ übX Case  nnd cor 

Cll'3-45 it           it 1000X Coro,  Some 
froo  ferritc 
in  rjcgrogit- 
od areas. 

J 

I  ) ./ 

> 

.."'*. AL^.-'. 



B

' v?:r : -

f~, '-ij; •

*■

>. '’^.W^iAP5-445

B.
*■?

1

FIGURE 7.

t
i- **> #'Tlfc4*lV A.»i









— ..... . !k
' 1

H ' ...L
i S /y/?v

- i -
c^y

;
t

•
1

1_____.i'^ ....!..
K- /SSTt ?/4n/=i P/ ATr

)

1

iji
1

. > ...
i

- ^iV.A sx. 0..6\ ^-A-n ')
1

: -
t

—
r

....
i

---- ^----
!

---- -
Pl A r/r /VO‘ 4^5

■ ’
. .... . i

...

---- 1----

- : ■ ■ 1

1

[ !

. i
...u.

i

■

....j.. .
i

i ‘ -

-■ : : yfl lAC/< i

— i - - __i__
1 y/-f

..!....
i i

- - . S63
__ )—.•

(
__ J__ .. . ; . .:

4&f
..: . ..1..

i1
___ —

!----

i- i
. .

S'/A

44a f . ..1....... .... < -
i

- - 1— ...4. .
____1____

—1 — — — ....
!

1
... .t......

1 '

44A i

__ ^____ ___ (

'■ Ji ' . — f _ S/4- -- -—•♦•- -■- 
j

1

293
;

. . 
i!

1;
—]—

......L. i
i

.... Si ?/M£L J/i9/7/7A £SS -. .. —;— — "t-

(

1
!

_ jp/j
i

OA\s 3£f7 /OA/ - V/
---

C££A

eSQAL
9JA/£i f f - ;....,

!
.....^... . .. .....

____ 1____ TI
L.,

! • *
i. . *-• ..

‘ i- \ /B/?Ca <
■

. _. i..
1

.. ;... . —I
!r — — — ...1,i__ r

FW/t\ ' 404 
444

4i
4i

4 ■ • -4- - ■

!
....[ .... . ...

i
.....

__ 1__

—

\ 444
444
437

4i
4i
4

4
4 -■•
« .

/ \

\

--j - ■ -|

_i
t

....i ..
__i__

...1.
_i_

—
f

__1 .

—
!

I-------

u
I

i
333
tkAt

Ji

1- ■ ' /
. ------- i - —,

1

1

1

j
i

_ -.i_ . ..]....
1

:I. i
1

. i

i il! , .1 t:..-
%5

!
!

?

-'-j-'-
__ 1__

j
1

j
i

i
4-.

1 1 1

---- ; —
-------- 1--------

I

34i
36it 3

^ '
f7.......
?<3

...

!
1 ' — 
i

....!..... -...j....
1

f 353 3. 1
1

f

---- 1----

1
—•- ...1... BACK

___1_

~r
A

r ■ 4 a . i .

;

9//4A /

t

» tJ ./V7

1

I
- --

\.
'.'-V



• •
n/\/F/

:•
K*y t 5/>vtPi>f-y I -i. ...

-f -
;

!

1.*?. 9/ .1 'T/J/D^ /? ►/V' A f9/>^A

!

' Pj A 'Tp
.. 4......

I1 1
- ■ -

FJC. o^s: r- - 4... ! .....

> •'/r ^ ; /■ 1

I

k-
I

... .j..._ 
:

...4.
i

—
I

_____ 1 - .

it
-; ■ 't' ' —--4 r

1 Ffi 'O/VT
... *. i - ■- r — ■ -

a
i

>7oy<

i

—[— 
i.. .

4... ...... ....

------- - S7a 60/ .. 1- - . ' fSS .....r -
i

49S ..4-..-. -— - -4-----------
i

p...

1

60/
■ • - - sfa 4^7;

...f. ..

■ i

1
....j_. . ...j..._

i

I

t

- —i- —
i

—

1

i ■ - - --

60/ 60/
- -
6t V

' - -r -- --
i-p, [

: i....I
!

. i- . .. . ... .i. . . . ..... . -< ._i _
7 ;

1-—

i

S/f .4^
I

'7
i i

I

i

i 1

60/ 578 ^77 1
s/^ . .. -4_. _; J .....i... —i— I:-

i
--- - . . - - -t — -

1
■

V/V4TZ L FAj FSS ---r--
!

!
• - - -4- ----

t

4- - - H

; i
•:..... -

1
Cf OSS , "/Fcr

^ r-

/o/v- ■ Vy/7/f'6TS
F/^aA

7//i<a-
'T '

LL. 4^~T~'•^r -
!

...... .....

’* )4" \
* #

B/7Ca <.;.... 
- i

— -
!-----

——
, t i

1

. . . .i-

j

. -i-. '
T 5i 

. 5 
5

ic i
>6 J
I.M jt1

I

i
. ...j___ — — -

i\!
1

- ■ -

3

-' Itir
I

j

‘

I

I
. . . ..J

!
-—:i

- • - ■

..i -- .. . .J .. ... — —
—

— — — —

»T . -

i

... - . ■ • 1 r - 1
!I I

—

i
---- : !

I —

' - --»-
:

1
....T’"''

!

;,4' .—.

j-----

—

• ■ -
: ■•

-. . -
■

. . ;....
i

i ' 1- .. .i— 
I

— - ——






