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Examination of the Heat Treatment
of Brass Fuze Bodies.

Origin qf Problem:

Tn a letter dated June 10th, 1942, Mre. C. C. Pettet,
for Inspector General, Inspection Board of U. K. & Canada,
Ottawa, Ontario, requested the examination of brags forgings
and machined fuze bodies, and an investigation on the heat
treatment of these parts to increase their strengthe.

It was stated that difficulties have been found in
the manufacture of fuze bodiesf(EgZe 221) from hot stampings
made from matef%@l‘cqvgred by Be S. S+ 218. Apparently the
neck of the fuze ls not strong enough to stand graze: action
and collapses, trapping the inertia pellet and preventing it
from moving forward and hitting the detonator, resultiné in

blindse.
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(Origin ofﬁﬁroblem, cont!d) =
Similar- difficultles have been found in England,
where'experiﬁents‘wefe made ﬁith manufééture of‘such fuzges -

t

from steel, and pé“b}ip&s oceur., 1
In CahadéffuZéSGWefé'sudQeSthlly manufactﬁré@ frqm
_‘bar”stock Be S, S.524é,9bf%;wa3'thf‘when'the m@nuféctur@:of o
fuzeﬁﬁbbdiesﬁfﬁom héf“bf%ssihgs started that blinds resulted.

| In gngland/trials‘were carried out ‘to harden the
maferial and some imprbveméht was obtaineds The steel Vbodies,
however, still:gave_ﬁére satisfactory results. The hardening
treatment for the‘brass bodies consisted of heating the bodies
to 725°C., quenching in water, reheating to 260°C., and cool-
ing in air. This lncreased the hardness firom about 100 to about
130 Vickers Hardness Numﬁens, ’

Twelve forgings .and six finishedwmmchined) fuze bods
les were submitted. '

It was requested that.mechaniCQl tests be carried
out “both on the forgings and the machined bodies, It was sug-
geéted that agteﬁsile test specimen be obtained from the neck
of the fuze;betwean the central bore and the oitside diameter
in ordérth~Cmeare this with Be Se Se 249,

Experimental heat treatments to improve the mechan-
ical properﬁies'and the effect of heat treatment upon dimensions
of maechineéd parts were requested. |

A copy of a letter from the Coulteér Coppér & Brass
Co. Ltd., Toronto, describing the manufacturing process of the
brass forgings, was enclosgd., N |

Descriptionp=of_8amples:

Twelve brass Borgings were marked from "IM to figM
in these Laboratories for identification purposes.
Six machined fuze bodies were marked "L" to "e",

(Continued on next page)
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(Description of Samples, cont'd.) =
Figure 1 shows one forging and one finished fuze

body - as received.

Flgure 1.

-,

\

Samplées as Recelveda.
(Approx. 4/5 size).

Chemigal mnalysisi

Specifications.

Forging NOe 4. Be S. 218 Be Se 249
1940 1942
- Per Gent - v -———-——-——- -

Copper 59,54 : 5640 =600 5550 60,0
Zinc 38425 : remainder remainder
Iron 0,02 H
Tin None detected : Other _
Aluminium " n : elementss 0475 0.75
Manganese 1 :
Antimony M " :

Mechanical Properties,(ﬁsxReceivéd):

Tensile Testss

For the examinatlon of tensile strengbth in the "as
received! condition two forgings and %woimachined fuze bodies
were usede ‘

From each forging two small test specimens (0.159"

dliameter, 10 mm. gauge length) wére obtained. TFrom the
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(Mechanical Properties (as received), ) =~
machined parts it was possible to obtain only two small
specimens (04159" diameter, 10 mm. gauge 1ength), taken
from the neck of the fuze bodies.
The small specimens were tested in a Hoﬁnsfield

tensometer, the largér, specimens. in a normal tensile test
4 B

machine.

The yield point on the larger test specimens was
determined by the dividers method,

ThelresultS‘ofﬁﬁpe téﬂsilentests areé given in

' ‘I‘able Te
Table T
Sample  Sample . Yield Ultimate Elong'n Elong'n
: Size, Point, TMTense Stre, in 1% . in 10 mm.,
Noo _in inches  DeSels DPeselse. . ff_per‘cent,' per cent
r3°® 0.282 dia. 25,600 37
3 - 04159 ' 25
73 0.159 o 27
T4 0,282 31,200 40
P4 0,159 | 30
T4 0,157 .22
MI 0,159 21
M1 04158 26
M2 0,159 25
M2 0,159 .22
Average 25

¢ F= Porging
M= Machined fuze body.

Hardness Tests:

Hardness was determined by the Vickers method, us-
ing a 10-kg. load. Hardness tests were carried out on the
flat surface of a section of the forging cut longitudinally
through the axis, ‘

The reésults of twenty-five hardness determinations
on the surface of this sectidn were:

~Average - 85 V.H.N;,g

Minimum =~ %7845 VaHeNs
Maximum = 9146 V.H.Na
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HeatATreatment:

The effect of quenching on the mechanical properties
of0C+F brasses has been examined by many investigators. Ac-
cording to the equilibrium diagram the fundamental process is
of the precipitation type and consists of an incomplete transe
formation of the ﬁ phase 1nto<x phase on cooling.,

Brasses containing between 38 and 46% zinc solidify
as ﬁ and change during subsequent cooling (the range of this
change - depending on the composition - varies from 850 to
450°C,) to a mixture oftﬂ+F « By quenching from within the
ﬂ range this constituent may be retained completely unchanged
at atmospheric temperature, This result is only cbtained, how=
ever, when the rate of cooling, as determined by the size of the
specimen and the nature of the cooling medium, exceeds a cerbtain

critical Yalue,wand when the quenching temperature is well withe

cin the‘ﬁ-range.

iOwingtnu the fact that ﬂ can: be retalned by quenching,
the propertles of: such an alloy may be modifled by heat treat-
‘m@ntg Afﬁer quanghlng the tensile strength‘and hardness values
are.gpéﬁdundedIW‘higher, accompanied by a decrease iﬁ elongation
and reSistanée'to impact,
';Further changes in the properties of quenéhedtx?¥ﬁ

brasses can»be“obtained by accelerated-ageing (reheating and

C air_cooling) at temperatures between 200 and 400°Cs This treat-

ment 1ncreases hardness and tensile strength (max1mum at about
300°¢C, ), while elongatlon remains constant and the shock res ﬁx,
istance decreaseg (mimimum at SOO°C¢)- The change in the
mechahi@al(prop@ﬁtigs'aftér.ageing~is due to precipitation
hardeniﬁéppauséd by ﬁhé deposition of &

If o%herﬂelements.are<added to the eoﬁpoSition of

oo+fs brass;, the range of the transition zone between the ﬁ

hase'¥s saltered.
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"{Heat Treatment, cont!d.) =

This is especially true for the alloy tested which
contains about 25% lead, as this lead addition has the
effect of raising the tfansitiOn tenperature by about 50°C,.

The submitted material was given the following
experimental heat treatmentss

Quenching temperatures: a) 1450°F (788°C.)

b) 1340°F (727°C. )

Heating period at quenching temperature: 1% hours.

Quenching medium: cold water.

Ageing temperature: a) 500°F (260°¢)
) 570°P (SOOOC)

Ageing period: 1% hours, and codling in air,

All samples were heat treated in the full dimen-
sional size as submitted. After the hsat treatment the
samples were divided longitudinally through the axis. One
section Was.usea for macro~etohing'and hardness tests, while
the tensile specimens weibe obtained from the other.

The main dimensions of the machined fuze bodies
were measured before ahd after each heat treatment, No di~
mehsional changes'Were found (using ordinary workshop gauges) e

1t has been suggested that the quench and ageing
treatment could bé given to the finished fuze body. This cer-
taihly'Wouldand; be a satisfactory procedure unless the bod=-
iés were heat treated in special atmospheres, Under normal

furnace conditions the: body tarnished badly in heat treatment.

- Mechanical Properties (After Heat Treatment):

TensilegTQStS,

Results of the tensile tésts with details of the

‘heat treatment of each ‘sample are given in Table II.

Certain specimens broke during preparation in the
machine shop owing to the presence of fire;cracks. Pigure

2 shows the nature of these failures.
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(Mechanical Properties ((After Heat Treatment), cont'de) =

Figurejz.

Specimens Broken Due to Fire-Cracksa
(Approx. 3/4 size¥)

The specimens were cukb out-inya similar manner
as used for the previous tests (page'ﬁpﬁ the small test
spécimens were taken from the neck-=poftion of the forgings

and machined fuze bodies reépeéfiﬁely;

Table Tla
Sample Heat | Sample Yield Ultimate Elong'n Elong'n
Treatment Sizey Point Tens, Stra,in 1% in 10 mm
NO o — N in inches 4p.$,i. p;sni,._ _ber cent per cert
Material "as received" 04282 dla. ‘28,500. 3845
Average from Table I . 0,159 : 58,000 25
F5% Queniched from 0,282 dia, 41,700 60,000 32
1450°p 04159 " 59,6@0 ' N 25
No ageing 04159 " 59,000 25
76 Quenched from 1450°F )
and aged at 500°F ) specimen broke before finishing
) :
7 Quenched from 1450°F ) due to firescracks.
and aged at 570°F ) | ‘
M4 Quenched from 0,159 dia, 59,0002 2o
1450°" and aged _
at 500°F 04159 ™ 785000 2ed
M5 o Quenched from 0,159 " 60,000 ’ gD
1340°F and aged - . _ S
at '500° £ O;ﬂﬁ) : 78,000 2.0
m F = Forging M = Machmned fuze body ‘ m® Fracture shows cracks,

Handngss,Tests:

'"ﬁééults of the;hardness tests are shown in Table IITI.

The hardness was determined on the flat surface of the samples:
divided longitudinally through the axls,
On each sample, hardness tesSts were carried out

at fifteen locations aeross the sgurface.
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Mechanical Properties (After Heat Treatment), cont'd.) =
Hardness was determined by the Vickers method,
using a 10-kg. loads

Table ITI.

Sample Heat _ Hardness, 1n VeHeN.
NG o Treatment, Minimum Maximam Average.
: _(from 15 tests)
Fe® "As received" R
(without heat treatment) 783?ﬂ§§m 85
5 Quenched from o .
1450°F, | 105 130 120
~ No.Mgding
6 Quenching from
. 1450°, : .
‘ AgelngAat 500°F, 158 . 182 170
. 5 -

146 170" - 160

Average
, ; (from 10 tests.)
M1 “=recelved"
! (wlthout heat ‘treatment)9s 110 100
- M4 -@Quenching from
’ 1450°F, ' , ,
SR Ageing at 500°F, 160 185. 17§
M5 'Qn nehing "from p
--BO0°F, 152 160
gﬁEw=fForging
M = Machined fuze bodye

Macrostructures
Figures & to é‘show-the macrogtructures of the.
Mas peceived! samples and of samples after the various
uheat tre é'ﬁtmen% S
o A solution of 40%:HNO; conc, + 20% HEL conca +
40% Hp0 was'used as the deep=etching reagent.
The sbrnormal grain growth produced by the heat

treatment is evident and many fire~cracks are visible.

(Contimied on next page)



~ Page O =

(Macrostructure, Cont'd.)

Forglng No. 2. Forging Nos 5

TAs received™ L After Quenching from 1450°B.
.Fig&re~5g o _ Figure 6.
_Forging NO.G. Forg;ng,N@. T
After Quenching from 1450°F; After Quenching from 1450°F,
and ageing at 500°F, and ageing at 570°F,

Machiined .Fiize Body No. 1
~ ¥is Received™
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(Macrostructure, conttd.) =

Figure 8. Figure 9
' Pipure 8. Ploure 9,

| v . _ J »
Machined Fuze Body. Noe 4. Machined Fuze Body Nos Se
After Quenching from I450%Fs After Quenching from 1340°F
and ageing at 500°F. ' and ageing at 500°F.

Dimen§ioﬁ.qf.ﬁésultsz

| Ghemical analysis and mechanical properties of the .
samples as received show that the material conforms clogely
to British Standard Specifications Nos, 218 and 249,

T@e experimental heat treatments show that a consid-
erable incrgése;of the tensile strength and hardness may be
obtained without marked dimensional changess

The lead content, added to improve the machinability
of the material, causes high sensitivity to any type of heat
treatmént and danger of fire~cracking-

: »Sﬁéh cracks may be observed on Figures 5, 6, 8,
and 9. Most of these cracks were observed previous to the
macro-etching. The etching reagent, containing a'large a=~
mount of nitric acid (used also for the detection of ex=

cessive intérnal strains in copperaﬁase alloys), revealed
further cracks (season=cracks) and .enlargement of the pre-
vious detected fire=-cracks.

It,is-obviousnthat by very closely controlled
heat treatment (exact temperatures and cooling rates) 1t
would be possible to overcome the danger of f ire-cracking,
However, in commercial practice\and‘méss production the

average workshop conditions would hardly permit such close
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(Dimension of Results, cont!da.) =
controly It is felt that this procedure would not be
advisable for fuze manufacture.

In case it 18 not possible to avoid the present
difficulties with fuze bodies, consideration could be given
to the use of one of the following suggestions:

a) The use of lead-free brass, which would perw
mit the heat treatment of the‘fuzé bggies; ‘The lead removal
would, of course, reduce the-machinaﬁiiitygpff the material,
but this difficulty could be overcome by small additions of
- selenium or tellurium, » | |

b) The use of specilal braéséé3fﬁhich ﬁould not
require heat treatment., havifxg highér mechanlcal properties,
As suggested 1in the literature ﬁhemb§§ﬁ results would be ob-
tained by addition of aluminium, maﬁg%nésé, or possibly also
nickel, to the brass. L

| . ¢) The use of extgpaedifree-cutting brass rods
instead of forgings. 'The{use-oféﬁhis1type of material would
increase considerably the costs and the time of machining.

It is realized that any-change in fuze material
may prejudice production. The abo§e~are“main1y~offered as
tentative suggestions, |

Conclusionss

‘The heat treatment of leaded yellow-brasg fhze
bodies 1s not advisable due to the danger of filré-cracking
of this material, o

If 1t is not possible to' avold the present dif=
ficulties, the use of a different alloy should 'be consldered.
Before such a change be made full-cqnsidération‘shéuld be giv=-

en to the effect of the inevitable change in machinability on

productions
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