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Abstrat 

Undesirable variation In retort life is 
encountered in the reduction of magnesium. 
Neither furnace nor furnace position affects 
retort life° Operating technique has lengthened 
average life, Viall thickness does not correlate 
very closely, indicating variations in metal 
soundness. Chemical analysis is a minor factor 
in reducing variation° 

Melting practice and casting practice are 
suspected to be the main causes for variation 
in retorts° Short-time creep tests should be 
run on every 'float in order to observe the 
variations due to melting practice° Testing 
instruments should be used to measure the pro-
perties of foundry materials so that foundry 
variations can be reduced° 

'Scientific methods of recording and 
analysing data should be employed so*that no 
valuable information will be lost because of 
lack of proper interprctation 

Three appendices to the report deal 
respectively with (A) testing foundry materials, 
(B) tentative creep test, and (a) the statistical 
method of analysis of observations. 

(Report  of  Inve stigation 	) 
( No 14D5 Yqv 1-)6th ]9-4Y ) 
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of the 

CRE DilESSnG ailr) UTALLURGICAL  LABDRATORIES.  

Investlation No. 1415. 

Life of Stainleas Steel  Retorts: A Survey 
of Records up to May 12th, 1943. 

Orten  of Request and Puu2.1!3 

The following survey was made  at  the request of 

Mr,  J.  Barrington, Superintendeat, DOMINION MAGNESIUM LIMITED, 

Haley Station, Ontario. All d&7:a used were zbtained fron-tbs 

Retort Record Book of the Stainless Steel and Alloy 010.sior 

of SHAWINIGAN CHEMICALS :,IMITED 0  Shawinigan. Falls, Queoec 

supplied by Mr. C. M. Carlichael, General Manager e  and Mr, 

C, K e  Lockwood, Asst. Sa.:-es Marager„ 

The  survey  'vas  undertaken with  the object of 

discovoring which variabls had significant effect on  retort 

perforraance, Begun on May 13th„ it covers  the oeriod from 

the beginning of  operations to May 12th, 1943. 

It was agreed '.:hat distribution of information 

should be restricted to the companies concerned. 
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Distribution of Failures 

Figure 1 elows the percentage of the retorts • 

falling at various ages °  Figure 2 recorde the'same data 

in  th a regular frequency distribution form, These graphs 

demonstrate that some retorts last four times longer tâan 

others °  A considerable saving 'could be effected if the 

short-life 'retorts could be eliminated °  

RelationShi.p of Analvils_to_Retor .I.  
Retorts were divided into analysis classifications 

and the average life of the retorts in each class is shown 

on Figure 5 °  It is evident that with higher carbon, slightly 

longer life occurs °  Higher carbon content would be expected to 

adversely affect creep properties at the high operating tempera-

tume, An explanation of the betber results with higher carbon 

• all. oy may be that this metal is more easily cast °  The 

optimum analysis range appears to be 15-17 per cent chromium, 

33.3$ per cent nickel, 0,29-0,56 per cent carbon, 0 ° 30-0 ° 69 

per cent silicon °  

Silicon classification wae made as follows 

Silicon 	 Average 
rango„ 	 retort life »  

per 001117' 	
days 

0 0 30-0,69 	- 	129 
0070-008.9 	- 	l2708 
0 0 904,69 	- 	123 ° $ 

Since chemical analysts has only a slight correlation 

with retort life it must be considel;ed as a min6 factor °  

Relationship Of Wall Thickness to Retort Life 

If the failure of retorts were  of a mechanical 

nature »  it should correlate closely with wall thickness °  

Figure 4 shows that, within the limits reported„ retort life 
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(Relationship of Wall Thickness to Retort Life 9  contqd) - 

is only slightly dependent upon wall thickness. Tabulation 

of these data was done as follows 

Wall 	 Average 	 Percentage 
thicknoss e 	life, 	Standard 	of retorts 

inch 	in days 	deviation, 	over, 110 
days ,  life 

	

8/16.11/16 - 127.6 	48.9 	56 

	

12716-13/16 - 133.8 	38.4 	69 
14/'16.16/16 - 	135.4 	38.6 - 	65 

While wall thickness does Increase life slightly e 

 the improvement is not as much as mechanical equations would 

predict. There must be variation In the retort other than in 

analysis or thickness . which accounts for the extreme variation 

in retort life. 

Effect of Furnace° 

Retort life WRO taken in samples of four in the orderin 

which the data appear in the records. This allows a compar-

ison of furnaces to be made, Points outside the control limits 

indicate assignable caxses of variation. Figure 5 shows that 

retort life is under statistical control ‘ilon sampled by 

furnaces. This means that no differences between Furnaces 5 » 

 7, 8 9  and 9axe evident fron the data available to date. 

Furnape Posit,ioq 

Grouping the retort llvys according to position ln 

the furnace resulted in groups of from 2 to 6. Whon placed 

in quality control chart form e  varying . control limits were - 

required because.ef . the variation. in group number. As 

Figure 6 Shows, no furnace position Is significantly different 

from the ganeral average. As yet, therefore »  no evidence Is 

available to prove that furnace position has any effect on 

retort life. 



Period 
Groups 
Nos,. FrOat$  Nos  

- Pace 4 - 

Date of Failure . _ _ _ _ 	. „ 

Retort  ives  were arranged in order of date of 

failure and groups of four were plotted on the statistical 

quality control system °  Figure 7 shows that gradual improve-

ment has been made over the period from November 1942 to 

April 1943 °  This trend indicates that assignable causes have 

been operating °  In starting up a new process, gradual 

improvement is expected as operations aettle dowà to  normal  

and difficulties are eliminated °  While the average life 

has increased there has been no reduction in the variation 

in retorts °  

From this it Is concluded that Improvement in 

operating technique Is responsible for increasing average 

life, Variation in retorts is not due to the operating 

technique °  

History of Casting Practice 	 • 

Test results  were  arranged in order of heat number 

and plotted in groups of four, using . tUe quality control 

chart method (See Figure 8) 0  

Retort Life - .nuc,,tamxtr,rtl.-.Lal. ■■••.M.Cu-C.e.,/ 

Retort life Is not under statistical control when 

sampled in casting order °  Long runs above and below average 

indicate that casting practice could be divided Into four 

periods °  

	

4- 9 	2578 - 2748 

	

10-14 	2749 - 2776 

	

16-20 	2776 - 2799 

	

21-25 	2799 - 2835 

Casting practice had more effect on retort  ].ife 

2 

4 
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(History of Casting Practice, contld) 

than any of the variables previously studied (analysis, wall 

thickness, furnace, position in furnace). 

While process operation has improved the life of 

the retorts (Figure 7), casting practice has shown no 

improvement. Indieationa are that cycles of good retorts 

and poor retorts can be expected, due to changes occurring 

in the foundry °  

The reason advanced for  assuming that casting 

practice, and not melting practice, is the main  factor 

affecting retort life is that  the runs above  and  below 

average in  retort life are not paralleled by runs in 

analysis. Sinee retort life and analysis do not fluctuate 

together, a  logical alternative is that casting  technique 

is the most potent variable. 

It is possible that other  factors are  responsible. 

Deoxidation  nractice, inclusion types in metal, pouring 

temperature, and pouring speed may  have influenced  the 

cycles of  retort life. 

Carbon - 

The carbon range  was deliberately shifted at 

Group No. 18 (Heat  No  2793) and again at Group No.  41 

(Heat No. 2920).  No change  in ability to control carbon is 

evident.  Successive groups of four carbons are  expected to 

vary  as  much  ae  0.20  per cent. The black  dots indicate the 

groups out of control. 

Silicon  - 

Silicon remained at the  same level throughout the 

period studied. Lack  of  control is shown by the black dots. 

(Continued  on next page) 
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(History of Casting Practice 9  contid) - 

Nickel 

Nickel was deliberately atilfted upwards at Group 

No. 28 (Heat No. 2846) and at Group No, 46 (Heat  No  3057). 

Nickel is not under statistical controlpas tho 

black dots show. 

Chromium - .,-cw,,,ffb•nuen.iee,..,ne--nu. 

At Group No. 46 (Heat No. 3050) 9  chromium was 

shifted upwards. Lack of statistical control is evident 

• from the black dots. 

qa8 t 1. 31%_M 

No comments on the present casting method Gen bo 

made »  due to the lack of any first-hând information. It is 

understood that centrifugal casting Is being considcrod 9  and 

• that sand casting is done at present. 

Both processes require close control over all 

ve.4.e;les., in order to produce high-quality pressure vessels. 

In both processes 9  instruments should'be used to measure the 

quality of mould materials. 

It Is understood that changes ln design are under 

consideration, 
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CONCLUSIONS: _ _ 

Tha following conclusions are based upon the 

limited amount of Information in the retort records, These 

conclusions may be disproi.ed when more information becomes 

available 

1, The differences In length of service observed 

in the alloy steel retorts are greater than would be normally 

expected from uniform and sound castings which were all 

treated alike, 

2, Within the limits used, analysis has but alight 

effect on retort life, The analysis Which can be cast the 

easiest results in the longest life, 

3. Wall thickness does not correlate  with  retort 

life in the way that mechanical formulas would predict, One-inch 

warts enewently last only slightly longer than half-inch walls, 

This means that:the quality of the metal  ha s a greater effect 

than the thickness of the wall, Mechanical calculation, then, 

cannot be used to accurately predict the :Improvement that 

would result from a thickening of the wall, as this thickening 

may have a direct effect on metal soundness. 

- 4, The effect of Furnaces 5, 7,, 8»  and  9 upon the 

retorts is identical, Ijlach furnace must have been designed, 

built, and operated in an identical  nia 'i  

5, From  two to six retorts have been used in each 

furnace,position, To date there is no evidence that any 

furnace position differs from any other furnace position in 

its effect on retort life, 

6, Tho method of handling retorts and operating 

the magnesium reduction process has resulted in a gradUal 

'increase of the average retort life, Tt has not affected the 

variation In retort life, however, 

7, Retort life when plotted in order of heat numbor 
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(Conclusions, contqd) 

does not fluctuate with chemical analysis. Casting practice 

is therefore assumed to be the cause of retort life variation. 

Casting practice can be divided into four 

periods. Each period represents a different way of'  making 

retorts, 
Period 	Groups Nos 	• Heats Nos, 

1 	- 	4- 9 	2578 - 2748 
2 	- 	10-14 	2749 . 2776' 
3 	- 	16-20 	2776 - 2799 
4 	- 	21-25 	2799 - 2856 

9 3  The main cause for variation in retort life 

is variation in casting practice. 

Recommendations: 

A. Close  attention S.hould be paid to the control 

of foundry operations. Properties of cores and of the mould 

should be measured  end  recorded for comparison with casting 

quality  (soc  Appendix A), Other foundry variables, such as 

pouring temperature, pouring time„ shake-out time, gating . 

method, etc., E.;hould be measured and recorded, so .Uhat control . 

over all variables can be established °  

Test pieces from each heat should be obtained 

for creep testing.. This will provide Immediate knowledge 

of the creep properties of the metal being used. 

C 0  Records kept on cards for each retort will enable 

data to be .studied by statistical Methods. Tho Quality Control 

Chart method is recommended as the best way to present proceso 

data so that variation can,be studied. 

The se  recommendations are discussed more fully in 

Appendices A, j3 e  and C in this report. 
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(Pages 17 to 20 contain. ) 





FIG. 2 na  
.141111ert  a  MM. MOWN. Mt 

OUUJOOM OOOOOOOOO [be 
O505 074111  u 	1010 

Oelibuffe 	 0110 
MO*141,01114badaille WOO 

1001101410ORO 
Ler=1::::•te n: 

••••;•• ■•••••=j
1••• •
•à•••■••=1  

UM. 	 • OOOOO  all  •  • •  •1110  Wean» %VIM, 
11 	• 

 " 
••••••••  • milLesoir• OOOOOO  sale» •  AMOS 

	

MO 	11115111 
MUM  ■ •  Olen  W. 

alb_ 	 »Si, UM 

OOOOO bibib Ogg_ 
limrcra :re :us 

:::* 	• 

117 

OOOOOO Ow«  •i' 
‘«101,1011fflelk, 	j 

••••• OOOOO =an 
.............1 O O 

OOOOO 	lb 	• 	1-Jï' 
:e  

OOOOO 	»Of 
OOOOOO 

ninOLIMMINIUMmo 
,  inzaaam amapeadmaimarewa 

lies  ' 	 '''  e 	efflanaaseaawa mesa» 	+ea 
eig:::trareing 

MINIII 
4... :e.- i;  

Mk - 

gamaaa.a.aea•• =:::ancia 
«a 	 mesem maaamaawes• 'a  anaaaamemeamma 	a •mo ameasaame 

• aaan 
MO

alar
1111» 	

ea  gala  ""  mama. 
IROOLIM  I 	 1110 	»Mil 

• ObbannbOR, 011 	ONIO 	_,  •Otio 

: aiir  • V. 	t.'. 4  ita  , imder... 

• .  , :•••• 	..,4_ ,  
. 	,.. 	. 

  
- 	. 

9/%5  RI  BrAi  N 
OOSil

hiraralleffeng 
 - 

	

lielbfflumlbilbeg .a 	111,0 ' 

Imetberre ::::::: f  OOOOOOO 
e:::::::4 

:::::::1:::::: e ereelelle:Seee e  
amemassomil 
VIM 	

ei:O.a•e:iite 
« OOOOO 

111•••••:::::111111 e:::•••1:5•11 
••••••••1111•11•01

••
•Oleb•11 

11•T•••111111111.• •  MOO 
*AO  5..  ... 

	

•••••••••••111BrIO 	 .. 

an: 	mil, 	„EL.  111111101i. 
tille  ems 	lelmmuu 

W OOOOO  peOfflOmmelibeleame:41iremobe 
••••••••••••••••Il  OOOOO 	.1•011• 
:101•Liblubl= " OOOOO e:::•••••••  • 11 	a 	' 

ii:::.  a  , 

	

 
• 	L  , 	, 7 	. 

ef  • 	Ma 

-- 	IbbOOSILO  OOOOOOO gams 

eaumeallas@aaa 	
OOO leam 

mama» 	OOOOOOOO lie••saam :MAO 5.5555  
dIP 

wararam»..trueumammum 
rimmairemaraffliamaaiis 

, 	 memaaaaras 

mum 

bOlOOOO  L  ataamounnes  a 
, 	• 	BOO  li   

.......::::r.,......,  . 

:=P51me:=1:::::::  IT,  was  . . ea 
5555 O  :::: 	6  OO  a 	,54  , .:::  ,_:, 

iglinfilT :e 'l. 
0 Mammi,salasamP  OOOOOOOOOOOOO 

0 	.  0 	. 0 	i0 

Ertionsavaa  OOOOOOOO 
aresaaaaar 

	

emeee 	 l ea.fflea 

.11;411111181R:1: 4  ebb, MUNI 	
;7 r 

	

dP 	PIP 	le 



A
V

E
R

A
G

E
 L

/F
E

 A
N

D
 A

N
 A

 LY
 S

/ S
 C

L
A

S
S

/ F
/C

A
T

/O
N

 

ST
A

/N
LE

S
S

  
S

T
E

E
L

 R
E

T
O

R
T

S
 

<5 

/ 
e e 
	/ e Af 
cn 	 r 
`L> 
j) 	e 

% e 
iew2/hvocei,2 



cD  

çp  	
4P 

gur 

0 

	
//ex,/ me dO 	 Ye II/ Se2e/X.711U 

91 	SI 	hi 	CI 	Z1 	II 	01 	6 	8 

017 

OS 

09 

OL 

09  

t›, 
C 

00/ 

011 

071 

0, 
c 4 

• Ohl 

051 

OLI 

09! .  

CM 

ceoz 

0/ 2 

022 

OU 

C 

o 

Ir 

/111 Oar 

S" _Id 0.1_7d  733J  S'537 N IV'S 

JO  3217 (INV eS3A/>/.7/1-1.1 



g 	blab 	 u.... 	umuudiumuu mum u ulaumega e • •  ma  •u•messeu•neneaugue 
meenueule@unaeuumisemumneuumum@mmuseemaseumuna 
mummumummaeumanumuummumummermaumum Funsanague 
umumuumuerueesueueseanumulf VOINDBMm W•M•OOMII 

a 
uumanuesu eausauusuumumen eueu 

suugaumaleaunauunmema »mu m« @nauseam 
• unnumuum u  seem*  amumme•  a a 	-1  a  ea  mom« .  mum  units  eausaume  men  eau 	muumuu, 

UMBUIMMUMMIelt annielluellaneMONWROWIlleilfflgaliell 

EfiEEEFFIEFFEEFF surememmammemmilmaa 
ullftellIWIMIMOROMUMIle aga:::::111:ing e :::19 H  a  »OM  11  pa  II..  ,  1 	SRI IS n 11111111111:21:: i 9,:• 	,.r.t sus rs i 

4 im  :mu. offile7- 
,1 

 1 , ,:,Ifm:: 
r IailMellemmOSSUFWM80 

RIMMUMNIIIIRMUMMell 
efflelfflOWIMIUMIMUŒ 

igamenumuummiumm 
usausammuu 	• -11  ansamemort alleenanna 	aw 
 WU Mg 

:::::::::wer:::: 
mmineursimm 
Op011e, Mar» 
infra44. 

aniaadinalt MMMMM  Muffle 
IIIMOMMenelfflalIBMM 
emausummeaumaule eau 
ammam@ammeausa eau 
egmemma@meauum NM' 
auf@sumussequeuemur-
umulentemuureem. 
ease  @epee«  amuse 
eau maumism: asueaà munsunnum • 
amemormarm 

M 
enale 

OM» 1111ffl »U 1 
'Urn isilmw !fuel.  II 
uninillumeliffl MumnanOlail 
eglipellffeffleili  en 
gm 	mUmmenuOM 	11 
IIIM 	OMUMMOUU 	II 

MOO« ineemafflume  a mi Imm 	ISSUS  
suumuumuumuummaueum 
ipsuununneusuouumnuau glw 

_IIMMOWINIM mils-:1 ou.„ 
De laffull:::::::OWZ:  r. 

• •  men  v muumuu a mug  elmueftil ir  mi.  4m 
 . 

.1% 
• m. 	 . b. 

::  :16:212  a es 'rems  11....e  ma  ,  Ai. 
. 	 4 	_-_r  i samiU  is  .... 	_  11,-.:•  dia 

m  ian - a  mom  muumuu  -1 
temOMUOURB  ammonia!  au 
smemmana 	1 11MMOIIIRefilim 

	

..A , 	-If  _  .■01 •111 •  w -Au  im4  11110 	Iffl .... 	finfel 
• 1101,. 	 f 
_et. I. 	•  .  11,14  •Pill 
-. 	

Iteqw  1 
..,.. 31.  'mamma.  ko 	e.d subgs 

.111.4r  „  Mega mellUmpulMO 

	

1111.s.-  sas 	UMMUMUSOMMUOMUMOMil 
NM!  MMMMM SUMUMMUMUSene 

._ 	_i_mmm011em 	OM 
is OMMUMMMOR MUD»  MI 

111:1
enge11111:::::II 

Me NI 

1 
im
m: le"  

bjug: II smil
umum 

 idme 

	

e
u
au • 	fte 

	

mumuu 	«um 	u geramplimmapl I, • Me'  emiffelam:41 
ieldialdieu:'1:1 
1014: III: 1 ::il .1:::: ..  .. ..... . « .... •'fferillail

..
i: 1 

1 .0  
wadi° earmaleb ' 

 rue qs. meld ..:91.11... 

ft ; 1- 11 -  
'   

itILLell !. 911  Idert.'s 	• 	à  
t .‘ .  •  I I  MI 4S  Kg> 

I memo 
mum« 

ilim
mum  • 

due' 
eferoM 
lug, 

mug ,  
__ 

11  

III Ill 	 , 

: 	1111111  -, 
WI »a. -  
Ulu  J am 
Imam  , erne wm lim 
RI  

emine:222121111  laralgEeiraleffla  mu  
Inane Ell 

Illanialiall..E.11 
1111111•31011 Uwe 

w19:::::::::::: 
IMITaingine  ler 
II  MO et enefliglirl  - • gt 	. 

le 11  •  •  ' 
VI ea • 8111111» 

kal '.7eleringliPie• .. ID ."/ 

0 

0 

CD 0 

0% 

11: -L "  Maillelinall: • 1,1111.  •  II IIIIIIII 	II 	111111.11:111 
• '  ellasuilles el oists_ 	me 
.1  1131:! ; 1  Illanuilli 

• .... 	ismanwewasew . 	um.. 

Il 

 muicanumpillimg: 

rib ...4§ralr-- V vir.ig:sliirardniradia 
MM.  ..`  Ina a MOI tlianala 	rre 
NI  h  la aaa !ire. end erne. 

a.m.•  
..-__. 	mom 

0+ 

0% 

fr) 
411111 

It !. ,_. 	 ! 	al 

.  :4116.  - '  Ilk-  "; It 'i.  .  à'llia lie 

...... 11.„ »MOO OMB MellEIL OWAIWININOW111.-  • 

anigUISMIll 
se mambo CPO 

a. 
' 	-

• 
•  -i-it• 	; : 

.3> 

a> 

w 

4 

() a) 
ed 44  , 

141  

C- 
. 

, 	c 

;s 
0 ' 

Irs! ,1/43  
8 

z 
0 

X 
L.. 

++, 

f. 
e 

..70/à1.741, 

o 

41: 	g 
.7P/4/6/GY 7., "> 



s 
t: 

• {-it"' 

tit 

-:.  • 	- sans  
a. 

-  rjartIrri"`- 

Utitg 	à 

J ura It II 
..  magenflee Imp .... 	 -  .... 

t 
 	  11-  ::::::%o.  ' 	• 

1.; 

	

1 	 i: 	 • 	•e: 	
1 

• - ...-  - 	

1 	

••1••■ r•i• .. 	emmeas 

1  	**** teemeeegeZeà:: 
4' 	 :p wee« 

• 1 	 , 	 .. 
.....j  ..-,,...... 1 5::::1: .. ....1  . 

, --. --  4,»- .  111, 	r -- --..  -  t.,::::::::.«. g..titi.... • ■••ffla•••• aaaaa ••  t 

". 	•••••  .! '"4..  ... .  1 	 , 	ali•e•••••• slur adille  iv  ...•colliftw 	it 44  gli  ...  ',F. "  .4.  „.„, [... ..... ,...: 

. 	 ,  
,  ,....n 	;1;9441Van 	 , 

..  le 	 • 	it 
.. 

..  u 	• 	e 	• : .  , 	 .i.  a••••••-••  • 	. ..-  ... . , 

se  .4" '  I. 	3 	 ,  or 
• . 	or 	 •-',  It• 	!MC::: ii * 	 i 	 .. u.

• 

 5....• • 	4. i.  _ 	 r  :1  -',..ed -1., :::: :. 1:..  : 	 _!:   
. s.  t , ...-.  1: 	s  -  --tt 	»sm.: 	 : . reesisalliiii  316/...•  •  •-s. •••I•. •Il •  am 	qua 	 •  • 

• i„,„ Fi 	t .  . 	4.1+1.. 	lee 	-• .....  OM*  Ili 	•••11 	On 
» . Il 	••••  , 

ee•• ....•  .. 	.51 	 :::018118F1:11  -•  nit:: • -  Ile 

oe km.= 	
.  , 

“  -  ,,  ' 	•  	l'  SU U. ...... ••••••••••••• ■• 1 . 11 
go 	 ■ 	 , 	 . 

• 



RANGE IN DAY S AVERAGE /N Cie4Y S 

te:   
• 

t 	ti 
o();rit 

r\) 'e 

() 

I o 
 

NIC 

tb 
r11 

1 

(sr- 
:1 

1 

t 

1 

1 

11. I iô 

sz) 

--->x 

`S— s  ." 
I 	i

e
-''  

I  .  h . 
1  b 	0  

• 1 I _z ,_,_____ , 
 1 	k,  

1 

Efe=411. 

Fillt••• ■• 	 • 
a: el:OJ ;L: e  '   
Ode 'elm» au es  t 	 pa 
eigme•  **********  s.tiperspmego h lumeoglimmeenaes11:11:::. see raxeomerum: 

I'   
111411Sle 	

000.000 

mama«,  ***** ■Learomeaemerwamomma 	a•awsolgelem... ***** 	1 

***** 111011.0. * *** gi 
310g ********* 01.1MUS4gYledie I 

***** glitaben4lete 
11111,91»"Iiiet sjen 

en: 

1 

1 

tv  
4_, , 	willeureuxe 

»e  
::: 

lip: . r 	 »me 
1 	*WM 

11111041PflUll•n •  , 
• MMMMM 11.10.1=00NION 



GI • 	yl tit to Itoto 	MI01111 el 14 efebbb.“*14 1111NOOMPIISNKININNI■114143Mt\INttimmNeàhèmpie , m .s ti meteàeg 
„ t, 0 t • 000111%10 00 0.1•0:1 ,01,11 %"%lttpIplogie0011 10tOOG \■ ._•4\1•J \IV,NO‘d \i‘j ,4‘. ,,,4" ,4 \it■ tAttil 

„ „, 	ei 	te• 	 Ck, Lb  /4 	" 	4 ::„`4 15'4 4*(44 e• •  •'J  te`DC0C0*■ '4.t.kgai „ tà•1 I„, ei 	 e 	,t 	 it. ttlelk 	 tiOg 	Ce 	GNU) t i'"e 	t 	P4  rt, 	e'e CP. to co  A. 	Le 	,CJI 

.10 79 ein A/ of PO me 
çg  OC 	g 03 

Me • affle111MIrairei;"::;;Le «fflierialeiaireitiralrer• w • ihinger,”  -  • if ; 

e 	• • 

a 
h 

st 
19 

h 

1.1 
lot 

3 7/1.717'dd 9NLISVD .20 A dal VI ,/ 



- Paie 17 - 

APPENDIX A. 

Tïi:STING FÔUNDRY MATERIALS 

Casting quality is affteted by the nature of cores . 

 and moulding sand, gatinge  pouring practice,  and  molting 

practice °  Forcomplete control of foundry operation these 

properties of cores and moulding materials should be measure4 

and controlled °  The relationship between core collapsibility 

and other properties and casting quality is found and then 

these properties az4e controlled in their optimum range. 

IP such things as 

• CORE 
hardnosa, 
permeability, 
hot strength, 
expansion and contraction,' 
gas generated per c.c ° , 
bsLked strength »  

MOULD 
hardness, 
permeability, 
expansion and contraction, 
gas per c.c, 
hot strength, 
green strength, 
green deflection, 
moisture content, 

are not measured and 

carried out by "rule 

controlled„,the proceiis then:must be 

Of thumb n  methods °  it is then a matter 

of skill and good luck. Closely controlled, scientific 

foundry operation requires laboratory tests in order that 

variation in foundry conditions can be detected, if variation 

in retort life is to be reduced, variation In foundry conditions 

should be reduced also °  This requires testing  instruments  

following are in urneral use in the foundry Industry The 

Moisture tester. 
Sand rammer. 
Permeability meter. 
Sand strength. machine. 
Green sand strength machine. 
Sand washer °  

Laboratory sifter, 
Test core baking oven, 
Core hardness tester., 
Laboratory mixer, 
DliatomotQr. 
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APPENDIX B o  

TENTATIVE CREEP TEST. 

Creep strength is the main property required in the 

retorts °  Therefore, a simple »  quick creel) test should be 

made on each heat °  ThAs will safeguard retort quality and 

may make it possible'to .:rtorease-) retort life °  

A globar-heated furnace operatlng at the magnesium 

reduction temperature could be designed to take 12.,Inch bars 

held vertically In water-coo1ed holders °  A constant load 

could be applied by a weighted cantilever °  The load would be 

adjusted so that the average bar would rail by rupture in 

about 24 hours o  

========== 
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APPENDIX C. 

<WALKS'S OP OBSERWTIONS. 

The Statistical Quality Control.Chart method'has 

been used to analyse the data in this report, Tho analysis 

and life data dealt with reprosont a considerable ezponditure 

of man-hours of labour, strategic alloys, and money, It is 

:Important, therefore, that the most scientific method be used 

to  analyse the test rosUlts, 

The American Society for Testing Materials, the 

American Standards Association, the United States'Ordnance, 

the Institutions of Mechanical, Electrical and Civil Engineer-

lngs (Britain)„ and many large corporations recommend the 

Statistical Quality Control Chart method of analysing data. 

The technique is described in 

.A. S. T. M. Manual on Presentation of Data, 
published by A, S. T. M.0 2605 Broad Street, 
Philadelphia, Pa, 9 

and 
Quality Control Chart Method, 

published by the American Standards Ass'n, 
79 West Thirty-Ninth Street, New York, N 0 Y 0 . 

A publication of the Canadian Bureau of Mines thereon 

"Quality Contl,o1  Engineering  Science Applied to inspection" 

(Report of Investigation No. 1235 0  June 1st, 1943)!,  15 avafilable. 

The basis of the system is a comparison with random 

numbers, If a succession of test values behaves as do random 

numbers, then no assignable cese for variation can ba found.* 

The variation may than be attributed to the cumulative effect 

of a constant systom of causes inherent in the process, Only 

a new er . changed process could then reduce'variation, 

Figure 9  shows a quality control chart for 56 groups 

of four .random numbers, The matrol limits are such that 99,7 

per cent of all results would fall within them, It will be 
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(Appendix Op contd) 

noted that there are 29 runs above and below average (a run 

is one or more results in succession) By comparing the random 

number chart with the other quality control charts, it can be 

seen that some of the charts 

Life,.in dbronological order of reporting failure, 

- Life, ln order of heats, 

- Carbon, silicon, nickel, and chromium, 

show variation which cannot be attributed to chance causes ° 	• 

There are a  therefore, assignable caus6s for this variation °  

(Priai7;-u-runsiiruireiarize;) 
( 	ûonoludînp Appendi O. 	) a 	. - ,C.alieVel.ttastiteler(e». 1219M1eArtr..• 
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