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Abstbtract,

IRTTETSUEIIETE I B

Undesirable variation in retort life is
encountered In the reduchblion of magnesium.
Neither furnace nor furnace position allects
retort life. Operating btechnigue has lengthsned
average life, Wall thickness does not correlate
very closely, indicating verliations in metal
gsoundnesg, Chemical analysis 13 a minor factor
in reducing varistion,

Melting practice and casting practlice are

suspeched to be the maln causes for variatlion

in retorts. Short-time creep teats should be

run on every heat in order to observe the

variations due ¢ melting practice, Testing

instruments should be used Lo measure the pro-
~perties of foundry maberlals =so that foundyy

variations can be reduced, ' .

Sclentifle methods of recording and
analysing debta should be amployed ao that no
valuable information will bte lost because of
lack off propar interprctation,

Three appendicea to the repert deal
respectively with {A) testing foundry materiala, ‘
(B} tentative creep test, end {¢) the statisbical
method of analysis of observetions.
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Distribution of PFailuves:

Figure 1 shows the percentage of vhe retorts

. falling at various ages, Mgure £ records the same datba

in the regular frsguency disbtridvubion form, These graphs

demonatrate that some retortvs last four times longer than

others, A congiderable gsaving zould

he affocted 1T the

ghort-13ife retorts could be oliminated,

Relationghlp of Analysis bo Retort Life:

Retorts ware divided inte analysias clessgiflcaticns

and the average life of the retorts in cach class la shown

on Flgure 5, It is evident that with higher carbon, slightly

longer life ocours, Higher carbon content would be ezpectsd Lo

adversely alfect cresp propertiss at the high cperating tempeora-

ez, An explanation of the betbter results with higher carbon

~alley may be that this metal 1z more easily cast, The

optimum analysis range sppsars to be
53=58 per c¢ent nlckel, 0,28-0,%8 per

per cont sillicom,

Silicon clasgilifieation was

Silicon

TEYLES,
per cent
0,300,869 =
0,70«0,8% o
0,90-1,69 =

iz

1817 per cent ohyomium,

cent carbon, 0,50=0,69

made &g follows:

Average
rotort life,
davs

Since chemical analyeis has only & alight correletion

<3

with retort 1life it must be congidered as a minor factor,

L
=0

Relationghip of Wall Thickness to Retort I

S
et

TE the failure of wretorts werve of a mechanlieal

nsture, it should correlate clogely with wall thicknsss,

Figurae 4 shows that, within the linits reported, retort life
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(Relationship of Well Thickness to Retort Life, cont'd) -

1s only slightly dependent upon wall thickness, Tabuleticn

of these data was done as follows:

Wall Avearago Percentage
thickness, 1ife, Standayrd of reterts
inch in days davliation, over 110

s 2Y8! 1110
5/16-11/16 = 127,86 48,9 56
12/16=13/16 «  135,8 38,4 £9
14/16-16/16 <  135.4 38,6 - 65

While well thickaness doves increase 1life slightly,
the improvement 1s not as much as mechanlenl eguablons would
pradlet, Theore wmust bé variation in the retort other than in
enalysia or thicknsss which accounts for The extreme variation

in retort life,

BEffect of Furnace:

Rotort 1ife was taken in samplaes of four in the orderin
which the data appear in the records, Thils allows o compare
fson of furnaces to be wmade, Poinbs outside the control Limlts
indleate asslgnable cexges of varlatlon, PFigure & shows thatb |
retory life 1s under stetistical control when sampled by
farnaces, This mesms that no differences batween Furnaces 5,

7, 8, and Qare svidenit from the data aveilable to date,

Puernace Poglitions:

Grouplng the retort lives according to position in
the furnace resulted In groups of from 2 to 8, fihen placed
In quality control chert form, verving control limlts wore
required because of the varisbion in group number. As
Figure 6 shows, no furnacs position is significantly different
from the general aversgs, A&s yeb, therelore, no avidenge is
available to prove that furnace position has any effect on

- retort life,




Date of Failure:

Retort lives wore srranged in order of desbte of
fallure and groups of four were plotted on the statlstical
quality control system, Mlgure ¥ shows that graduval lmproves
ment has boen wada over the peviod from November 1942 to
April 1943, This trend indicates that assign&ﬁla conses have
been operating, In starting up a new process, gradual
improvement is expected as operations settle down Lo normal

Cand difficulties are eliminatad, While the average life
has increased there has been no reduction in the variliation
in rebtorts,

From this 1t iz conecluded that lmprovement in
operating technique 1s responsgibvle for increasing average
life, Variatlon in retorts is ool dve to the copecating

technique,

Bistory of Casting Practice:

Tegt resulis were srrengad In order of heait numbaer
and plotted in groups of four, uwsing the guality control
chart method {(see Figure 8),

Retvort Life

Retort 1life is not vader statlstical conbrol whoen
sampled In casting order, Long runs above and below average
indicate that casbing practice could be divided into Ffour

perlods,

Grouns
Fexdod e, Hoats Nos.
1 = de 9 2878 « 2748
2 = 1014 2749 = 2776
3 - 16-=20 R776 = 2799
4 - Q=85 2799 - 2835

Casting prasctice hed more offact on retord life







- Yage & -
(History of Casting Practice, contid) «

Nigked -

Nickel was dellberately shifted upwards at Group
No, 28 (Heat No, 2846} and at Croup No, 46 {(Heat No, 3057},

Nickel 1s not under statlstical control, as tho
black dots show,

Ghromivm -

At Group Wo, 46 {Heat Mo, 3068}, chromlum was

ghifted upwards, leack of statisticel conbtrol 1s evident

from the black dote,

Casting Method:

No commenta on the preogent casting method cen be
made, due to the lack ol any firstmhand-infovmationu It is
uaderstood ﬁhat centrifugal cagting is being consldered, and
that sand casting is done at present,

Both processes requirs close control cver all
veriables in order to produce high-quality pressure vagsaiao

In both processes, Instruments should be used to mezsure the

gquality of wmould materiala,

Design:
It is vnderstood thatv changes jn design ars under

conglderation,

AravinirmrEnesTRIRTIN



CONCLUSIONS:

Thas following conclusions ere based upon the
Limited amount of information in the retort records, Thess
conclusions may be dlaproved when more informetion bscomes
availlebles |

1. The differences in length of service obhserved
in the alloy steel reborts arve greater than would be normally
@xp@cta& from uniferm and sound cestings which were sll
treated allke,

2, Within the limlts used, analysls hasg but slight
offect on vretort Life, The analysis whilch can be cast the
@&siést regults in the longest life,

&, Wall thickness does not correlate with rebort
1ife in the way that mechanical Fformules would predict, One-inch
walle eppevantly last only slightly longer then half-inch walls,
This weans that the quelity of the metal has z greater eoffect
than the thickness of the wall, Mechanical calculation, then,
cannet be used to aceourabely predlcet the jmprovemsnt that
would result from & thickening »f the wall, as this thickening
may have & direct effect on metal goundness .,

‘&0 Thﬁ affect of Furnaces 5, 7, 8 and 9 upon the
reborts is ldenticsl, MHach furnace must have been dsaignad,
bulls, and operét@ﬁ in san iddentieal mannew.

el ‘Frmm.twu to six retorts have been used in each
furnace posltion, To date thore ls no evidence that eny
furnace positlion differs from.any other furnace position in
its eoffect on retort life,

&, The method of handling retorts and operating
the magnesivm reduction process has vesulbed in a gradual
incerease of the aversge retort 1life, It has not alfeched the
variation in retort 1ife howsver,

7. Retort life when plotted in order of heat number




(Conclugdons, contid) -

does not fluctuate with chemical enslysis, Casting practice
18 therefore assumed to be the cauge of retort 1ife variation.

€, Casting practice can be dlvided into four

=ve

\

periods, Each period repregentz a different way ol making

retorts,

Pordod Groupg Nos. © Heats Nog.
1 v e O 2578 - 2748
2 = 1024 _ 2749 = 2TVE
3 o 1820 76 - 27099
4 s 2L=25 BTOD -~ 28556

8. The main cauvse for varlation In retort 1life

is wariation in casting practice,

Recommsndationss

éﬁ' Clecge attentlon should be paid Lo the control ‘
of foundry operations, Propertlies of cores and of the mould
ghould bhe measured snd recorded for comparlson with casting
quality (see Appendix A), Other foundry varimbles, such as
poufing vemperature, pouring time, shake-cut time, gating
method, etc., should be measured and recorded, so that conbrol
over sll varlables can bes sateblished,
B. Test pleces from sach heat should be obtalned
for creep teating, This will provide lwmediate knowledge
of the creep properitlies of the meital being used.

Go Records kept on cerds for sach retort will enable
data to be atudled by statlsticel metheds, The Quality Control
Chart method 1s recommendsd ag the best way Lo present process

data a0 that veriation can be studiled,

w o

These recomusndations are discussed more flly in

2

Appendices A, B, and ¢ in this report,
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{Appendices A, B, and C,)




























TESTING POUNDRY MATERIALS,

nese

Castlng quality ias affecbed by the nature ol cores
and moulding ﬁandg'gatiggp pouring practice, and melting
practice, ¥or complete control of foundry opsration these
pfop@rties of cores and moulding meterials should be mea sured
and cenvrolled, The ralationghip bhetween core collapalbility
and other properties and ceasting quality 1s found and then
these properties are controlled in their optimum renge,

I suech things agp

GORE

’ ' havdnoss,
rermwoabilitvy,

: hot strength, _
axpansion and contractlon,
au generatad DEY GoCoy
bekad atrength,

MOULD
""""""""""" hardness,

vermeabllity,

srpensicn and contraction,
GRS PO, G,0C,,
hot svrenghh,
graoen ghtrongoh,
green doflection,
molsture content,

are nobt measursd and ¢ onbrolled, the process then must be
cerried out by "rule of thuwb” wethods, It iz then a mabter

of skill and good 1Inek, Closely controlled, seclantific

Toundry operation requlres laborabory tests In order Lhak
vartation in foundry condlitlens cen be detected, I vardabtlon
In retort Llife 1s to be reduced, wverdation in foundry conditlons
ghould be reduced also, This regulres testing lnstruments,

The following are In gsnersl usgse in the foundery indusitry:

Molature iteabev, Leborstory sifter,
Sand rammer, Test core baking oven,
Pormeablility meter, Core hardness testsr,
Sand sbtrength machine, Laboratory mizer,
Green sand strengtil machine. Dilatometber,

Send washer,
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APPENDIE B,
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PENTATIVE CREEP TEST,

Creep sﬁrength iz the maln properity required In the
retorts, Therelore, a almple, qulck creep teazt should bve
made on each heat, This wlll safeguerd retort quallity and
may meke 1t possible to jnecresse retort 1life,

A glovar-heated furnace operating at the'magnesium
roduction tempeorature could be designed to take 1LE-inch hars
held vertically ln water=coolad holders, A conatant load
could be applled by a weighted cantilever, The losd wounld be
ad justed =o that the aversge bar would {all by rupiture in

about 24 hours,




ATPRADIL G

ANALYSLS OF OBSERVATTONS

!

Thae Statistical Quality Control Chart method has )
been used Lo analyse the dats in this report, The analysis
and life data dealt with veprssent o considerable BRE T Wit ure
of men-hours of labour, sirsteglce alloys, and money, Tt is
lmportent, therofore, that the most selentiflc method he used
to analyse the test ?esulﬁso

The Americen Socleby for Teabing Materisls, the
Amorican Stenderds Association, the United States Ordnance,
the Instltutionsg of Mechanical, Eloctrlcal and Civil Engineers=
ings (Britain), 2ad meny large coeporations recommend the
Statistical Quallty Control Chart metheod of anelysing data,

Thoe techalgue is described in

A, &, Ty M, Manual on Presentation of Dm.s‘9

. published by A, S, T, M,, 2805 Broad Straeet,
Philadelphia, }dog
and

Quality Control Chart Method,
puhllshod by tha Amerlcan Standards Ass'n,,
79 West Thirty-lllnth Street, Wew York, N,Y,
A publication of the Canadian Bureau of Mines thereon
TQuallity Control: Bugineering Scilence Applied to Inspesction®

{Report of investigatlon No, 1235, June lst, 1943), is available.

The basls of the system is e comparison with raondom
nunbers, I & succession of test values behaves as do random
numbers, then no agsignable cdl se for varletion can be found,
The varlotion may then be abttributed te the cumulative effect
of & Gonﬁtﬁnt gystom of caused ivhereut in the process, Only
a new or changed process could then reduce varlastion,

Figure 9 shows & quallfy contrel chart for 58 groups
of four random yumbsrs, The conbtrol limlts ars such that 99,7

per cent of all results would fall within them, It will be



{Appendix ¢, contid) «

neted that there are 29 runs above snd below average (a run

¢ ig one or more results in succession). By comparing the random
number chart with the other quality control charts, 1t can be
seen that some of the charts

-« Life, in chronological order of peporting faillure,

- Life, in order of heats,

= Carbon, sillcon, nickel, and chromlum,
ghow varlastion which cannot be attributed to chonce causes,

There are, therefore, assignable causes for this variatlon,

[ STy

(Tgure § folloWwS on NeXt Pagey)
( concluding Appendlx O, )
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