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Abstract   

ASTM-4 magnesium alloy wae cast 
into test bars.  The risers at each  end 
of  the  bar were varied in  size  and the 
effects  on strength wero  noted. 

Introduction: 

Cast magnesium alloys are  susceptible to  a phenom-

enon called  microehrinkage which is not usually found in 

ferrous metals, Shrinkage in cast ferrous metals leaves  a 

void or  a  number of voide which are  due  to  the liquid shrink-

age as the metal solidifies in  the mould, Shrinkage areas 

in the magnesium  are porous  and spongy  in  nature, and are 

identified  as cloudy areas on  the  X-ray. It is generally 

believed that  microshrinkage of  magnesium alloys is  partly 

due to inherent characteristics  of the metal, partly  induced 
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(Introduction, contld) 

in melting, and Dartly due to the liquid shrinkage during 

solldifipation. 

The object Of this Investigation was to determine 

the effect of risers on the soundness of magnesium test bare. 

Risers were designed to oliminate liquid shrinkage during 

solidification. By varying the size of risers, their effects 

were observed.' 

Pattern: 

Figure 1 shows the pattern used. 

Figure 1. 

• 

MCP 

TWO VIleWS OF CASTING FROM EXPERIVENT NO. 9. 

The area at bottom of sprue 1.49 1.77 sq. im. Total 

area of gates ia 0.39 sq. in. This provides a nchoke" to 

keep the sprue full. 

The overall length of test bars is  61- inches. The 

large ends are 0,75 inch in diameter, The part of the bar that 

Is gauge-marked is 4 inches long and 0,500 inch in diameter. 
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Method: 

The size of  the risers was changed by  cutting off 

the tops of the pRttern  as  shown  in  Figure 2. 

Figure  2. 

"kepi 

Experiment No.:-  1 	2  .  3 	4 	5 	6 	7 

Risers  used  on left side cf pattern. 

— 

The risers  en  the r16,:ht side of the pattern 

remained unchanged.  The  risers on the 13ft side were 

altered as follows: 

Weight 	Height 
Experi.w 	of 	of 
ment 	riser ,  , 	riser, 
Noe  	ounces 	inches 	 Remarks 

5 	Left and right sides identical. 
Right side unchanged.  • 

Ii 	II 	 P .  1 	 ti 	 it 	 te 

.e.. 	 It 	et 	 it 4, 
7/16 	" 	

11 	 et 

7/16 	it 	 it 	 It 

0 	 11 	 it 	 '  II 

0 	Gate on.left  aide  reduced 
50% in area. 

5 	Right  aide  unchanged, riser en 
left  aide  placed  at  end  of 
bars opposite gete  (se 
Figure  5). 



Elapsed 
tie, 

minutes  _Remarks 

Paie  4 . 

12.11119£_Lneeltqun2: 
A typical log of furnace operations is as  follows: 

0 	40  pounds magnesium charged. Furnace hot;  crucibl 
20 pounds  new,  20 pounds 	at red heat;  layer 

scrap. 	 of flux on bottom 
of crucible. 

25 	Charge melted down, scale 
cleaned off pot, slag 
removed.  New  flux. 

65 	One minute stirring at 1350° F0 

85 	Heat to  1650 0  P. 

10C 	Ramove  from furnace; pour at 
1400 °  F o  

Dow  310 flux was used, Melting was carried out  in 

a  gas-fired Pisher crucible furnace. 

1=1PILLArelmlliuttiettle: 
.02EL2Atl-ALlelles  of 4X,AlloY ` 

• 

Per Cent 

Aluminium . 	5000 
Zinc 	 2.30 
Manganese - 	0418 
Copper 	 0,004 
Sulphur 	 0,03 
Iron 	 0.012 

IIIIIMMI.•■•■••.•••••••■••■•••■■•.. 

• Mouldin&  Sand; 

Moisture 	 500 per cent.  

Permeability 	 60. 

Bond 	 5.0-6.0 pounds 
(per sq. 

Resilience 	 0 0020 inch. 

Sulphur 	 3.30 per cent. 
Boric acid 	 0.60 	" 
Sulphite and sulphide 0030 	° 
Diethylene glycol 	0 060 	" 
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blechanica ttes: 

Each mould contained two test bars for controls and 

two test bars with experimental risers or gating. In each 

experimental heat five or more mouUs were poured. No test 

bar was scrapped for foundry defects, such as blows »  dirt s 

 oxides  etc., as it  was felt  that  if tha effects of  risers 

were to be studied  all  of  the  test bars should be  included. 

The inclusion of foundry scrap s  of course s  lowers the average 

mechanical properties, The average ultimate strength  and 

eloncition of all of the test bars are shown in Figures 3 

and 4.  - 

(717Eures 3 and 4 appear on) 
( 	Page p,  

After Experiment No, 3 the nleft'' barsesem to be 

dofinitely lover in strength and elongation than the "controln 

bars. 
I/M.1MM 

Reducinz Gate Area: 

In 1xperiment No. 9 the aroa of the gate was 

reduced to 50 per cent of its former cross-section s  that is s 

 from 0.195 to 0.100 sq. in. This had the effect of further 

lowerini3 the mechanical properties. 
11•••••■• 

ffeut of Volume of Motal Flowin11.111.umàL: 

In Experiment No. 10 a riser of the -‘e.me size as 

that used on the control bars was placed at the end of the 

experimental bars opposite the  gate  (soc  Figure b s  on Page 7). 

No riser was placed  at the end  of the  bars next to  the gate. 

These experimental  barb all broke  at  the end  next  to the  gate s  

and had  low mechanleal  properties.  •  The Volume of metal flowing 

(Text continues  on Page 7) 
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(Effect of Volume  of  Metal Flowing Through, cont , d) 

throukh would therefore seem tc be of little Importance  if 

 adequate feeding is not nupplied. 

Figure 5. 

A CASTING FROM  EXPERIU£NT  NO. 10. 

An Figure 6 shows, volaue of metal flowing througa 

affects surface finish. The more metal flowing through, the 

bettor  le the finish on the casting. 

Figure 6.  

EFFECT OF  VOLUIdi  FLOWING THROUGH 
ON SURFACE OF C=TING. 

Note that the side without risers is very rough. 
Where risers are used the bar is much smoother. 

«woo 
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DISCUSSION:  

From  the  tests carried out it would seem evident 

that the  soundness of  Magnesium Alloy 4X castings was 

dependent  in part  upon proper atin  and riseringo A . 

 riser of a  certain size is neeeseary  for  a sound easting. 

Since the  "controlan varied from heat to heat it 

would appear that other variables, unaccounted for e  also 

affeoted the eoundness of teat bars. 

The control bars contained very few defects such 

as slag, oxide, blow-holes, shrinkage. In the  experimental 

bars, however, these defects were very frequent. 

Figure 7  shows  the relationship between tensile 

strength and elongation  in the  test bars made in  this 

investigation. When low tensile corresponds to  low elonga-

tion, it is asaumed that  the  low mechanical results are due 

to unsound metal. When low tensile corresponde to high 

elongation, thea  variations  in physicaln are  attributed to 

structural changes in the metal. A  better feeding action. 

oould have been obtained  If the test bar section  had been less 

than 4  in, in  length. This  long cylindrical ehape probably 

solidifies before proper feeding can occur, even when large 

riaers are used. 

0000000 

000 

HIT:GUB. 

(Pgui=7-7--Ippear-•aonPage9.) 
(Pages 10 to 14 comprise an ) 
(appendix containing further) 
(statistical  data. 
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2J.1 1'2=IX. 

FURTIEF. DATA uepursIcAL TELiTS. 

The  following. is  a  typical statistical analysis  of 

test  data. The data are  elongations fram Experiment No.  10. 

Syrbo 	1-18ed: 

In Average. 
= The sum of. =  Standard  deviation. 
= Standard  error  of  average. 

iign ..Uicance of difference  between 

= lumber of test  results. 

	5INGLE: RIsEn 	 CONTROL  BARS 

Elcngatlen 7.Uongation, 	Plongation 	21c'ngation, 

	

observed  ,  2quared observed 	 ired  

1.5 	2.25 	 5 	 25 
er,  cz 	3.25 	 5 	 Z5 d...., 

2.0 	4  - 	 3.5  • 	 12.25 
4.0 	16 	 5 	 25 
2.5 	-  6.25 	 3.5 	 12.25 
2.0 	4 	 405 	 20.25 
4.0 	16 	 5.5  
3.5 	12.25 	 5.0 	 25 
3.5 	1 2.25 	 5.0 	 25 
2.0 	4  - 	 1.0 	 1 
1.0 	1 	. 	 . 	3.5 	 12.25 
300 	9 	 ' 	 4.5 	 20.25 
3 00 	9 	 0.0 	 36 
2.0 	. 4 	 , 

e.....emewame 	 IMOIMMIMMIleue.IS•■••■••• 

••■•■■■•••■••■••■•■• 	 •••■■••••■•••■••■••. 

57 0 0 	 269,50 
36.5 	100c25 

= 14 	 N = 13 

1-Ultuers 	 Control  

Average olongation 	 Average ,elongation 

7 I: 2.6 per  cent 	 =  4.38 per cont 

In order  to  ansWer the question Is the above 

difference sinificant?  the vaine  of  t must be found. 

tsi 

(Continued on next page) 



6x= 	.92 

1/717-  

6x  = 	.246 

ex  =  1.244 

,346 

4.38 .5t-t t = 	n 78.4.  0 

1.78 

.434 
m 	4.1 I 

-  Page 11  - 

(Appendix, conttd)  - 

t =X1 .x2 	= 	1.78 
r7-2 

6x22 
+ 6, 

°x1   

Single  _Risers  

6x  111 	6 

11-17  
6 	m 	IlL(X2 )  - 

.erramo  

Control 

ex  m  6 

6  4/£(e)
-  j2 Y  N   

6 =40106.25 „ 2 , 62 	6  = /269.5 , 4.382 
---rs-- 	 - 

6 m 	1/7817 	 6 re 1/ 1.55 

6 = 	.92 	 6 = 	1.244 

2 	2 + 6 exi 	Xr- 
. eV.2462  +  .3572  o.r—t.88 

Since t Is greater than 3, 0  the difference observed 

between average elongatlone  in Exneriment No. 10 is significant. 

From this experiment it can be concluded that risers at each end 

of the bar  are  definitely better than  a riser at one end only. 

The following charts  show the standard  deviations 

obtained in each experiment: 

(Figures 8  ae-U—appear 
Pages 12  nd  13. 

••■•■■•■••••■••■■••■•••■.•• 

APPLIED UENERAL STATISTICS, by F. Eq Grmten and 
Do J. Cowden. Published by Prentice-Hall, Inc., 
New York, 1940: 
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(Appendix e  conttd; - 

It will  Le hoted e  in P4ure e, that the averac 

standard  deviation for, control bar tonsiles le = e 000 

This means that  95  par cent o2 all individual tonelle imst 

bars  are expected to deviate f ro'.  the average by '72x200:.), or 

_4 9 000  p.s.i. Note also tilt :73:5.por cent  of eloncatio 

resuite: eu.'e expected to t.e vittan t2x10(2,  per cent of r,:e:v.0 

Distribution of Tensiles and. 7n,LorgAtics; 

. R4;ure 	shoLlo the distribution of mechanioLI pro- 

perties observed en the control  test barec  Tho procerti 

of as-cast ex YaGresium Alloy would appear to be ae follcwsî 
acni;atIone  4  2.2 per  cent, 

Tensile ;  26 .4:4  per cent° 

The Dow  Ch cal  Company report ASTM 4 Magnosum 

Alloy to the following properties: 

Elongation ;  per cent  ln  inches 
••••■•••■■■•••■••••■■•■••■ 	 ••••*•• 	 .11■■••• 

Thirty-three (33)  per cent of the mechanical  test 

resultn observed on "control" bars in thia series cf experi.- 

menti  were below the 4 per cant  on  d ;- 4 ; 000 pounds par square 

inch specified.  • 

The probable reasons for. the low results are: • 

(a) The design of tho test bae e  which has a straiht 
cylindricâl section 4 inches long. This shoUd 
be reduced to about 2:k inches in order to g$t 
better feeding action. 

(b)Blows ;  slag e  oie, and porous bars were included 
in this report. Ordinarily ;  these would be 
rejected as foundry scrap. 

HHF:G1113. 
Doc.  12th e  194' . 


