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Report No. 310.2/12 October 5, 1933
"'atertovn Arsenal

Light Armor Plate

Special Study of Selected Disston Plates.

Conclusions

Investigation of specially selected Disston plates

i
made from this arsenal's heats nos. 12444 and 12-445 j
indicates that:
| 1. The most satisfactory plate in the 1/2" group,

from the point of view of ballistic efficiency and

frecdom from cracking and spalling, was plate No.

2-444, This plate was drawn at 900°F and had a case

3.2 mm. deep. It showed a surface hardness of 534~ §

601 Brinell on the front and of 37Y5-444 Brinell on g
the back. Its ballistic limit was 3076 f.s. :
2. Of the 1/4" plates examined, No. 4-444 was the
most satisfactory. It was dravm at 10000F and had a
case 0.8 mm, deep. It showed a surface hardness of
514-534 Brinell on the front and of 363-429 Brineil
on the back. Its ballistic Jimit was 1991 f.s.
3. The depths of case obtained w2re not uniform, and
plate No. 3-445 was carburized on both sides.
4, The hardness values of some >f the plates showed

too much variation over the surface of the plate,

particularly on the back surfaces,
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Introduction

e pasults nbtained at the Aberdeen Proving Ground™®

in the tests of 1lirht armor plate submitted by Henry
Disston & Sons, Inc., on "'atertown Arsenal Purchase order
Ne. 2376 were, in general, very aatlsfactory. The Chief
of Ordnance has directed2 that an additional group of
plates be made of the same stecl cemposition and heat
treatment, except that the draw temperature will be 1000°F
for all the plates. |
Some of the plates tested under P. O. No. 2376 showed
exceptionally good ballistic properties while others, for
no apuarent 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 with the better plates of P. 0. No. 2376.

Purpose

The purpose of this investigation was to determine,
if posaible, the reasons for the high ballistic limits ob-
tained with certain plates and for the poor ballistic lim-

{ts shown by certain other plates of the same group.

Experimental Procedure

All of the plates of this leot will eventually be ex-
amined at this arsenal as a part of the arsenal's general
program for the study of light armor plate. However, in

order to enable Yenry Disston & 3ons, Inc, to proceed

# Numbors refor to ro erences sted a e end O 8
I‘Oporto .z.
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with the order for additional plate, a few plates were
selected for preliminary study. These plates, selected
after consultation with Dr. Henry B. Allen, Chief lletal-
lurgist, Henry Disston & Sons, Inc., bore the following
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, 1/4" plate No. 24444 has not yet been re-
celved 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 clcanliness of the steel

(bv) the depth of case

(¢) possible accidental carburization of the back

surface of the plate

(d) the structure of the case

(e) the structure of the core
Photomicrographs 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 choson to give a fair representation of the whole
surface. Brinell hardness measurements were made in at
least six locations on the front and back surface of each
plate. The microsections were used to obtain Vickers-

Prinell hardnoss measurements on tho cross-section of the

)
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Expcrimental Results

All the platcs which were examined were made from
heats 12-444 and 12-445. The chemical analyses and perte-

inent data from the foundry rceords arc given in Table I.

Table I
Foundry Data - Armor Plate Ingots

Heat No. Date Charge Iining Ycat Runner  Remarks

on Cup
Lining
[YAT Stock NgU 1"so.hole Yot pour=
12-444  4/20/32(Armco  Crucible 9th 3ood
(Iron & shrinkago.
(Alloys Slight
evolution
of gas.
12-445 4/20/32 " MgO0 10th 3/4"sn.hole Cool pour-
Crucible tood
shrinkage.
Miiet.
Chemical Analyses
Ingot

¢ M P 5 St Cr Va Mo Teight

12-444 ,315 .53 .012 ,018 .13 1,33 .24 .655 500%
12-445 .32 .56 L,012 ,018 .16 1,32 .24 .68 500#

The platcs examined were made from 6 1/2" x 10"
rectangular ingots. The 1ingots were forged to 2" slabs
and the slabs were then rolled to the desired thicknesses.
The platcs were quenched in oll from 1675°F (91200) and
then from 1525°F (829°C). 1Individual plates were then
drawn for two hours at various temporatures, as indicated
in Tablc II. The ballistic 1imits of the plates, thelr
draw tompcratures, the Brincll hardnosses as roportoed by

1
the Abcrdeon Froving Ground , and the relative resistance

of the nlatcs to spalling arc set forth in Tadble II.
-4-
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Photomicrographs of the platcs are shown in Figures

' Nos 1 to No. 7, inclusivo,

A summry of the motallo-

graphic study, madc by Mr. V. Ge Cartcr, Metallographist,

s s~t forth in Table IIT,

Table ITT

Armor Platce

Metallographic Study of Slected Disston Plates

P

Fig‘lr() NO [ 3

ed aulphid s
Spallcd along
dirt strcak

Sp:c- Thick- YNon Structurc Dopth of Structurc
imen ness Metal- of Casc Casec mm of
Inchcs 1lies (apnrox.) Core
8 c=444 1/2 Very dirty Comontlbe L) Sorbite
mongated ombed lod Finc graincd
salphides  in Troos- Banded. Small
tite amt. of ferr-
Troostitec it. in scatr
chrnging ed 60°planes
to Soroite Trans.sccte,
Yery fine Flattconcd
srained 8G£.
Figurc No. 1 Fanded
s=-444 1/2 Dirty nitto 3.0 Sorbitoc
Short Notus Mo mine grained
clongaé- micros rRandecd
od sul- sut gimil- Sma11 amt.
phides, ar to 2- of forrite
Crack 144 in scg.arcas
foYlows 60 planes
Itrt Trans.Sect.
Figur V%o, 2 satr.ake Flattcnod soct
1-445 12 Vory Ditto 1.8 Sorbitc
dirty Spalled Banded
Short in casc High carbon
clongat- bands very

finc graincd.
Low carbon
bands finc
graincd with
cansid:rablc
forrito in
sCg. areas,
Trans,., Scet.
Flattcned sog
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Spce- Thick- Non Structure Depth of Structure
imen noas  Metal- of cage "M of
Inches 1lles (‘ase ( Approx.) Core

't 3 R sorblte
e1ongqtnd copt ca«-Front% 0 slightly band-
sulphides, ed on both ed - Fine
Crcl nnd  sides. grained. Con-
spalling Thickost siderable
nlong dirt case on scattered
stronk front-spall- ferrite in

cd 1t front planes
in ecasne,

vhen firod at

Pirure No. 2 from rear

- ly

~ry dirty DItto 0 Sorbltc very
Long chains 2-44% bandod Crack
of elongat- and split

ad sulphido. follows bands,

Crack and Fine grd neg

split follows numerous 60

dirt chain planes. Very
little free

ferrite Trans
Sect, Flatten-

Figuro No. 9 ed leg.

i=:'% 1/4 Dirty.Short Ditto .8 Sorbite band-
elongatcd 2441 ed - fine
sulphidcs grained.Small

Figurc No, €

amt. of free
forrite in
aml]l gcatter-
ad :\reas.
Trans.Sect.

flattencd seg.
9orblte band-

b=4i0 1/4 Very dirty. Ditto “Te&
Flongnted 2-44: . ed - crack
sulphide follows band -

eracks follow
dirt streaks

finc gral ned.
Small amt, of
froe ferrite
in small
genttered

Figurc No, 7 arcas

Notr«.

] -

A1 speetmans ahowad efonatderable enld work at
6d e nf' MiIlet hela, .

prlltnn and 1ongitndinal eracks causod by

the bullct impact on the steo) wenkoncd by long
elonpatcd mlnhide incInsions and soverely
banded structureos,

Dcpth of case is approximatc as the steel 1is
in n somi-hardoncd condition.
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A summar;y of thc Brincll hardness rcadings obtaine

ed on both surfacecs of ecuch plate, showing the lowest
and the highest reading for cach surfacc, 1s givon in
Table IV. For comparison, thc Frincll hardncsscs re-
portcd by thc /berdocn Proving Ground narc also givon
in this tarlc. As a cheek on the comparntive improsse
ions midc with thce two Rrincll machines, Brinell hard-
ncases vorce teoken as close 23 possible to those made
at thce Proving Ground. Thc grentcest variation betwcen
this Lrscnal's machino and thc Proving Ground machine
was .05 mm in thc diamctcr of the improssion., This 1is
cquivalent, in the rangce uscd, to nbout 14 points on
th¢ Brinell hardnoss scalcs

Table IV

Light Lfrrmor Plate
Dizston P1atus 3circtcd Tor Special Stud
T Rardncss survey

Summiry o

Rrincll Hardncss
Front Back
Platc Thicke- #.PG Velio APG eVl
No. ness  Report 3urvcy Report  Survoy

2eqts 1/2" 556 534 - 601 418 375 - 444

1-:45 1/2" 800 601 - ©53 402 293 - 477
B ibd 2" 195 - 512 514 - 534 321-364 321 - 401
3145 1/2" 460 - 477 514 - 534 414-477 203 - 444
5ai4b  1/4" 177 « 495 477 - 495 470-414 416 - 44
redid 1/a" 495 514 - 534 387-418 363 - 429

1-::0 1/4" 600 576 - 001 502«5565 277 - Ol

# Figurcs ta'en from A.P.G., Partial Reports of Test
of Thin Armor, Nos. 63, 65 and 66.
8-
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Dctailed results of the hardness tests, and
v1ckors-Br1nul1 hardnesscs on the cross-soction of
thc plates, arc shown in Figurcs No. 8 to No. 14,
inclusivo,
Discussaion

Tac microstructurc of 111 of thc platos was
very similar, It will bc sufficicnt, thercfore,
for a goneral discussion, to rcefer to Figurc No. 1,
Thce appearance of a scetion of plato No. 2=-%:i, 1/2",
in thc vicinity of a partinl penctration is shown in
Figurc 1, A, qtlsx. The depth of case, and tho mnarkod
banding of the corc arc rcadily apparont. This band-
ing as 1t appcars in a transversc section, (1.c. at
right angles to that shown in A) is picturcd at 25X
in Figurc¢ 1, P, The stecl containcd an objectionable
amount of dirt, as shown in longitudinal and trans-
versc scctions at 25Y in Fijurvs 1, G, nand H, ro-
spcetively. The apnonrance of the ensc and coro 1is
shown 1t 25X in Fiourc 1, F. Thc light band at the
top of thc easc 1s caused by 2n agglomcration of
large carbide particlcse. It coxtends into the casc
for n distancc of about 0.2 m.m,

This unusunl condition might be attridbutod to "ab-
normality". It is foclt, howover, that what is commonly
tormcd an "abnormal" stocl would show signs of agglomore

ation for an groator dcpth into the case. A possible

-9-



ronson for thc condition notcd may be that the stcel was
cxposcd to the ntmosphcere at n rolling heat in the roll-
ing which took plnce aftor carburization. Absorptien

of oi:ygcn from thc atmosphcre might cnuse agglomcration
in thce surface zoncs thus involved. It should, howvor,
also lcave cvidonco of surfaco dcearburization which was
not apparent. Figurc 1,C, shows the naturc of thesc
carbidc particlos as seon at 1000X, ~nnd tho abrupt change
from the surfacc zonc to rcst of tho case is ovident. The
structurc of the rest of the case is shown in Figure 1,D,
at 1000X, and that of tho corec at the same magnification
is shown in Figurc 1,E,

The dcpth of case was not particularly uniform, as
can be soun from Tablec II, or from an oxamination of
figurc 4, A. " plate No. 2-445 was acclidcntally care-
burized on both sidcs., Apparcntly thc dopth of casc was
but 2 smll factor in dctcrmining the quality of the 1/2"

plates. 2-444 had 2 case 7,2 m.m, decp and gave 2 ballis-

tic 1imit of 3076 f.s., while plato 1-445, which had a
casc only 1.8 m.m, dccp gnvec a ballistic 1imit of 3009
f.s8.,, aml platc 3-444, with a2 3,0 m.m. casec had a ballis-
tic 1imit of 2948 f.s,. The fourth platc of thc group,
3=445, was cased on both sidcs and cannot be considered.
It would scem that platc 1l=445 showed high rosistance in
spitc of its thin casec chicfly boecause of its hnrdnoss.
Although platc 1=445 showcd n high ballistic recsistance
it 414 spnll considorably, It was drawnat 600°F, Plato

2-444, with 2 3,2 m.m, caso, shown 1t 900°F, was undoubtod-

..10-
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1y tho most satisfactory platc in the group. Its
ballistic 1limit, 3076 f.s., i3 <xecllont, cespecinlly
when 1t 1s ~onsidorad how dirty the stocl was,

A3 to the 1/4" plates oxamined, the 1.4 m.me caso
on 5-445 was apparcntly too thick. At any rate, it
devcloped n ballistic 1imit about 160 f.s., lower than
4=444, which had n c1ic only 0.8 mem, thick. Both of
thcso platcs worce drawn at 1000°P. Plnte 1-445, which
wag drawn at 600°F shorcd a high ballistic 1imit, but
it split into two piccos undor firing impacts. Plato
2=444, which was not availablc for study, duveloped
thc highest ballistic limit in its group (2290 f.s.).
Hovwcver, it was dravn at 600°F and roports of test
show that it spnlled considerably under fire. Henco,
1t would scom that the best results in 1/4" plate
would prebably be obtaincd with a2 case about 0.8 m.m.
decp nnd a draw tcmpernturc of 1000°F.

Figurc 2,C, and Figurc 5,A and C, prcsent striking
cvidonce thnt cracks in the plate that finally dovelop
into button or pc tal spalls have thelr origin in chains
of inclusions or "dirt" particlcs in the stecl., A
cleancr stcel should rosult in materinl increasc in ro-
sistanco to spalling, cvcn with lowoer draw temporaturc.

Frinell hnrdnoss rcadings arc commonly taken at
two points on cach surfaco of a facc-hardcncd plate and
the rcadings thus obtaincd arc listed as the hardnoss
figurcs for thc plnto. In thce prosent investigation it

was docmed nocossary to oxploro tho surfaces moro caroe
»ll-

- ———— .




et e e gl b n 80 = (o

fully to doturmine thce uniformity of hardness in any
given nlatce The rosults obtninod are set forth in
Figurcs ¥o. & to ¥o. 14, inclusive, The lack of uni-
formity is t oncc apparont, cspoelally on tho back
surfaccs of platcs 1-:1f, and 3-445, 3uch variations
in hardncss were not apnarcent undcer the standard
method of taking hardncss rcendings, as can bo socn from
a glance at Tablc IV. The qucstion may well bo raised
ns to whethor tentativc Specification AXS-54, Rev. 1,
May 1, 1933 should be rcvised to cover tho conditions
oncountcrcd. Granting that this lot of plate was purcly
oxpcrimental in naturc, ncvorthelcess, five platos that
prsscd satisfactory ballistic tusts might have been ro-
jeeted without cver coming to test under the proscnt
hardn.ss spccification, Tac other two plates cxamined,
ncithcr of which met ballistic rcquircments, werc satis-
factory from thc point of vicw of uniformity of hardnoss.
Vickers-Princll hardncsscs vicre taken on the cross-
scetion uscd for metallographic c¢xamination. The re-
sults arc includcd with thc Brincll hardness roadings,
in Figures No. 8 to No. l4.

Conclusions

1. Critcrin of guality in nrmor plato must include
the following factors:

() Ability to withstand pcnetration of
gpocinlly hardencd, armor plorcing bullct coros moving
at high vclocitics; known as tho ballistiec 1limit, and
cxprcsscd, for 1 givon bullct, s striking veloocity,

«]l2e
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in fc-t per sceond, .
(b) Rcsistancoe to cracking and to broaking off
of smll plocos of plate; somctimes tormed spalling.
(c) Compnrativo facility of fabrication and
ropair under ficld conditions,
This paper deals only with the first two of these
factors., From thc data prescntcd nbovc it is concluded
that the most satisfactory plntes of thc limited number

oxamincd in thc two thickness groups were:

Platc Thick- Brinell Depth Draw PRall,
No. nos’s  Hardnoss of Temp Limit Spalling
Front Back Cnso f.s, .

2-444 502" (534) (375)
(601) (444) 3.2 mm 900°F 3076 Nono

4al44 250" (514) (363) .
(534) (429) 0.8 mm 1000°F 1991 None.

2. The none-mctnllic, or "dirt" content of thc stoel
was high. This condition contributcd to thc spalling not-
cd in somec plates. It also prcscntcd the original cause
of oxcossivc banding 1nd of the non-uniformity of hardness
found in somc of thc platos,

3. Thc dopths of casc obtnined were not uniform,

1/2" platc 3-445 was accidentally carburicd on both sides.
4+ Aardncss, cespocinlly on the back surfacos of the

platcs, was not uniform, The failurc of the solvent,

gamma iron, to uniformly and complotcly hold in solution,

just bcforc and during the quenching operation, tho solute,

carbon or iren carbido, may bc attributod to tho high non-

mctallic contont of tho stocl, a condition known to inhibit

el3e




uniformity of solution. This tendoncy was undoubtedly
onhanced by the low quenching tomperature (1525°p:829°C)
uscd in thy quceneling opcration for the refincmont and

h~rdoning of thc¢ easc,

Fesnectfully submi ted,

1-3.* Je Ma.rtin
1st 1., Ord. D.pt.

e a1 e

Al ™



I

3

63, 65,
2,
2, 1933
3.
5.
6.

Rcferences

P.rtial Reports of Tust of Tain Armor, Numbcers
66, Abcrdcen Proving Ground, Maryland, 1933,
Lettor, Ordnanco Officc 470.5/1267, dntcd May
and 2nd Ind., 6/13/33,

Report 310.,2/9, .A., 9/12/33.

Report 310,2/10, ".A., 9/12/33,

Report 310.,2/11, “'.A., 9/14/33.

Yatcrtown Arscnal, Expenditurc

order No, 67-A12, 1933,

ot e e 7 e e e

g 4 e



< ¥ pemEena

S.cbion

Vel o

- cuative No,

+techi nt

" Megnifie

cation

Rerarks

A

q

Cll6=2

C116-8

C116-4

Cl16-%

C116=6

C116-3
Cl16-1

Cl16-7

Nital-l%

"

" "

" "

None

3X.

28Y

1000X

1000X

1000¥%

28X

25X

25X

Longitudinal
section near
indcnt left
by partial
penotration.
Transverseo
section of
core,
Hyper-eutec-
toid zone in
case,
Futoctolid
zono in case.
Core =« vory
little free
ferrite,

Casc and core.,

NAan-metallic
content -
longitudinal,

Non-metallic
content «
transverse
section,

(



s N .74
TPonr b5 " o o g BOPGne A
Y et R O e g e
sthen WV % et e N * %
grre il o, it

sl ¥ e e ey 3
,,q’:'ﬁ .q”.r, "% Jﬂ*"/\i"\- ‘
L Sanaaial T O
Y g P sapp W
B ot Rt L B O

» - 'j.} " ; AP .‘(:!,l
i R T A St K




v b —————

EN—

{eure Mo. &

N ox’\ . r"-é.xb"lll fi-
scetion Neg.tive No. TFtehtant catlon Remnrks
A C116«10 Nital-17 3X ' ongitudinal

rcction near
sllet hole-
¥oho cracks.
Trinsverse
ar.ction of
corc.
Non-meta}llcs
vere ©€ause

of crack.,
Transversc 5 )
section. o~
Nenemetallic
contcnt -
longitudinal
scchtion.

Casc and

core.

Core - 4

small amount
of froe fer-
rite in seg-
rogated arcas.

12 C116-11 " " 25Y

C Cl1€-13 Nono o8y

D C1l1¢=-9 " 25y

=1

Clr6-14 Nital-19 25X

F Cll€=-1% " " 1000X

o ——— - QT = T T Mo

b m e k. el i AT A i



FIGURE 2




ST ey e

-'."o I\o
Scection

Ncgative No,

#iemre No,

3

Ftchtant

Magnilica-
Timn

Remarks
e

A C116-10

B C116=-20

c C116-15

D C116-19

E C116-17

F Cl16-18

Nital-1%

" "

Nonec

"

Nital-1%

" "

3X

28X

1000X

Note the
thin caso
on this
nlate,
Trans-
verse Soc-
tion of
corv.,
Non-mectal-
lic content
long.
Non=me tal=-
1ic content
transverse,
Case and
core. Note
nronounced
banding in
corc,

Core showe
ing con-
siderable
froe fer-
rite in
segregated
arcaa,

)

n e m

e M A D W A, e S T meepaign |




p* o~

E3AP 1-445

wa x25 CIIG-17

e — FIGURE 3




e A
Scetion Ncgative No.

Firure Yo, 4

magnitie-

Ttchtant cntion

Kemarks

A Cll6-22

|2 C116-25

C cCl116-21

0 C11c=-25

C116-27

3]

F Cllec-<4

Nital-1% £y 4

Migalel" s

" 1t -' Onmy

DESPRE IR , o W = T ™ Ly ol b

Vo t¢ that this
Plate wae cas-
ed on both
aidce, The
cuarvature at
the edge was
caualed by a
bullect which
penetrated
from the rear
surface of the
Plate.
Transverse
scction of
core,
Yoremctalilc
content -
longitudinal
No+vem: tallic
contont -
trinsverse 2
Ca1e and core,

Cor¢ - Somc
frse ferrite
in scgrogne
tcd areas,




wn I~
FEN
+ 9
™ 35
o wn
A.(_.
3

b
2

FIGURE 4




v -
e Hie

3ection Negative Noo

B e

Tt

Plpur. Vo, H

tiapnilicns

chtant

tion

Romarks

A C116=-10

B Cll6=3"

C Cl16-28

b Cl16=32

E Cl116-30

F Cl16-31

LiR!

Ni

t11-1% a2y

" 25X

N
[$3]
>4

None

tal-1% 25X

1000X

N T R T YT T

Notc crack
which lcads
to spalling.
Transverse
scction of
core,
Non-metallic
contcnt,
Typical
cruse of
cracks shown

¥on-mctallic
content -
transverse.
Cnse and
rore. Note
rronounced
banding and
prescence of
non-mc tallics
in ferrite
bands.,

Corc = Very
1ittlc free
fcrrlte,

LT N i e 4

-



" 2

e

~ 2AP 1-445 *

5 Che&30

E

FIGURE S




Firurs No, @

Tedie Liugnifia
Sactleon  Nogative No. T®tewtant cition  Remarks
A C116=-22 Nita1-17 3% tood durtf].-

fty indicnt-
ad by free-
dom from
eracks afterp
Pcnetration,
R C116-36 " " 2ry Tongitudinal
section of i)
corc, ‘
C Cll6=-74 None 26X Nor-motal 1ic
content -
longitudinal
D Cl15-38 " 25X Fonemotallic
conti:nt -
tranaverse.
F Cl16-29 Nita1-19 25X Case and core
Krlative froce
dem from band-
tnge,
F C116-37 " " 1000y Corc - gmal1
amount of free .
ferrite in t)
scattured ‘

arcas,

L 2




FIGURE 6.

¢

e



F’irjnv'c\. Ma, 7.

T R TSl W1
Jeetlon Nogative No. Etchtant cation Romarks
ae ol

A Cl1i=1€ Nitn1-17 X Cnan and
core,

B Cll5-1e " " 25Y TLongitudinal
ae~tion of
cor2. Cracks
follow bands.

C (116«40 Nonc SOX Cracks follow
non-nctallic
long. Scetion.

D CY1 eidd " 26Y Yoh-mctallie
content -
transverse.

X Cllo=-b Witui=14% bX ¢Case nnd corc.

F Cl13=43 " " 1000Y Cor:, Some

free ferrite
in scgregnt-
c¢d areas.

J




Yo

7 M GaAP5-445
| & 25 ClIE4S

FIGURE 7

ooy S R SN M .



e - s o o e o D N S R N S e e

A

T

‘

i

T

- +

e

!

+ —

i

T

.

—b—

1

{

1

-

|

-1

.

T R e S e S A S

{3;04‘”

LR

il el

\
—— i
T
SERED =SS
i
i
1
{
)
|
H
i
$
{
t
-
)
+
i

%
b
i
5= BRINELL.
/1]

67-A~/3) .

zan Aaraor PL

{
|
T‘
23
4

BE SN

Slua

|
|

|

T e S

|
TUDY ~ LS.

——d g

M _, N M S | |
i . ,« . xm —f Ylfm 5 | — mv E.ﬂ . ,+ ......
| _ !
| I “ S B O ) i i
4- —+4 3” = M : l.a f;».,v._f..!vx . .L,...l,.l J‘l . Ha-,! ,i.Lﬂv.L. s SEERTYL S —
AEENEE EE by th 1 |
| 4. BEEERBEET Y
L1y el Ngdbmbe | Nl

CLty
-

s DR

{
o
FDODNES

1
o~ T £ S L

A sxio.

|
i
B
t
{
e
! !
‘ Mﬂz‘.:
% {
I£C 7
&
“ﬁftflv'ﬂ -
L 5K ¢
1
i

: =l L SO S | 4
_d | | M
NER * | | | w

- . + 01JT0$‘! 4 Tl!..OHQ‘IX o i S S 4w» e .AW‘V -t
1] “ |

Gt B 8 < aﬁ BL) LEETY RS ST SO

s

g

,
S B 1083
H
|

ST PRESE

ApeE ¥Spet Meaes sEes a F‘A-—J»—-—- T—-« TEI SRl WO

' :
sBS ¢ IRAAE A0S FORS4 sRESE Fuutie

L 2



“ T “ | | | | | | | | | | | ! |
T ! ! 1 T w e | e Bl
| “ B e i i O s 1 e s |
N SN GESE1 R VL1 (A G oY SR P55 LR A M TR SERH INREE R0 AR (EE TN i 10853501 b SRR i oSS ISR A0S WAT: %31
“ ! ¢ i { m | _ i | ~ | i i | i
. - ‘ : - _, $ H i h i ! 1
| R T N0 e e N il i e s el |
o S SN I S "N [l .i.r:%zm-.,-, R el ek ¢ EB SRR BN s SRR N1 11351 3881 difwr bt v ot
;e N | | | | | | ﬂ M | |
3 RS I T R O I I T Y 4 3 N O 38 5 i M R
— ﬂ 1 L g sl 1* 4& oyt s a‘ , O Sk M e 2 e e . . M¢ 4
- A R 0 O - 58 N 085 i e .
..... FIR T 00 0 .« X 0 5 O W O S . v 0 0 0 181 UM Gl
o I ] m &l | | L 1R wﬁ | | ! | | Nt |
N Y Y T T T T F I TS m W 2 0 D O e MR
N S .r_A | A_L w | It _ \cmu ~"] M | “ , “
IR R IR D A . IR i EE I I -
PN i . A | M &M
x | . -1
FERFEEFEEEE TR
SEREA | | g
I NE I B | X 3
Q N )| ; ﬂ 3 e A L
R\ q MR | S
3 YR I Tye ]
o BRI

s34

|
4

l {
—




- - - — - yo—  DUNIED SIS S— =
| 1 : I JEE S 8
T : - o —d + - W -
X : -t T3
. .‘Pv. + w . 3 PO ¢ - h & A .L. e e S B ST RS o - =
w M. t i N 4 ! I
i 1 .../ T 5 ﬁﬂr § SIE DM e i e ﬂ T T T 1 T 3 17 “FoI
~ ot ; . w B |
IR BN i B 5 0 MRS 3G 8, S 5. G0 TEE B % A T8 W . 5 B
R - 1 = ,
. Mr .n I S AK ) g (N S, AT L : -w.u#rwlﬁm.xr 4 -}% { . ..... =
o m ” 1 _ " 2E8 T 7T m
L N M L C A 3 1 4 i fm AN WCE: LTS IR R L e 44 i
5 N | _. | -. * el ‘ t
SN R | T s | FEYEE |
AN Tel s 13 M
7,
A M[ M -1 m ‘., /T s e # )
I | |
S km T S A TR o B A L O |
| \ W\“ *
: { -~ ‘ o JES SE = - 4 ) S— ) . . “
| . |
4 i o R &8 ; - b f 4~ 1
4 . .




- 1) s x ‘
S | ¥ . §
M 3 ¥ ;
.ﬁy ! m
R 53 : E
: , . k. - A N
1 mw q M 3 N 5 e . ~N
| O
l--i% NS \ A.v ~
N .
Q
——

£X.0. 6

0.

71
(W Al

4

ARLDPNESS

<o

LATE,

54

S/

5 Secriion |- VAM;&#.S-: BRinEY L

| BRmEdr HBRONESS |

= L 4 . -t -
f ly { : ! |
! IS ! T ! !
1 ﬁ:.,, E1 i B M i | 4 i i doad ] i EIES O | A
! | ' | | {
i ” | | | | | { }
i it ! i i ! ) ! ! i !
g ! ! ! T ' T T T 1 T
w0y ; _ PN 4. | ! A w f v 1 !
{ ! * 1 | ' H ! !
- B0 S 8 1 + W " YF.:.I Oix WO WSO T T u - A..M..') S o - ..ﬁ.t:l f%}ll! ‘..wl aame oo - ..+‘ +
} ! ) \ I ' ]
. | BESREERNEE." | ,
s ! ; ! | »4 4 w_ } ! ! ! 1 A 4 1 i
p T | T R | FYMEERL | ! ! ! ! ! ! |
i , { ! | | J i 1 ! i ! ! i ! ! i
e sl 4 R e e b BENES <. X TENE SO 00 R L_!i 1,,* e = - ! i
, ! , ! ! ! , ! { ’ m i { |
_ | Ly “ | . | W M MR ! | | | | i A _ !
1 i 1 { T e E | 1 1 T A m ¢ § « 1 ) 5 { T
! , | ,, | w { _ m { ! i | _ w m
- 4 A} S deteia e LR -t e M RPN TATE: Dy MM SEAS: NS M SRS atEbe e .yl!..zj.o,a -+t LﬁlllT.;‘. - ¥ -+ ~tr
: ! f ! _ ., ! ,ﬂ i r | , B f ﬂ ! !
' { ] | | ' } i 4 I ‘ { : |
| o $ 4 o ! i ! B } ! ! 1 i | 1 2
! _ M ! i 1§ 1 | _. { ! = | | u ,,
{ { | 1l | 1 { | | } t 3 | 4
' | | | 4 " 0 _,V " ‘ L h \ e .r|. AH . i
. 50 R Sy 2 A 4 R e S EE o SIS CHEIE BN " .
, 1 i _ i m i .
| { | | _ |

Q

1
’j




SPEC/IRL  STUDY -~ LDYSSTAN . £ FLAare L
. . . . - Ws| £x. 0. 67-A~/2) | S

! ! ; : ! - '
' PLrAre. No. /+EL

: ‘ : 1 :

& - i

FRONT | ! - Aack | ‘
578 4,Teov - . L kes | . w95 | | |

. | 604 . Lo . T T IO O O
, 578 g S ! |77 | |

60/ | 6o/ 64/ | TP rT U T
| ] ' 277 | B4 | %17

6ol  6os| sz |  |F70 | | | |l#9s| |
: 578 2 ! !

BRINELYL HARFONESS | | |

e I o

b. | | CcRross Becrvon+ Viewems-BRNELL | . | ||
' t . FRONT . 5 : !

" . | | i !
?1 SRS RN -7".7) > N NS N N IO TS S

v ! ] i
1 i 1
T IFRON - ) |
| S-S 4 S -

: | |
| ! I
| 1
w : !

e e
i |

ey SHUCEESE IS0 haastes (N

S -SEREI, PSS TR, (SN S S —. |




o IR SESISHIS SN S

w

. o N N
Lz . RN - S -
, N |
Q S T R R A A T R N | L1 Ll
m 4 . L m___ 3
| X 3N V M |
N S8 Y
T b 3§y N
A R g m “ 0§ 9 Y N Y
,,,,, X m . R . B a |9 | i 4 |
N Q I
N 4 = Y W .
g4 \ S 18
- »M Q W i
- — | !
4 NS | < - ,{
Y RSN LS s [18 B
q n L I el o
N m } . N
, N N Qg |
Y ) ;
R S 3 3 ‘
J 3 ¢ O
. ¥ O
o 9. i |
i —t— “ - | —_—— ,iw 4 -~
, - . 3 ! : ' Il [ l i
.» NN P S



————

—4-

< A
Tedg
Easd

4 -4 -4 —— pos ot -+ 4

¥} I SR . e T e
) , {
1 ] i

bbbbb

—d

|
} |
|
4 4
|
d.
' T

S-PE5

2
BE =
T
e
|
|
L
£
.*._-
i
+
|
l
¥
T
|58
1

! i -
| . m
i - w w H
,,,,, il ; ; 0 - ;v E & o § r - mll ﬁ il oSS EREES SRS ST 4{” o + QL.llv‘blllvlvd?w.
| i } | !
BN RN | % !

+

TLUL

W.A. £x. a.. GF-A-/2)

DONESS ,fu

LAZE

4
1;7
+

I JRE N | 4..-.T147--L..:.-..i_&il.k E

1 .3@::,4 4

- LT ) S . —1 Aﬁ + + . 0 4 B ¢
! | |
|
= & ! l » N
8 o T T 1
| |
{
- + —t] -+ + - + . +




