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{origin of Request, conbid) -

(L) It can be produced in any Canadisn mill.

{2) It is readily machineable.

Reguested:
SIRENDLSTRITTE R
Lo To have chemical analysis checked,
2. The havdness to be debtermined.
do To asceritaln to what depth the surface

hardeniag had penetrated.

Degcription of Material:

For purposes of identification, the three
gamples of plate were designated as follows:

Thin « asectlon approximately & inches square by
0,227 inch in thickness.

Medlum - mection approximately 4 lu. x § in. by
0,872 inch in Tthickness.

Large - sectilon approzmimately 12 in. = 6 in. by
0.378 inch in thickneas.

The lavge plate wasg planed down for approximately

half of its long dimension to a thickness of 0,315 inch.

Chemical Analysis:

Ag given As determined
approximately |
Carbon, peor cenb = 0.6L 0.58
Mangancse, " - 0,68 0,64
Phosphorus, " - 0,014 0,032
Sulphur, " e 0,027 0,021
Silicon, i = - 0,20 0,19
Co_p}_)@r‘p o e 0016 : 00042
Chromiua, n -~  Neot glven. 0.03
Nickel, per cent - Ngt gigeno Noae detgcteda
1]

Molybdenum,

Vanadium, W - " i it ”
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Hardnogs Tosta:

The Brinell herdness for this steel was given
ags 378.
The Brinell hardness on the three samples sub-

mitted was as follows:

large - 351,
Medlum = 340
Hdn - 460. = Edge - 444

The hardness wag further checked by mesans of
the Vieckers pyramid hordness teoaster, on the centre of crosas
gections ol the plates taken for micrographical examination,

with the following resulbts:

Sample Vickers Hardness Bguivalent

T Number « Brinell Hardness
Number

Iarse 468 441  (approx.}

Mediuvm 379 369 (  * )

Thin &7 448 (")

Thin, edge 451 427 | it )

Microgtructure:s

Figuwe 1, Figure 2.

PIrntS R dPhey SR i)

X100, unetched, X100, unetched.
THIN PLATE., MEDIUM PLATE.

{Continued on next page)
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(Microatructure, conbt!d) -

Figurse 9.

KLO0, unetched,
LARGE PLATE.

Inelusions shown above indicate that this is

8 falrly clean grade of steel.

Figure o Flegure 5.
X2000, Nital etch. X2000, Nital stch.
THIN PLATE. MEDIUM PLATE.

(Continued on next page)




(Microstructure, contid)

Figure 6.

X2000, Nital etch.
LARCGE PLATE.
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#1000, Nital etch.
LARGE PLATE.

A8 Received, showing
Surface Decarburizatlon,

A plece of the large plate was oll-quenched

and drawn at 600° P, The resulting structure is shown

in Figure 8.

After Quencheand=Draw Trastuent.

Flgure 8.

AR AW A

X2000, Nital etch.

LARGE PLATE.
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DISCUSSION OF RESULTS:

Chemical Analysis -

The chemical analysis as determined conforms
closely to the snalysis as given., Analysis falls within
the range specified for S, A. E. Steel 1060, This is an
ordinary grade of gteel, whlch should not present much
difficulty im manufacture,

Depth of Hardening -

With the exception of the large plate, which is
gsofter on the surface than the interior, the plates are
uniformly hard throughout. Decarburization is regponsible
for the surface softuess of the lavge plate,

Machineability -

The medium plate is the only one that could be
conveniently machined. The other two plates could be
machined but with difficulty becauvse of thelr high hardness.
Reaults of ballistlc tests would indicate, however, thatb
these latter plates have hardnesses sssoclated with optimum
ballistic properties.

Mlerogtructure -

Research has shown that while elongated inclusions
are one of the causes of armouwr plate spalling, small equiaxed
inclusions of the type present in the s teel examined have no
unfavourable effect on the ballistic propertlies of the plate.
The microscoplc examlnation confirms the findings of the
hardness test in that it shows that the surface of the large
plate is decarburized., This decarburization would probably
have an unfavourable effect on the ballistic propoerties of
the plate, Plate structures as revealed by the nital etch

are of the type produced by austempering treatment, a
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{(Digcussion of Results, contid) -

¥Wlcerostructure, contid =

treatment which provides for transformation at elsvated
temperature s,

The difference in the structures of the large
and medium plates and the plate that has been quenched
and drawn is evident. The thin plate structure is similar
to that of the quenched-and-drawn plate and it way have
recelved a conventional heat treatment. It is probable,
however, that all plates were gilven similar heat treatments
(dif'ferences in secbtion accounting for differencesg in strue-
ture) and the indications are that the heat treatment was nob
the conventlional ©il guench and draw.

We believe that austempered armour plate has
congiderable promise and have»done a Falr awmount of worlk
on the problem. NDetails of this work and & brief description
of the austempering process are contained in our Investiga=
tlon No. 1021, '"pPreliminary Report on Austempered Armoun

Plate," (May 28th, 1941).

Sommary s

The Investigation shows that the steel in the
plate under examination is a well made 1060 carbon steel
such ag could be readily made by anry competent steel maker,
One of the samples submitted would be readily machineable.
The other two plates, although heat treated to the optimum
hardness for ballisbtic purposes, would be aifficult to
machine. One of these latter plates has been alightly
decarburized in heat treabtment. This might lmpalr its

1llatic properties, ‘he indications are that the ste
balllst ertis Th 1 t are that th teels
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(Summary, concluded) -

have been austempered rather than guenched and drawn.

Ressarch work done in these laboratories and
in United States arsenals Indicates the following:

1. For light armowr plate, ordinary commercial
grades ol steel are just as good as "speclal armour plate
pteels" providing they are properly heab-treated.

[

&o Austempered plate has ballistic properties

superlor to those of conventionally heat-treated plate..
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