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S8"1eral des~ns of test coupons were cas41 and their efficieneies 
in producing satisfactory blabks fort ensile 1ests were compared on the 
basis of mechanical. properties and economy of yield. Coupons of the 
cloverleaf type in which the tensile -blanks are spaced aronnd a central 
section not only give properties equal to or better than those of other 
~ore conventional tnes, but require much less riser metal per specimen. 
The blanks may be readily removed by a cold saw or torch. 

The use o! necking cores for facilitating remov~ of blanks from 
coupons was investigated and while not fully satisfactory showed some 
promise of utility. The meaning and limitations of co~on testing are 
discasse4 briefly. 



Au. thoriza tion 

1. This work was authorized by Bureau of Engineering letter 
ClP/Castings (6-19-Ds) of July 13, 1928. 

Statement of Problem 

2• The object of this investigation was to develop a test coupon 
f-or cast steel to meet the :following requirements: 

a. Soundness - the specimen blanks must be 
uniformly sound without centerline shrink~e and 
other defects attributable to the mold design. 

b. Ease of Molding - the pattern mu.st be 
simple and readily molded. 

c. Ease of Cleaning - the design must be such 
as to produce a casting which can be easily cleaned 
and from which the specimen blanks can be readily 
removed. 

d. Metal Economy - the test cou.pon should 
contain the least metal compatible with requirements 
a, b, and c. 

Kno'W?l Facts :Bearing on the Pr9blem 

3. The chemical composition of a heat of steel may be well within 
the Umi ts specified but the steel may fail to have the expected physical properties due to the variables of the furnace, deoxidization,, and 
pou.rin& practices. When steel is being made to meet specified physical 
properties as well as chemical composition, it is always desirable to 
determine the properties directly; this is done by removing specimens 
for such tests from so-called coupon castings. Further, several coupons 
may be taken during pouring of the heat to check the uniformity of the heat during that period. 

4. It should be emphasized that the properties of the coupon are not 
necessarily the same as those of test pieces randomly- removed from castings 
poured with metal from the same ladle (l). Shrinkage, sand spots, surface defects, etc., as influenced by pouring practice, mold design and molding 
practice, may occur in various locations with varying degrees of severity. The integrity of the castings themselves must be determined by means other 
than coupon testing; coupon testing answers only the question of metal 
4w,t.lgl ~ - ~Q8 ~et.~l, ~.Ollli1.J., .. ,f.r9.111 .the la4le .. 



5. Since coupon testing is a criterion of metal quality only, it is 
desirable that the design be such that the me.ximum physical properties of 
the metal being tested are obtained consistently in .: thec- ooµpon. ror example. 
if the design of the coupon provides only borderline feeding conditions, 
differences in pouring temperature could result in solid test blanks at 
one time and porous blanks at another time. Shrinkage not 0 vtetble after 
deep etching or detectable by radiography can seriously lower ductility 
values. f}lerefore, it would seem desirable that a well designed test 
coupon be made standard thro~hout the steel castiJ:l8S industry. Su.ch a 
coupon should conform to the requirements stated in Paragraph 2. Some 
work has been done in E~land in an effort to standardize a suitable 
rosette type of coupon for sampling cast steel (2). 

Experimental Procedure 

6. Six different basic patterns ~ere studied and steel of the appro-
ximate composition 0. 25 percent carbon. 0.60 percent manganese, and 0.45 
~cent silicon was used for all tests. Tb,e steel was melted in a basic­
lined high frequency induction furnace and deoxidized with 0,10 percent 
aluminum before pouring. 

?. Patterns for some of the test:coupons used in this investigation 
are shown in the photographs of Plates 1 through 6 . Pattern No. l is . a 
conventional tYJ)e and provides only two tensile blanks. pattern No. 2 is 
a test piece frequently used at the Naval Research Laboratory in experi­
mental work when a large nwnber of tent! ile specimens are required. This 
coupon has fourteen tensile blanks but as many as are required can be 
a,dded. Pattern No. 3 is somewhat similar to No. 2 but has only eight 
tensile blanks · and a comparatively s maJ.ler riser. Pattern }to. 4 is a 
tYJ)e often 1,1.sed commercially; two tensile specimens and a bend specimen 
can be obtained from it. patterns No~ 5 and 6 are other designs which 
depend Upon a blind riser to feed the blanks. The latter two patterns 
are designed for easy removal of the blanks f;rom the coupons. 

a. In order to minimize variations in properties arising from pouring 
the coupons separately the six different patterns were molded in one flask 
and.poured through a single downgate with runners lea.ding to the individual 
cavities. Plate 7 is the mold incorporating the six test 0O1Xpons and 
Plates 8 and 9 are cope and drag views of the castings as removed from 
the mold. 

g. Three specimens,,.. ere sawed from each eoupon except from Pattern 
No• 1 wich provided only two specimens. The specimens were normalized 
from 1700oF• (9250011 ) and tempered at 1200oF. (G50oo.) followed by air 
cooling~ After heat treatment standard 0,505 inch diameter should~r g;-ip 
t~l\Sil~ te.i:. 1; QpQ./;~~AS w~;~ !IIS,~A!~ed. f'ro.m_ the blanks. 



lO. Density determinations were Cal":ried out on the machined tens Ue 
specimens. After thorough cleaning to remove grease and cutting compound 
the specimens were weighed in air and then in water maintained a.t 2000. ' 
The loss of"Wa.tght in water, corrifcted for tentperature , gave data for 
determining the volume of the specimen. The density was then calculated 
by the equation: · · 

Density = weight in air 
corrected volume 

The mean values for the densities of the specimens from each coupon are 
shown in Table 1 and indicate that Patterns Nos. 1, 2 and 3 produce 
specimens of the highest degree of soundness, 

n . The tensile tests, summarized in Table 1, confirm the values 
obtained in the density determinations, Coupons Nos. 1 , 2 and 3 produce 
specimens having practically the same yield and tensile strength~, 
elongati on and reduction of area, Specimens from Coupons No.a 4, 5, and 
6 show yield strengths and tensile strengths approximately the same as 
those of Coupons Noa. 1, 2 and 3 but exhibit a marked decrease in elonga­
tion and reduction of a.rea

1 
obviously due, to the presence of minute cente·r­

line shriDkage. 

12. To show the amount and nature of t he shrinkage cavities in the 
various coupons, the castings were sawed open and deep etched with hot, 

. fifty percent l;lydrochloric acid after removal of the t est specimens:, 
The sectioned coupons are shown in Plate 10, In all coupons except No. 3, 
the·gross shrinkage cavity was confined to the feed head. This is not 
conclusive~y significant, however, since upon close investigation, there 
is an indication of loose centerline s~r'lil.o~ure in the tensile blanks ob­
tained from the Coupons NO•• 4, 5 and 6 whereas those obtained from Coupons 
No. 1, 2, and 3 were apparently sound. Th,e cause af such a condition is 
quite obvious from an examination of the c oupon designs. In Coupons Nos. 
1 , 2, and 3, the smallest section (loh.ich ultimately becomes the tensile 
bar) draws its ... feed metal only a very short distance from the ad.Joini ng 
heavy section whereas in Coupons Noa. 4, 5 and 6 tre remote portion of 
the small section must draw its feed metal a distance of approximately 
five inches through a ·one-inch section with very nearly parallel walls. 
Therefore, the proximity of the gross shrinkage cavity in and under the 
riser, to the specimen blank is less important than the method of joining 
the specimen blank to the adjacent heavy section. The shrinkage cavity 
in Coupon No. 3 extends down into the coupon itself but ·is concentrated 
at the center of the block and does not harm the tensile blanks. While 
the shrinkage in Coupons Nos. 4, 5 , and 6 is not readily visible in the 
tensile blanks·, the minute centerline shrinkage due to improper conditions 
o_f !'.~~~1~1>.1:~yeg., .~et!!~~~-~; .... ~~ ~q.~_ti_~i t ,r~. 

13. Many practical foundrymen consider that the metal head, i . e,, 
the height of the liquid metal above the location where the tensile 
specimen will be removed is important to the degree of sotlllld.ness of the 

-4-



specimen. J'rom previous and present work at the Naval Reserch Laboratory 
the metal head does not appear to be important so long as sufficient 
me t al is available to feed the solidifying· specimen. 

14. Plate 11 shows sketches of two test coupons • . One coupon was 
cast in the conventional manner with the test blanks at t:t:e bottom. 
The other was cast with the test blanks at the topt feeding in this 
case was accomplished by the use of a blind riser gated 1 nto the heavy 
section at the bottom of the mold cavity. In the first case, both 
atmospheric pressure and ferrostatic head acted to force ·liquid metal 
int o t he test blank locations, im.8reas, in the latter case, only the 
force of atmospheric pressure acted and even it was diminished by the 
amount of ferrostatic head (3). Table 2 give~ a comparison between the 
properties of the specimens cut from these coupons. The close a.greement 
between these results indicate that the pressure head of metal is not 
the important consideration in determining the soundness of the test 
specimens. 

15. Examination of the sectioned casting from Patte:mNo. 3 (Plate 10) 
indicat ed that the six-inch riser of the original design was not needed 
to produce sound specimens . To verify this assumption , castings were 
poured asing risers six inches and three inches high, respectively. Two 
test coupons, each designed to provide four tensile test specimens, were 
also:pouredfrom thia same heat. A photograph of this new pattern (No. 7) 
with the si~inch riser is shown in Plate 12. The four castings were 
poured in less than one· lilinute elapsed time so there was little chance 
for the composition of the metal to change. The results of the tensile 
tests after heat treatment are summarized in Table 3, and indicate no 
significant difference between the properties obtained from cou.nons . 
with three or six-inch risers. Photographs of the sections of these 
castings made from Pattern No• 7 are shown in P1ate 13. Reducing the 
size of the riser permits the shrinka.ge pipe to extend further into the 
coupon. This is harmless to the tensile blank, as pointed out before, 
and reduces the amount of metal required. Of course, enough metal must 
be used to provide adequate feeding of the blanks, but since they are 
almost completely surrouhded by sand, and cool relatively rapidly com­
pared to the main body of the coupon, a minimum of feed head is required. 

16. It was found somewhat dlificul t to remove the sand from the space 
between adjacent blanks of the castings m.ade :from l:'attern No. 3. To im­
prol"e this condHion the pattern design was modified as shown in Plato 14. 
This modliied pattern design (No. 8) permits the casting to. shrink awey 
from tho sand more readily, provides more efficient removal of heat f rem 
the casting, and lowers the amount of metal required per speci men blank. 
Tensile specimens from this coupon are free from centerline shrinkage and 
can be ~asily sawed or to~ch cut from the ea.-s ting. 



1· . . 

_ 17. To ~nfirm the belief that the use of -Pattern No. 8 produ.ces 
specimens which have e qui val en t peysical properties with those from proved 
designs, cou.pon castings from the same heat of steel were poured in molds 
ma.de from Pattern,. Nos. l and 8. ~lanks cut from these castings were heat 
treated together, s:pecimens were ma.chined , and tensile tests were made. 
The results which a re given in Table 4 show that the:-phys ical properties 
are equivalent. It is also shown in the same table tha.t only one-fifth 
of the metal required to make Coupon NO• 1 is needed to make Coupon No • 8. 

18. Table 1 shows the total weight of each of the coupon castings 
tested and the weight of metal req_uire·d f or each speci men obtained. Coupon 
Nos. 7 and 8 which yield four and eight specimens, res:pecti'vely, require 
only four pounds of metal per specimen while Pattern No. 1 requires eighteen 
to twenty pounds and eXhibits no better properties. Work~ng drawings for 
Coupon Nos. 7 and 8 are shown in plates 17-20. 

19. To study the effect of the solidification vari able caused by changing 
the section size of the specimen blanks, two test coupons were cas t 'from the 
sa~e heat of steel , one from Pattern No. 2, the other from a modification of 
Pattern No. 2 which was redesigned to :produce a tens H e blank with a two-
inch square cross section. Bars having a one-inch square section were cu.t 
from the center of the two- inch square blanks and were heat treated with 
the blacks cast in one-inch square sections; this :procedure eliminated a:ny -
variable which might be a t tributed to the effect of section size upon response 
to heat treatment . Standard tensile bars were then made and tested. 
Average results are reported in Table 5. There is a definite indication· 
of reduced strength and ductility in the coupon with the tensile blanks 
of the two-inch cross-sect ion due to mass effecti This supports the theory 
that test bars indicate only the condition of the metal poured and not the 
properties to be found in the casting. 

use of Neckig_g Cores 

20. To facilitate removal of the specimen blanks from the No. 7 Coupo~, 
and to eliminate the need for a cold saw or torch, necking cores were 
placed in the mold at the, junction· _,between the specimen blank and the body 
of the coupon. The details of this arrangement are shown in Plate 21. 

21. Tests were conducted in one case with the opening between the cores 
one-quarter inch, and in another three-ei ghths inch. In a third mold the 
cores were omitted to provide control specimens for compariwon with those 
made in mo l ds having the necking cores. All three molds were poured from 
the s ame ladle of meditim carbon steel. The cores provided the desired neck­
ing action, were readily removed from the casting, and it was possible to 
break t he blanks from the casting with either the one-quarter inch or 

- --- thre~eighths inch n~c:1c-.- · ·· 



22. Transverse disk s~eeimens were eut from blanks from each of the 
coupons . These disks were examined radiographically and by deep-acid 
etching. No evidence of centerline shrinkage was discovered. Three 
blanks from each coupon were heat treated and machined into shoulder 
grip tensile test specimens. The mean values of the tensile tests of 
tho two sets of castings are shown in Table 6. The effect of the 
necking cores upon the properties is not extremely consistent but does 
not seem to be markedly detrimental. The test data from Heat No• 401 
indicate that there may be imperfect feeding of the blanks when the 
necking cores are used. This a..~d the extra labor and care necessary 
in making the mold. with the necking cores counterbalance some of the 
advanta,ge of easy removal of specimen blanks. 

Conclusions 

23. The following conclusions can be drawni 

a, The cloverleaf type of coupon (Nos. 7 and 8) 
provides tensile bla.r..ks which are completely sound and 
which exhibit maximum strength and d uctilgy. This typ:, 
of coupon requires a minimum amount of metal poured per 
specimen blank obtained, and the blanks may be readily 
sawed or torch cut from the coupon. 

b. Since specimen blanks cut from teat coupons 
do not necessarily reflect the properties of the casting, 
some standard ty;,e of test coupon should be decided upon, 
and used as an indication of metal quality only, 

c. Necking cores can be used on coupons of the 
cloverleaf tYJ)e but ma.y cause slightiy lowered reduction 
of area as compared to that obtained in coupons made by 
the regular method, The-specimens can be readily knocked 
from the coupon rather than sawed or torch cut. 

d. Since ferrostatic head. does not govern the 
quality of tensile specimen, considerable economy can 
be achieved by decreasing the ratio of riser metal to 
specimen li anks. 

e. If a bend specimen is required, this can bo 
obtained by substi tuting a section of suitable dosign 
for one of the tensile blanks. 



& commendations 

24. It is recommended that consideration be given the inclusion in 
specifi cations for steel castings of a paragr aph standardizing methods 
of coupon sampling and that the cloverleaf type of coupon be adopted as 
standard. 

Unless otherwi se instructed by t he Bureau. wit h fo urteen (14) days from 
date, t his test wi ll be conside:red c:i.osed, and sanples will be disposed 
of as f ollows: Melting Stock. 
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TABLE l 

Properties of Test Specimens from Pattern Nos. 1 through 6. 

Pattern Yiel~ Str. Ult. Ten. Elong.% Redn. of Densi. ty Weight of No.of Speci- Wt. of n:etal 

Number PSI Str.-FSI in 211 Area - % gm.Jee, Casting-Lbs. mens/casting per spe:gimen 
lbs. 

l 4i4100 77,100 31.6 47.4 ?.819 36-40 2 18-20 

2 481,150 77,650 32.7 50.8 7.810 86.o 14 6.1 

I 
3 48j,050 

1· 
77,650 32.5 49.6 7.8ll ~.o 8 6.0 

4 4~,400 77,500 26.5 J6.J 7.801 20.5 3 6.8 

5 4~,850 77,100 24.0 JO.O 7.807 34.0 5 6..8 

6 52,JOO 75,100 18.7 27.2 7-807 23.5 6 J.9 

NCYrF.S: Heat No. 203: C - 0.25%; Mn - 0.71%; Si - 0.45% 
Normalized - l?00°F. for 1 and 1/2 hours, A.C. 

Tempered - 1200°F. for 2 hours, A.C. 



Comparison of the Physical Properties of Steel Castint;s 
Fed by Means of 0pen and !lind Risers. • 

Specimen Type of Yield Str. Tensile str. lllong. 'f, Redn. of 
Nlllllber Riser l b.:eer sg. in. lb,. l!er s9.. in. in l¼-1n. Area -i 

Al Open 63,800 78,400 30-.2 65 ,4 
A2 " 63t300 77,000 30.2 66.3 
Average n 63 , 560 77,700 30.2 65.9 
l3 l :el.ind 64,000 77,600 30.2 68.0 
l3 2 n 63 , 200 76,600 32.2 68.0 
Average II 63,600 77 ,100 31.2 68.0 

NOTES: C - 0,13%; Mn - O,?O~; Si - 0.95i: Cll - I!..69~; S - 0,03'1,; P - 0.03~. 
Specimens dead annealed 

(•) - This table origiJ?,&lly appeared in nI. report No. M-1783, 29 September 

1941 by H• F• Taylor and E•A• Rominski. 

TABLE 3 

Comparison of the Physical properties · of Speci,mens 
Cut from Pattern N0 s. 3 and 7 with Three-inch and Six-inch Risers. 

Pattern 
Number 

3 
3 

7 
7 

NOTES: 

pattern 
Number 

l 

Height of Yield Str. Ultimate llllong. ~ Redn. of. 

Riser - ins. PSI '1'• S,-PSI in 2" Area-~ 
3 40,850 67,100 34. 8 53.9 

6 41,350 66,?50 33.7 52.0 

3 42,900 66,250 35. 7 55,2 

6 43,250 65,350 35. 2 54,9 

o - o.22i: Mn - o.47~; si - o.47i 
Normalized - 1790oF. for land 1/2-hours, A°C, 

Tempe~ed - 1200or. for 2 hours, A,O. 

Tensile Tests of' Specimens from Heat No• 205 to Compare 
The Mechanical Properties of Steel Obtained from 

the -X-eel ilock and P••\ern No• 8. wt.of 
Metal/ 

NO • of Wj)eci­
ecimens men Yield Str. Ultimate :Elong. ~ Redn. of Wt.of cast-

SI T• . .. PSI in 2" Area. 1 - Lbs. s 
43.650 I oo - 31,5 46.4 40 2 ao 

(keel block) 
32 8 4 

8 44~650 73.100 32.2 4 7.6 

NOTES: c - o.23~; Mn - o.sa~; s1 ~ Q.49~ 
Normalized~ 1700of. , for i and 1/2 Ro11rs. A,C. 
Tempered .. 1200or.; for 2 hours• A,C, 



Size of 
Blank: 

M,lll 5 

Comparison of the ~hysical Properties of Specimens 
Taken from the Center of ~lanks Cast in one-inch 

Square and two-inch Square Sections. 

Yield Str.· 
PSI 

58,000 
53,400 

ui•tima.te 
Ten. Str • 
. 85,000 

83,400 

Elong. ~ 
in 2" 

NOTES; C - 0.29~; Mn - 0~ 73~; Si - 0.49~ 
Normalized - l?OOoF., for 1 and 1/2 hours, A•O· 
Tempered - 1200oF. for 2 ho~rs, A•O• 

TA:BLJl 6 

Redn. of 
Area - ~ 

49.2 
41.9 

properties of Test Specimens Poured With and· 'Without Necking Cores 

Yield Str. Ultimate 
• ·geat 401 fSI Ten. Str. 

No cores · 60,900 81,350 
3/su neck opening 53,100 81,750 
1/411 neck opening · 53,400 81,600 

# Heat 403 
No cores 46,200 76,000 
3/8" neck opening 46,150 75,300 
1/4" neck opening 46,100 75,400 

NOTES: (*) - 0 - Q.255b; Mn - 0.63i; Si - 0.53% 
(#) - o - 0.31,. Mn - o.s1~: s1 - o.s1i 
Normalized - 1700oF• for l a.nd 1/2 hours, A.O. 
Tempered - 12QOoF. for 2 hours, A•O• 

Elong. d/, Redn. of 
in 211 ,ATee.-~ 

28.3 48.3 
27.0 36.6 
2s.e 39.4 

31.6 50.0 
32.2 54.3 
33.5 s2.1 
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SECTIONS OF CASTINGS FROM PATTERN NO. 7 
USING THREE INCH AND SIX INCH RISERS. 
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PATTERN NO. 8 
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SECT ION OF CASTING FROM PATTERN NO. 8 
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PLAN VIEW DRAG SECTION PATTERN N~ 7 
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F'RONT E:LEVATION VIEW - PATTERN N~ 8 
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PLAN VIEW DRAG SECTION PATTERN N! 8 
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