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Orlgin of Problem angd Chisob of Investlgation:

The proklem of the introductlon Into Canada of
indepeandent produchlon of copper crushers (known in the
Unlted Stetes as “preggure cyliﬂdmrﬁ“)p'usad for neasura-
ment of pressurses developed 1n gun barrsls by the sxplosion

),

of the propeliant, was initiated on July 25th, 1948, at a

conference, by Me, A, N, Buaddon, D,A.D,8,8,, MTow Divectorals
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Probplem eod Chblect of Investigation, conbld) -

ol S.A, ond S,8:A,, for InspaaiocuPanownmg Km@p@ctiﬁﬂ , .
Board of Ualbed Xingdom and aaaadag 0bu&W99 Onta 3LQo
The Jatromuviiuw of copper eyuﬁher production

in Canads mekes necesgary the preparetion of a gpecification

Top Lha maberisl o

!

be used and also the exaninablon of
aveilable copper rod féx debormination of 1fs sulvability
for this purpose, AL the oont ference 1t was agreed thab
ﬁhé Mata}largigai Lobors vuriff of the Department of Wines
and Rescurces at Obhbawa waﬁtu umd@wbufe thils projlect,
ﬂvaaﬂabjw Jnfmymanﬁ zg an ﬁgsoﬁtm@mﬁ'aﬂ'ﬂamyla

enshers, end veriocus Pritish and American specifiaatimﬁﬁ
and drawings were submittod by Mfo Aolmg.ﬁuddam asg
ohiained, togethar with some bwelve lettors, deted {rom
July &0%h o Nﬁvembéﬁ 130N, 19&90.'Far L amaminati@n o
of the quelity of the avellablo copper rod mét@wialg
fiva asamples wore submlbbed, | |

' Thiﬁ praaent'peport COVers cnly;ﬂla besuﬁca of |
tha examination of th@ ﬁmbmitped auppar éods in f?sp@ct
to thelr intended use in the menulfecture of coﬁpa?
crushers,

Im the report immedlately fo W‘QW?ugJ Boport of | _ : |
in mqui&ﬁu?on No, 1525, the available axisting &paol cations | -
end alpo Infor Lo érﬁu in the lit@r&tﬁr@'will Lo c@h% i
sid&r@ﬁo . i

n e’ third report, No, 1326, & specificetion .

will be propesed for cayp@r Peds Lo be used in the

production of copper crug ners in Cenede,

H]



s
ER P
dature of Gamples Hecsived:
Foe the comparstive axsming of ava
high=purivcy copper rads for the production of

rods

st
T
-~
a7
o5
=3
e
i
P2
e
s

sample ware receliveds

soeminal - Rod Ty
gdnlmur»r,,

Samplae Coppey 2

H%d No,

)5

“icrl zontal

3 Dk v caat
p e Yiintdrnational: slectrolybis
2 | 12 Niewal Co, = e@ppwPL

2 v 0,318 g I sWapthics 7 cast
: )i o ] 2 "iw trolytlo
i N v 3 e BOERBY

ZTTYTEUS Vi Canada Hive ) B ' o
5 ) & Cable Co,, ):Novends Minse:Blecbrolvbic

4 : Q.4 1o Leaside, IE Limited. : coponsr,
; I ard ¢ b :

£ s 0 4BEG 3 :{probablv) 2 T -
5 p PScomet PO LH, O
: : sinsering @ {oxygen-Ires,
: NPAILY s hidgn conduct-
: s ¢ orl 3 Ak coppar.,
: ‘ LY :

day

aabs s

sowing nmny,

.

production, szals from smeall

gurface dofecbs, espocially the

S

Armsaling of the mples

£5

m
1o

ensurae the wil e

rods for conpearison of Shelr p

given the Tollowing treatment:

A elon
20 RrL

v nealir sall bath at 540 ¢,

an
ooling,

Cleaning by
a.¢id uud b

aquaans Sniutimn
in holt wats

aimitoe !

S10007 B

<%

Qx

¥} 3, RASUNTRRTRD

DOpper

nlss weya

Y
£08

£t
.

sulphuric



= Pag

Ghemlcal Ansiwysdss

-\a\. a3

Lo

W

R

Anpliyala

ﬁp@?ﬁ?ﬂgrmvhﬂﬁ

ey

The spocitra wsre st

sndardised ageinst Hilgoeor pure

bl =0, 001%9

ebley % =0, 0005%, !

COpReP eloctrodss in order to weke some estimate of guantltlies
of Impuritles, Mengmesss wad not detevmined in the Hilgan ,
sle vurodo
s
;- N e ¥ o, -
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EE R T coemr i seran o
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of mengansge found by the

No, 5 wes determined
£ the oxygen and sulphur contents

avionsal Wickel Compsny at Copper
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al Analyseig, conit'd) =

» Outariop (bhelr Lab, No, RER37S=77) with the followlag

resuliss
Semple Mo, ‘ OxyEen “m'l,a%:zztk:
S - G L0 ) M -
1 3 0,0089 . 0,0013
2 5 02,0036 0,0014
& H 0, 0035 0, 0014
4 & 0,0040 Q, 0013
5 : 0, 0037 0. 0014
Paysleal Properties: '

wolghing in air and water ¥e

3.{, )*‘3\13

wm e TR T m-—x

Denglty debsrminetions were made by the method of

2

pactively, on nachinsd test

R
A

pilaces,

The following results were obtalneds

Table IV,

AL MO A R AT TS

Sample ¢ D‘U$5$v
No, 3 e, /G, G,
“ SR & pIUe
v
L 3 &, 93
P4 H 8,986
) H B, 23
4 H 8,95
b g 8,04
n

gy Eloctrleal Reglabivity:

Th@ measuremesnts of elecbrical resiagtivily wors

carried ocult by the Nationgl Ressarch Laboratories, Qttaws,

mtario, {(Report No.. PEE=452), on the sample rods in the

"ag received” condition, without specisl preparatlon of
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(Physical Propertles, contld) = . . & .0 o -
EpeeImens, . . oo .

Th@ following results were obb eined

v,

izaAr

“? Hleetrical rosletivityin
Seraple No s mdorohms per cuble centimebre
o Measured at 1 Govreoned Lo, :
, § 2et G, 2 20° G,
BN IERI AR > TSRS, TS T S LTS RS f AR LD
L : L.7al 3 1,708
& s L7250 0 1,710
B : 1,725 : 1,708
4 : 1,731 E L7168
8 : 1,726 5 1.71LL

These measuremsnbs ware Ada wah PQOM'U&MDGPﬁuuPO

of 22° €., end corrected Lo 2C° ¢, = - ' , ,

Due %o the physicsl condition of those rods (surface

£

'd;i ct“ From the prodgactlon), 3t is 4ifficult to estimate the

error of thegs me&su7amanhso it is believed that the error

w111

not @xaéed‘% of one per cenb.,

i

The Internat ﬁoma; Annealed Copper Standard, sdopted

in 19313 to répreﬂomt ﬁhe avervage of highe-grade ,
commercial aanéﬂdti@iﬁy‘copﬁafg’hasg nh 20° C,, &
PesigtiVity cf 1q“°41 microhms (cma};

U5, Army Specification Nu° 67~l04 1A9 cove ﬂln tﬁe
ingpection of ?r a;xl copper vods for preaaura
b&liﬁdéfs Zébpper’crasharg)g °a{v¥P0J that the
eloctrloal resishivi w of tiow copwnv ff;}d“ m;'

C20% ¢, shall not excesd 1“7?26u m?cfohmu (cm Ve

[




Machanlical Propevriled:
3 :

Lo Tenslle

Poge 7 -

Tegta:

Table

Vi,

A T G TTA SN #2300

TR e T I e W e T
N TRAAL ’.—\U!.-l-’; . }n : a :"""’?XL'-E:;‘ g ‘::2: ..N..&‘i 5*’““‘:
Diameter of specimen, Iinches ; 0,252 ; Q. Ebf; 0 2?8; G,R282 ; 0,307
0.2 per cent proofl stress, ; ; ; ; ;

BoS,1 110,300 ¢ 9,200; 8,400z ©,000 3 8,100
Ultimate TeSe, Do9 ;55p500 ;56,000 33,7005 54,500 e 27,000
mlongation in 1%, per cent ; 63 ; 4 ; 64 ; 58 ; 62

d ot W P osa i 48 BB+ 46 i 49
Reduction of ares, t ; 8% ; ThH ; 65 ; 71 ; 89
o0
&. Hardaosa:
rdness was dehermined by the Vickers method, using

a 10=iilogram load,

shown in the fTollowing

~

/

S

The locations

katch

of the hardncq testa
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(eross-section of bar) -
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Table VIT shows the resulits in Vickers hardness
numbersg:s
reble VIL.
Sample R T I T -
No, e s b i 6oeod 3 o
K Re o u«..un.u-.u..u.v‘én—- . - ..._.,.vj‘;"w T e w3 ok ma e -?:.u A ks vy ™ ..-f—;- T 1‘.;@\. vy REYXN W SE i1
1 sHBL,7 & HL, B 2 B2,E H2,0 ¢ 51,9
2 150,38 2 48,6 3 47,86 49,4 53,1
& 4B 7 e ABE 2 44,4 247,60 ¢ AN
4 2 A4 T s 44D 2 4B, 8 244,85 ¢ 45,6
5 49,82 2 47,9 ¢ 45,0 246,89 ¢ 5LO,YT
° < 3 e 9
yrh oy 3 ta@""‘v £ f & RN AN .me (SHLY :\. oy Ld ._x: DOVIRE L P ALIINER

are
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{(Mechenical Proporitics, cont'd) =

o "y T R O} PR
D, Lirug 2BCH.
2 R Acyiiir . J

Ths British 0.8, Spacific&tien NOQXG/4089 govarning
the supply of copper rods Lor the gﬁﬁdunutan of cupnmr cruﬂhe?f
requires ﬁha;'a‘piéaa of raﬁgnune lnsh in length, wlll be
placed on éﬂdé and mus% be capabla of b&ing codd-=hommsred op
crusned dawn'to a raiwhawa o QGQVL inch, without showlug
aith@f craék ov:fiawo‘ This‘tc“u was sarvisd out on Samﬁlwﬁ
‘1«inah.}‘nw iﬁ fhé:”és rocaived? condition on the tenaile test

mechine, with resulbta glven in Table VIIY:

Hample: Diomater 3 s gs Lead, @ Gondition of
No, sbefore teab,q DGJOﬁ@ g AJbﬂP s An H surfecs,
s Anches 3 best 2 best aoounds 3 aflber Lest 3
res : R e S S : R s
1 3 0,518 ¢ 0,995 3 0,375 210,800 ¢ Withoub cracks,
2 g 0,318 1 0,993 3 0,575 10,680 3 e i
é $ 0,500 s 0,985 0,575 :29v800 g ¥ "
4 3 3,400 s 0,997 3 0,375 216,100 3 v ”
5] 2 0,485 10,998 0,375 2259000 : i i
< © D -~ ' o
b SEULRNET '13 o & s CMIRET W ».0 AN AN YRTN ‘-,,.or_.,. ERERET LTI t.n

4, Comproasion Teal

s

-

Compsraltive compreoaslon teabs ware made to determine

the wniformity of the ewaminzd materiasl aad to chack the

bohaviour of the material ot different speeds of leed applicea.

tien, Wor this test, btwo different sizes ol specimens wors
nasd, For Semples Nos, 1, 2 aﬁd 4, the nominal apecinen
dimenglong were: diameter = QO 30 inch, and helfﬁh = 0,60

inch,

For San Q'GS‘NQQO % and £, the nominel é 3¢ Lwan
dimenaions wars: diam@ter - 0,485 inch, and neaight - 00@50
inch, |

The cqmpr>ga40n toaty wefe obbeined (a} by load

inerements of £,000 pounds {where poss ible) up toe vthe loead

é
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{(Mechanicel Properiles, contid) =

n

1imit of the machine; (b} by loading qulckly to 20,000 pounds,
then incveasing by 5, 000=pound incrementa,
The results are shown in Tablea IX and X

, Table 18.
(Specimen size: 0,00 in, dism, x 0,60 in,)

“Toad, COMPRIUSITION OF SANMPLE, TN TNCOES o
in b TS e m 4 e N o,
pounds 4 la 3 1b BB 3 e 4a 3 40
2,000 4 0,082 ; = 0,06 3 = 0,045 =
4,000 {0,181 ¢ e 0,181 ¢ = 0,158 =
5,000 4 Q,2686 - 0,268 = 0.261 3 =
8,000 4 0,338 = Q, 35? S = O, 533 s =
10,000 ¥ 0,381, ¢ 0,376 ¢ 0,378 3 0,380 § 0,376 s 0,377
12,000 ¢ 0,414 v g oqéog 0 - 0,408 2 =
16,000 ¢ 0,444 3 0,441 | 0,437 0,440 0,440 s 0,442
20,000 4 0,477 ¢ Q. 474 § 0,47%L 5 0,475 0,475 s Q4706
2 y 4 : S —

zabis L.
(Spacimen size: Q,46b in, diam, x 0,230 in,)

Load, COMFRESSLON OF SAMFLE, TN INCHES
in 3 Sampl e N o,

_pounds 3 e e Wb i 58 oz o Db -
2,000 0,010 H w H Q.008 = =
4,000 3 0,052 3 = : 0,081 =
G, 000 0,107 3 e N Q.11 3 -
8,000 0,179 s = H Q. L7 = =

10,000 0,250 i 0.28535 ¢ 0,852 0,250
12,000 ¢ 0,322 s = M Q,386 =
14,000 = 0,336 5 © : 0,391 =
16,000 s 0,442 s = : 0.447 = =
18,000 0,485 : w H 0,490 =
20,000 0, 520 H 0,507 0,687 0,813

Congideving the non-uniforvmity of the tested samples
{different coppsr gqualities and produchion mathods) and the,

lack of special cowpression equipment (jigs, ete.), the abovs

resulta show very similar behaviour in all examined semples,
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Metallographic 'Examination:

Microscoplc examination of unetched specimens
showed that Samples Nos, 1 to 4 contain similar amounts
of oxides (Figure 1) confirming the results of the chemical
analysls (Pages 4-5),

Figures 2 shows the unetched section of Sample
No, 5 (0, F,H,C, copper) practically free from oxides,
This microphotograrh reveals that the result of the
chemical analysis of Sample lNo, &, concerning the oxygen

content, is not confirmed.,

Figure 1, » Figure &,
2
X250, unetched, X280, unetched.
Sample No, 1, Sample No, &,

Figures Uesg, 3 to 10 show the microstructure of
the examined semplaes, in two magnifications, revealling the

differences in grain size,

{(Continued cn next page)
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Diseuasion of Resullba:

3 LIALTRE $I A 9T e

fs

The resuliz of the swaminetion show generally
that all submitted rods werse wads [rom copper of very
high purity, The resultsz of the chémi@al analysis ars
noet complate, due Lo théra belng an insufficlent amount
of materlial avallable Lor the determination of very small
contenbe of flmpuritiss, bub are sulficlent ho indicate
that all submibted wmeterliels were of “he order of 29,85
per cant coppor puriiy.

The results of the detormination of denalty
and elesctriecal vesistivity, and the metallogrephic
examination, contirm the above-mentloned puriity of the
COPPSY .,

-

The mechanical bedts #0 showed the hich

quality of 21l the sutmitted specimens,

The micro=axaminatlion showed differances in
the grain sim@o‘ This could be ezxpaeciod gince ths

nmzborial was taken Lfrom available stock, ool espeocilally

produced for this purpess by any of the suppllers,

The exemination showed that ne partiounlar
sdvanbage would be obtalmed by the use ¢f copper of
0,0,H,C, gquality In proference Lo tha other submitied

highepurity copper grades,

Surgmazmesae



ONCLUSTON ¢
The q&”iﬁh[ of all submitbed wnana copper

cods was found Lo be en ,sweay Jetiafnrho ¥ 63 TPt foﬁ
whe $urfec a'abndiﬁiam bf' the rmdmp hJon undavhuadTv-
wéuld bes In;nmh%x/w%%n doman( ed for the 'pUme."mﬁ_

ﬁ aputlacthuring b@pbér cﬁﬁsharﬁ; impruvsmuhud in »?a
unifarmity of ﬁhé'mmtéfi&l; 1,80, £rain size » nwrdnn.s,
otey, dsfinitely are not Alffisult o a c#m in vien

g0 specilied, |

In’tnn&ld;ratiﬁn of the proper reoulvaments

for this materisl, az shown in this investlgation, a
BR&G lpjaauion for "Copper, Rods, for monufacburs of

crushers, " will bo propoged in Heport of Tnvest dgetion

Ve, L3R5, now b,;,g prepered,
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