





Three differvent alloy stesls, all comparable {rom
the standpoint of hardenabllity; were selected for this
investigation, Chemical compositions of these three steals
are given in Table T belows:

TABLE T.

e

[ty

\lov Steel Chemicel Composition (Per Cent) o
A0V SREeL T ] Gr § NI ] He TSIFTE A

©IAE 43540 D, 4510 7B10,7H1L,7H10,35{0.201 0,030 0,030
{(Ultime 4)
AP, 0.7010.8010,7011.,00 0,300,038 [en(,08
{used for

A, Shot)
Po Q.8510.,2511,50
(Falcon 6
Atlas Steel) 0,281 2,00
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P

Y Stesls SAE 4340 and Ulbtimo 4 are of identical
compaaitlion,
A set of fifteen anvils, the desipgn and dimensions
of which sre lllustrated in Figure 1, were machined from

these three alloy steels,

(Figure I Tollows,)
{comprising Page &)
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{Procedure, conbi'd) -

R Hapk Treabtment.,

The anvils were subjected to various quenchlng
]

and bempering heat trsatmenis, as indlicated in Table IT.

1t is neted that guenching was dones in oil at a temperabvre
of gbout 120° ¥., alsc that five different tempering

temperatures, namely 300°, 400°, 5H00°, 700° and €Q0° ¥,
employed., Heatlng ror quenching was done in a ad K.,
Vapocarb furnace, and a Home tempering furnaee:was employed
in the tempering operatlon.

3

A. Hardness Tests,

Rockwsll hardnsss tests wers wade onfth@ quanehédm
and-~drawn anvils, using the "C" scale. Readin@s were taken
at three various locations on each anvil in order (el
ascartain-whethe? or not the heat treatment had resulted in
wedforn hardening., Resulits are conbained in WauTe 1171,

TABLE TT1. - Hesulbs of Hardness Tests on Robier
Impact Iachine Anvils.’

Steel 1 AP, ISAR 4340 Ultimo & 1 P&
ATVl ATAEIAS A T i e i3y il eda8T4l i1 i2ia
Hardness 61161154 B4 (LY 147 |47 {43 B3 150165168165 155 5L
Readings 61161154 |55 152148 148144152 1601654 |56 {55154 {51,
(Rockwell. raty 161 162] 53 |66 |62 |48 4914552 |61 | 65152 |57 |52 |51
M) s o Shperaund v o2 AREHARAL Ly
Average 8L161154 5552145 (4814352150164 158166 53 |51
Hardness
(Rockwell "gH)

4. Praculcal Teats.

The anvils, after heal treatment, were used In

actual exploslve wmpact sensitlivity tesbts at the Ixploslves

Laboratories, Rriefly, practical teating consists of Titving

a brass cap over a small amount of explosive placed on the

anvil, then dropping & known welight (5 kg.) Ffroam a specific

~

(Pable I1 appears )
{ on Page B. Texnt )

{ continues on Page 6.)




(Procedure, cont'd) -~
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(Procedure,
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TABLE IV, ~ Summary of Resulbs of Twpact Sensltivity Testing
: Number of Hemarks on
Steel t Anvil f{Rockwell "¢") Shota

sehaviour

Ay
S

We

AL
A%

Ultimo 4~1
Ultilmo 4-2
Ultimo 4-3
Ultimo 4-4
Tltimao 4-5

FG-1
FE=2
TG 5

&l
61
54
89

W sk Ln
DO m

D D
D> On R

6
55
51

88
58
a8
o8

40
385
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Very good,
Very good.
Fair.
Fair,

Failvr.
Pair,
Unsultanle,

Unonitable,
Very good,

UY\ 4 U.f.. "G&b'l LGN
Unsultable,
Good,

Very good,
Pale,
Unsultacle.

G v (oS Y oy
A mira vk

DISCUSSLON:
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(Discussion, conbt'd) -

observed that the hardness of anvils investigated ranged
Lrom C=4% to G-61 Rockwell, the maximum being achieved as
deseribed above,

£

Practical Tests ~

Regsults of practical tests Indicate that AP,
steal drawn to 300° #, (G~61 Rockwell) ané'FG staal dv&wﬁ
to 300° 12, (C~55 Rockwell) ars the mosht sultable, in that
anvilg made Ifrom these Ltwo steels and heatetreated to the
hardness noted are stronger and have longer ussful life
than elther the same two steels differently heat-treabed or

the other steels under btest,

2

It 18 noved, in particular, that optimum results

were obtained with steel of high hardness; masarial of low
. & é 7

]

hardneas Is obviously of no practical use, From this, it
iz evident that the performance of anvils iz to a greab:
extent dependent upon the hardaess of the maverial ussdy

material of high hardness (55-60 Rockwell "0™) must be used

’ |

Lf satisfactory resulis ere to be achlaved.

Gonerally, fallure was lound to ccour as cracking

‘ . . ;
of the anvil, causing 1t to spread in such a manner as to

render Impossible the £itting of a brass cap. Figure 2{ls

{ ;
on, Lllustrabion of an anvil (Al) which stood up exceptlonally
}
well under %es® in that no signs of fallure were evident

after a total of sixty-eight "shots," while iun Pigure 3 is

1llustrated an anvil (A2) in which failure occurred as

.~

cracking after Lifty~-six "shots,"

i
‘
;
(Pigures 2 and 3 ) !
( follow, on Page 8,) :
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ROTTER MACHINE IMPACT ANVIL.

This anvil (Al) shows no slgns of fallure after a
total of sixty-eight "shots.™

Flgure 3,

ROTTER MACHINE IMPACT ANVIL,

This anvil (A2) illustrates typical failure under
test by cracking, .

Another type of failure, in which obviously other-

rom the
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wise sound anvils failed

cr

baseg was observed (see Figure 4). This type of failure, 1

is thought, 1is attrib

-

;2ble to the effec:

pery

induced by the

-
(9]

undoubtedly large stress concentration at the sharp base

corner. As a means of remedying this, it was decided to

~
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ncorporate an inereased fillet rediua design of






- Page 10 -

{(Conclusions, conbid) -

trations 1o thet reglon, which are inherent in the presentd
design, exert a del@tariaué afffect uponr the performanceo
characteristics. Accordingly, it has beoen decided to earry
out vesbta on a new design of anvll Incovporating an Iincreased
fillet radius. In these tests, which ave currently under way,
the two steals (A.P. and P8) which gave bthe most sabtlafsetory
results in thls work are being used.

4. Difficulty presently belng experienced in
regard to prématur@ Tailure of anvils is quibe likely
abtributable to both the type of steel and the design of
anvil in use.
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