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ABSTRACT 

Carbon segregation in small castings often occurs near 
riser necks. Systeinatlc studies were continued to determine 
effect on segregation of such Interrelated factors as size ind 
shape of riser and casting, and design of riser contact. 

Results from numerous specimens show quantitatively 
that intensity of carbon segregation under "neck-down" risers 
varies directly as the neck length and inversely as the neck 
diameter. The degree of segregation also increases as the 
section thickness of the casting increases. Segregation be- 
neath "knock off" riser contacts Is minimized by (1) larger 
neck diameters, (2) shorter necks, (3) use of exothermic 
materials for "knock off" riser cores, (4) increase in ratio 
of ri^er thickness tocasting thickness, or (5) any combination 
of these. 

Centerline segregation, resembling thai in ingots, was 
found in long, slender castings, but this segregation relates 
more to centerline - hnnkage than to riser contact design. 
Centerline segregation is reduced by increasing the taper of 
castings to provide more comnlete feeding. 

PROBLFM STATUS 

This Is the final report on this problem. Unless other- 
wise advised by the Bureau, the proble.i will be closed one 
month from the m tiling dale of this report. 

AUTHORIZATION 

NHL Problem No. M02  21R 

vi 



FINAL REPORT ON SEGREGATICW IN 
SMALI  STEEL CASTINGS 

SI.vIEMLNI OF PROBLEM 

Ihe occurrence of high -carbon areas near reduced sections in steel castings was first 
described in ap earlier NRL '■epor* and In a subsequent publication.'  It was shown that this type 
of segregation frequently occurs near blind riser and "knocK-off    riser necks.   It was con- 
cluded that such segregation forms during the late stapes of solidification when the oenlrites 
extend across the reduced riser section and allow only the high-Cürbon Interdendrltlc liquid 
to flow to the casting.   Additional metal may flo* from the riser, but ui passing through the 
dendritic network of the neck   it becomes carbon-enriched by Lbe process of selective solid- 
ification. 

Since these high-carbon areas may be very detrimental to the machinability, weldabllity, 
and mechanical properties of the castings in which they occur, additional studies were made 
to determine how the seventy of segregation is influenced by riser size, casting shape, and 
riser contact design 

EF FEGT OF  RISER CONTACT DESIGN 

A more complete study was made of the 4-lnch-diameter, 4-lnch-hlgh test castings 
(used in the previous work) to determine how carbon segregation beneath*knock-c(f"risers 
varied quantitatively with neck length, neck diameter, and neck shape. Cores of 4 different 
thicknesses —1   2, 3 4, 1, and I-1   2 inches —were used to ffrm the riser n^cks. Cylindrical 
and tapered neck opening: , as shown in Figure 1, were employed with each core thickness. 
The test blocks were made as shown in Figure 2 with 4 castings In each flask gated from a 
central sprue and fed individually by risers 5 inches in diameter and 5j Inches high    Small 
permeable sand cores were inserted into the completely enclosed risers to permit atmos- 
pheric pressure tu ar* on the molten metal within the riser    The use of top blind risers in 
this manner permitted simultaneous pouringof 4castings of different neck design with equal 
amounts of metal flowing through each neck    It also gave assurance that no pipe eliminator, 
from which carbon might be absorbed, would be placed on the rlse-s    All castings were 
poured of Navy Class B steel at temperatures between 23000F and 79i(fF   They were an- 
nealed at 1650^ for 4 hours   then sectioned and etched with a 10 percent atrmonlum per- 
sulphate solution to delineate the high carbon areas. 

Figures 3 through?, illustrate the e rfect of varying neck diameter with constant core 
thickness and neck shape    The m ck diimeters   the carbon contents at the segregated and 

'Bishop, H    F     and Fritz, K. E . "Segregation in Small Steel Castings'   NRL Report M-2983, 
December 1946   Bishop, H, f , and Fritz, K   E , Trans   Am   Foundrymen's Assoc , 55, 
412-429. (1U7). 
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norn al regions, and the carbon variation (AC) between these .-egions are Indicated on the 
photographs of each casting.   The carbon contents were determined from chips made by 
drilling a 3  8-inch-diameter hole to a depth o( approximately 3  16 inch.   In Figure 10, 
carbon segregauon Is compared with neck diameters (or various combinations of core 
thickness and neck shape.   The neck diameters for the castings made with the tapered 
necks refer to the smallest diameter of the necks, and for this reason they appear to be 
superior to the cylindrical necks in minimizing carbon segregation.   Actually, if the av- 
erage diameter of the tapered necks were plotted, the curves for the two types would very 
nearly coincide.   The smallest diameter of the tapered necks is used in this report, how- 
ever, since this nomenclature had been adopted by others. 

From Figures 3 through 9, It can be observed that, with the smallest neck diameter 
in each series, a shrinkage cavity generally appears in the casting below the neck    At 
some'vhat larger neckdiameters, the shrinkage cavity is replaced by a region of segregated 
metal; and as the n?ckdiameter is further increased, the severity of the segregated region 
decreases.   The amount of carbon segregation also decreases as the neck length decreases, 
the latter being determined by the core thickness.   For example, in Figure 10, with a con- 
stant neck diameter of 2 inches, the amount of carbon variation in the castings with the cy- 
lindrical necks ranges from 0 30 percent wi'h a 1 -I  2-inch-thick core to below 0.10 percent 
with a half-inch-thick core.   The curves in Figure 11 show on the one h^nd, the minimum 
neck diameters required to make this particular casting sound when various core thicknesses 
are used and. on the other, the minimum neckdiameters necessary to limit the carbon content 
of the segregated irea to within 0.05 percent of the base metal carbon.   Thus, with a half- 
inch-thick core, a sound casting will require onlya 3 4-inch-diameter cylindrical neck, but 
in order to keep the difference in carbon between the base metal and the segregated metal 
below 0.05 percent, a 2^-inch-diameter neck must be used. Unlortunalely, when the neck di- 
ameters are increased to the indicated dimensions (rpper curves of Figure 11). the risers 
may no longer be knocked off with a sledge but mn  i be removed by burning. 

EXOTHERMIC "KNOCK-OFF" Rlh ?R CORES 

It was shown in the previous report that less segregation re  ults when the core is thor- 
oughly preheated by large quant*lies of metal flowing through the neck opening.   In other 
words,  the core which forr      the riser  contact may be considered  as a mild  chill which 
changes the temperature gradients from tho casting to the riser.   By preheating the cere, 
its chilling effect is minimized.   It was reasoned, therefore, that less segregation wouid 
result  if tne core were made of an exothermic material so that it could itself -.upply a large 
part of the heat necessai y io bring it to the interface temperature. 

That segregation can be minimized by such means is shown by a comparison of the 
upper and lower rows of sectior.ea and etched castings in Figure 1 2.   For example, the carbon 
variation in a casting fedihroogha 1 i-inch-diameter neck, made in a one-inch-lluck cere, 
is reduced from 0.27 to 0.13 percent by substituting an exothermic core for the sand core. 
An identical test casting fed through a one-i^ch-diaineter neck formed by a 1   2-inch-thick 
exothermic core was practicilly free of caroon segregation. 

SPECIAL CORES FOR "KNOCK-OFF RISERS' 

The special sand core design shown in Figure 13 is a type that has b» en used frequently 
in the Naval Research Laboratory foundry to form riser necks on experimental steel castings. 
The neck diameter »s nude to any desired size without changing the basic design of the core. 

'Steel Founders' Society of America, Research Report No. 6, April 1945. 
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This core permits short neck lengths to be used without deformation of the core by the 
pressure of the liquid steel.   Bulging of the core when the metal flows against it is a com- 
mon occurrence when thin cores of umfrrm thickness are used.   The greater ti.ckness of 
this core at its oi/ter edges not only gives the necessary strength and rigidity to the cc re 
but, as can be seen in Figure 14, also allows adequate space between the casting and outer 
edge of the riser for easy removal of the latter.   If the space between the casting <.r»d riser 
is too small, the riser neck cannot be bent ?nough during the flogging operation to i:ause it 
to break. 

Less segregation is formed m the castings when thi:. core is used to form riser necks 
than when the core types of Figure 1 are used.   The amount of segregation formed (Figure 
15) is relatively low at all neck diameters between 1   2 and 1-1   4 inches.   As tht- neck open- 
ing in the core is increased, the neck length necessarily becomes greater but the amount 
of segregation shows little change. 

SEGREGATION IN RELATION TO CASTING DESIGN 

Segregation studies were made on 'ylmdncal castings oi different shapes.   Although 
these castings had different surface areas, they were selected to contain approximately 
the same volume as the 4-inch-diameter, 4-inch-high castings.   They varied in shape from 
8 inches in diameter, 1 inch high to 2^ inches in diameter, 10 inches high and were gated 
and nsered in the same manne    as the 4-inch castings     Figures 16to31 show how the 
segregated area in each casting shape is affected by variation in size of the c, iindncal 
necks.   In castings where the segregated zone was sufficiently large and concentrated, 
drillings for carbon analyses were obtained, and the quantitative relation betweer. carbon 
segregation and neckdiamete; for each casting shape is plotted in Figure 32. As the casting 
thickness decreases, the amountof segregation alsodeceases.  In theone-inch-thlckcait- 
ings which were fed through half-inch-long necks, (Figure I6j no appreciable segregation 
occurred at any contact diameter. 

EFFECT OF CASTING SIZE-RISER SIZE RATIO ON SEGREGATION 

Since all of the risers on the various castings were 5 Mches in diameter, 'he r^tio of 
riser thickness to casting thickness was different for each design.   Thickness in this dis- 
cussion refers to the diameter of the largest circle w^'ch can be inscribed in a cross section 
through the smallest dimension according to the method of Heuvers.'   Thus, the thickness 
of the riser on the 4-inch-diameter casting was 1.25 times the casting thickness, while this 
same riser on the one-inch-high casting was 5 times the thickness of the casting. 

In a discussion of the first paper on segregation it was suggested by Caine'that the 
relation of riser diameter to casting thickness may influence the amount of segregation. 
That ti,    size of the riser itself may have some influence on the amount of carbon segrega- 
tion in a casting is indicated in Figure 33    These castings were made in the same manner 
as were those of Figure 16 with the exception that the riser was reduced to only 4 and 3$ 
inches in height and diameter respectively.   Slightly greater segregation was found in some 
of the castings maae with the ß^-inch-diameter riser    However, because of the greater 
amount of metal which flowed through it, the neck of the 5-inch-diameter riser was pre- 
heated to a greater extent than was the neck of the 3i  inch-diameter riser.   In order to 
eliminate the preheating variable, the 3^-inch-diameter riser on the one-lnch-thlckcastlngs 

'Heuvers, A., Stahl u Eisen, 492, pp. 1249-1256, August 29, 1329. 

*Cf. footnote 1 , page 1 . 
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was increased in height to lli inches so that its volume was equal to the volu01e of the 5-
lnch-diameter , 5.! -inch-high riser . A segregation of 0.04 percent carbon was still found 
under the long narrow riser. Thus it is concluded that the diameter of the riser probably 
bas only a minor effect on the amount ol segregation formed . 

CENTERLINE SEGREGATION 

Several trends can be observed from the photographs of the various serie of castings 
discussed heretofore . When the neck diameters are too small, gross shrinkage occurs 
within the castings due to rapid freezing of the neck. With larger neck diameters , gross 
shrinkage and segregation exist together . As the neck diameters are enlarged still more, 
gross shrinkage disappears and pronounced segregation is present. And finally , with suf
ficiently large neck diameters and small neck heights, segregation also disappears. This 
is in accordance with the evidence presented in the first report: that segregation of this 
type occurs between the two extremes of feeding conditions . At one extreme gross shrink
age is produced by •under.feedlng; and at the other sound homogeneous metal is produced 
by "overfeeding~ 

Another observation to be made is that the segregat d areas tend to assume the shape 
of the shrinkage cavities which would form if the neck diameter were reduced . In the chunky 
castings-such as the 4-inch-diameter , 4-inch-high castings-the shrinkage and segregated 
areas tend to be of a globular shape, while in the 7-inch-long cylinders the shr nkage voids 
and the segregated areas are elongated. Where the riser must feed an appreciable distance 
in narrow aections-such as in the 10-inch-long, 2l-inch-diameter castings (Figures 28 to 
31)-some of the shrinkage tends to be of the V -shaped centerline type , and the segregate 
also assumes this pattern. 

Segregation in castings of Figures 28 to 31 must be considered as a different mani 
festation of the same type of s r egation as found in the other casting sh pes . In the former , 
much of the segregation occurs ind pe dent of the riser neck; it arises from th narrow 
shape of the casting and the long • ange of fe ding requ red of its r s r . The gross segre
gation immediately below the ri er necks is caused by th restricted neck, but the "chevron 
like• segregate along the cent rlin of th casting occurs even though the ris r conUct 
covers the entire top of the casting, as it do s in th lo·wer right casting of Figure 31. 

The castings in Figure 28 to 31 aU contain gross shrinkage becaus bottom -gating of 
long narrow castings ol this typ causes advers temperature gradients to form within the 
castings-to the extent that compl te feeding is impossible regardless of th size of riser 
used. When such castings re top-gated (Figures 34 to 37) proper temperature gradients , 
and h nc sound castings , are obtained. The V centerline segregation how ver still persists. 

Because of the small size of these ch vrons, it is impossible to determine th ir carbon 
content by conventional analys s of drlllings . A photomicrograph of on or th s ch rons 
(F gure 38) however , shows a mark d diff renee in carbon between the chevron and the 
adjacent metal. The ex nt of s gr gation is also indicated by hardness measurements. 
Inacastlngcontalnlngcenterlin chevrons, it was found that the metal midway between the 
edge and center had a uniform hardness of 4 Rockwell C, while the hardn ss along the center
line varied considerably . Th dark ar as of s gregation had hardness values ranging from 
8 to 17 Rockwell C while the areas between th segregates had hardness values b tween 
-10 and 4 Rocn·ell C. 

The V segregation appears to be analogous to th t found under knock-off riser s. To 
account for it on the same basis as the segregation under knock-orr r isers w uld require 
that there be periodic bridging of dendrites, which would allow only higher -carbon liquid 
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to flow into the areas isolated by the dendritic ~ridges. To determine whether such den
dr Uc bridges form , the casting shown in Figure 39 was made. 

The hole at the bottom of the casting was formed by a sand core into which a quartz tube 
was molded. A tank of dry nitrogen was attached to the tube , and, when the mold was inverted 
five minutes after pouring, a pressure of 14.5 pound was applied to aid in the removal of 
the liquid steel. The nitrogen pressure was applied to imulate the atmo pheric pressure 
which would act on this casting if it were allowed to solidUy in the normal manner . Solid 
bridges, each consisting of several unoriented dendrite , were pre nt , a can be een in 
the photograph. Dendritic bridge at temperatures near the oUdu temperature are ex
tremely weak and are undoubtedly deformed in the proces of inverting ~nd bleeding the 
mold. Nevertheless, there is evidence of the V shape pointing away from the ri ·er . 

Brinson and Duma' observed that V center ne shrinkage void always point away from 
the riser. To show the similarity between centerline shrinkage and centerline segregation, 
castings were made in this Laboratory 10 inches long, 2i inche in diameter at one end, 3 
inches In diameter at the other, and fed by full- contactrlser 5 Inches in diameter (Figure 40). 
As can be seen, V centerline zones of segregation also always point away from the riser 
regardless ol surface taper, gate locations, or position of the casting. In the toP-rise red 
castings the chevrons all point downward, while in the castings fed with the bottorn riser 
they point upward. The chevrons in the casting molded in lhe horizontal po ilion al o point 
away 1rom the riser. 

In their studies , Brinson and Duma' found that favor bl temperature gradients would 
eliminate centerline shrinkage. Thus , still more favorable temperature gradients should 
eliminate centerline segreptlon. To confirm this, a series of castings was made in which 
the taper was progressively increased, and the results are shown in Figure 41. The cast
ings were fed by 5-inch-diameter top risers. As the taper is first added to the casting, shrink
age ls eliminated butchevronsof segregate are present. With stlll more taper, segregation 
also disappears . 

SUMMARY AND CONCLUSIONS 

Carbon segrepUon beneath "knock- off• riser contacts can be mtnlmized by: (1) Increas
ing the neck diameter , (2) decreasing the neck height, (3) using exothermic material to make 
the "knock- ofr riser cores, and (4) to a minor extent by increasing the riser diameter. 

This form of carbon segregation Is more severe in chunky, massive sections than It Is in 
long, slender sections . 

Centerline segregation, resembling the V-ebaped segreptlon In Ingots, has been found 
in ca ctions which are long and slender. This type of segregation is closely related to 
centerll e shrinkage and does not depend on a reduction in section at the riser contact. 

Cent •rUne segrepUon can be eliminated by increasing the taper on the sections so that 
more complete feeding Is possible . 

1 Brinson, S. W., and Duma, 1. A., Trans. Am. Foundrymen' s Assoc., ~1 857-785, (1842). 

• • • 
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Fi^. 7 - Decree u( segregition for 
a giveii  sizt' .tnd   shap*1 of  cistlng 
with varying diameters of tapi-red 
neck.    Carbon   contents  and neck 
diameters as indicated 

Fixed casting d'.mensions: 
Diamettr. 4    - HeigM, 4    -   Neck 
Length. \ 

Ac or 

Fi^;   h - Decree nl segregation fur 
a given  size and  shape of  casting 
with varying diameters oft       ri'd 
neck     Carbon   contents   and   neck 
diameters as indicau i 

Fixed casting dimensions 
Diameter. 4     -  Height, 4     -   Neck 
Length, i 
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Fig. 9 - Degree of ...egregaLion (or 
a given sire and shape o{ casting 
with varying diameters of tapered 
neck. Carbon contents and neck 
diameters as Indicated. Fixed cast- 
ing dimensions: Diameter, 4" - 
Height,  4     -  Necii  Length,  1" 

AC Oi 

-•   CYLINO^-AL 

Fig. 10 - Relation of segre- 
gation to ntv_k type, core 
thickness (neck length), and 
neck diameter in 4-)nch di- 
ameter cylinders 
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Kig. il  - Relation of core thickness and neck diameter required 
on 4-inch-diameter  cylinders to (1) produce sound castings and 

(2) keep segregation less than 0.05 percent carbon 

SAND    CORES 
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Fig   12 - Sectioned casting showing how segregation can be reduced 
by the use of exothermic cores 
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Fig. 13 - Special core used to form "knock- 
off" riser contacts. Core diameter and 
diameter of open .ig can be made to any 
desired size 

Fl^. 14 - Section through casting and 
riser made with the special core shown 
in Figure 13 
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AC 05 AC 12 AC 05 AC 09 

Fig   15 - Sectioned and etched castings made \nath special core —neck diame'^rs and 
carbon contents as indicated 

AC - .00 

AC- 00 

1" 
4 

AC .00 

AC .01 

AC .02 

AC-.02 

Fixed casting dimensions; 
Diameter. 8 
Height, 1 
Neck Length, i 

Fig. 16 - Degree oT segregation (or a given size and shape of casting with varying 
diameters  of cylindrica'   neck.   Carbon  '•ontent.s and  neck dia meters as indicated 
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A COS AC .00 Ac 01 

Fig.  17 - Degree of segregation for a given size and shape of casting with varying 
diameters of cylindrical neck     Carbon contents and neck ü'ameters as indicated 

FLxed casting dimensions;   Diame'ei-   3    - Height, 1    - Neck Length, ] 

Fig.   18 - Degree of segregation for a given size an-4 shape of casting with varying 
diameters of cylindrical neck.   Carbon contents and neck diameters as Indicated 

FLxed casting dimensions    Diameter, 8    - Height, 1    - Neck Length, 1 
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L\C  19 AC.10 

AC 03 AC 01 

Fig   19 - Degree of segregation for a given size and shape of casting with varying 
diameters of cylindrical neck    Carbon  contents and neck diameters as Indicated 

Fixed casting dimensions     Diameter, 8    - Height,  1     - Neck Length, l' 

AC 09 

i 
4 

AC  08 

i 

* 

AC 0« 

Acoe AC 04 

Fig   20 -  Degree of segregation for a given size and shape' of casting with varying 
diameters of cylindrical neck     Carbon  contents and  neck diameters as indicated. 

Fixed casting dimensions     Diameter, 6    - Height. 2    - Neck Length,  ' 
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I" 
4 

AC .22 

' 

AC 09 AC 09 AC 06 

Fig. 21 - Degree of segregation for a given size and shape of casting with varying 
diameters of cylindrical neck.   Carton contents and neck diameters as Indicated 

Fixed casting dimensions    Diameter, 6    - Height, 2    - Neck Length, 4 

AC   2? 

•i 

I 

AC ii AC H Ac 06 

Fig. 22 - Degree of segregation for a given size and shape of casting with varying 
diameters of cylindrical neck    Carbon contents and neck diameters as Indicated. 

Fixed casting dimensions;   Diameter, 6    - Height, 2'   - Neck Length, 1 
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AC  ii 

^4 

25 
.431 

AC  20 

AC   18 AC  C7 

F\g, 23 - Dearer of segregation fur a Kiven size and shape of casting with varying 
diamrters of cvlindrual  neck.   Carbon conl«'nts .ind neck diameters as indicated. 

Fixed casting dimensions    Diameter. 6    - Height. 2    - Neck Length, lj 

Fig. 24 - Degree of segregation (or a given size and shape of casting with varying 
diameters   of   cylindrical   neck      Neck   diameters   as   indicated.     Fixed casting 

dimensions:    Diameter. 3    -  Height, 7     - Neck Length,   i 
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Fig   25 - Degree of segregation (or a given size and shape of casting with varying 
'-Ilameters   of   cylindrical   neck.      Neck   diameters   as   indicated      !• ued castir.g 

dimensions     Diameter, 3     - Height, 7        Neck Length, , 

Kig. 26 - Degree i f segregation (or a given size and shape of casting with varying 
diameters   of   cylindrical   neck       Neck   diameters   as   indicated      Kixed casting 

dimensions    Diameter   3        Height, 7        Neck Length   1 
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. 

Fig   27 - Decree of segregation for a given size and shape of casting with varying 
diameters   of   cylindrical   neck      Neck   diameters   as   indicated.     Kixed   casting 

dimensions:   Diameter. 3        Height, 7     -  NecK Length, lj 

Fig    28     Degree of segregation for a given size and shape of casting with varying 
diameters   of   cylindrical   neck      Neck diameters   as   indicated      FKed casting 

dimensions     Diameter    2j        Height    10     -  Neck Length, j 
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for  a  given   siZf  and   shap«'   <A 
casting with  varying dianettTs 
of cylindrical n«'(k   Neck diam 
eters as indicated.    Fixed cast 
Ing dimensions     Diameter.   2. . 
Height,  10  , Neck Length,   J 

Vig   30 - Degree of segregation for a given size and shape of casting with varying 
diameters   of   cylindrical   neck      Neck   diameters   as   indicated,      Fixed casting 

dimensions    Diameter, 2^       Height, 10    - Neck Length, 1 
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Flg. 31 - Degree of segregation (or 
a given size and shape of casting 
with vai ylng diameters of cyhndi icaJ 
neck    Neck diameters  as  indicated 

Fixed casting dimensions 
Diameter   2^    - Height, 10        Neck 
Length, \\' 

-•     4"   HIGH   ■    *'   Di4MtTEH 

■HI       2       HIGH    i    fe       OiAMfTfR 

—o        '   HIGH   ,   8'   O'AMC Tf R 

in 

a 

Kig. 32 - Relation between carbon segregation and neck diameter in castings o( different 
thicknesses but of equal volum» s    All castings fed by 5-lnch-dlameter riser 
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F ig. 33 - D gre of segr gatlon for given s ize nd shap of cas ting with v rying 
diameter of cylindrical n ck. Carbon coot nts nd neck d1am t r s s indicat d . 
Castings in bottnm row gated ov r cor . Fi ed c t ng d m ns ions : Diam t r s•c.. 
Height 1" - eck L ngth, - F ' ed ris r dimens ions: Diameter , 3~" - H ight , 4" 
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Fig. 34 - Degree of segr galion for a giv n s iz nd shap of top-g t d casting with 
v rying diameters of cylindr ical neck. eck diameters s indic?.ted . Fix d casting 

dimensions : Diam t r , 21'' - H ight, 10" -Neck Lengtlh, {" 
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Fig . 36 - 0 gree of s r gation 
for a given s ize nd s h pe of 
top-gated c sting with varying 
diameters of cylindr ical neck. 

c diameter s s 1nd c t d . 
Fix d casting dimensions : Di 
ameter , 2 "- Height , 10" - eck 
Length, 1" 

I • 1-
4 

2 " 

,. 
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Fig . 35 - Degree of segr gation 
for giv n size and s hape of 
top -gat d casting with vary.q 
diam t r of cylindrical neck. 
Neck diam ters s ind cated . 
Fixed c sting dlmen ions : 01 -
amet r , ~ " - Height ilO" - Nec.k 
L ngth, j " 

" •r I J. • 
I 
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F g. 37 - Degree of s egr a tion for a g v n s ze and shape of top-gated casting 
with varying diam t r s of cylindr cal neck. Neck diameters as indicated. Fixed 

cas ting dimens ons: 01 meter , 2 2 "- Height, 1 0" - Neck Length, 1 ~" 

Fig. 38 - Photomicrograph through a V segregate (35x) 
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Fig. 41 - Sectioned and etched tapered castings ten inches long, 
bottom-gated, and with bottom and top diameters as indicated, 
showing how shrinkage and segregation are influenced by taper 

••• 


