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American Society for TfesriNC Materials 

COMMITTEt B-6 ON DIE-CAST METALS AND ALLOYS 
J. m TOWNMMO Chaimmm mll ftviMOMi L»■on*rani««, me . «•* wtat rr . Mt« t«m CITT 

W. H •«*¥•■ Viet Cmaimman ttcttue MOTO« CM CO . DtTMOlT MKM 

O. V PAMtaHt« ■ICM'MT. âlUMIMUM CO Ot AMt«IC* >ITTMU««M ««. 

P.O.Box 263, 
Palmerton,Pa. 

Mr. P. R. Kosting, 
.far ^«pt., Va tart own Arsenal. 

Vatartown, Mass. 

January 20, 1937 

1936 meeting of the A.S.T.M. held at Atlantic 
city, Conrittee B-6 approved the recommendation of Subcommittee V 
that atmosoheric tests should be conducted on three zinc alloys, 
designated by the Society as No. XXI, No. XXIII and No. XXV, and 
two magnesium alloys, designated as No. 12 and No. I3. 

The, Ma«. T ïr ’ P¡; Í ^6^150 rted to the Coiwnittee at that time that 
The New Jersey Zinc Company, using an insert or unit type of 
die, had shown a very marked improvement in the uniformity of 

°í *inc die castings by accuraU control of 
casting conditions and by changing the die design relative to 
gating, venting and the use of overflow wells. On the basis of 
this quoting from the minutes of the above-mentioned 

U,ra ^Tee? 11141 stAn<iArd dies and casting conditions 
should be adhered to in producing the test specimens”. 

. Since the time of the Atlantic City meeting, changes 
have been made to our die which was similar to that used by 
most producers in the first Committee B-6 exposure program and 
¡ÏÎS^tÜîiîîh011?1*?® in greatly improving the uniformity and strength of zinc die eastings. 

. 4 -1¾6 Pr?fp®?a’"®<s* ln inproving both the insert and so- \ 
í8.?*1 forth ln 4 “«»orandusi, s copy of which \ is attached to this letter. 

aXo íauhop!d ^1 î4®11 Produc*r of specimens for the' X 
proposed A.S.T.M« etmospherlc exposure tests will alter their \ 

!it5îr r1^ bl«M«*ir,t4 RP74ÔB or RP?6U, depend- 
nrtfiiïr iïîi1^* °* ^Sw10*^! U8edi 60 that the specimens for ex- 
♦hem^ 1U ^ Ä" «nií’orm ih strength as it l* possible to produce 

Very truly yours, 

CkiLlftMb» • VlfaJbik • l\ TT ^ X mxatx. moaxt Q OLViMOV 



I MËM23ÂK2UM 

f. STUDY OF DIE DSSIGN CHAÎJGZS FOR THE ITOOV^ 
WENT OF THE SOUNPNSSS ATP U?TIFOR!'.ITY OF TEST PARS,. 

by 

G. L. Werley 
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MEMORANDUM 

a L»TUDY OF LIE DESIGN CHANGES FOR THE IMFROVE- 

■E-T OF THE SOUNDNESS AND UNIFORMITY OF TEST BARS 

I nt roduct1 on 

This memorandum la divided into two parta. Part I 

pertains to the development of an Insert or unit die to pro¬ 

duce sound test bars of uniform strength. Part II covers 

similar tests on a die which was built In 1)27 primarily to 

cast test specimens for the first exposure testa conducted by 

Committee B-6 of the A.S.T.M. This die will be called the 

A.S.T.M. die In this memorandum. 

The work under Part I was done Ln the Interests of 

reducing the number of specimens that were required to be 

averaged to obtain significant results for routine tests. Part 

II was undertaken to effect similar improvements In the A.S.T.M. 

die so that those producers who have this type of die and are 

cooperating In the production of test bars for the proposed 

A.S.T.M. atmospheric exposure test can readily alter their 

die to attain an improvement In uniformity and soundness of 

their specimens. 
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£i£iJ' ln l9,2, a unit, or In.trt 11. provld.l .1th In-rt. 

ror cast!ng various t,p.a oP t..t ap—n. ... Put Into op.r.- 

üpeclmens oa.t In th. unit for th. produotlon of lA" 

t.,t bars, under oar.fuU, controU.d condition.. ‘ 

wld. degree of non-nlfo^lt, in ^.le.t propertied * - 

Ud analy.l. .need that forty ,uch Impact bar. -ere reared 

minus ten per cent of the avera.e of a very targe —of 

epeelmen.* Radiograph. al»o .heed the test 

ecn.lder.ble poro.lt,. of 

in an attempt to product sound t 

u . Wim made repeatedly to the gates, 
strength, small changes were made r v a,1WA<, 

.ltd and overflow «11.. Collectively, the.. 

the desired re.ult. and In addition each die change, . 

cr.a.ed the unlfonalty. al.o Increa.od the Impact .trongt . 

C m V. «ri«*!ftq. The tension bars . brinell hardness» 
to a lessor extent, the orme 

acre improved In soundnoe. but not In strength, m fact. 

Hcrht lois \n tensile strenrth resulted, 
slight loss dle wlth the following ot- 

Changes war« mad® t0 

j..tl... m view. ta.UT fr., „f poro.lt, 

1- r.rtlon.. », radiograph.. 



2. The Impact bars were to have the same strength 
for the gate and vent halves of the specimen 
when tested at 21°C« 

5. The average Impact strength of any five bars taken 
at random was to be within plus or minus ten 
pfr cent of the average of a large number of specl- 
mene In 95 ou^ °f* cases. 

The original plan of the unit die for the production 

of lA" tost bars Is shown In Figure 1. When this die was put 

Into sirvlce the l/V Impact specimens cast were too porous 

to be considered satisfactory test bars. In order to cast 

sounder specimens, the following changes were made to the die* 

1. The overflow well at the vent end of the Impact 
cavity was Increased In sire. 

2. Four vents were added to the die at regularly 
spaced distances along the side of the Impact 
cavity. (See Figure 8). 

3. A waster In the shape of a 5/^^" S9uar® Impact 
bar, with an accompanying overflow well, was added 
to the die between the existing round tensile and 
1Ä" square Impact cavities to facilitate getting 
the die up to the proper temperature and to assist 
In holding the temperature at a constant value. 
(See Figure 8). 

The above changes were made to the die prior to the 

Intensive study of the optimum design of this die. 

The die with the above construction changes produced 

Zamak-3 bars (A.S.T.M. Alloy No. XXIII) with the following 

pnyslcal properties when east In a modem die casting machine» 



Table 1 

T>nte Cast* 12/12/J5 Alloyi Zaiaak-J 

Pressure! 1^00 Lbs. per Sq. In. (Calculated) 

Metal Temperature: 1:2^0. 

Die Temperature: 15°» 200 and 250*C. 

Die Temperature - °C. 

ISÜZT" 
Tensile btrength-Lb./Sq.In. 
Impact btrength-(Top or Gate Lnd)- 
Ft. Lb.* 

Standard Levi atl on-Ft.Lb.n.* 
Coefficient of Variation*** 
Impact Strength-(Bottom or Vent Lnd)- 
Ft.Lb.* 

Standard Devlatlon-Pt.Lt. 
Coefficient of Variation 
Impact. Strength-Grand A ver ape-Ft. Lb, 
Standard Devlatlon-Ft..Tb. 
Coefficient of Variation 

Wi.OOO 1:3,400 43,000 

4.0 
10.5 

18 

4:1 
28 
10.7 
38.4 

.8 13.2 13 

.8 59.6 65 

«Tested at 21+0.5°C. 

TST 
a! n , ««Calculated using formula! n , where x Is the deviation 

of the Individual burs from the arithmetic average and 
n Is the number of specimens. 

***The coefficient of variation Is u measure of the variabil¬ 
ity which Is Independent of the scale units and which 
takes Into account the size of deviations relative to 
the mean. 

The coefficient of variation Is determined by using the 
formula V * 100 9 where. V * the standard deviation and 

M * the arithmetic mean 

**-tt*The Impact values were determined on a Charpy type 
machine fitted with three Interchangeable hanmers 
having the following capacities* 0-10.3; O-58.5; O-IO3.6 
ft. lb. Contrary to our usual practice, Impact values 
under I5 ft. lb. were reported to one decimal place. 
However, such resulta are believed to be significant 
when the proper banner Is used. 

Note* Through common usage, the gate and vent ends are some¬ 
times referred to as "top" and "bottom" respectively. 
Therefore, throughout this report wherever "top" le 
used, It refere to the gate end; and "bottom" refere 
to the vent end. 
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The data ln TaMe 1 show that, ln Impact atrenflth, 

the vent halves of the bars are greatly Inferior to the gate 

halves ns well as being less uniform In strength. 

Radiographs, Figures 2, % and !*, show cons Iderable 

porosity at the gate, and some porosity at the vent, of the 

Impact bars. Radiographs, Figures 5# 6, and 7# show consider¬ 

able porosity In the vent end, and some objectionable porosity 

In the test section, of the round tension bars. 

rrir 
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In Fl pyre 8 is shown the net result of the changes 

which were made to the die from Its original construction, 

as shown in Figure 1* It now embodies what is believed to 

bo about the optimum design for the die casting of Zamak al¬ 

loys in this particular Insert die. 

As previously stated in this report, the die changes 

w* re made in individual smell steps. In this manner it was 

possible to study the effects which each die change produced 

and, therefore, recognise when the optimum condition for each 

type of change was reached. It is known that if the gate 

opening, for instance, is at its optimum siso, a change in 

th< size of the overflow well may disturb the optimum condi¬ 

tion established for the g'.to. Thus, any change made in the 

die may cause some former alteration to be out of balance 

and create an almost endless series of mi nor changes« The 

die as shown in Figure 8 met the requirements listed earlier 

in this report concerning uniformity and strength and, there¬ 

fore, was considered as being correctly designed. 

Th« changes that were made in the die can be seen 

by comparing Figures 1 and 8. However, the major changea 

will be llatsd hare for the convenience of the reader« 
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Impact bar Cavity 
!. Gute «Tpth ln,r.a..d fr» 0.0,0" to 0.08, . 

2. Ov.rflo. -nrun-r d.pth fro» 
O.OJO” to O.Obo . 

3. Overflow well Increased from O.O7 to 0.6 
cubic Inch. 

ta -J»«re olaced In the die along the h. Four vents were P^®ceu 
length of the cavity. 

- Koond Tens! on b.r C»vU_ 

!. o.to depth Increased from 0.0,0 to 0. 75 • 
_ n ie. r 1, uate uoy1'“ »- 

2. Overflow well Increased fro» O.Ofc to 0.1, cu c 

1nch*. 

ESirthcr Alterations L U j tÃ U X y/ » * w 
. The addition of a 5/16" squ.re Impact bar 

cavity** having! 

tt. Gate depth of 0.090tt. 

b. overflow well runner depth of 0.080 . 

c. 0.9 cubic inch overflow well. 

d. Vent from the overflow well of 0.007" 
depth. U ví ^ V 

. i- <n effect an overflow 

^ufofn.i 
"t.l O? 0.,,5 cubic inch. 

a. _ « t 
mentioned u.O 8peolBen and 

-r. Mature 
broper temperature ana 
at a conetant value» instant value. ^ ^ following 

Zunak-, U.S.T.M. Alloy HO. XXII 

.. m the dl. .hown ln Figur. 8 
physical propertied when «• 

^ using a nod.m die »•«"« "*°hlnM 
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1» 

Fl pur© 9 ahcw.i t.l.e imiiact data of Tables 1 and 

2 In columnar diagram*« Bj means of this chart the Improve¬ 

ment In Impact strenrth rnaultln# from the die chanpes, which 

ere made durlnp tiie period of December 12, 1959 to March I*, 

195í>» are readily apparent. 

It will be noticed that the strength of the top half 

of the impact bars was not greatly affected by the die changea. 

The greatest improvMntnt was in the impact strength of the bot¬ 

tom half of the bur. In many cuses, in the final cast, the 

vent or bottom end of the bur excofded in impact strength the 

gute or top end although the difference between the two wa* 

not considered significant. 

The die was now in such shape that one of the objec¬ 

tives of this experiment had been attained, namely, that tha 

impact bars should porsest the same strength for the gate and 

vent halves of the specimen at 21*C. 

The radiographs which follow as Figurea 10 and 11 

show the impact bars to be virtually free of porosity* Figurea 

12, 15 and lit are radlographa of round tenalon bara. While 

thoae bare show the preaenoe of poroua areaa In the grip enda, 

the test auctions arc In moat caaes free of porosity. It Is 

believed thut the porosity of these bara could have been reduced 

further if there had been room In the Insert die to inoreaae the 

overflow well. Test bare oast in this die, therefore, met the 

second objective of this exp.rlmuntj namely, that they should 

be virtually free of porosity. 
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In order to study the uniformity of the specimens, 

one hundred Impact bars of Zamak-3 cast under controlled 

conditions were tested for their Impact strength at both the 

gate and vent ends making a total of two hundred tests# The 

following were the strengths reported for these bars* 

Impact Strength-Ft.Lb. Number of Pieces 

2 35-55 
It 
7 

11 
20 

153 
2 
1 1*9-51 

200 Total 

A statistical analysis of these data showed that a 

sample sise of 5 to 5 bars was sufficient to yield an average 

impact value within plus or minus 10 per cent of the true 

average In 95 0^* 1®^ cases# 

The third condition, that the average Impact strength 

of any five bars taken at random should be within plus or minus 

10 per cent of the average of a large number of specimens in 

*5 out of 100 cases, was thus demonstrated to have been fulfilled. 

It Is known that Zamak-3 as normally cast does not 

show any appreciable drop In Impact strength during a C# 

steam test of ten days' duration. In order to determine whether 

thla characteristic resistance to steam was retained in the 

specimens cast In the altered Insert die, test bars were cast at 

a number of die temperatures and exposed In the 95*c» 

The data follow In Table 3. 
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' 

I-rom the Stove inta, it will be seen that while the 

impact dtrengthe for as cast specimens are satisfactory for all 

of the die temperatures tried, namely, 1^0 to 2^0 C. in 10 C. 

intervals, nevertheless the steam test limits the permlssltxe 

die temperature as measured on this die to o range of 1^0 to 

220^0.<• • Above 220»C. die temperature, there is an appreciable 

drop in impact strength during the 10-day 9*>*C. »team test and 

the Impact values show wide variations as evidenced by the large 

coefficient of variations. 

The (lie considered to be In Its optimum condition, 

so fur os could be determined at this time, for Zamak-5, and, 

further tests along similar lines on three other Zomak alloys 

(including A.S.T.M. Alloy No. XXI and No. XXV) showed result, 

as favorable as those obtained for Zomak-}. Only the data for 

Zamak-5 are reported here. 

The result, for Z«n.k-5 (A.S.T.M. Alloy No. XXV) sr. 

included in this report to Unk Port I .1th P.rt II sine. Z.m.k-5 

... used in th. development of th. A.S.T.M. dl. (P.rt II of this 

report). 

It would heve been desirable to conduct the develop- 

ment of th. Insert dl. .nd th. A.S.T.M. dl. .1th th. ..m. .Hoy. 

Never, this .a. not pr.etle.l. If th. .llo, composition ehsngs. 

In the die cssHng pot .ere to be held to . minimum to avoid con- 

tnmlnation of on. .Hoy .1th another, sine, the development .ork 

‘TStePt”ló’íh«edÍ l n^standardleed^proeeduro^for^the^determine- 

tlon of die temperaturee. 

' "■ "" yapnea mpn •,1., 
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extended from 12/12/55 to ll/h/tf «nd was conducted In connec¬ 

tion with many other experimental programa. Unfortunately, 

for the sake of this report, It so happered that Zamak-J was 

the alloy on which experimental work was In progress when 

the Insert die was altered and Zamak-5 was being studied when 

the A.S.T.M. die was being Improved. 

The data on Zamak-5 show that the Insert die was 

equally capable of casting this alloy to meet the standards 

established for Zamak-5, namely, (1) that the castings be 

virtually free of porosity in the test sections as revealed by 

radiographs, (2) that the Impact bars show approximately the same 

strength for the gate and vent halves of the specimen when tested 

at 21°C. 

The Impact data obtained on Zamak-5 cast In the altered 

Insert die follow In Table U and radiographs of these specimens 

are shown In Figures 15# 16# 1?» Qnd 19* 
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AS previously mentioned, FI rure 8 shows the Insert 

die In the form It Is being used today. A detailed working 

drawing of this die, from which it may be constructed, is at 

tached to tlus report. 

i 
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}art II 

The work done to Improve the A.S»T«M* die was started 

following the A.3.T.M. Committee B-6 meeting held at Atlantic 

City on July 1, 1956. At that meeting, the possibility of 

producing sound test bars of uniform and hipher strength than 

previously secured In an Insert die was reported« On the 

basis of this report It was agreed that for the ensuing exposure 

tests the dies to be used by the producers should, If possible, 

be altered to produce sounder and more uniform specimens than 

wure used In the first series of tests« Since some of the speci¬ 

mens will probably be produced on A«S«T«M* and not Insert type 

dl*s, It became necessary to try to Improve the A.S.T.M. die 

to the same standard attained In the unit die. 

The A.S.T.M. die In It» original form la shown in 

Figure 20. The flat tension bar cavity waa altered during the 

development work but the results are not discussed in this re¬ 

port because Consnittee B-6 of the A.S.T.M. have standardized 

exclusively on the use of the round bar for tension and elonga¬ 

tion teets. It le recommended, however, that the flat tension 

bar cavity be retained since the casting of some suoh form of 

waster bar in this part of the die is believed to be essential. 

Specimens cast in this die, under carefully controlled 

conditions, exhibited a wide degree of nonuniformity In physical 

propertlea, and radiographs showed that the Impact bars had con¬ 

siderable poroalty. 
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The A.3.T.M. dio tn Its orlßtnal form as shown in 

FI pure 20 produced Zamak-3 test *ars with the following 

physical properties when operated In a modern die casting 

mechinc} 





The data In Table 5 show that the two halves of the 

Impact bars were about equal In strength but the specimens 

were not uniform nor did they possess the high Impact values 

which were obtainable in the Improved or altered Insert die# 

Radiographs, Figures 21 and 22, show very objection¬ 

able porosity at the vent end and fine voids throughout the 

remainder of the bars. Radiographs, Figures 2}, 2k and 25, 

show the round tension bars to be free of porosity In the 

tost section and also throughout the remainder of the bars ex¬ 

cept for some minor voids In the vent end* 
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Thf! same lino of attack used to produce sound, 

uniform strength test bars in the Insert die was followed In 

the A.S.T.M. die, namely, making repeated changes to the gates, 

vents and overflow wells. As In the case of the Insert die, 

the Impact strength, and to a leaser extent, the Brine11 hard¬ 

ness Increased with the uniformity of the burs. Again, 

there was a slight loss In tensile strength as a result of 

these die changes. 

Tn Figur« are shown the net result of the changes 

which were made to the die from Its original construction, 

as shown In Figure 20. These changes produced material Im¬ 

provements In the Impact strength, uniformity, and soundness 

of the bars but failed to produce the high degree of perfec¬ 

tion attained In the Insert die. 

Lack of time has prevented completion of this In¬ 

vestigation. The changes to the gate and vent opening«, 

T the addition to or enlarging of overflow wells, and the Inclus¬ 

ion of waster bars were established, by trial, to be at about 

their optimum. It Is believed that to achieve the same degree 

of perfection In this die as had been accomplished in the 

insert die It would be necessary to alter the major construc¬ 

tion of this die. Such an operation would be time-consuming 

and since several die casters have already requested the in¬ 

formation on the die changes so that they can alter diet or 

build new ones for the production of test bars for the proposed 



g 
• I40 •* 

A.íi.T.M. atmospheric exposure teats. It was decided to fore 

go any further alteration to the die at this time« 

The changes that were made in the die con be seen 

by comparing Figures 20 and 26« However, the major changes 

will be listed here for the convenience of the reader* 

\ 
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l/liw Bar Cavity 

1# Gate depth Increated from 0«058w to 0.070^. 
Durinp the testa, gates up to 0.100" wore tried. 

2. Overflow well added and Increased until It had 
a capacity of 0.9 cubic Inch. 

3. Hunntr depth to overflow well Increased from 
0.030" to 0.070". 

l/li" hound Tension Bar Cavity 

1. Gate depth increased from 0.046" to 0.0751^ 

2. Overflow well of O.O7 cubic inch capacity added. 

3. Runner depth to overflow well Increased from 
0.030" to 0.0l|8". 

Further Alterations 

1. A 3" long % 3/I4" wide x IA" deep cavity was 
cut along the outer edge of the die next to 
the impact cavity.# 

2. The gate runners were Increased In thickness 
by 1/8" from the sprue to the gates of the 
tension. Impact, and waster bar cavities. 

#Thls casting has no particular value as a test specimen. It 
was added to the dio for the purpose of Increasing the 
strength uniformity of the Impact bar by facilitating the 
maintenance of a more uniform die temperature. 

The die when altered us shown In Figure 26 produced 

Zumak-9 test bars with the following physical properties« 
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Figure 27 shows the Impact data of Tables 5 an<l 6 In 

colon» ar diagrams. By means of this chart the Improvement In 

Impact strength resulting from the die changes, which were made 

during the period of July l6, 195^ to November it, 193^. ere 

readily apparent. 

It will be noticed that the Impact strength was almost 

doubled as a result of the die changes. Unfortunately, however, 

the gate and vent ends of the Impact bar differed materially In 

Impact strength and all of the die changes which were tried In¬ 

creased, rather than decreased, the spread In strength between 

the two ends of the bars. 

The radiographs which follow as Figures 28 and 29 

show the Impact bars to be virtually free of porosity and 

Figures 30* and 3I* show only minor voids In the vent end of the 

round tension bars. Again, It Is believed that the porosity In 

the round tension bars could have been reduced had there been room 

In the die to further Increase the overflow well* 

«As In all former cases, five round tension bars were cast at 
10*C. Intervals of die temperature from I50 to 250*C. but 
only three specimens of each group, and none of the 200*C. 
die temperature cast, wore radiographed. This economy was 
practiced In order to get the tension bars on two plates. 
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It will be seen In Table 7 that the Impact strengths 

for ns cast specimens are satisfactory for all die temperatures 

tried, namely, I50 to 250*C. In 10°C. Intervals. 

For steam exposed specimens the coefficients of 

variation are all high values with no Indication that any 

restricted range of die temperature Is any better than the 

entire range of 15O to 250®C. 

It la assumed from these data that the die temperature 

casting range for Zamak-5 la apparently not greatly restricted. 
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As previously mentioned, Figure 26 shows the dlo 

In Its Improved form; however, thl* drawing Is not complete 

enough for use In the «ctual construction of a die« For th!a 

reason, a detailed drawing of this die Is attached to this re¬ 

port. 



It Is clearly evident that the Insert die has been 

altered to a higher degree of perfection than the A.S.T.M. 

die. It would, thir^fore, appear desirable that any new dies 

constructed for use In producing specimens for the proposed 

A.S.T.M. atmospheric exposure tests be insert dies. 

0. L. Werley, 

ialmerton» Pa.-AMQ 

















1 mW.. f"!!?11' "'g* 11 J1 

Z.r...; . 1 
cry 

.: .1 
REFERENCE DRAWINGS ABOVE 

, .Il*» 

1 

THE NEW JERSEY ZINC CO. 
RESEARCH DIVISION 

«M« M«V «ftf« i» IB# #A •»* J 
I .. a.** 1 

‘-I«. r*x i n . ^ JLic Cost í«'i ^ 

Í» Iw . • > . 1 í X--''.««? r 1 «nmV" t 

Jcrf. 1 *, Y.>- 

e*A**t ^y 
r—, f—•* r—> 1 « lO 

.-"B 
VÜAIMM» 

“ 7-Un 
* 

* +,+ ■ * ■W' ■ 

*rr«<. . CHAIM»« 1 



u AI (fUVI *IHMI NI à ■ f M' 



m àí 

■ 

V ■Or 
M 

■*— 

"«tí . 

", 

r 

At-* 

i 





-: ngnxzr '/•“ t ‘ha' '111111 

















» 







R EXARCH 

» i'uonuf » r> at r.nvr ANMrNT f x^FN^f 

’ 'Vvi r sJ' 

y—— 
f;¥ i %-4. ï, ” '4 



i WINGS ABOVE 

THE NEW JERSEY ZINC’ CO 
RESEARCH DIVISION 

CM**K*C 

pi«,.'norm At r»ovfwNwrnt ftcfNüi 




