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ORE DRESSING AND METALLURGICAL LABORATORIES.

Investigation No, 1874,

EBrandnation of Defectlive 6=Pdyr.
Mark 11 Brasech RBlock 4587,

Source of WMaterisl and Object of Investigatlon:

l
i

O June Lith, 1942, these leborabtories recelved a
defective €-Pdr, Mark 11T Breech Block 457 for examlnation,
This lock was accompanisd by Anslysis Requisitlon No, 0.7,
3059, lsaued by the Msverisis DLivislon of the Inapsction Board
of the United Kingdom and Capada, and also by a letter (file
No, 7/4/82, cos 4/4/344/00.0.V,285/6 and 4/6/0/1) dated fune

11th, 1948 and signed by M, W, Snllands, for the Inspector




2.

{(Source of urterial and Q0tject of Ivvestigation, conbttd) -

[ae
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Geaeral, Inspechtlion Beard of the Unlied Xingdom and (s

58 Lyon Styeet, Obhawa, Ontavio. This letber s guobed

bolow:

"Dear 3irs:
Res Delective & Pdr,, Mk, IIT, Breech

N LY = b
1. v 45T,

FLELITA D AT v S AT T

I am forwerding te you by hand a bresch block
which hes devalaoped a dsflect during procf triala., In ths
forward face of this block ls seated & bushing through
whiceh the firing pin mecnanism operates, During Iiring
thig bushing has seb beck Inte the block socme twoe or thies
thousendths of an inch,

-

The method of a2asowml
Cmechanlss 1a 4o acesw the bus
the fibting and seating ia the
by mesns of a lug on the fsce of the bushing, which fu
subgaguently cub off afiery finel agsambly. ALL surfaces
of the block and the seat in the block are coated with
vatterm-makeris luk so that eny irvegulavitlies or srrora
in machlining, which prevent proper ssating of the bushing,
are Lfovthwith detected, This procedurs is followsd on
eaclh and every block, so that the set dsveloped in the
bloeck which i3 belng senbt to you does net .reasonably

appeaxr o have resulitsd Shrovgh machlning ervoers,

2iing thils pertlon of the
shing inte posléilon to fHtesi
block propsr, This is douws

It lg,- therefore, suapected that this sst-back 1=
due to the steel in the bresch block being too soft, . In
order to checl: this point, 1% 18 requested that you cub
off one block (about onz inch thick) from the squars sec-
vion in which the bushing is seated, It is then desired
that you out the squars bicck thus obiained at right angles
(no% along the diegonalal se that the cloasness of it
between the bushing and the block can be sxemined in dshall,
It ie algo desived that Vicksrs or Rockwall hardness deter-
minatlons be made along vhe faces of suech cubts to determins
the homogsnity of the ha s and thereby obtein perhaps
~an indlecatlion asx to the elfectiveness of hoat trestment of
the bresch blocek Torging.

Fyede

£

It ds also reguested that twoe full sets of ftensile
taat pleses Bo out from this breech bloek; one set along
the narrow divension and perellel to the forward face, and
ona et taken in the longltudinel directicn of this gun
somponanth, For your Infomwablon, the brasch block ls wmede
from 840 DY nlclkel atesl and hes been hsat treated complete-
Ly in accoordanse wizh that spsceilication,

o

"

The Hequisition number for this investigetlon will
be 0.1, 2039,
Youwra falthfully,
Signed) M, W. Hollands
for Inspector-General






Chemlcal Anslyals:

N
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The chemicel analysis of the steel Iin the bhreasch

Ploock is reportsd In Table I,

Table TT, Chemigcal Analysis,

840, DY Steel, Obteined,
per cent per cent

TGS S T SRR R IR

Garbon = Q.40 max, QoL
Manganess < 0,50 -~ Q.88 3.75
3ilicon e 0,086 = 0,30 D44
Sulphur - Q.08 max, 0,017
mnwphwfus e 0,04 max, QL0
Nf“k & o 5.0 wln, D or 9
Chromivm w D25 max, Qog&
Mol ybdaenom v Q.10 max, Q0786

Mlcroscople Exsminablons

A section wes taken about half an inch balow the
aurface of the block for microasople sxaminabion, A photo-
micrograph showlng the atructure of the steel et magnification
of 1000 diameters 1s shown in Pigure &, Note the largs eumount

Al

of Perrite pressunt.,

Heat Treatmsat Tests:

The heat treatment as spescified in the Specification
S40 for DY steel is an oll gusnch from a bemperaturs not lowey
than 1560% #, followed by a dwew at a tempsrabure not highery
than 1220° F, Apparently, from Flguve 3, bthe block in qusstion
had pot been cooled feal suncugh on the quench to supgras&qth@
Formation of ferwliite,
A plece AT ok A0P x 8% was cub oud of the block a0,
given the fﬂliﬂwimg beat tﬁ@atmmﬁtg
Lo Reat to LOS0° p,, soak for & hours, o0il cuench,

2. Temper at 12000 ¥, for £ howrs and oll quwench,

{Contlnued on next pags)
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{Hsat Treatment Teabs, conbtid) -

After this trestment the Brimell harduess on bthe
outeide wae 248 and at the inside, 23%,

Megure 4 shows the microstructure of the stesi at
the centre of this plece at 1000 dlamebters magnification,
Note that there is still 2 Little ferrite present bult less
than in original, It is estimeted that the cooling rate atl
the centre of this plece at 1300° P, would be ghout 8
fahrenhelt degrees psr sscond,

The remainder of the bresch block waz heat-treated
next ., To measure this oéoling rate & thermocouple wea weldaed
or half an inch below the surface, Ths bloock was heabted o
L5000 F, very slowly, soaked f@r one hauﬁ, qu@ngh@d'tw below
800° P, in water, and then transferred Ho oll, It wes removed
from the oll at 250° F, The resultling ccoling curve 1ls shown
in Figure 5, From this curve, ths cooling ralte of this block -
&6 1300° B, would be aboult H0 fahrenbelit desgrees per second,
+ inch below the surface,

The bleck wes then drewn at 800¢ ¥, A tensile baw,
a 0,45" diam, izod impact bar, snd a apecimen for the micro=
seope were ont out, Hardness velues were also obbalned,

A sectlon Yrom the block wis then tempered ageln at 1200 @,
and another C,45" dlam. izod bar cbtained, The resulits of

the phyﬂieal tests are glven in Table ITI1,

Table ITT, - Physical Tesbts after Healt Treabtment.

SDEG,  Draw, Draw, .
800° B, 1200° F,

Tensile strongth, p.s.i, « 98,000-125,00C 152,200

Yield strength, p.s,%, = 60,500 win, 140,400 ’
Elongation, per acent « 16 min, 18,5
Reduction in ares, per cent = Nobt specified 38,96

Izod impect, foot pounda - 20 29 69
Brinell hardness number - 29& 258
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(Heat Treatmsnt Tests, contid) -
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Figure 6 glves the mlcrostructure ab iOOO dismeters
one inch below the surface., Compare with Figure 4. |

AA MeQuald ~EBan test wes conducted to determine the
sustenitic grain size at 1700° ¥, The result is shown in
Figure 7, The graln size is mixed, 30 per cent No, 3 and

70 per cent No., 5,

e i e

Digcuvasion of Resulba:

Tt will be nceted that the steel in the block under
examination complles with both the chemical end physlcal
specifications as outlined in Specification 840 for ap¥ gteel.
However, the stesl is quite soft and there is a large amountd
of forrite present, The aktesl in this conditlon was probably
not strong enough in bearing te reeist the compressive forces
tronsmitted te Lt through the bushing insert, Thls could be
remedled by'incre&ﬂimg the bearing area between the hushing
and the block, 1L poasible,

The heat treatment teats ovtlined sbove wers con-
dusted in an effort to determine whebther or neot it would be
possible to suppress the formailon of ferrite, It will be
nobed, in the fivst btest on the 13" x 14" plece, that the
formation of Fferrite was alwmost entirely suppressed, The
cooling rate at 1300° ¥, in vthis plece was evsitlmated to e
26 fahrenheit degress per sacond, This would indicete that
e cooling rete of this order would be necesaary,

o the subsequent heat treatment of the black, Ly
quenching from 31500 ¥, to 800° F, in water and Lrom then on
in 0il, & coollng rabe of 50 fahrenhelt degrees por B@eond

was obtained & inch below the surface, The microstrusture aib

t
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{(Discussion of Results, comtid)} -

o distance of one inch below the surface (Rigure 6) shows

that even at this point the cocling has besn rapld encugh
to suppress most of the feryrite,

Given this quenching treatment followed by a
sultable drawing temperature, for exemple 1200° F,, the
compressive strength of this st§el should be greatly lm-
proved over the compressive strength 1t possessed in the
condition in which 1t was received, This should enable 1%
to better support The firing pin bushing in service,

I explanation of Tthe reasoning behind this heet
treatment, ferrite will be Formed if the austenlite is allowed
to transform at a temperature in. the neighbourhcod of iQQGO o
The grester the length of time the steel takes to cool thwrough
this vange, the more ferrite 1ls formed. The ildeal condition

wonld be to cool from the guenching bemperature to below the

“temperature range in which fevrite is formed, rapldliy enough

that no ferrite will have a chanes to form,

In a relatively masslve plece auch as ths bresch
block in question, it was evident thet oll gquenchlng did not
provide & sufflclently rapld cooling rate. Therefore, water
quenching was indlcated, but this lncreassd the hazayd fyom
quenching cracks, Th@ﬁ@ guenching cracks ars formed in the
temperature range below 800¢ ¥, 50 a combination water quench
to 800° F,, fellowed by an oll guench From 800° ¥, down, would
appear to be the answer, No cracks wore found in the block 80
treated and an improved siructure was developed,

It took about 286 seconds for the block ©o reach
800° F, in the water guench. Frow the coollng curve, Filgure &,
a practical quenching cycle would be 25 seconds in water, then

transfer to oil snd hold in the oil for about 3% minutes,
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Conclusions

1. The steel met 2ll requiremenis of Specification
540, "D¥ steel, in the condition in which it was recelved at
these laboratories,
&, The bushing appeaved Lo be a good fit,

b, The compressive strength of the steel was not

sufficient to support the firing pin bushing iun firing.

Recommenda tl ons s

The conpressive strength of the steel could be
improved by adopiting bthe following heat treatments
(a) Heat to 1850° @,

{(b) Quench in water to below 800° 7', (requires from
_ 295 bto 30 seconds),

{¢) TQ&nsfer immediat@ly-tc oil and hold unbil tempsr=
ature has reached 850° = 300° ¥, (requires about
three and a halfl minutes), ‘

{d) Draw at & suiteble temperature Lo produce desirable
dmpact and tensile properties (say 1200° ol

This heat treatment would lose much of its affective~
ness 1f 1t were carried out cn the solid forging Lrom which the
bresch block were machined, The forging should be novmallzsd
after forging, the machining operations nearly completed, and
then the heat trsatment perfermed, Otherwise, the mass of
m@tal in the rough forging would slow up the cooling vate in
the quench and permit the formebtlon of more ferriite.

These recommendaticns presuppose that 1t 1s not
posaible oy practical %o change the material specification or
to chenge the design., |

The trouble could e eliminated by lncreaaing the
bearing ares between the bushing and bleck, therveby distribu-

ting the compressiveé stresses over a larger ares, 1F such a
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(Reccomendations, conbid) -
b

chenge in design 1g posaible,

1f this change of design is not pvacticai and 1%
is not desired to changs the heat treaiment oycle now
smployed, it will be necessary to @mpl@y a dsepsr hardening

svael, such as SAE 4335,
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