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Statistical _Beris for Bevision of s Eallistic Specification
fox Acceptance of Holmet Stee]

1. Yhen U. S, Army Tentative Specificetion AXS-1170 was originally set
upl comparatively few tellistic tevts of non-megnetic steel of the thickness
tc be procured had beer made. Moreover, the majority of these tests had deer
made with a scft leed (copper jJacketed) cal. .45 dullet which at that time
wvag considered an adeque‘e criterion of service attack,

2. Sirce that time the calider .45 M1911 projectile has been modified by k

the replacenent nf the gildirg metal jacket by copper clad steel and the addi- 3
tion of hardening allcys tc the leand core, resulting in a projectile of greater g
resistance to defcrmation and, thue, greater penetrative power., Because of the SCN
decreasod availability of the softer prejectiles and in view of the fact that —_—
- the harder projectilen represented a more realirtic sirulation of the types of

- missiles, helzete and body armor are expected to afford protection agairst,

5 1t was reconmended2;3:4 that the harder bullets be ussd for scceptance testing

= of steel procured for helmets and Yody srmor. . Consequsatly when steel has deen

o sutmitted for procurement under Specification AXS-1170, the dallistic require- o
'i ments of Specification AXS-1346 (as origisally ootabliahed)s. which stipulates e s
the use of the hard lead (copper-clad-steel Jacketed) dullete, have been sub- 2ol
stituted for those of AXS-1170, Rl

1. Ordnance Dept. U, S, Army. Tentative Specification AXS-1170, 10 Jan. 1944.
*Steel, Non-Magnetic: Sheet and Strip (for Body Arxor)®.
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4 2. YAL 710/635. 18 May 1944, -
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3. Vtn. 400.112/3203, 11 Ocztober 1944,
4. Weo. 471.2/4568, 12 October 1944.

L £. Ordnance Dept. U, S, Army. Tentative Specification AXS-1346, 4 Auguvt 19544,

1 "Arvor; Fisgment-Resistan:; Plate or Sheet®. Tadble II, Column 3, _
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3. lnssmuch as thene requirementc ware ertabliehed on the basis of the
ratber speree date which were available at the time of specification. it ehould
nst be surprising thnt they 41d not accurately forecaet the trend of actual
production results.

4, Sufficient {epproximately 800) results of acceptance testing with the
hard bullet have now become avalladle, it is believed, to warrant a valid
aprralssl with a view tcward revisivg the current prerequisites to the acceptance
¢f Hadfield ranganace stael for helrets and body armer. Accoidicogly, these
reésults have been reviewed and on the baslz of a statistical analysis of thep
new ballistic specification requirements are proposed herewith.

S. The average resistance of plates of eack thickness has teen detarmined
and these values have heen plotted as circlee in Pigure . {the nurters beside
the circles are {cdicative of the nurber of values iancluded in the deterrination
of tre averagee). Thesve values follow a linear-to-curvilinear peth which ie
andaubtadly attridbutatle to an irevitable change in the mechaniem ¢f penetration
a8 the trhickneer 07 tre tast gheets and the velocity of the projectiles gimul-
tane~ualy increase Th2 aprarent path of thewe valuee has teen drawn as & aclid
lipe in Figure 1.

6. Since the frequexncy distridbution of the entire population of materiel
cf a given thicknese connot very accurately be ectimated froz the freguency
distritutioc n® even a fairly large number of individual values selected from
the gpopulaticrn. but the frequency distrituticn of averagas of groups of four
{or more) sazmples frox a given parent dietridtution can te fairly accurately
estizantad from the fraguency distridtution of averages of groups of four (or
more, rewpectively) samples selecte? at racdom from such a parent distridution,
the data avaiiabdble concercing tte ballistic lirits for any given thickneas (ox-
coLt where the total nurter of tests fell below iCC) were randomly sarpled in
groups of four and tre average and range (Lre d!fferecnce between the highest
and lowest value ir a group) for each group dotermined. Prom the average of
such avereges ané ranges certatn limits were estimated within which it can be
predicted with reascnmble certaint, that averages of sudbeequent groups of
four samples sclected at randon from products of a process with the same degree
of control and with tne same level of high quality will fall, Thess limits have
been indicated in Figure 1 as dctted lines equidistantly above and bdelow the
central trecd line, '

?. lgasguch ar 1% hus been jeusnstrated trhat matertel of such a high level
of quality can be produce? oith cocsistency, !t ‘e not cs>neidered unreasonsble
to require material submjtted i the Tuture to duplicate such perforzmance.,
®ith th's precize 1z nizd, therefore, the following requirecents are proposed:

A Fron each lot submitied for acceptance, four brllietic tes!?
sampla: (164" dlameter circles in the cace ¢f helzet steel and 12" squares o
the case of body armor stesl) shall be selected at random. (It i{s preferred
that all four eamplee selectsd be of the sare thrickness, but if the racdomness
of selection eculd be Jecperdized by s> doing, saaplen cf 1ifferort gage mmy
te taken).

S
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Y. The first rourd fired at each sample should be loaded with a Ly
charge calculated to produce a striking velocity approximately 20 feet-pesr-second o
in excesc of the requirement stipulated is Tsdle I. (This 20 foot differsntial o
shculd insure 8 etriking velocity in excess of the¢ requirement), The velocity -
of subsequent rounds {if necessary) will be governed by trs results of the \ =
firet round, .

&. If the firat rmunds fired agalnst all four plates result tn partial
penetrations at velocities above the requirements of Tablea I, the lot shall be S
accepted. oy

d. If the first rounds fired against all four plates result in partial
penetrations, but {f one or more rounie reeult 1ic a velocity below tke require-
ments of Tatle I, firlag will be continued on those plates on which a below
requirement velocity wes ottained until elther (1) a partial penetration at a g -]
velocity ahove the requiremert is obtained, or (2) a complete penetration at B
a velocity below the requiremernt is obtained, =

8. If, an & result of tke procelure set out ir paragrapkh 7-d, a
partial psnetration at a vslocity above the requirement is obtained on each of
the four plates, tle lot shall be accepted,

L. If, huow &, as a result of the procedure set out either in
paragraph 7-% or in paragraph 7-d, a complete penstration at a velocity below :
the roquirement 1s obtained, firing stall continue until ths ballistic limit a
of each of the four sawples in the group has been dsternined. ;

N g Yrom thess ballistic limits the ballistic excess (tke difference

m between the ballistic limit and the requ!rement) for each sample shall be s
determined. {If the ballistic limit 1a lower thar the requirexz -t the excoees =
will have & nipus value).

L. The average ballirtic excear 5¢ the group of four samples ehall

: then be deterxined. If the average has a positive value the lot shall be —_
accepted. If tke average has a nagative value the lot sball be liatle to re- -
r Jection, sudbject tc a retest of four adiitioral samples selected at random from .
[ within tre lot, *

4. If the proceldure of paragraph 7-b calls for the «test of addi-

i tional samples the ballistic limit and the ballistic excees of each retest B

(9 sanple obAll be determined. If tle average ballistic excess of the eight -
. sarplee (four primary samples and four retest samples) has a positive value, o

o the lot shall te accapted, If, “owever, ¢tLis average has a negative value the

- lot shall be relected.

8. JYor the purposes cf this test ané tc avoid amdiguity the following Fe
{. definitions are proposeld: .
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8. Q_nnlgjg.ngng&;a;‘ Any falr impact of the projectile against
the ' nlata whicrh nrrduces 2 hols ;a the plata through which light auay pass; or,
if the projoutilo remAing in the plate, any fair impact which produces a
hole ia the plats through which the projectile may be seen from the rear of the
plats,

b. Partlal pegeimaiis;n. Any fair impact of the projectils against
the plate which is not & complete penetratian,

S. Ballistlc limit, The avorage of two velscitieas, one of which is
ths highest glving a partial pesetration and the other the lowest giving a
coaplete penatration. The difference betwesn these two velocitiss shall be uot
mors than SO fast-per-second and the velacity for the highest pertial penstra-
tisn shall be less than the velocity for the lowest complete psaatratioa.

9, It ie considered that i{ncorporation of the foregoiang suggsstions fato
any pruposed revision of Specification AXS-1170 will assure the acceptance of
a graatar amount of good quality eteel and the rsjection of a greater amouni of
poor guality steal than is assured under the current procesdure. Tha suggestions
also previd> for a reduction in the nuamber of rounds necessary to be fired to
detstuina ths dallistic acceptance status of a 1nt of steel,
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