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Report No. 710/250 lﬁQ
Watertown Arsenal January 26, 1938

CORRELATIC. CF BALLISTIC PROPZATIZS O LIGHT ARICR fLaTE

Furpoge
The purpose of this investigation is to correlate

existing cvalllstic properties of light armecr plate in
reply to a request from tre Ordnance Gffice, as of

0.0. 400.114/16794 lisc., datec Lay 14, 1937.

Introduction
A copy of the specific requests in the above

letter 18 given below:

(a) Should we continue to use face hardened
plate in ell thicknesees?

(b) Should the ballistic limit for face
hardened plate be raised, and 1f so,

Low much?

(c) Should we continue to offer a bonus for
face hardened plate?

(a) (1). Should the ductility test be made
more severe, for example, by requiring
the testing of all plates with 37 il
shot as 1s now done for heavier plates?

(2). Considering difficulti:s of manufac-
ture, relative cost, and greater facllity
of war procurement, would it not be
desirable to obtain homogeneous plate.

If go, should this be done for all thick-
nessee of plate or only for plates above
a certain thickness? (This question

v
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prediceted on the results obtained

at Aberdeen, indicating thet as the
thickness of plate incresses, homo-
geneoue plate approeches the face
hardened plete in resistance and then
exceeds 1it.)

(e) If homogenezous plate be used, could it be
fastened by welding at the seams? If g9,

what reduction in protection at the seams
could be expected?

Conclugiong
Results are based upon the correlation of ballistic

data taken from,
(a) Aberdeen Partial Reports on Test of Thin
Arror Plate, Ordnance Program No. 4334
T.5.T.P. No. 1922-107, dated 1922 to date.
(b) Aberdeen letter reports on tests of exper-
imental plate submitted by various manu-
facturers, dated December 9, 1936 to date.
A. Face hardened plate (carburized) can be con-
tinued in all thicknesses. Reference - Figs. 2 to 8,
incl. and Tables No. 1 and No. 2.
B. The ballistic limit of carburized plate cun be
raised in excess of Tentative Specifications AXS-54K,

dated April 19, 1937, as follows (see also Mig. 1):
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Proposed Specification

Tmpect Velocities

Thickness Required linimum
[ Tnphs o) Bullet £.8. £ 15 t.s,
1/4" 580 Zal. .3C A.P. 1922 1900
g/16" .12 " 2050
3/8n 075 " 2200
7/15" 437 " 2350
1/2° . 500 " 2500
9/18" .52  Cal. .50 A.P. 11 2025
5/8"  .625 " 2125
11/16" 687 " 2200
3/4* .75 " 2300
7/8" .875 " 2475
1 1.00 " 2650
11/8* 1.125 " 2825
11/4" 1.25 " 2900

Shock teets (mechine gun and 37 VM. impact) to

remalin same as AXS-54K.
€. No bonus should be offered for high quality car-

burized plate since high quality carburized plate 1s more
easily obtained than homogeneous plate. In the last flve

years, only 26% of the homogeneous plate tested passed
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specifications, whereas 74% of carburizea and 77% of
the nitrided plate passed specified limits (Tables Yo. 1
and 2).

D.(1) On the basis of the results in Aberceen
Report No. 122, no plate 5/8" thick or less can withstand
an lmpact by a 37 !1.. shot (see Table lo. 3).

(2) In view of the varying ability of different
manufacturers to produce gzood hcmogeneous plate, no state-
ment can be made as to its rapid procurement during emer-
gency (see Tables No. 4a, b, and ¢). However, .uen ob-
tained from those manufacturers who can readily produce
homogeneous plate, it cen be used to as much advantlage
as face herdened plate for thicknesses 5/8% and greater
(eee Fiz. 3).

It should be noted that Fig. 7 repeats the
regults found at Aberdeen, i.e. "as the thickness of pleate
increases, homoseneous plate approaches the face hardened
plate 1n resistance and then exceeds 1t". However,

Fig. 7 includes data only from 1922 to 1932. MNore recent
data, Figs. S and 5, do not follow this trend.

E. The opinion of this Arsenal on the question of
welding has been given in Watertown Arsenal letter,

400.114/5062 as of lay 28, 1937, as noted:

-l
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"It can be stated at thies time that, 1f the
design will allow a projectlon of the order of one inch
on the rear face of the ;late at the seam, a Joint can be
made in homogeneous plate that will give the same or
greater protection than tle base plate. This jolnt de-
slgn contemplates welding & strip of soft plate to the
armor plate in the ennealed condition and making the weld
in the soft plate after the hardening operation. While
we are working cn the process of trying to develop a
suitable weld material for weldlng the heat treated plate,
i1t is very doubtful that we will succeed in securing an
effective protection of the Jolnt greater than 25% of that

of the unwelded plate."

Procedure

The armor plate recorded in the Aberdeen reports was
separated into homozeneous, carburized, and niirided
groups,

Each group was tabulated (Tables No. 5a, b, c¢) accord-
ing to manufacturer, chemical composition, thickness,
ammunition, specification, hallistic limit, Brinell hard-
ness, and remarks descriting spalling characteristics.

(a) Lanufacturer. Tabulations were made on
plstes manufactured by Carnegie Steel Con., Crucible Steel
Co., Diebold Safe and Lock Co., Henry Disston & Sons, Inc.,

.
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Eddystone Steel Co., Halcomb Steel Co., Ludlum Steel Co.,

and Watertown Arsenal Experimental.

(b) Chemicel Analysisg. Wherever this was fur-

nished by the menufacturer, his plates were segrezated
according to their chemical compositlon,

(c) Thickness. These vere subdivided according

to thickness as follows:

1/8" - ,125 included thicknesses from .094 - .156
3/16* - .188 " ) "L157 - .219
1/4" - .25 " . £ .220 - .281
5/16* - 313 " J " .2082 - ,343
3/8" - 375 " : " 344 - 406
7/16" - ,438 2 " " .407 - .469
1/2" - ,.500 : J " .47 - .532
9/16" - ,563 d s "33 - .592
s/e* - .625 ! 8 L5693 - .687
3/4" - .75 d . * .688 - .813
7/8% - .875 J " ' ,814 - .938
1" - 1.00 X U " ,939 - 1.094
11/8" - 1,125 " " * 1,095 - 1.188
11/4" - 1.25 : : " 1,189 - 1.313

(d) Ammunition. These thicknesses were subdivided

according to the callber of shot:-

6=




(1) Caliber .30 A.P. 11922
(2) Caliber .50 A.P. i1
A special table (lNo. 3) was made covering the
lmpact by 37 12.. A.P. solid shot, ) .39, weight 1.45 pounds.

(e) Specificationg. These were redivided according

to the gpecification under which the ballistic limit was
determined.

(1) 150 ft. ranze - used from Aug. 10, 1222 to Jan. 29, 1932.
(2) spec. Yo. 31 " "  Jan, 29, 1932 to July 25, 1933.

(3) AXS-54 Rev, 1 " " July 25, 1933 to Dec. 17, 1934.

(4) AXS-54 Rev. 2 " "  Dec. 17, 1934 to June 1, 1936,
(5) AXS-54 Rev. P, H, K, - used from June 1, 1936 to date.

(£) Ballistic Limit. The balllistic limit was
tabulated in foot-seconds.

(g) Brinell Hardness. The Brinell hardness was
also recorded,

(n) Reuarks. Spalling characteristics of the
plates were determined by a careful study of the photographs
in the Aberdeen Reports whenever these were furnished.

The date so obtained were treated in the following
manner:

Arithmetic averages >f the ballistic limits and
Brinell hardnesses for each grouping of each manufacturer

were taken. (Table 6a, b, c).
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From these arithmetic means, arn 2ntimun aversge was
determined hr arbitrarily zlimineting 211 plate {ue to 507
of the total runber of plates) whose ballistic limits fell
rore than 100-foot seconds below the arlithmetic nean
(Tables €a, b, c).

From thls optimun aversge, the epacification aver-
ages cf Cal., .30 and Cal. .50 impacts were detcrained by
the additional <limination of all brittle rlate, However,
in the case of 37 XM, plot {(Fig. 8), ballistic limits of
brittle rlate were used to determine the curve since sll
plate attacked by 37 M. shot showed evidence of brittleness.

In this case, tkhe deviations of the mean and the
wei it of the average warw determined by the usual ctatlistical
~ methods. (Tables 6a, b, o).

In addition, the percentage of the total number of
individual plates which passed the specifications applying
to that plate was calculated as well as the ver cent brit-
tleness, /Teblesba, b, c).

For the purpose of plotting graphs Nes, 2 to §,

a weirhted mean of the specificaticn averuges of tns
ballistic limits including all manufacturers and all
chemical composition for each thickness and each speci-
fication, found in Tablesz€a, b, ¢, was determined and 1e
listed in Tables 7a, b, c.

Thege gravhs (Figs. 2 to 8) were vsed in rating

the bsllistic efficiency of carburized, homogeneous and
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nitrided plates, cs well as In the deterxination of the
proposed specification. (%raphe 1, 2, Z).

Tables of beilistic efficiencles of the plate of
each manufacturer and of each corposition and thickriess

were drawn up (Tebles 2a, b, ¢). These data vere taken
P

fromn Tables ¢6a, o, c.

From these tables, trief summeries were made,
showing the performance of houoseneous, face hardened,
and nitriced plate for different periods of time (Table 2);
for various thickness (Table 1); and for various menu-

facturers (Table 4a, b, c).

Table 9 was taken é&irectly from the Aberdeen

Reports and plotted in Graphs 9 and 10.
Table 10a, b, ¢, were taken from Aberdeen Report

No. 12 and plotted in Fig. No. lla, b, c¢.

Table No. 1l shows the chemical compositions fur-
nished by various manufacturers and 1s a resume of infor-

mation contained in Table §.

Reeults of Investization

A comparison of ballistic efﬂciency of homogeneous,
carburized, and nitrided plate for the last five years

18 given in Tedble 1.

Graphicel representation of the proposed specification
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and the Specification AXS-54-K, K-1, 1s shown in Fig. 1.

Pigs. 2, 5, 4, 5, 6, 7, and 8 represent ballistic
limits of homogeneous and nitrided plates under various
specifications, 1922 - 1936.

Table 3 shows the ballistic results of 37 !I. solid
shot inpact.

Table 4 ghows 3 summary of balllstic efficiency of
bomogeneous carburized and nitrided plate for various
periods of tiue.

Summaries of ballistic efficiencles of homogeneous,
carburized, end nitrided plates for various manufacturers
and periods are shown in Tables 4a, b, o.

The performance of each manufacturer's carburized
plate for the last five years ghows that Diebold plate
passes specificaiions 100%. However, this plate is only
experimental and not produced commercially.

The Disston carburized plate passes 76% and Carnegie
passes only 42%.

Within the last year, Diebold and Disston plate,
carburized, passed specifications 100%, but 1t 1s noted
that plates of these companies were experimental.

In regard to the homogeneous plate, Digston is the
only company who has supplied such plate. In the last
five years, only 25% of Disston homogeneous plate has

passed, but in the last year, 75% of experimental plate

passed,
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TASLE &
37 ... Shell - W39 1,45 1b,

wanufacturer _Thickness _Spec, Ballisgtic Remerks
DIEBOLD 1% 1.00 AXS-54 1715
(Face Zardened) -F
11/8" 1.13 AXS-54 1844 Complete near previous
-F penetrations.
PISSTON 3/4" .75 AXS-54 1486 Slight spell.
(Homo-eneous) -K
1495 L #
1490 Average
(Face Horcened) 1/4" .25 Cracked both feces
front hole 4.c"
rear hole 2.2"
1/2" 5.00 Large circular cracks

front hole &,5"
rear hole 1,6"

5/8"  ,625 Section broke off
front when fired at
on the rear.
Circular cracks on
front.

Long stsr cracks on
rear.
Front aole 6,1"

1 1.00 AXS-54 1722 4" button
-H
1725
1723 Average
AXS-54 1737 6" button
-2
11/4" 1.25 140 Partial buttons and
cracks.




Surziery of Balllistlic Zfficiency of Homozeneous Plate

TARLE 4 (a)

for Various iLanufecturers and Tertocs

..anuf cturer % Pase ? Bristle Years Spec,
Srucible 29 48 122 - 132 150
0 100 132 - '33 31
Disston 8l 10 122 - '32 150
83 11 132 - 123 Sl
1 40 133 - '34 Rev. 1
1 83 134 - '36 Rev. 2
76 13 156 Rev. I, H, K
Eddystone 0 o] 122 - 132 150
76 24 132 - 133 Sl
o o e o o o e o e ° o ® ®
B S O S AR M IR AN
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TASLE 4 (Ub) ji;-
Suanmary of Bellistic Zfficlency of Carburized Flate '
for V-rious innufucturers and Fer'ods

iwnufecturer ? Paca ¥ Brittle Yeors Spec, ;
Carne:ie 44 32 122 - 132 150 ::E.-
l...
4< 58 122 - 133 31
42 58 135 - '34  Rev. 1 b
Crucible 39 60 122 - '32 150 .
3

Diebold 100 0 136 Rev. F, H, K
Disston 12 88 122 - 132 150 L
50 18 132 - 133 31 :
27 7 133 - '24 31 ’
100 0 '34 - '%6  Rev. 2 3
100 0 136 Rev. P, ¥, K o
Eelcoadb 80 4 122 - 132 150 i"
>
L.
.".s
By
(Y
® o o o o ° ®_o o o o o ) ® [
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= TASLE 4 (c)

‘ Sunr.ery of 3allisttc Efficlency of Niltrided Plate %T
for Verlous raufrsctuiers end Perlocde

-~ l;'-:
*i 1
S ’
s 5
& crnufacturer % Pass Y Brittle Yeers Spec, =]
- \‘ )
5 Ludluz 67 o 122 - 132 150 N

; Eddystone 38 48 132 - 133 31

. e
>

Wetertown V4 134 - '36 Rev, 2
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Watertown Arsenal experimental nitrided plate

passed specifications 77%.
Tals information was based on Tables 4a, b, c.

The ballistic properties of rolled and heat treated

structural nickel steel are given in Figs. 9 and 10.

Fig. 11 1llustrates the ballistic properties of 3.

various compositions drawn at various temperatures.

Digcusggion
The results of this investigation are based entirely

on the correlation of balllstic data taken from the
Aberdeen reports. It 1s believed, however, that more
reliable conclusions can be obtained 1f a correlative
study of microstructure with ballistic properties is
made, reference W.A. Report 710/242.

Due to difficulty in obtaining codperation from
armor plate manufacturers, in recent years very few test
samples have been available for such study. On the
basis of exarinations made at this Areenal, we are con-
vinced that a definite correlation between microstructure
and ballistic properties cen be established. However,

"we have been hampered by the fact that all our investi-
gations have necessarily been confined to samples which

the manufacturers were willing to supply about ten years

ago.
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It 1e interesting to note that while carburized
plate has been steadily improving over the years, the
eame lmprovement 1s not evident for homogeneous plate.

Ve believe, however, that with sufficient codperation
between this Arsenal and the manufacturers, coupled wiiln
more complete investigation of heat treatment and micro-
structure, a much superior homogeneous plate could be
ceveloped. In view of the fact of greater rapidity of
manufacture during emergency, we believe this program
to be feasible.

During the period 1922-1932, the face hardened
plate, subjected to Cal. .30 ammunitlon, shows an advan-
tage up to a thickness of 3/8%, beyond which the homo-
geneous plste isauperior. However, subjected to Cal. .50
amnunition, the face hardened plate shows itself guperior
up to a thickness of 3/4", whereupon the homogeneous
plate rezains its advantage (Figs. 6 and 7).

A study of the more recent performances shows that
the trend seems to be for face hardened plate to contin-
uously increase 1ts advantage. Thus, during 1932-1933
(Figs. 4 and 5), we note that carburized plate subjected
to Cal. .30 impact now retalns its superiority up to a
thickness of 9/16", while under Cal. .50 impact the results

are very ambiguous.

=12~




Woile from 1933 tc date (Figs. 2 and 3), the curves
indicate tkat now under Cal. .30 shot, carburized plate
1s superior to homoceneous plate to a point beyond the
thickness recoumended for Cel. .50 ammunitlon test, 1.e.
. 525", Under Cal. .50 iupact, the face hardened plate
exceeds the homogeneous plate up to 5/8" plate thickness,
vhere the curves meet and continue to show identical
results up to 7/8", beyond which thickness no acceptable
homoseneous plate has been eubmitted by manufacturers.

The line for the proposed specification was drawn
in epproximately 100 foot-seconds less than and parallel
to the curve of the average performance of the high
quality carburized plate on the Cal., .30 graph. On the
Cal. .50 graph, the proposed line was drawn about 50
foot-seconds below tI~ line representing the carburized
line.

It was noted that the AXS-54 K-1 Specifications
were too lenient in requirements for light plate - up to
5%, beyond this thickness, however, they are too.high.
(see Fig, 1).

Fig. 8 represents ballistic limits of 37 M. lmpact
on heavy plate. The curve is extrapolated to show whet
performance might be expected for even heavier plate than

tested to date.
The ballistic values plotted in Fig. 8 represent




-
':

four face Lardened plates and only one homogeneous plate.
All these plates shoved variosus degrees of buttoning and
spalling.

In reviewins the behavior of other horosenecus plates,
mentloned in the Aberdeea Reports, to 37 1Ll attack, it was
noted that heat treated homogeneous structural nickel
steel (1/2" - 1" thick) shows evidence of brittleness
wiaen subjected to such an 1lmpact.

In Table 3 1s demonstrated the poselbility of testing
light zese plete, 1/4 - 5/8" thick, with 37 12, solid shot
for a ductility test.

Such plate was ghattered to a marked degree under
high velocity impact.

On the basis of recent investizations at Watertown
Arsenal, under Cal. .30 impact, the advantages of nitrided
plate disappears in plate thicknesees in excess of 3/8".

Nitrided chrome-moly-vanadium steels have superior
ballistic properties when compared with other steels con-
taining eluminum, as snown by the de Marre Coefflclents
(Table 1lc).

The variation in chemiceal composition does not appear
to cause ag marked a difference in ballistic limit as does
the varisiion heat treatment in the cases studied. (See

Figs. 1lla, b, ¢).

-14-
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1. The performance of various manufacturers'

aromor plate within the last flve years are noted belov:

A. Cerbturlzed
(1) Dlebold (experiuental)1CO¥ pass spec.

(2) Disston 754 " 8
(3) Carnegte 424 " 2
B. Homogeneoqug

(1) Disston (only plate supplied) - 25% pass .epec.

C. Nitrided

(1) 7Watertown Arsenal (experimental) -
77% pass spec.

2. Heat treated structural nickel steel has good
ballistic properties under Cal., .30 and Cal. .50 impact,
but shows brittleness under mschine gun fire and 37 1.
solld shot impact. Steel has good bellistic properties.

3. Within the last five years, the advantage of
face hardened plate under Cal. .30 impact dlsappears in
plate thickness of ,525".

Under Cel. .50 impact, face hardened plate
exceeds homogeneous plate up to 5/8" plate thickness,
where the curves meet and continue to show identical

results up to 7/8", beyond which thickness no acceptable

homogeneous plate has been submitted by manufacturers.




U

The edvantege of nitrided plate dlsappears
1n plate thickness of 3/8".

4, With the exceptlon of the 57 11., gsreph, all
&raphs were plotted from data obtalned from good quality
plate shéwins no evidence of brittleness. All heavy
plate subjected to 37 2!, impect showed evicence of
brittleness.

5. Yo conclusions coulé be drawn in regerd to the
relationshlp of ballistic limit and Brinell hardness
values.

Investizations at Watertown Arsenal have shown
that altaough high &nd low talllstic armor plate may
occaslonally have the same Brinell hardness, the cause of
fallure in the poor plate wae due to nonuniformity of
microstructure, such as presence of carbides at grain
boundaries, ferrite sesregations or laminations.

6. Research st Watertown Areenal has shown that
there 1s a definite relationship between microstructure
and ballistic properties of armor plate. Correct heat
treatment applied to plate, thus producing the correct
structure, 1s of more importance in obtaining high bal-
listic properties than normal variation in chemical

composition,

-16-
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TASLE 5 (r) - Tabuletion of Date from Aberdeen Ze.,ortg
HC® OGEITNCYS

o | e

! anufacturer Thlcknesg _Cul. Sgec, Limit 3Srinell _Remerks 2

CRNCIALE 1/«" .25 30 150 1784 444  3Buttons

Cr-i.0 1642 444 @ '

) 1594 402 "

i 1635 402  Slivers .

Eol=iaes 1600 364 :
1639 351

3l 1664 370 Slivers {

AXS-64 1153 370 Slivers

-1 plate ,

dighed

1

5/16* .513 30 150 1820 444  Buttons -

) 1823 444 " :

i, 1885 402 L

1846 369 r

1852 351 :

1880 351 3

36" .375 30 150 2012 512  Cracke -

1976 444  Buttons .

2143 444 " N

2246 444 "

2100 402 l




TA3LE £ (&) - Cont'd

HEXOEET oS

L AP AL LML S

anufecturer Thicxkness _Cal, Scec., Limit Brinell Remarkg -

CRUCISLE 3/e" 376 30 150 2192 402 -;'
(Cont'c) .
2260 402 ‘
2235 402
2118 351
2133 351 £
2277 351 S
2184 351 3
2137 444 2
1346 387 3

50 150 1389 351

= e -,
R ]

A |

(e
AR VR e Y
o . .

120 1954 512 Buttons

ft.ranze ;
7/16% .438 30 150 2224 444 Buttone :

]

2025 512 Cracks

S

2039 512 Buttons

/2" ,500 S0 150 2662 477

PORAAD B (ORI SRR

2670 444
. 2667 444
: . 2452 402
2654 402
SEE 2648 364 E:;:
g 2563 364 : |
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TABLE 8 (e) - Cont'ad J
YOLO3EIEOUS ®

Lanufscturer Thickness _Cal, Spec, Limit 3rinell Remerks ;‘

CRUCIELD 1/2" 500 S0 150 1391 444 Buttuns
(Cont'ad)

3/4% .75 50 150 2246 495 Crecked ).
2273 496 .
2225 4144 Buttons
2270 412 )
2261 364 i
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F TABLE 5 (&) - Cont'd
. HOKOGEIECUE
Ln anufaecturer Thickness _Cel, _ Spec.  Limit Brinell _Remsrks
o DISSTON 1/4* .25 30 150 1748 418
- 1783 418
Straight i
Carbon 1751 418 .
1785 27
C = .495-.47 ;
na .74-.63 1772 387 :
1790 418 .
1781 418 3
1691 477 Cracked
1628 387 Slivers .
5/16" ,313 30 150 1921 321 ’
: 1926 332
5/8% .375 30 160 2113 302
2106 302
p] o 2165 364
o 2164 351
& 2196 364
oy 2119 255
s 2243 351
20 i
o 2303 351 :
o :
e 7/16* .438 30 150 2203 332 :
. '
o 2296 332 ;
b0 ;
e o o o o o _o o ° ) ° i
e T N e T N R}
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TASLE 5 (&) - Cont'd 4

HOMOGENEQUS

Y.

Yanufacturer Thickness Cal, Spec, Limit Brinell Remarksg k)
DISSTC:. 1/2" ,500 30 150 2553 324

- '-Hﬁrrw
Y P

2590 293 ]

2 2506 321 N

% 2453 202 ;

R 2412 302 1

E‘ 2442 302 a
P 2529 448

2459 340 i

Dl "y.-v
'..' el
13

2406 418 3
2 -
& 5 150 1532 430  Buttons -
-, .
- o
T E.
by 0 -
“T . ™
R .
. N
[ g
4 i'..- -
e 3
. 5
X




TABLE 35 (a) - Cont'a
HOMOGE.IZCLS

Yanufacturer Thicknesgs Cal, Spec. Limit Brinell Remark

DISSTON 1/4% .25 30 150 1826 287
1831 402
¥1-Cr

1821 402
1839 387

Ca .41-.40
: V123.39-3.37 1795 375

1% Cral.35-1.30
AR 1851 387
:? 1795 387
1831 387
j 5/16" .313 30 150 2067 375
& 2084 375
3/8" 375 30 150 2270 387

rrh T Ot

2318 387
2088 375
. o270 375
2292 375
2296 364
2301 375
227 375
£
Eé 50 160 1216 375
K 1357 3352
s
t' ® o _ o o o o o o o o o e o e
ECSER S S R S SO SN ERELL e W X
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gg TASLE 5 (n) - Coat'a
e ¥ CIENECUS

K X

Yanufecturer Thicxress _Cal, _Spec., Limit

>
v A

DISSTCii 7/16" .438 3C 150 2499
2485

T
.

Rrinell Remarks °

430
460

¢ Vo, -

g

1/2" .500 30 150 2710
2845
2796
2845
2847
2845
2837
2831
2508

rv-.--
t

rv———r
4

512
532
532
512
512
512
402
512
512

50 180 1588

512
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TA3LE & (a) - Cont'd

BOLOGEITEOY

wanufecturer Thickness Cal,

=~

o]

Snec,

Limit Brinell

LU CoRhes)

Remarkg ..

-—

DISSTON 1/4* .25 30

Mi=lio

c =2 .485-.57
17124,58-4,35
1:0:1028"0 36

150

1830
1833
1828
1638
1835
1831
1851
1842

387

50

150

1099

387

5/16" ,313 30

150

2127
2134

3e7
418

3/8* 376 30

150

2315
2&30
2325
2361
2337
2328
2339
2337

375
387
387
418
87
375
387
387

7/16" .438 30

150

2635
2550

387
387
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TABIE 5 (a) - Cont'd
BO-03EE0US

- ..
e
LA I Y
P

o
q

Vanufucturer Thickness _Cel, _Spec, Limit Brinsll Repsrks -

DISSTO:! 1/2" .500 20 150 £535 387
2858 430 '
2674 387 '

o SONs
. HIRONS

8o’ e
ORI R

2674 387 2
2724 418 i
2742 387
2719 375
2713 387
2739 387
2706 375

50 150 1538 387
1625 387

o e o —
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TAELE 5 (o) - Cont'd
HOCGEEQUS

l.aaufacturer Teickness Csl, Spec, Limit

DISSTON 1/s" .25 50 150 1756 540  Srittle & -
cracked -
1716 364 " ]
] 1734 364 " }F
1766 364 " 2
C = .52-,38 1728 364 " i
N1=3.09-2.97
S1a1.95-1,76 1542 387 "
1714 364 "
170 364 v
5/16" .313 30 150 2071 364
2084  I°5
3/e" .375 30 150 2325 364
2299 364
2265 375
2327 376
2322 381
2556 364
2362 375
2347 375
80 150 1394 387
7/16" .438 30 150 2478 418
2498 402
® o o L @ o @ : ) .‘ L .‘
e A R R S R e R




d - l-anufecturer
2ISSTON

TARLE 5 (a) - Cont'ad
UOLOZEYTE0US

Thickness Cal, Spec, Limit

1/2" .00 30 150 2793
o732

2752
2868
2778
2819
2789
2837

Srinell Remerks

444
387
o4
375
375
430
375
4350

LYt la’elat} VLS LLLC te -

P S,

L. " e”

50 150 1649

87
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TABIE 5 (a) - Cont'd ]
HOL/03EZ0US ]
lanufacturer _Thicknesgs _Cal, _Spec, Limit Brinell Mi_‘:
DISSTO: 1/4" .25 1761 340 s
1804 387
N1-Va 1800 302
1829 387
C = .36-.30 1883 418
N1=3.20-3,11
Vasl,04-.23 1837 387
18567 387
1821 302
5/16" .313 2142 387
2112 387
3/8" .375 2343 387
2546 387
2291 375
2371 418
2350 387
2364 418
2369 418
2350 387
2192 387
7/16" .438 2403 387
2410 364

................




i TABLE 5 (a) - Cont'd

Yanufacturer Thickness Cal, Spec,  Limit Brinell _I}g_rggrkg-'-;.;-

DISSTON 1/2" .500 30 150 2743 418 S
2666 364
0835 444
2737 418
2856 418
3 2791 418
2778 406
o712 375

50 150 1651 302

3 .
.. > e a4 st
« "m e e e w® a .

LRI 5

........



TABLE 5 (a) - Cont'd
HOICIEREQUS o
uanufacturer Thicknegs Cel, Spec, Limit Brinell Rezarks ,’ i
DISSTON 3/8" ,375 30 150 1986 387 o
¥n-Ni-Va s 3
50 150 1322 387 o
c X 55- Y 50 .
lns 1.0 1309 444 e
N133|2-3.1 ':...
Va=,25 5
3 .l-.
=—ﬁ !‘.-
DISSTO!! 3/8" 375 50 150 1361 387 '
- =3
C L] .40 E-‘::
Nl: 4. 60 ;V.
DISSTON 3/6% .376 50 150 1309 444 {\,}
Mn-N1 b
G
C= .36
¥n= 1.02
Nia 3,17
4
{.;_ DISSTON 3/8% ,375 50 130 1595 364
g Mn-N1-81
C = ,33-.43
Mna1,10-1.02 -1/2" .500 50 150
N1=3.09-3,04
81310 63-20 05
- —
DISSTON —
Mn-Llo=N1i 1/2* .500 50 150 1651 302
c = 059
in= 1,02 3
MO: 023 » X
Nis 3.24 0
- ':'
__9® 6 e e 6 _eo 9% o o o ® 9 o o o o
Tor Soete L N "::—. ..... \ ﬁt-_._-.-.._'_' :..T':_...: -'\.?__.-- _'.\~. 5




Xanufacturer
DISSTO:!
fr-lo-Va

C = ,55«,38
Cral.3&=1.00

Lo=.86-,56
Va‘os - .2

TABLE 5 {p) - Cont'd

HOL:OENEOUS '
Thickness _Cal, _Spec, Limit Brinell Remarks '
1/3" ,125 30 3l 1003 402 Crazked

1029 418 5
1048 364 !

986 387
3/16" .18 30 31 1522 418 '
1382 - ;
1486 418 :
1539 418 i
1631 418 |

1643  4l8
1498 418 |
1626 430 ;
1660 444 E
1237 40l !
AXS-54 898 - §
= we  aom ;
]
1/4" .281 30 31 1541 418 :
1755 444 :
1758 401 )
1698 418 :
1643 - :
1631 410 Slivers '
.




TA3LE 5 (a) - Cunt'd

HOYOGENEOUS =
0

lanufacturer Thickness _Cal, _Spec, Limit Brinell 3e_ma_x1&_q_;
DI3STON 1/4" .281 30 3L 1545 424  Buttone

Cr-to-Va S (Cont-) 1gpg 418 :

1815 418 !

1716 418 :

1827 418 :

1656 418 Slivers !

1748 364

1809 395 |

1889 387 s

1772 403 ;

1738 410 :

1640 439 E

1841 431 .

1715 431 :

1861 418 E

1710 418 §

1787 387 i

L

AXS-5¢ 1293 418  Slivers .

e ses :

1262 395 ]

1258 387 .

1540 403 ;

1279 410 L

. - - ek
. 58

— w ems ieis e emm e s e m e imy ) eme ——— - -
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TA2LE 5§ (&) - Coat'd
HQLQCZYWECUS

Lenufacturer Thickness _Cal, _Spec, Limit Brinell Remsrkg _

DISSTOL: 1/4" .25 30 AXS-54 1456 449 J
(Cont'd) -1

Cr-to-Va (Cont.) 1324 431 .

1441 431

1195 403 '

1183 403

1212 401

..

AXS-54 1247 420 Slivers

2 e a2 gpall .

!

6/16" 313 30 31 2128 418 $

3/er 375 30 31 2304 418 B,

2173 418 "

2229 418 b

2128 444

0224 418 f"

2239 431

2207 418

2209 418 .

2304 431 B

2276 431 i:

2200 382 3

2264 426

2311 430 .

2117 430 i

_____ .

- .o e e w e e g o ———
. e 3 3 . o o -
g Q 9 SR © . . o
| ] . . o
~ oo . - aaf = B




TASLIE 5 (a) - Cont'd

HCL.CIZIECUS

Yenufacturer Thickness (Cal, Spec, Limit BErinell Remarksg
DISSTO:: 3/8% 357 30 31 2097 430 d
(Cont'd) (Cont.) £

Cr-l.o-Va 2095 461 Buttons .
223¢ 457  Spalled |

2178 424 " :

2192 387

2270 - :

2128 444 :

2234 437 ‘

2178 424 '

AXS-54 1738 382

- 1811 403 z

1762 418 ;

1800 461 Buttons

AXS-54 1877 437 Spalled ’

-2 1854 424 " f

7/16" .438 30 31 2646 418 -‘

2676 418 '

:

.

.......

........................



b
"
TASLE 5 (a) - Cont'd A
HOL:0GENEOUS o
Lanufacturer Thickness Cal, _Spec, Limit 3rinell Zenergsg i‘_
DISST0T 1/2* 500 %0 150 2603 418 .
Cr-Lo-Ve 0630 418
15
C a ,FC=,38 9.
Cral.f1-1.12 31 2526 352 s
KOS.BG-.EG :..
Vas,30-.25 2527 370 o
2643 287
’
2687 395
2700 410
2651 439 e
3
2726 444 =
2744 418 Slivers i
2661 387 -
RS
2619 364 i
26904 395 i
2468 431 R
2685 437  Spall g
2678 444 . s
R.
2654 444 " ) ,._
2703 418 ;’.;\.;
2707 430  Spall X
L
2606 364 i
2721 444
'
¢ o o6 o o o o o o o o o o o o
= - R St TR TS I LT PN, %K
................ QF Ol 5807 CRURTICIC LML TYES ~ -



TAZLE 5 (a) - Cont'd

HOLOGEYECTS
vanufrcturer Thickness (Cul, _Spec,  Limit Brinell Remerke
DZSSTClY 1/2" .5CC 30  AXS-54 2470 430 Spall
- (Cont'd) -1
2242 364
Cr-lo-Va
2189 352
2221 370
2345 387
2390 398
2380 410
2366 499
2518 418
2431 444
2242 396
2296 410
2304 410
2526 460
. AXS-54 2451 437 Spalled
= 2445 444 S
2720 444
2718 444
AXS-54 2497 Experimen-
-H tal
AXS-54 2609 Sxpericen-
-K tal
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TASLE 5 (a) - Cont'd =

HCLOZEN=OUS

uanufacturer Thicknees _Cal, _Spec. Limit 3rinell Remerke

DISSTON 1/°" . 500 50 150 1725 500 Crecke

Cont! d)
Cr-)o-Va 1860 <18

.y

1823 418 :
31 1956 418 o

1z12 418 »
1932 418

e ¢ . .

AXS-54 1826 470
-1

g »
'- .u LY

Ces

[ st el W 4
o e, e

.
-
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TASBLE 5 (a) - Cont'ad

crw > ® ee e

‘

- - o
8 © E

cre e 6 e e o em——— .-

o HehasE=ous
enufreturer Thickness Cal, _Spec., Lim:t 3rinell 2Remerks _
DISSTO:! 5/3" .828 50 150 1895 477 Suttone
Cr-l.o-Ya 1798 512 Spalled
1826 512  Spslled
C = .51-,5
Cra 1.12-1.C5 1742 512 Spalled
7:03 076".65 ~ '
Vas .25 1807 418 :
1862 418 ;
1419 500 Cracked
50 31 2325 430
AXS-54¢ 1723 Exp.
-H Buttons
1763
Axs-§4 2122 Exp.
2117
".L
)
[":u'-.
L"_\::.
1
.‘- [}
I {
' !
!
}
1O~ .
[ - .
; :
e (

g S ——— e .t S, o e v—— o e o —
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TASLE 5 (£) - Cont'l

HCI:0GZIEOUS :

laaufacturer Thickness _Cal, _Spec, _Limit 5Srinell .FML_._’
DIS3TC 3/a" .75 5 31 2245 358  Cracked i
Cr-1o-Va 2539 437 f

PRI
. v 9
-4

C = .9-,29 AXS-54 1873 <58 Cracked
Crs 1.36-1.12 -1

»0= ,72-,65
Yaa .25

o WD
LN PLPLIN

-k 2361 Exp. .
2351 "

7/8" .875 50 AXS-54 2500 Exp. -
-R o

1* 1,00 &0 Sl 2568 418
2769 358

AXS-54 2445 358
-1
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TABLZ 5 (&) - Cont'ad
HOI'CIEYECYUS

»-anufrcturer Thickness  Cal, _Spec, Limit

EDDYSTOIE 3/1¢" 188 3¢

Sl 1568

Brinell Remarks

oev

Cr-lo-Va

1/4* .25 30

C = .50

Cra 1.

10

Lox .60

3l 1793
1769
1797
1818
1821

430
418
418
418
418

Slivers

Buttons

B a . Bata . e slaca ml taa"™Ta B 2 e ea o

3/8" .375 30

Sl 2368
2283
2285
2296
2326
2296
2346
2245

418
418
418
444
444
444
444
444

Slivers

...............
.............................
..................

. . >
............

2064 444 .
1/2" .500 30 31 o752 418

EDDYSTCLE 3/16" ,188 30 150 1450 387 :
Cr-Va 1457 387 4
C = 0.45 v <
Cr= 1,10 1/2" .500 50 150 1566 387 Buttons |
Vaaz 0.25 3
?J
:
\
§

® o o o o ® e e o e o e o o
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LI R G

TABLE 5§ (b) - Tabulation of Data from Aberdeen Reports
CAREURIZZD i ;‘:

Lanufacturer Thickness Cal, Spec, Limit Front Back _ge;l;gg&gj_-\':
CARNEGIE 1/4" .26 30 3l 2036 556 555 s
2044 556 655 o':.

1964 512 512 Spalled.’:

AXS-564 2027 585 555 s
-1 )
2004 555 556

1964 612 612 Spslled

3/8" 376 30 150 2481 600 444 f'J

31 2188 666 655 Buttons. ..
2170 656 565  °

e

v r

AXs-54 2174 566 565 Buttons; )
2170 566 565  *

L~ Tonhs ob ol o
B
DR

50 150 1572 662 477 Buttons: -

——

P
Jr ey

‘&‘?

o
Tr
-

D
L)

1/2" .500 50 160 2200 600 512 Buttons:

5L 2158 555 556 Spalled.
2146 656 532 " -]

A(s-54 2158 585 555 spalledt
2146 555 532 4 o
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TABLE 5 (b) - Cont'd

CARBURIZED

Lanufacturer Thickness Cal., _Spec., Limit

CARNZGIE 3/4* .75 50 ol 2119
2109

2188

Brinell)
ront Back

555
532
512

555
532
512

e

Remarkg "
Spalled

AXs-54 1981
-1

2109

2057

556
532
812

555
632
512

v 2 et
Ut

Spalled

180 2548
2589

7/8% .875 60

600
600

280
280

Spalled

1" 1,00 50 150 2489
2602
2494

600

280

RPN
(2

c'v\—v—-r -
[} .
by vy re

Sl 2854
2839

532
532

532
477

x-
XXX
RO

[ U]
%

AXS-54 2854
-1
2661

532
532

532
477

v v

;ﬁiif
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TABLE 5 (b) - Cont'd
CARBURIZED

Brine e
iAanufacturer Thickness _Cal, Spec, Linit Front 3eck _Remarve ,

CAUCIZIE 3/er 375 30 180 2330 555 5565 Buttons
Cr-lo-1i-st 2449 5556 556 i
2333 600 600 "

50 150 2089 600 600 Cracked

Cr-lio-1M1-51- 3/8" ,3756 30 150 2211 555 585
Va-i

Co-Cr-Lo-Si- 3/8" .375 30 150 2155 600 600 Buttons

Va-¥
2040 555 555 "

50 150 2318 555 565 Shat-
tered

Cr-lo 3/4" .75 50 150 2360 447 -

C = .50 2137 612 269
Cr = .90

lo = .28 2216 418 -

2191 418 -

21<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>