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PREFACE

The original, Analysis of Casting Delects, was published in 1947 to
help ’ﬂ“”d”ﬁ"'_'"ﬂ"' eliminate or minimize inherent casting problems,
'mprove casting quality and reduce cleaning and finishing costs.
Guided by the dedicated efforts of the members of Committee 8-5,
exlensive dala and photographs have been accumulated. This could
not have been accomplished without many hours of invelvement by
members of 1this Committee or the support of their emplayers.

A second edition was published in 1966 under the guidance of
original and new members of this Commitiee and a convenient pocket-
size, ready-reference book published in 1972 for on-the-spot referral
by operating personnel (as well as for in-plant training).

Many of the related casting quality problems and some of the
recommended industry-proven corrective actions can apply to all
metals — ferrous as well as nonferrous. It is hoped that the data
contained will prompt the reader to be detailed in his investigative
approach to properly identify casting problems. An error in identifica-
tion will not only delay the actual solving of the problem but can result
in the loss of many valuable manhours.

This, the third edition, with revision, again displays the results of
combining the many years of experience and further devalopment of
casting production knowledge. In encouraging and supporting the
respective Committee members” participation n thes important con-
tribution to metalcasting technology. the individual companies have
performed a most valuable service to the Industry.

Commitiee 8-5 of the Molding Methods and Materials Division
pecame the Special Publications Committes (80 G-2). It is under the
guidance of this Committee that this edition is prepared. Committea 80
G-2 =

George W. Anselman, Chairman
Anselman Foundry Service

Joseph Cunningham
Cunningham Pattern
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Chemical Corp.

James C. Lee
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Chapter

INTRODUCTION

Quality control implies both prevention and cure
of casting defects. Preferably, wasted production
which results in a rejected casting should be prevented
before it occurs. In face thar is the ultimate objective of
any qu:u]ih_. control program. In the process, howewver,
it is also necessary to correctly diagnose defects which
have occurred so as o promote proper methods o
prevent recccurtence in the [wiure, Thos wext deals
with the diagnosis and correction phasss of quality
contrel in the area of rejected castings or castings
which require excessive salvage, costly grinding or
cleaning, and other nonprofitable phases of casting
production.

Everv business would prefer a program of zero re-
jects (BR)*® and effort in that direction can be expect-
ed to yield excellent returns on the invesiment in time
and energy needed 1o make every producing individ-
ual £R conscious. However, in every manufacouring
process, troubleshooting is necessary when the unlore-
seen does occur. At that point, it becomes necessary to
rely on basic problem-solving techniques. This text is
designed to be of maximum assistance to foundrymen
in two of the most important phases of problem solv-
ing — diagnosis and recommended remedies. Particular
emphasis is placed on the diagnostic aspects because
they become the most important phase of the remedial
quality control activity,

There are correct and incorrect methods of ap-
proaching any problem. The correct method is always
the best and the most effective. The steps in corrective
procedure are expressed in the following paragraphs.

(1) State the problem. A correct, concise, complete
statement of the problem is synonymous with correct-
ing the problem. If we can say, for example, “There is
a blowhole in casting No. 1, which -c-:-mc::_lns with a
wet sand condition every time the mold is rammed
bevond a density of 92 unless the metal i poured at
aver %25 F." we can believe the cure for the defect 15
obvious. “The cure is obvious because the statement of
the problem is complete. However, il we say, "There
are a lot of holes in some of our castings,” we haven 1
said anything which truly leads to solving the prob-
lem. In this case, our statement of the problem is in-
effective because it is completely lacking in pertnent
factors,

—_—

IR iy the symbaol commanly used in quality conirol (o Tepre-
geht a goal go schieve

(2) Get the facts. In getting the faces this text be-
comes a valuable tool. It helps w identify the problem
by illustration and description. It points out the many
factors which may have an effect on the defect in ques-
tion. It helps one decide the areas which should be
looked into for pertinent data. Pictures illustrate the
typical appearance of cerain defects and should be
wsed only as an aid in diagnosing defects. In some
cases, two or more entirely different defects have a sim-
ilar appearance. Just because a casting looks like the
picture captioned, “Blowhole caused by wet sand”
doesn't prove that the casting defect is caused by wet
sand. The problem may be in one of the other 30 pos-
sible sources of the same defect.

In using the text to develop facts, it must be re-
membered that it can serve only as a guide. The facts
or data must be developed from one’s own records,
These records then should be sufficiently complete w
provide the data. As a first step, it may be well to re-
view the records to see whether they would yield the
data required if an occasion arose. The records should
answer such pertinent questions as:

Where? When? Howt How often? Why? Who?

It may develop that for a certain defect that perti-

nent facts appear to be missing. In this case, the next
step will be to get the missing facts.
(3) Research for missing facts. Again, the texe be-
comes a guide. It will help locate possible clues which
can quickly lead to pertinent data. Perhaps there are
data on “sand,” for example, but none on “malding.”
In what areas of molding practice lies the answer to
the problem?

It is to be hoped that ar this point, the problem can
be restated,
(4) Restate the problem. 1F Steps 2 and 5 have been
completed, it should now be possible o state the prob-
lem in such a way as 1o proceed directly towanl a
proper selution.
(5) Test a trinl solution. This is where many start,
Too often one attempts to solve the problem witheut
knowing the exact nature of the proldem. Attemping
a solution is Step 5 — not Step 1.

If the assumed solution indicates that this is the cor-
rect action, then one is ready for Step .

(6) Take action. Some people skip all five prelimi.
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nary steps and start at this final step. Such action may
¢ very expensive. Making a change in practice is
the last step in the problem-solving process — not the
first.

It should be emphasized that this text is not intend-
ed as an inspection handbook. Its function 5 10 help
foundrymen improve their product and reduce losses
or rejects. Any phase of the casting which detracis
from its appearance or increascs the cost of cleaning
or finishing is considered a defect. Whether the blem-

.

ish impairs the utility of the casting is not )
rion used i!;'! t‘nn:i:tLlI text. The role of in:;:;:,;:ﬂ: ::“::
make sure that © & customer receives a gqualit i
uct. : 1 ! ¥ prod.
The purpose © control is to produce in
way as o avaid the Eu-cmhﬂil:,- of rejection. Th:.uﬁ:nl
tion of control and inspection is to provide the m:-
romer with 2 casting at the lowest possible cost com.
mensurate with the quality level demanded by the

appl ication.



Chapter

BROKEN OR CRACKED CASTINGS

DESCRIPTION

This refers to castings which have been broken or
cracked by mechanical action or rough handling. Fig-
ure 2.1 18 an example of a typical broken csting.

CAUSES

Casting and PaHern Design

(1) Irreguiar sectioms, such ar wolated hesvy sections,
light sections or projections require careful handling
in the cleaning room and shakeout. (See Fig. 2.2) The
weakness 15 often compounded by a tendency toward
internal heat stress in these sections prior to normal-
izing or annealing. These sections are also most apt
to feed improperly. New jobs of this type should be
checked by destructive testing, when possible, or x-ray
to insure soundness.

(2} Lack of fillets is a modification of (1) since sharp
corners are particularly prone to cooling stresses prior
to heat treatment.

(3) 1 reinforcing ribs or tie bars are not used Lo
strengthen areas of poor design that would otherwise
contribute to breakage, castings may break or crack.

Fig. 2.1 — Typical broken £asting in which the gate did not break
all op the anienched Seclicn

Fig, 2.2 = The protruding section of bar on the ¢asting shown
tended to Break ofl during eleaning, milling or $hakeoul

Pattern Equipment
When proper break-off notches are not provided on
gates and risers, undue stress is placed on the casting
itsell. Any design problems would thus be com-
pounded.

Flask Equipment and Rigging

(1) Flask bars that are toe near to the Fiser or sprice
may create internal stresses by inhibiting the normal
shrinkage of the casting. I this stress does not result
in a hot tear, it may still be unrelieved. This then in-
duces cold cracks or breakage during rough handling
(including rapid cooling during shakeout),

(2) Flask bars that extend into deep pockeis, not al-
lowing normal collapse of the sand, will produce
stresses in the casting ol a nature simalar 1o that de-

scribed in the preceding paragraph.

Gating and Risering
(1) Lack of adequate fillets on the gating system per-
mits the gate or riser 1o break into the casting during
knock-off.,

(@) Incorrectly placed cracking strips and tie bars
can be either too large, so as to be hard to remove
without cracking the casting: or too small, therchy
failing to accomplish their purpose of preventing
stress in the casting. (See Fig. 2.3.)



Fig. 2.3 — Poor design of the cracking strip increased the breakage
ol this mafleable casting if e hasd iron gonditicn

(3) Any gating system which promates stresses can be
a basic problem. The usual mistake is to ignore the
normal rules of progressive solidification in such a way
as 10 create strain or stress in light sections.

Malding 5and

Although the defect occurs from rough handling,
there are many factors which commit the casting to
wnusual internal stress, thereby making the casting ex-
cessively delicate.

(1} Poor sand collapsibility due toe excessive hol or
dry strength which places a coaling strain on the cast-
ing may cause broken or cracked castings. Among the
Factors which promote excessive hot and dry strength
are excesses of pitch, moisiure, fines, clay or binder.

(%) Low sintering point materials (fluxes) can cause
an abnormal rigidity in the mold and thereby prevent
normal collapse.

(3) High hot strength coupled with low green sand
deformation increases the cooling stresses within the
casting. High hot strength can often be tolerated pro-

vided the hot deformation is adequate. For example,
excessive density in the mold tends o increase hot

strength more rapidly than it increases deformation.
This factor reduces mold-wall moverment but may pre.
seress some of the more faulty casting designs.

Core Practice

(1) Poor collapsibility due (o excessive hot or dry
strength may be caused by excessive pitch, excessive
moisture, excessive fines and excessive clays or binders.
.E] Low hot dclfr.lrmreh'-r:ln wleen muprrd el frear
,:gf,lgpn',i:ur'ﬁ;}n of the core further compounds the prob.
lem. Types of binders used will change the cracking
tendency.

(3} Rods, arbors, and the like that are too close o
the surface of cores create a focalized restriction in col-
lapse and will cause localized.stress during the cooling
of the casting.

{#) Ower-reinforced cores may interfere with the nor-

mal collapse of the core and ereate cooling sire,
within the castung.

Melding Practice

(1) 4 maold rammed too hard prevents proper o
lapse or causes an undesirable increase in hot strengy,
without a comparable increase in hot deformation

(2) Rods, arbors, and gaggers which are too cloge ,
the mold surface cause the same effect described undg,

Cores (3).
3) The effect of a riser or sprue loe close to a fla)
bar has been described under Flask Equipment ang

Rigging (1).

(4) Excessive swabbing or sponging of the mold may
create localized areas of high hot or dry strength as
indicated in Malding Sand (1).

(5) Improper use of chills or excessive chilling may
casily create internal stress in the metal because of
unnaturally rapid cooling in local (chilled) areas.

Metal Cemposition

Metal compasition is a factor in that the tendency of
a metal to develop internal stresses is related to com-
pesition. Some metals are unusually sensitive o sec
tion size or cooling rate. These metals may be difficule
to handle in critical designs. See (1) and (2) under
Casting and Pattern Design.

e =TT

Fig. 2.4 — Early rough shakeoul of the gray iron casting broke &
gates into the casting while they were hot and weak

a0

P e L SR

5 I

Fig. 25 — Careless de-linning caused tho casting to biedk!
gale ares



Chapter

CARBON FLOTATION (KISH)

e e

AND OTHER GROSS SEGREGATIONS

DESCRIPTION

Kish is free graphite which has separated from mol-
[En iron. ?i::lilar gross scgregations occur in spheroi.
dal graphite metal {ductile iron), in many nonferrous
alloys and, in fact, in all metals in which the composi-
tion desired is close to, or exceeds, the maximum solu-
bility of one or more elements. This defect is a
function of metal composition and cooling rate. As a
result, all factors which affect the cosling rate become
important in determimng the correct composition.
Equilibrium diagrams indicate the limit of solubility
and eurectic compositions under conditions of infinite-
Iy slow cooling. A more rapid ceoling rate changes the
COM positions which may be cast without segregations.
For example, 4.3 per cent is the theoretical eutectic
point for gray cast iron at infinitely slow cooling (car-
bon equivalent). In practice, extremely fast cooling
such as in piston ring castings, may permit as high as
a 45 per cent carbon equivalent before showing hy-
pereutectic structures. Heavier sections attempted in
the same composition range could easily show kish for-
mations (see Figs. 3.1 and 3.2). Slow cooling for any
reason (such as mear an ingate or runner) could like-
wise change the apparent eutectic effect.

CAUSES

Casting and Pattern Design

{1} Toe great a difference iu_rm:m.!' sections Fau;q:
segregation due to slow cooling in the larger .5"“'“:;? i
the composition is planned for the more rapid coohing
sections, With some designs of this type, the foundry-

Fig. 3.1 = Typical carbon lletation in ductile iron,

man is forced to compromise between a correct com-
position for the sections involved, For ¢xa mple, in cast
iron, he may have to choose between a chilled or un-
machinable light section or a correct light section with
danger of kish in the heavier sections.

{2} A section of mold or core thal promoles heat re-
tention in the mold or core would promote localized
segregation. An example of this probiem is found in
those designs which include a small core in a reason-
ably heavy section. The core may retain heat to the
extent that the effective section is larger than indicat-
ed. The composition may have 1o be chosen on the
basis of a heavier section than the design would seem
to indicate. For example, a 6 in. section lightened with

Fig. 3.2 — Dross in ductile wdn
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Fig. 2.6 == Tight banding on palebs [shown lebt] broks fhe cailing
&% thown in the and wabe [1:!1"1‘].

{1} A wrong compaosition for the application may be
a factor as described previously. However, an injudi-
cjous variation in compasition further increases the
tendency toward metal siresses. The wrong COMposi-
tion may have 1o do with a reduction in strength of the
alloy so that even normal stresses cannot be talerated.

{2} A compostion kaving (oo high shrinkage charae-

feristics may be the result of incorrect melting tech-
mique such as faulty furnace atmosphere.

Melting Practice
(1} Excestive carbide slabelizers which promote high
shrinkage, parvicularly with gray iron. set up high in-
ternal stresses, especially with nonuniform sections.
Highly stressed castings are easily broken.
(% Compaosition having too high shrinkage charac-
teristics may cause defects.

Pouring Practice

{1y Insufficient pouring temperature fe  promote
proper collapsibility of the sand and cores may be due
to melting practice, or it may be a matter of tempera.
ture Joss during transportation of the metal or pour-
ing. The result is that the casting fails 10 destroy the
binder properly, and the mold or core fails o collapse
-1 desired.

Miscellaneaus

Since the problem is defined as being related to me-
chanical abuse, or careless handling, it is principally

i

caused by miscellancous accidents which can occur
from poor housekeeping, carelessness or lack of per-
sonngl (raining,

{1} Shakeout may be too soon after pouring or (oo
severe. This latter may be due to faulty equipment ot
long dwell-time in shakeout. (See Fig. 2.4.)

(1) General carelesness in handling includes: drof-
ping, throwing into containers, throwing heavy cast-
ings on top of light ones and careless trimming andd
finning. Figure 2.5 illustrates a case of careless fin-
ning.

(3} Improper packing in tumbling barrels and in
similar mechanical cleaning equipment permits the
castings to tumble and break each other.

(4) Heavy castings which are barrel-blasted or tum-
bled with light thin scction castings may act as sledges
on the light castings and either crack or break them.

(5) Careless and rough handling in loading or un-
loading, especially prior to heat treatment, is an ob-
vious cause of breakage.

{6y Improper piling or stacking can impose wundue
stress on intricate or delicate castings.

(Th Banding too tight on pallets has been known 10

crack light sections or complicated castings (see Fig-
2.6).

(8) Any mechanical handling that drofs casling any
dishartce into condainers may be the cause of breakags



a | in. core would seemi, an paper, ta be only 214.in.
hick (6 manus 1 dividded by 7). The heat retention of
the core would, however, provice the wame ooaling
rale at a £ LFL AECibon arwid, |11I"1".'|-|'lr1"_ roaihcd |-|'|:.H-'I- 'Li!h_
if e slow coshing wias e allowed for in the choice

ol € (RUHT L TR H

FPattera Equipment

Patiern -ﬁ{ui!::ttrnl, a4 !ul.'.-.h, ey THM Cause sEgTepa-
pieiy unless the patternmaker is also thp-:um'hit for
the gating and risering sire and location.

Flask Equipment and Rigging

H.-_ru_g.‘.' rufringe Hasks [our of ]ul_\rg.;m in centrifu.
ﬂ;q_l CRaling have been ko n o profmote H‘El'ﬂ'!:ﬂ[il:in
al allsvs which are on the l‘.u:'!u:l:ll:rhnq-. ol L"-"mi'r..rsiiir:m.
The interruption of normal ll'l'l!l'jfr.:gxl_ force appar-
ently acts the same a5 3 modihcation of cooling rate,
thus separating those components which have sepre-
gation tendences. An example is found in spun cast
iron pipe of high carbon equivalent. In this practice,
both kish and manganese sulfide inclusions have been
spun oul.

Gating and Risering

(1) Distrebution af gates and risers promoting heat
refertfion in localired areas acts 1o Pml,':iﬂ-: i :mling
rate in some sections which would normally be found
only in a much heavier section. For example, a heavy
riser mounted close 1o a relatively thin section could
produce a cooling rate in the thin section of the cast-
ing which would be equal to a section many times as
great. I the compasition is based on an assumed fast
rooling in the section involved, a gross segregation
could result.

2} Localized hot spots at the gate or riser junction
may slow down cooling 1o the point that gros segre-
gation is found in the gate junction or riser neck.

(8) Turbulent flowr of metal interrupts the normal
cooling rate to be expected in a given section. It may
start precipitation or segregation of components _'I--'h:ufh
would otherwise remain in solution or suspension in
a nonturbulent How pattern.

(4) Incorrect wie of exothermic molding materials
causes localized overheating or a cooling rate other
than that anticipated when specifying the compoasi-
tion to be employed.

Melding Sand

Abnormally slow heat tranifer due to the use of e
sulating materials in the sand can change Ehf ‘“"'Im'_
pated cooling rate of a given secuon. Where very
tline rnmjmsitinn talerances are involved, an unusu-
ally soft mold or the presence of excess wood Hour
could be enough to start @regn:iun. In r_nuri[ CASTH,
compositions are chosen which have s.u:l'ﬁn:l_unl: '.'nilfll:l:-}'
factors to overshadow these minor changes in '-':"-"I“_'E
rate, but mav not be enough lor a fl-l'-“':_“:_ change in
sand practice, as illustrated by major additions ol per-
lite in nonlerrous antiscab practice.

Caore Fractice

{1} Underbaked oil-bonded cares which creale an cx-
othermic reaction causing excessive heating ol the core

7

could materially change the cooling rate of an adja-
cent metal section,

(2} Imoulating gas films such as in shell cores may act
o change the rate of hear transfer from the megal sec-
ticsm 1ntie thie sand, The result is a retarding of cml'i_ng
1o the extent that the anticipated composition becomes
dangerously close (o segregation conditions. A major
change in core FlrJflil'\E could require a modification
of metallurgy in those cases where the composition is
critical so far as gross segregation is involved.

Molding Practice

(1} Introduction of any insulating matenal such as
ashestos or perlite can produce localized slow cooling.

(2} Incorrect use of exothermic melding malerials
changes the cooling rate of the metal sections adja-
cent o the heat source {exothermic). As in the case of
riser placement, it is necessary to recognize the effect
of exothermic heat on the cooling rate of the casting
section.

Metal Composition

[l} If.-u':rﬂjr ropy and :mu”n‘.lbfr. The carbon l.'!l'lllii':l].tl‘l.l:
may be too high for the cooling rate involved. As
described in the introductory paragraph, the exact
eutectic point in these systems is seldom found at ex-
actly 4.3 per cent carbon equivalent. The [sundryman
15 forced to exceed this Agure in thin sections in order
o avioid excesive hardness. As a resalt, o heavier sec-
tion may be adversely affected since the carbon equiv-
alent could then be excessive for the heavier section.

Phosphorus too high for the application is a rami-
fication of the above since, although phosphorus is not
always shown in a carbon equivalent caleulation, it has
an infuence on the eutectic formation. In some cases,
the effect of phmphnrm T cqual Lo an cqu.a! amount
af silicon,

Insufficient carbide siabilizers permit free carbon to
segregate in high carbon equivalent irons.

Excessive use of graphitizers may have a direct effect
on kish fermation in addition s their obvious nfo-
ence on carbon equivalent. Some graphitizers used as
ladle additions have an apparent “seeding” effect
when added to borderline compositions even in thin
SEETIOTE.

(2) Spheroidal graphite iron {ductile iron). In addi-
tion to the factors discussed in the preceding para-
graphs, there is an added influence from the use of
gither excessive magnesium treatment OF EXCESSIVE SEC-
ondary inoculation. Both of these have an effect on
graphite formation and such practice may be Iﬁi‘[}'
overdone in spheroidal compositions close 1o eutecic.
High sulfur can contribute to segregation of manga-
nese sulfide and other segregations which are thrown
out of solution by the nodularizing treatment.
Aluminum plus titanium in excess of 0.10 per cent
produces a segregation of ternary carbide eutectics.
(%) Steel does not usuvally exhibit gross segregalions
except in special alloys such as high sulfur or leaded
g e Vi o' s s
. ial purpose high copper steels G e
:!:::iunpif I;l;:: DJ]-'FFET jrﬁ excess of 5L‘|I.I.E|:l1|llli}' limits
{approx. 0.6 per cent). _
(#) Aluminum. Copper or other alloy additions ex-



ceeding the solubility limit may show as gross ScgTegd-
tion.

Melting Practice

(1) Cupola-melted gray iron and ductile iron may
develop segregation as a result of faulty melting prac-
tice which produces an unintended change in compo-
sition. Improper balance of air to coke promoting car-
bon P'tEkUP will Fmd.uce an  wnidesirable |L'}'l:1 of
carbon equivalent, in addition to a direct seeding cf-
feci if the base mmpmuinn 1% :Im;u:lj.r close to, or 1n
excess of, eutectic.

Melting too hot causing excessive carbon pickup at
the beginning of the heat produces an off-analysis in
the direction of kish. Too long a tapping interval
maintains contact between coke and metal to the ex-
tent that carbon pickup may be greater than an-
ticipated. Intermitent operation (shutdowns, etc)
allowing excessive carbon pickup produces an unan-
ticipated high level of carbon equivalent.

MNonunilorm chemical composition, due to varia-
tion in size of matenials charged, produces variations
in carbon which then results in some metal with ex-
cessive carbon plus some with insufficient carbon. A
uniform melting rate of all ingredients in the cupala
charge can be accomplished only within a reasonable
range of size and shape variation.

Careless charging of materials or careless weighing
of ingrediemts of the charge result in nonuniform
chemistry. Some of these nonuniform compositions
may exhibit excessive carbon equivalent for the cool-
ing rates under consideration.

(2) Malleable. Melting too hot, wo fast, or with a
E'-ll'h-ﬂ'l'llill'lg flame can result in excessive carbon l:l:.|'l.:li.'|-'-
alent, or may result in a direct seeding effect which
then starts kish accumulations,

(%) Stgel. MNone,

(4) Aluminum. Excessive superheat stars a grain
growth phenomenon which may induce or show as a
segregation. Careless makeup of the charge introduces

"

impurities above their solubility limit which thersy,
become scgregations. J

(%) Magnesium. Careless makeup ol the charge bn
troduces undesirable and segregaung type LU T ST

(G) Brass and Bronze, Leaded bronzes noy ,11]1_-.1”th
stirred will show segregation of the lead. This jy 4 ""r
jor problem since the lead is not in true solution a,y
therefore, can segregate easily. Dirty or skulled lag),,
cAusing contamination intreduce segregations il
because of a composition change or becanse the ;l'"|ll.1-
ritics arc only partially realsorbed by the mels,
Carelessness in segregating returned scrap permis,
the alloy to be melted with an incorrect analysis. Care
ful separation of returns is most impartant in the
foundries producing more than ane composition of
brass or bronze. Wrong ingot or incorrect scrap charge
would appear 1o be inexcusable carelessness, bug it
does occur on occasion since many nonferrous chaige

materials are similar in appearance and readily con.
fused.

Pouring Practice

(1) Pouring below the temperature of solubilily &
maost apt to occur when alloving elements differ widely
in their solubility temperature. Cooling befare pour-
INg permits some components to come out alf salution

even though the original melt was adequately blended
and alloved.

(2) Pouring too hot in the case of leaded bronze per
mits the lead 1o segregate during the solidification
process. These alloys must be poured as close to the

solidification point as possible and be stirred immedi.
ately before pouring.

Miszellanesus

Rates af cooling too slow for the composition apply
to many of the preceding points. In addition, there
may be involved: molding material chosen whose rate
of heat transfer is 1o slow for the alloy being pro-
duced; and the omision of needed chills,



Chapter

CRUSHES, PUSH-UPS AND CLAMP-OFFS

DESCRIPTION

Crisnhes, ;-'..'th-x'.]'h and clamp-ofs are indentations
in the CASLANE surface. These defects are caused by dis-
:|'|_|.11::|-.1:1 of the modd surfae & 1|.1_|'_' i exiérnal or iln:;r.
nal force or weight.

_'I,II]1-.||||.:|| cortain s2nd or core weaknesses can Canase
or contribute to these defects, the major cause is some
form of carelessness, Included as carelessness is the use
of worn or warped equipment as well as the obvious
misuse or rough handling of adequate equipment, Be-
cause of this, the more common causes are listed under
Flazk Equipmeni and Rigging and Molding Practice.

CAUSES

Casting and Pattern Design

These defects cannot be directly attributed o cast-
ing design. Some designs require unusually accurate
equipment and, thereby, minimize the range ol care-
lessness permissible.

Pattern Equipment
{1} Wamn patterns and core boxes. These are the ma-
jor sources of trouble. For example, a worn pattern
can result in the core print being too small for the nor-
mal core. Conversely, a worn core box results in the
core being oo large for a normal print. The end re-
sult in each case it the same —a crush. These worn
areas should be repaired as soon as they are ?hxr-.-_:d
— preferably before they result in a scrap casting. Fig-
ure 4.1 illustrates a typical crush defect due to worn

pattern equipment.

(2) Insufficient draft. Insufficient draft can be due to
an error in the original patternmaking or to Worn
equipment. If an error in rnamufaciure, thf. error l.:li'l
be corrected. 1f the fault is the result of dﬁlﬁﬂlnumﬁ
for less draft than can be handled in the molding me-
dium and equipment involved, the problem may have
ta be relieved by the use of a core.

(3} Pattern not correctly mounled, _5!.1{]1 a pattermn
can crush either the sand or core print. This can be
avoided by remounting the pattern correctly.

(4) Misaligned cope, drag patterns and plates. This
is 2 modification of incorrect mounting where prec:
sion in matching the (wo separate patierns 13 neces
sary. It could result from worn matching equipment
of from human efror,

(5) Worn pins and bushings, Worn pins and bush-

Fig. 4.1 —Typical erush defest. In this zase the original cause was
woen patern equipment which pramoted uneven clamping.

ings, bent pins, wrong size pins, or the use of no pins
are all the result of trying to extend the life of equip-
ment oo far. Pins and bushings can be reused and
mounted, but only after adequate inspection.

(6) Core prints not properly marked. This leads to
use of the wrong core in the foundry, especially if the
job is new to the particular core setter who will han-
dle the job. All prints should have adequate telltales,
special shapes or nonreversible prints.

(7) Lack of crushing strips. Crushing swips may be
required in the case of inadequate supporting sand
between the flask and the pattern. The better ap-
proach would be to use a larger flask or relocate the
pattern to suit the available equipment Crushing
strips can also be used to compensate for nonuniform
plate thickness.

(8) Core print too small to support core. This creates
difficulty in preventing a narrow neck of sand from
breaking between main body of core and the print
area. The print should be enlarged or, if this is impos-
sible, a support core of Tam-up core used at the green
sand surface to develop adequate support-

(9) Warped or unirue patiern plate (cope and
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r
.

drag). This results from using a patiem plate rlnfif:: :
too thin, too fexible or too weak for the app “jn;iu;
It should be replaced with a heawvier p]a:F or
forcing Tibs may he added in some applications.

{10} Excessive flexibility of matchplate. This i:.hn-rll.:
be aveoided or supports should be a:df._i-r:-:l ull;{jr Lz
matchplate frame when this is permissible. R U”F:E
squeeze pressure may offser this problem but cou
lead to other defects common to soft ram (oversize
castings, i),

(11) Flask landing strips too high above parting line.
“This creates a condition of exeessive loading at the
sand4osand contact, This problem wsually results
from an effort 1o reduce parting line runouts. v may
also occur when changing molding practice from soft
molding to high pressure squeeze, The increased mold
hardness of high presure molding may reguire some
shims of pattern equipment in order to eliminate a
erushing at the parting line. This may show as a crush
defect or as loose sand in the drag after closing,

Flask Equipment and Rigging

(1) Misslignment of flask equipment, pins, and bush-
ings. Misalignment is a normal result of wear or
abuse. Bushings and pins should be replaced any time
they fail to meet inspection using go and nogo gages,
A common maximum tolerance on such equipment is
0.014 inch. Wear beyond this maximum cannot be
tolerated in precision equipment.

(2) Weights too heavy or uneven. Such weights cause

a direct crush unless the sand mold s unusually
strong.

(3) Insufficient bearing surface. Insufficient bearing
surface by excessive crowding of the pattern causes
the mold weights 1o be supported by inadequate
areas of sand. This results in compression failure.

(%) Warped or uwneven flash joints. Flask  joims
warped from wear or misuse create a crush condi
tion during the clamping er weighting process. This
problem requires rework such as grinding or build up
welding followed by surface grinding or machining.

When beyond repair, the equi
) pa quipment should be re-

(3) Worn stripping plate on molding machine. The

Fig. 4 5 o Carelost cloting of tha mold sty
' a i
the cruth shown.

. calsts an uneven push-oft 1::5ullf:ng in
worn plate o the mold surface and distortion of

5 scraping of . : !
4I “n'lff-lrl [:J;r_wlf Closing distorted molds 15 a commay
(4114 =il A

cause of crush.
[} Imprnpcrt}l ,ﬁ_
These place excesiive
the mold is unusually strong, 2
the mold is strong enough to carTy
line runout may result.

i ' d  jackels,
(ting, dirty, of crooked |

; 'Iina-r]_q. an the sand mold. Unles
crush will resule 1
the load, a parting

1 ] ins and bush
2 Waorn ping and bushings. Waorn pins am
EI‘IL:-, hu:ntfpim, ar wrong [ins cause misalignment

of the cope and drag resulting iurthc cores disrupting
the cope surfaces of meld or prints.

{B) Uneven, dirty, of burned bottom boards. These
cause an uneven pressure on the bottom of the mold
and result in push-ups. Bottom boards should be in
spected on a regular basis and either cleaned, re
paired, or replaced as needed.

(@) Weak bottorn boards. Weak bottom boards allow
the mold o sag and distort to the point of crush -
or even mold breakage and runouts,

(1) Improperly barred cope. An improperly barred
cope permils cope sag and results in a crush durning
closing. In the same manner, an (::u;-uﬁ:j,'l.r-cl:,r shallow
cope (or soflt ram) may cause a crush,

Fig. 43— Unaven clamping of the small meold crushed ens v
of Bhe mald faca.



Fig. 44— A lemp of sand ja the boHem board created the illui-
trated pusheup,

Gating and Risering
Gating and risering do not, by themeelves, create
a crush although mounting gate runners too close to
the pattern is a modification of inadequate bearing

surface discussed under Flask Equipment and Rigging
(%).

Melding Sand

The sand properties may contribute to all factors
listed under Patiern Equipment and Flask Equipment
and Rigging, since weak sand will crush maore readily
than strong sand. However, it is uwsually an error o
attempt 1o compensate for poor equipment by in-
creasing sand strength.

Even with adequate equipment, certain sand prop-
ertics can contribute o crushes.

(1) Low green (tensile) sirength may permit the
cope to sag. This low tensile usually results from
excess moisture, Such excess water is  particularly
important in large flat cope surfaces.

{2y Low green defoermation causes the sand to crush
rather than give during closing of cope. "The low
green deformation may be the result of wnusually
dense molding (high pressure) with inadequate cush-
ion materials such as clay. Low impact values in the
laboratory may be more indicative than the deforma-
tion test itsell (shatter index).

(%) Low dry strength in a dry sand mnllli may fail to
support the normal leads. For example, it s common
practice to dry or skin dry the drag hall[ of molds
which have to support heavy cores. In this case, the
dry strength developed must be adequate w meet the
demands of the loads imposed.

Core Practice

Cores which do not conform to intended dimensions
can lead to crushes, push-ups and l;la.I!TI.F—'JHE during
the closing of the cope.

{1} A core ioo large for the core print will fail to

seat properly and cause a erush when the cope is
lowered.

(Z) A misaligned core assembly will cause incorrect
contact when the cope is placed.

(3) A core sagged out of shape may be the result af
such factors as: rough handling while green; soft ram:
low green swrength (sag resistance); excessive water in
the core mix; warped driers (or lack of support); low
warm strength such as from excessive solvent, ep.
lr_'rn::.i_-m_- (during early stages of baking, 125-200 F [53-
93 C). cores go through a low strength phase prior o
elimination of moisture or selvent); and inadequate
reinlorcement such as rods, wires, or arbors.

Such sagged cores create sand disturbance during
*tthng or cope closing. Some shapes are particularly
prone to this problem. For example, round or half-
reund cores may sag enough to create an out-of-round
condition. Resin cores are more apt to do this than
are oilsand cores, Green strength is not always an
adequate test of this tendency. The joltsag test is
uswally adequate to disclose a weakness in this im.
portant core property. A change in binder type should
be accompanied by such test of sag tendency. An im-
provement in sag tendency can often be accomplished
by small additions of southern bentonite without
materially increasing the need for organic binder.
(¥) Warped cores {including shell) can result from
inherent weakness, rapid curing or inadequate sup-
port during curing. These cores should be caught by
mspection before they are ser,

(3) Excessive core wash results in an oversize core and,
therelore, has the same afect as (1).

Melding Practice

Molding practice is a major area of concern be-
cause many of the defects result from human careless-
ness, In this sense, the problem is metivational rather

Fig. 4.5 — Caralews handling of the mald during aspembly camed a
erush condition on the cope dtetion.
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than technical. The cure is one of eliminating the fol-
lowing careless practices.

(1) Careless closing of the maolds ranges a_ll the way
from reversing the cope to rough handling of the
copes or trving to close molds on the bias. Figure 4.2
illustrates a crush caused by careless closing of the
mold. Obviously, all the factors in Flask Equipment
and Rigging can be a part of the problem. For exam-
ple, good pins and bushings make the closing easier,
faster, and more foolprook.

(=) Uneven clamping of molds is particularly bad on
major sand-tosand contacts which can be readily
clamped off. The usual problem occurs when one side
of the mold is clamped down before the other side is
even set for clamping, (See Fig. 4.3.)

(3) Faulty bedding of molds on bottom boards or
plates vesults from uneven sand laver, too much sand,
or not enough sand. Improperly bedded molds cause
either a2 push-up condition — Loo much — (see  Fig.
4.4) or a sag — insufficient bed,

(1) Improper setting of the jackets may be a molder's
€ITOr OF 3 POuring crew error, depending upon how
the job is allocated. See Pouring Practice (1) and {2).

(3) Careless core selting may be just sloppy practice
ar it may be a question of insufficient hand holds to

handle the cores properly, The crush may result im-
mediately, or the improperly set core may crush when
the cope is set.

(6) Use of wrong chaplets or failure 1o use chaplets,
permits the core o move ar be misaligned in such a
way as to break the sand surface during closing,
clamping or weighting.

(7) Setting dirty jackets may be the fault of the maold-
¢r or the metal pourer depending upon the alloca.
tion of responsibility. See Pouring Practice (2).

{8) Stem chaplets not properly wedged are as had as

using the wrong chaplets. The lack of core support

permits core movement during closing or clamping o
the mold, § a B

(%) Unshaved core prints and joints is a modification
of Care Practice (1) in those cases in which it is the
molder’s job ta inspect and modify the print or core 1o
suit the equipment being used,

(10 Failure lo wedge flask faints. In the e g
warped or- wooden Hasks, it may be necessary fo uw
wedges to prevent crushing.

(11) Careless handling of malds during CATTY L g
an the convevor can easily crush a mold which eyl
normally carry the load (Fig. 4.5). 1f molds are 1 Iy
abused after closing, the bearing surface must be ug
usually large or the gand unusually strong.

12} Dropping the weights may be an crror of eithe
Ew:r{der ..-_{:pmq:-?;al pourer {weight shifter). See Pourln
Practice (3).

Metal Composition — Melting Practice

Metwal composition and melting practices are n
causes of crushes, push-ups and clampoils.

Pouring Practice

Puuring is 3 p[ni:lh:m whenever the metal poun
5 involved in the handling of jackets, weighus, o
clamps.

(1} Improper setting of jackets. Jackets are Impro
erly set if they are placed on the mold crooked or a
forced on too hard. This is usually a case of an ind
vidual forcing a jacket over the mold even though
has been started down incorrectly, i.e., crooked, T}
atempr 1o make it fie will cause a crush.

(2) Setting direy fackets is a variation of forcing
wrong fit. The dirt on the jacket may adhere enay
0 crush the mald. Obviously, such dirt includ
lumps of sand or spilled metal welded into place.

(3) Dropping weights on the mold often results fre
meving too quickly, from lack of hand holds on t

weight, or from handling weights which have becor
overheated.

(4) H”””g ladles or other abjects on the maold

more common than might be belisved ,
difficult 1o d g 1eved. It is unusua

= 0 detect unless someone actually obser
© Practice and relates it 1o a defective maold.

R Miscellaneous
Process can break op EI‘lI!lf a.ml.xz:rnj?lfﬂ KR Sl
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CUTS OR WASHES

DESCRIPTION

Cuts or washes are rough spots and areas of excess
metal cavsed By erosion of the mold or core surface
by metal flow. Figure 5.1 illustrates a typical wash or
cut in the gate area. Tnis definition differentiates be.
pween a cut and an erosion scab, In i-p;i[i: of the fact
that the two delects are olten similar or identical in
general appearance. It i3 necessary to make such a dis.
tinction because the cure for the two defects may be
diametrically opposed. For example, an erosion scab,
being an expansion defect, may be related 1o a hard
ram while a true cut would be cauwsed by 2 soft ram.
The exact differcnce between the two becomes clear
by careful study of this and Chapler 8, Erosion Scans,
and by comparing the various causes in each of the
standard categories. Quick or cursory decisions, based
upon appearance alone, should be avoided until ade-
quate data are developed to clearly pinpoint the es-
sential cause and cure,

CAUSES

Casting and Pattern Design

(1) A design that promates excessive metal flow over
any given area of the mold surface. Such design causes

eventual heating of the sand or core to the point
where such core or mold weakens and cuts or washes
away. It is often necessary to widen the gates, or add
additional gates from a runner, in order to spread the
metal in such a way as o prevent excessive im:l:ﬂu;ml
heating of the mold or core surface. If the design of
the casting does not permit such handling of the prab-
lem, the design can be considered faulty for normal
foundry practice.

(2) A design which includes wriavoidable nozzle E,fn
fects. The word “unavoidable” puts the pm_blcm in
the hands of the designer. The foundryman is forced
to find a melding material which will stand the
gushing effect of the molien metal stream. Special
facings may avoid the defect but at an increased

EXPEnse in I:I:I.'Cll:lui.'ti.tll'l-

Pattern Equipment

Pattern layouts which prevent correct gating. These
usually invelve parting-line design which Ipmhihll:a-
proper dispersion of gate areas 1o equalize l.lll'lil]-
flow over a wider sand area. Equalized flow is es-
sential if excessive localized heating of sand in mold
or core is 1o be avoided. In making a pattern layout
it muse be recognized that passing an excessive amount

Fig. 5.0 — Typisal wath ar cut in the gate aréa.
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Fig. 57— Cul counnd by low siramith sand.

of metal aver a small sand or core arca will weaken

the gand by owverheating,

Flask Equipment and Rigging

(1) Flask too small to permit proper gating. 1f a
yingle gate carries so much metal as 1o overheat 1!1‘::
sand and cause a cut, the cure is to use multiple
gatcs

A small Aask can make this normal cure impractical
or impassible. It may even prevemt gating in the
proper location, therehy forcing metal into an ob-
wiotely weak ocore or |I||:'|-|:||. LECLION.

(2) Flask bars too close to pattern. This can cause
I'.:'uhl‘ruu in two wavs: the Aask bar location may
create of avgment a tendency toward a soft ram; ot
the bars (when hot) can cauwse a localired drving out
of the sand surlace.

Iti the fest case, the ot ram causes a low hat
strength (regardless of the laboratory results) and
thereby a wash by reducing resistance to metal fow.
In the second case, the dried area can wash me-
chanically before adequate hot strength can be de-
veloped in the sand.

Gating and Risering

Improper gating is 3 major cause of a cut or wash
since it governs the How of metal over the sand or
core surface. Such undesirable practices are described
mn the following paragraphs.

(1) The gate forces metal to impinge on @ mold or
core surface as in the case of gating into a thin wall
of 2 casting, This permits the full velocity pressure
of the metal o strike a locl spot before it can
spread out aver a wide surface.

(2} The gate is made in such way as lo
the pool of metal to cushion the flow, If
prnges on A wall and meves Away into anea
the local spor of sand is constant
hot metal with no
or solid skin

eliminage
metal fm-
ther area,

. ¥ exposed ta new
' opperunity w provide a chilled
1o eliminate sand erosion.

any maold surface will
iy m‘:m;-:r:::ll}lﬂin which formeq
E'_I-:.ll.lr"il"lﬂ- "I"rrhﬂn_ this occury,
away sand which has ngy,
aw strength and enduranes,

1y Too murh.
: Iy redissolve ih
arly stages of
wash

Eveniea
during €
metal is free 1o

d a remperature af 1

velacity across @ mold surfac,
¢ the initial skin from fDJ’_mmg L0 protec
Early skin formations are needeg

TS o
« sand suriace. \
"1{;“““"" the sand surface as it heats up to lempera.
Lk .

cures of low strength.

ny Unequal distribution aof metal lﬁrﬂugiid ”}E Bales

I.' E 1= I!“-' d{ji,j'.‘lh.l{' [eatures M%Um -u.'r tht

-rh!:n'_r'-'; \tes since some gates are still carrying toq

::zi-:P;cﬁ] -;':lr moving 0o rapidly for proper skin
L -

solidification.

reache
(4 Excessive metal
" preven

Molding Sand

permits proper distribution of
veessive sand temperatures,
h must be provided at the
be developed in the areas
Figure 5.2 illustrates a

1f the gating system
metal and eliminates ©
then adequate hot slrepgl
temperatures which 1-nII
of metal flow (potential cuts).
cut caused by low strength sand. _

A lack of adequate strength at the temperature in-
volved usually stems from insufficient clay to develop
the hot strength required, which results in low dry
and hot strength. .

Insufficient clay is only one basic cause of low
properties at elevated mmpr:mmlrr:s. Thll.‘.'il: properties
are also initially affected by: insufficient water to
properly activate the clay available; insufficient mix-
ing to activate the clay water system; wrong Lype
(low hot strength) of clay for the application; and

excessive anti-bonds such as additives which reduce]

hot strength (cellulose, etc.).

Hot molding sand appears to have a direct and
measurable effect on the problem. This may be 2
result of preliminary drying of the mold, or the direct
effect of hot sand on the development of the proper-
ties inherent in the blend of sand, clay and water
being used. Hot sand leads to dried brittle edges

and corners which then become zones of weakness:

during pouring.

Core Practice

(1) Soft core surfaces. Soft core surfaces from any
Cause permit erosion or cutling 1o take place as either
simple mechanical cutting of the relatively cold sur,

face or by a drastic reduction in hot strength. As in|
the case of Molding Sand, it is important to realiz
that a soft mold or core does not have the same hot

strength as might be indicated by a P:up,-:ri}- made!

(hard) laberatory specimen. References in this text 10
low hot strength apply 1o the core or mold proper and.
may or may not be reflected by a change in laboratoty
properties, i

The possibilities of soft cores include: overcured off
undercured (excessive air drying prior to baking):
insufficient binder or water when needed; insufficient’

mixing: and in the case of chemically cured binders:
overmulled sand, E:

ﬂ'“’f'—‘f factors invelve the mechanics of making
PM&"“E or hﬂndling the core such as: not enough e

|“fUI£EI'IIEII[ AF tha soebees - femels =o wsalesshs !'I'Illll

|
R
3
L

2




||.'H'||-l-5'2"[ ar abraded eote surfaces |||.|ri|:|:: jil{l'-'.il'l-]:','- rukb-
hing, gaging or delmver
() dmproper core coaling. This is a factor whenever
the core requires dipping, washing, or coating prior 1o
pse. In some cases, an improper job of coating the cope
I,[.,;._‘I_.,p_-:': a comdition woarse than if nao coating had
been used. One eypical case in point is lack of e
gration or bonding. This is often the result of wrong
Baumé (thickness) of the wash. In some cases, the
problem is wrong type of coating, The Baumé should
be balanced to the type of use, namely, washing, dip-
ping, spraying or brushing, since a coating good for
one mrethod of ;|!J_|.|][|._|:|r_:-n 15 not necessarily ideal for
anather. In the connection wrong type may refer to
essential makeup of the coating. For example, water
base washes may be a problem with furan or ¢hemi-
callysetting core hinders. With exothermic binders
such as furan, it is essential that the wash be noy ap-
plied before complewe curing is achieved. If the wash
is applied too soon, it will stop the chemical reaction
and complete cure will never be achieved, When some
n:vl:l.uings are dried with a vorch, there is a I:Iangfr ok
burning.

Burning the core surface with a torch will cause a
weakening ol the surface. A weak surface is easily
washed or cut by the metal stream.

(3) Fenls or reinforcements too close to the srface.
This will create zones of weakness during the baking of
the core. This area ean readily wash when contacted
by metal or may spall from heat shock before the metal
makes contact.

(4) Poorly patched cores or filled hook holes. This
often permits a cutting action. These causes are hard
to detect upon inspecting the defective casting because
such improper patching can easily be an occasional
fault rather than routine.

(5) Soft or mnonuniformly made cores. Such cores
often fail. The core mix, as prepared, may be ade.
quate when tested, bue if poorly rammed or blown
under conditions of incorrect blow holes and core box
vents, the inherent strength of the mix will not be
available in the actual core

Molding Practice

(1) Soft or nonuniformly rammed molds. These bl:
come a major source of trouble, A true wash or cut is
most commonly a lack of hot strength. This property
15 directly related to mold hardness. For example, a
sand which shows 160 psi hot strength in the laboras

5
tory !i[ll.fl.'im-:'n rammed to 85 mold hardnes, will have
Approximately 10 to 40 psi when rammed to only &0
to 70 mold hardness. Tao often an abvious lack of hai

strength is blamed on the sand mix instead of the
tzthod of molding.

(2) Mold edges burned by terch drying. Burned
mold edges become friable and readily washed away

by mewal flow. This is also true of untorched molds
which air dry excessively before closure.

(3) Gaggers, bars or soldiers set too close to mold sur-
face. These contribute to a weakness in the immediate
area. Sand may acwually spall from thermal sheck or
may be washed loose mechanically.

Metal Composition — Melting Practice

Metal composition and melting practice are not a
cause of cuts and washes,

Pouring Practice
(17 Excessive pouring temperature for molding ma-
fertals wsed. Excessive temperature will heat the sand
beyond its permissible operating range. For example,
a sand with adequate hot properties for the metal tem-
perature could fail if exposed to meral with 100-200 F
(35=111 C) excessive superheat.

{2) Hard pouring. Hard pouring can lead to cuts
and washes, However cither the gating, sand or mold-
ing practice would be questionable if normal varia-
tions in pouring head caused trouble,

Miscellaneous

Excessive parling. Excessive parting is oné of the
maost common and possibly least considered causes of
cuts and washes. For example, excessive solvent, such
as kerosene (common in liquid partings) can materi-
ally change the hot and dry strength when the mold
surface s saturated with pools of excess parting spray.
This change in properties can be readily demonserat-
ed by adding 0.5 per cent parting to the laboratory
sand mix when checking the sand Prm:r.ir;c.

In actwal pr:u:l:in:, the concentration of the solvemt
inadvertently added as parting can be many times this
amount, Parting should not accumulate in depressions
of the pattern belore the sand is placed on the pat-
tern. A specialized case of this i often seen with
slinger operations. The operator can drive the part
ing ahead of the sand stream into corners and end up
with localized concentrations not noticeable before

molding.
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DIRT, SLAG AND OTHER INCLUSIONS

DESCRIPTION

Inclusions are particles of foreign material em-
bedded in the metal. If these inclusions are at _t]l'e
surface, they may be removed during cleaning, leaving
only the holes. In this case, they may be referred to
as dirt holes. The use of the word dirt is U“"”””"‘,IE
because it is not descriptive, it does not truly id':“t.'ﬁr
the problem, and therefore, makes troubleshooting
laborious.

Since this defect invelves an unintended object or
foreign body, determining the exact cause may invalve
clever detection, For example, under Miscellancous,
the defect may be duc to "any foreign materials
genting into the mold, sprues, or open risers, through
carelessness.” Just looking for careless molding may
not be adequate. The carelessness may be a matter
of equipment, design, placement, or maintenance,
For example, the sand distribution belt may be spill-
ing sand into apen malds below, or the rollover or
copesetting equipment may accumulate loose sand
and drop it periodically into an open drag, sprue,
or riser. The possibilities involved in poor housekeep-
ing are endless and often hard to locate. Figure 6.1
shows typical surface imperfections which are defined
as inclusions,

It is obvious that the presence of a seab, erosion, or
cut in the casting will produce sand or slag inclusions
somewhere in the casting. It may not be equally
obvious that such defects on any part of the gating
system can create an identical problem. Since the
gating system is usually detached before the casting
15 inspected and rejected, the source of trouble be.
comes mysterious. Epidemics of inclusions involving
2 given pattern should be studied by inspection after
cleaning, but with the gating system attached. The
presence of any expansion, erosion, or cut defect an
e ur o B, may easly e e cave
in the casting itsell, oe. Jron: the Inchirions
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CAUSES

Casting and Pattern Design
Those desipn faciors which contribute g scabs

1é

i il i ify the tenden
: erosion will intensity o
iy m:: which result from such defeets jp
i i ¢ abrupt changes of sec

e Such designs involve a :
II:?1!*rtnln‘grn:f.j,r,“uIar contours, deep Fﬂﬂkﬂ-’r- and sections
whis trom uniform mold hardness or exces

ich detract £ .
;:rfn; |:rl:;\*rml flow over confined surfaces. Designs requir

ing inadequate fillets leading to torn up molds wil)
provide loose sand.
Pattern Equipment

{I} ITHF!’-I:'FEF -I'.'ﬂl!l“lﬂg fﬂ'f mﬂlﬂfl-ﬂlf Htt-ﬂl:lfl.-'ﬂd. S‘l:l"l'l'llf
types of pattern coatings produce a tendency toward
sticking of the sand. For example, on wooden pat.
terns, care must be taken to avoid old, thick, or dircy
shellac, varnish or lacquer which is gummy, goes on
thick and doesn’t properly dry. These coatings should
be avoided on metal equipment because bonding to
metal is most difficult unless the surface is porous or
roughened. When coatings are used, care must be ex-
ercised 1o avoid improper mixing as well as exposure
o excess heat or moisture.

(2) Insufficient clearance for setting cores and clos
ing. Insufficient clearance for setting cores and closing
the mold may result in sand being dislocated into the
mold cavity. Most vil-bonded cores tend to grow dur-
ing baking., The amount of growth will vary with the
type, amount of binder and baking temperatures. Asa
result, what was adequate elearance at one time may
not be adequate if there has been 2 change in core-
room procedure. Except in height the usual clearance
prm-lflecl 15 030 in. larger than the actual core di
E;-‘“'—"C'“ (Lé-in. clearance is common in large work).
m::::# L::::hranccﬂ are possible for furan and similar
Sy o are wh-:nIH_-,- or partially cured in the core
el cores will tend to be smaller and more
" than cores cured outside the core box,
(3) Lack of fillets. Lack of
in a torn up mold w
m the maold cavity,

E:!E{ ;:h:;fj?-g;‘ draft. Insufficient draft causes a tear|
the {“I-::-sjng:-,f :-;:tl__ng rﬂ'i{:v'-_ﬂ of the pattern or during
IFANsposition Erm:f"f'ilf. _II“I_‘ can be a case ol incorrect
tern dimension S.l_ machine shop drawing to a pat
forces i:xlirl:mel- ametimes specilied  roleramee e
ally aceurar !"Im.“" drafts and, therefore, wnusu:
€ molding apd closing equipment,
(3) Loasely maunted
loosely mounted patter

cuts, washes a
toward inclusio

Ak fillets and radii can result
ith its related loose sand :J:'[ﬂﬁi“"l

frattern oy gating system. A
nor gating svstem, Imru‘uuhﬂ!'i



with flowable sand, permits sand to work under the
pattern and create a tear-up. It is not unusual to find
that a drastic improvement in sand flowability or an
increase in molding energy will disclose a minor back-
draft at the pattern plate which was not previously sus-
pected. Loosely moumnted patterns are sometimes not
suspected because it is known that the mounting was
tight originallyv. A looseness can appear because the
patternmaker could not, or did not. lock the mounting
screws or bolts to withstand the shock of melding and
vibrating.

Lt'r;u Weorn flask landing areas. Worn Hask ]il-l:l'd-ing
areas can create a crush or disrupt enough sand grains
to show up as an inclusion somewhere in the casting.
Such worn landings should be caught by visual inspec:
tion and returned to the pattern shop for repair.

In high production cope and drag work, the worn
area may not be obvious because the two plates are
examined separately. It is necessary Lo recognize that
the crush will be the summation of the total wear on
the cope and drag pattern plates; it may then be twice
23 great as visual inspection of one plate might indi-
A pe.

(7} Inaccurate partings. Inaccurate partings cause
crushes and loose sand. Improper matching of male
1o female steps and pockets which cause such inclu-
s1ons are Ilau;ﬂl}r a l'-!ut_"jl.iﬂ“ al careless or inaccurate
patternmaking (human error).

Flask Equipment and Rigging
Any factor in the rigging, which creates a rubbing
or gouging effect during the closing of the cope or set-
ting of cores, can create loose sand in the mold cavity.
This then would include warped Hasks, worn or

o Bl == Typical surface Tmperfecticns defined as inclosion.

1r

crooked pins and bushings, inaccurate core setting,
assembly or inspection jibs, dirty (spattered metal)
pins and bushings, and inadequarte locators. A com-
mon problem is found on closing copes on molds hav-
ing very deep pockets. It is necessary to have guide
pins which are sufficiently long to guide the cope be-
fore the pockets can touch, rather than depending
upon the molder's skill for the early stages of closing.
Warped or crooked RAasks may occur if the walls are
too light: if fAanges are narrow; if the barring is in-
adequate; if welding is poor; or il there has been
inadequate swress relict of the flask after welding.

Gating and Risering

I} Factors causing scabs, culs and washes. As in the
case of Molding Sand, Core Practice, Molding Frac-
tice, ctc., any factor which creates a scab, cut, or ero-
sion scab can produce sand inclusions which may leok
like slag if the sand fuses. This factor is exaggerated
in the case of gating, however, because the creation of
the inclusion (the scab) may occur on the sprue, gate,
or runner. and not on the casting. Unless the gating
systemn is cleaned and inspected, this common source
of sand inclusions may not be readily detected. Any
area of gate or mold which is covered and then ex-
posed intermittently can scab.

{2y Improper galing. Gates should be located so the
first metal will cushion the remainder of the metal and
keep the sand covered unil the mold cavity has been
filled. This applies equally to the area at the base of
the sprue where cuts are common.

Gating systems that create slow pL_rur'mp: can cause
scabs, p:urtin:ulnrly' on cope surlaces. Slow pounng ex.

e —
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wathes in the casting. An inadequate runner or gy,
wive choke can likewise cause a cut or wash of ll‘ltm:
Weak skim cores may break dowp g
wash into the casting r'-'|--:'-:_|:l1l'_- il the amount of Met,
through the core is excessive. Inadequate support [,
the skim core will permit it 1o break or erode 3p9 .
low sand to flow toward the mold caviry. ,

A gating system may be designed in “":.h 2 way ag g,
create, permit, of increase the E-er:u.mn of ingl,
sions. For example, the choke may e |n:t-:!gu{u_1u.._
stop the flow of _:.!-:g or dross mmlng. imto the A
spruc. The slag traps may be located incorrectly 50 5
1o permit further slag formations after the mp o
they may be too small to retain the slag entering oy
systemn (see Fig. 6.2). In a rapidly moving stream o
metal, slag probably does not float; it moves with (b
metal until it contacts and sticks o a sand surfae
The pouring basin designs should avoid a voriex 2
must permit retention of slag in the cup (see Fy
6.3).

The ratio of skim core area may be incorrect for th
runner system. Skim cores do not really skim anythis
They are a means of providing a choke, but enly:
the entire system is designed to ft. Weak or brokn
skim cores can be a direct cause of sand being washe
into the mold.

Exothermic materials used in the gating and ris
ing system can cause slag inclusions if used in such
way as to permit the by-product of the reaction te &
ter the mold or casting. Any pouring cup design 1.-.‘[11:
is difficult to hit or keep flled can create a proble
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Molding Sand

(1 Thate faclors cawsing culs, washes and seabs in
both the mold and gating system. Sand [actors which
are relared o scabs, erosion scabs, or cuts and washes,
in either the casting or gatng system, will influence
the number of sand inclusions to be expected. Since
sand is one of the major causes of expansion probilems,
those chaprers should be reviewed carefully after (he
source of sand inclusion has been located and identis
fied.

iEJ Low fusion poind matertali. Sand can also be a
source of slag inclusions if the sand fuses or COnLaing
low fusion materials which are converted intg 5],“;
and carried into the casting (ceroxides), Such low
fusion products are especially dangerous in the gating
system because it carries all of the metal entering the
mold cavily and at maximum temperature, The metal
is hotter in the gate and runner than in the casting,
Sand used in the gatng system should be adequare 10
withstand the metal fow. Hlustrated are inclusions as
a result of inadequate hot strength (Fig. 6.4) and low
green strength (Fig. 6.5) of sand.

Core Proctice

(1) Factors causing cuts, washes and scabs. Those
factors which cause or permic curs, washes, erosion,
and scabs on cored surfaces can displace sand and cre-
ate inclusions, The inclusion may be at a location oth-
er than at the core which originally created the prob-
lem so detection may be difficule

(2) Improperly cleaned cores. If cores are not prop-
erly cleaned, they may be set with loose or partially
loose sand or coatings which wash away easily.

(3) Premature collapse of cores in molds and paling
system. Premature collapse of a core (including a
skim core) creates loose sand, Such sand can appear
as a sand inclusion or, because of low lusion binders,
fuse and appear as a slag inclusion. Such collapse may
occur as loose grains or even as small chunks which
fuse 1o a rather sizeable slap inclusion, Gassy cores
may literally blow sand grains into the metal.

Meolding Proctice

(1) Factors ceusing cuts, scabs and washes. Any molid-
ing practice which causes scabs, erosion, drops,
crushes, and dIIEIJ[BI_.II.'.'d sand in the mold cavity or gat-
ing systerns can start a sand inclusion. Nonuniform
ram gn gating systems should be avoided. Many gate
and runner systems are not designed for good ram-
ming. Those having sharp corners, lack of hllets, il
nor back dralts and the like are examples.

(2) Sloppy or careless maolding, Sloppy or careless
molding is often considered the primary cause of in-
-l:.h.ls.i.ﬂ-l'lﬁ {r‘nu'l.de-r'; sCrapl. It is s obviows as o neecd
little comment excepl to point out that inspection o
molds before closing should include inspection of
EAtes and runners, as well as the mold cavity. Figure

6.6 shows an inclusion as a resuly of loose sand left in
the mold cavity.

U) Excessive use of liquid parting. Excessive liquid
Parting can lower the fusion of the molding sand to
the point of creating slag (see Fig. 6.7). Even more

e
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Fig. 6.5 — A broken edge on the mald caused by low gresn strangth
gand permitted sand grains fo wash into ather asechions of kg
cathing.
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Fig. 8.8 — Inclusiens of aluminum in a copper-base alloy cauved by

cantamination during melting.

comman, the accumulation of liquid parting in pock-
ets or gate runners in sufficient quantity may reduee
the dry and hot surength to the point of erosion and
scabbing. This is a common SOUFCE of inclusions in
high production automatic parting equipment found-
Ties.

(4) Loose sand [rom cores o molds. Whether cores
are set by hand or by jig. any rubbing or shaving of
pockets of the sand will result in loose sand particles,
Uncored molds can likewise cause the same problem
il the closing of the cope is careless, especially when
using deep pockets and short pins.

Metal Composition

'II-I I-”"!T‘\l' ml_'".\jl"-l_ ir 'iE IH}ﬁ‘lhI"' ['?T afl "'”:Ifl-ll'r:i: i
¥ - 3 . (4]

(¢ a gup;":l“nll -ui 5I-i|ﬂ_ e Icul.‘IL:EI‘:I" rru.qn-rm]: e
]

crea = !
a4 to |:m:h|r-_- an inchusion. For e,

such a way :
in gray iron, a high sulfur may lead to manganese o,

fde slags ﬁf‘[ﬂrll'j“.i-’. during cooling. Leaded brong,,
similarly may show separation under conditions of im.b

.rlect balance, €K yellow brass.

Metals vary in the degree to which they will epgy,
sanil malds and refractories and, therefore, vary i,;
their tendency roward sand holes or slag inclusiog,
Gyurface rension and emissivity contribute 1o these o,
ferences and may medify both mald and Ladle requige.
ments. For example, a ladle refractory which might |
adequate for stove plate iron would not be considere)

adequate for high alloy steel.

Melting Practice

(1 {indissolved alloy addition or moculant, Il the
alloy additions or inoculants added to the ladle re
main undissolved, they may be carried, as solids, in
the mold and appear as inclusions. The melting poin
and heat of fusion of the alloy added must be consid.
ered and related to size of ladle and metal tempera.
ture plus efficiency of :.g[l_al_l'-un. It is common f[or im:
properly added alloys to develop an oxide Alm before
they are dissolved and, thereby, resist proper solution
or melting. The fault then may be in the composition
of alloy or in the method by which it was introduced,

(2) Alloy addition producing dross. Some alloys, par.

Fig. 6.9 —=Pagdly Wime®
ladls perinitied shag & ot
ter ssabd zaniiy, -_d



==t

T

: &zf e ':1‘-1
e, T |
Rl ; u : e ‘I A

Fig. &.10 — latermitbent poaring trapped dlag in the mota] sfream and parmitted it to enter the mold.

ticularly in nonferrous practice, create dross readily.
Exothermic alloys result in slag or dross which must
be separated from the metal stream before pouring or
be caught in the gating system. Figure 6.8 shows
aluminum inclusions caused by contamination during
meltng.

(3) Dross inclusions. A reduced melting temperature
may result in dross inclusions because of the inability
of the slag 1o separate at the lower emperature.

(4) .'in'ﬂg volume. An insufficient slag volume during
melting may prevent complete separation of metal
and slag. Slag particles tend to attach themselves to a
slag blanket. The absence of such a blanket permits
individual particles of slag to stay with the metal.

(3) Thin glag. Il the slag is too thin, it may tend 1o
pour with the metal rather than separate. For exam-
ple, in ferrous metals, a high FeO slag may have ap-
proximately the same density and fluidity as the metal
and be almost impossible to separate from the bath
under conditions of pouring. This factor is also relat-
e to ceroxide in steel and pinholes in malleable.

(6) Refractory material. An inadequate relractory
material can easily release slag inclusions inte the met-
al. Such refractories may spall if they are too wet or if
expansion characteristics are too great, They may ac-

tually melt out if the fusion pyrometric cone equiva-

lent (P.CE} is too low. The loss may be largely
chemical such as a penetration of FeO into a lining
which results in a drastic fluxing of the refractory.

(7) Desulfurizers. The use of excessive Auxes or reac-
tion additions (such as soda ash to remove sulfur from
iron) may introduce slag directly, or result in a
marked attack of the lining and related slag inclusion.

Pouring Practice

Many of the comments on melting practice apply

equally to pouring il the pouring ladle (rather than
the melting furnace) is the source of foreign matter
in the metal stream.
(1) Boiling ladle. A wet or boiling lip on a ladle may
chill the metal sufficiently to interfere with proper
separation of slag. In addition, such wet lips tend to
create slag by spalling.

(2) Skimmed metal, Careless skimming of the ladle
results in excess slag being carried to the mold (Fig.
6.9). It is wrong to assume that the gate choke will do
all the work. In fact, dependence on the gate choke
may restrict metal flow wo the point of causing cold
shurs and misruns.

(3) Pouring temperature. Low pouring temperature
is a common source of trouble. A gating system with
adequate choke for relatively hot, clean metal wmay



Fig. £01 — Metallic saldes frem the ladls antered the meld wnbl tha defect war cowrected by proper gaking.

fail to separate slag from a colder, dirtier ladle of
iron.

(41 Imlermifient or slow P'-'-'l""ll”.g- Failure to ]r.:eF thie
sprue full destrovs the effectiveness of the slag trap in
the gating system and permits slag to drop down the
sprue instead of remaining in the pouring cups where
it belongs (Fig. 6,100

(5) Slag accumulation. Use ol dirty ladles can create
more slag than the gating system can handle. This is
particularly troublesome if the heel ar slag skull on
the ladle tends ta axidize toward a more Auid COmpo-
sition, For example, it 5 common practice o develop
ceroxide (or pinhole in malleable) defects after a
ladle has been used for any length of time. Many
foundries regularly take ladles out of service to avoid
these phenomena. Figure 6.11 illustrates the result of
metallic oxides entéring the maold.

() Ladle linings. Low Fusion, high expansion, or
green (wet) materials in ladle linings which may
spall or [use into slag inclusions should be avoided
Rammed ladle refractory material can be subject ta
erosion or spalling by nonuniferm ramming.
|".|'_:| S.{rfnl[;'r.lle r_|_|' J.'Jd.l'.-: Il'rlz'ug:'. _E.l'_ll_h l.]'li!: ]'|-|:|I_ :|I'|_|i d!’:.
strength of the ladle refractory marerial must be ade
quate to avoid mechanical lass ferosion) during pour-
ing.
Miscellaneous

As described previously the possibilities of careles
design, maintenance, handling, and general houst
keeping are extensive. Inclusions represent any foreign
body from cigar butts in the riser to having the
molder drop his dentures before closing the mold

Figure 6.12 shows an inclusion caused by a rag left in
the mald.

Fl-g. 6,02 — Tes views af aa inchiiica caased I:l]l & raq lalt in tha miet |




Chapter
DROPS

DESCRIPTION

A drop is a casuing defect due o the dropping of a
partion of sand from the cope or ather overhanging
section. In appearance, the defect resembles a sticker.
Even though the mold has been released properly dur-
ing molding, the drop accurs when the mold breaks
during or after setting the cope. A drop is usually re-
lated to carelessness such as rough handling. Figure 7.1
illustrates a typical drop of one part of a green sand
pocket.

However, many factors relating to the flask, sand,
pattern and molding may contribute to inherent
weaknesses sa that even normal handling is then too
rough, or extreme care is required to prevent the drop
from occurring. An occasional defect is probably due
to carelessness: an t:p-idr:rnin: of delects 18 pmb:lhl}' re-
lated to poor equipment or bad pracuice,

CAUSES

Casting and Pattern Design

Design is a contributing factor where deep pockets
with in:lflq:-rlu:nt-u: draflt are involved. In this case, the
mold may be eracked during drawing and then the
weakened mold lets go during subsequent handling.
These designs may require dry- or core-sand molding.
Inadequate draft contributed to drop shown in
Fig. 7.2

Diesign may be invalved to the extent that it de-
mands protruding and overhanging fr-li'“I:lii".'llh'-II'.lIE S:lﬂd-
Such designs require definite compensation in either
l:quipml:m or sand pr:lrl!ice in order 1o avoid undue
tendency to drop. It may be necessary to core cxien-
sively,

Pattern Equipment

(1) Insufficient drajt or back draft on a paliern cre-
ates friction during drawing of the mold (see Fig.
7.3). This action can crack or weaken the maold per-
mitting a later drop. Since this condition is the 'ﬂ"f"-
of poor patiern comstruction of worn pariern equip-
ment, it should be caught by routine inspection and
CorTected.

There are oecasions in which such back draft is not
noticed with normal or solt molding, but will show
up with more precise molding techniques. For exam-
ple, high pressure squeeze often betrays minor back
drafts not noticed with softer molds or less fAowable
sand,

(2) Improperly designed parting creating narrow
pockets. This may be [orced by the use of undersized
flasks or by attempts to climinate a core and reduce
costs. These narrow pockets can easily crack during
molding and drawing unless the equipment (molding
machine) is in perfect condition or the sand unusu
ally high in tensile strength or deformation strength.

Fig. 7.1 — Typical drap of ene part of & gresn sand pockel.
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g) Weights too heary or uneven cause uneven cope
pressure and result in cracked sand across pockets and
.C-..frh-lﬂ;:::“'; portions of the mold. A heavy weizht
may also be the direct cause of a drop of those sand

portions already weak or cracked,

(8) Flask bars too close o risers may cause cracking
from bar springback alter hard ramming between the
riser and the bar. The opposite can also occur, name-
Iv, a soft ram and a weak section because it is difficul
to ram the tight pocker. There also may be a drop
onlv because the sand section i oo weak o remain in
Ia-e:'r under conditions of normal |I:t|1|‘||it||_-|_ In any
Case, thie Flrﬂh]i'l'l'l 'i; 11'51.I:|.”.'!-' I'll"'l.j-!!'-'l_'l,l hll |'|:ll"l"ri.l'|j: |||...
riser or bar, of by simply notching the bar 1o change
the size of the pocket. If necessary, this sectinn may b
reinforced from the bar, gagger or orid. :

Gating and Risering

Gating and risering do not influence this defect ex-
cept in the placement of runners and risers in such a
way as to permit a weak pocket. Unusually deep run
ners may create a weak pocket when placed close to
the casting {as they should be for best leeding). Prop-
er draft on runners will relieve this problem.

Meolding Sand

Because of the nature of a 1'|.r|;_1]r. samel propertics
must be considered. However, the laboratory resulis
may not show variation because the strengih of sand
15 related directly to the mold hardness, In considering
sand properties the type of molding should always be
included since even a strong sand will be weak if solt
rammed,

(1) Inadequate green properties may be inherent to
the sand mix. The F1T|.-_|I|'||J':'~. ol interest are: imparct
I~!FI'HI!.‘|'IF'|. tenale hl:r'll-;'_rh'_ sbpear '.I|1'||j;I1|: andd dlelar
1|'|.|ri4II|. Fi]:l:l.z-e' '.7 4 ||f|||-.||.||!1'~\. A IEHI'I- creabed I:u'_n imadle.
l:_III:I.il. fa ST xl:ll!'lli:l:h pin the ""'Illi'1f: aanad, |'i|,-I .5
'.hr:u'.-.x a 1|r|||r L | ||::,||r1 |::|= |-:1'|l.' 'l.hl_';lz nlr|'||.|_-|1h.

It is il: 1 Hyi=ge |Lrn|:u'r|:|'|'-. |:||.||l il inay fail pirnf i||.
ll:lll[.ll!l"\-'-\.inu as '”'““']I'!' H"\.ll.'ll. Seivce st said H“\.IiIIH
iticliles |||||'..' Brtn |;||||||:-n'\-'.i1|||_ the |r||F.H|1I.|I'|r |||ll|:r-
e imay b= oul ol praper range willhosiat the labwra-

Iespy spotiing the F_.tuh]:':m I]|H|||_i;i1 FoLLine Il'\llltlp:.

|:_'I| “‘-‘l’l-l!-"-'ll'h'l'lff' srvanlal rl.l;'.'ii'I'.l.'.I'r.l.l'r redaied o sand el
aloility, This reswlts i insulficient mold handnes or
insulficient maold strength, Maold serength is related o
malding amd the ability of the sand o mold (ram or
Sfjigese) The reduction in Erl-"'l'lll'-'“'-"l of 'llf"j"'- i
often a direct beneht of improving moldability {fow-
ability} either through modifications ol clay or addi-
Lz o ||:r;!:|.||1|'||5|'r' alditives,
{3) Imadeguate dry sirength 1s a factor in dry sand
molding practice just as is low green strength in green
sand praciice.
{4) Poorly prepared sand is a common cause for the
above. As such, it is a commeon contributor to drops. A
nonunilorm sand may create rones of weakmess in 2
mold by permitting dry or wet 2ones, low clay rones,
or unbonded sand grains. Adequate mixing is needed
i3 Ligu:[n:pp a uniform 1.|:r:nglh: ﬁpr"i.'l-ﬁ”:-' il'l'l['!ﬂ?'rl!illl[ Ly
remsile prupr-rlir_1.

Core Practice
(1) A weak or inadequately secured core or core as

Fig. 7.6 = A moaunilorm ram i the major cousa of 4 dicp

i large mald secficni



Fig =7 . Sand broke of
thie drag. Dunng Pouremn

{ tha core during setting and dropped Inld
g the sand seclion fioated 1o 1he COpe.

sembly is apt to be found more frequently in passe;
cores or ram-up cores. Weak or inadequately “-‘Hr.r.lah
cores are liable to drop, or they may loosen payy f"
the cope and cause it 1o drop. .

(2) Core failure in centrifugal casling shows ;4

drop. The drop is caused by centrifugal force 'ﬂ!h:r
than simple gravity. Such broken cores penetrate (b,
metal wall toward the autside surface, !

Meolding Practice

(1) Nonuniformiy rammed or soft rammed maoly,
create weakness which is not related to the sand pro
erties found in the laboratory (Fig- 7.6). Too ofte
atiempts to strengthen the sand by elay addition,
merely aggravate the soft ram and make the conditicy
worse instead of betier. The cure is o ram (mold)
better and more uniformly or, if this is impossible, 1y
increase the sand moldability.

(2} Gaggers, nails, soldiers, bars, elc. too close fo the
mold cavity are a hasic cause of mold weakness lead
ing to drops. The small sand area can easily drop
away [rom the reinforcerment. This is further aggrs
vated by inadequate wash on gaggers, soldiers, ban
and the like. ) |
(8) Insufficient mold reinforcement permits larg
sand areas to drop under conditions of oo many pat
verns for fask size or insufficient cope height. In mary
designs, adequate reinforcing is essential in uncured
{green sand) molds.

(4) Careless core setting may break or mar a moli

‘surface to the extent that the mold is weakened

enough to drop during or alter closing. (See Fig. 7.1}

Fig. 7.8 = Weght drapped oA it



{3) Setting the cope crooked (on the bias) places a
side strain on pockets and walls. This unusual side
serain may set up a shear action for which the sand
shear strength is not adequate. Such crooked setting
may also bump 2 surface causing an immediae drop
ar loose sand in the drag.

(6) RI‘-"#,,E-'i fandling includes jarring the meld, de,_
ping weights on the mold (Fig. 7.8), and bumping
molds on the conveyor. Only the strongest molds can
withseand this type of abusc. Obviously, the tendency
roward I:lp[d automatic roll over and h-'llldlillg in-
volves a need to keep these fast motions smooth and
gentle, if excessive mold breakage is 1o be avoided.

(7) Separation of molded layers of sand is a special
form of drop. It can accur as a separation of facing
from backing. This is related to a lack of balance in
sand prnpu:rl'.i:—:.. such as weak f:l.:iﬂg and strong back-
ing, or vice versa. A more common Separation ocours
as a specialized condensation problem caused by using
cold facing sand and hot backing sand. Technically, a
combinatien of hot facing and cold backing is equally
bad but it 15 not expected in any normal foundry ac-
tivity. A wide discrepancy in temperature resulis in
condensation at the interface. Such high moisture re-
duces the tensile strength 1o the point where a drop
occurs. It is also possible thar such cold facing is liter-
ally blown away by rapid evolution of steam sand dur-
ing slow pouring.

i g

Metal Composition — Melting Practica

Metal composition and melting practice are not a
cause of drops.

Pouring Practice

Pouring practice is a [actor in this type of defect to
the extent that the metal-pouring crew is invaolved in
the handling of weights and jackets and to the extent
that the metal pourers may abuse the mold by knock-
ing against it. Typical of these effects are: resting the
ladle on an unpoured mold; rough handling of
weights: forcing jackets on molds; rough handling of
molds on the conveyor.

Miscellaneous

(1} Foreign material in sand acts, as described in
Molding Practice (2), by creating zones ol weakness
in the sand near the mold cavity o permit a drop.

(2) Mold explosions which occur when the gas be-
tween mold and bottom boards ignites is often suffi-
cient to cause drops in adjacent molds.

(%) Vibration caused by heavy jolt machines, heavy
machining and the like in the immediate vicinity of a
mold is often enough 1o cause a drop.

(4) Rough handling. Any form of rough handling or
maold abuse is dangerous.
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EROSION SCAB

DESCRIPTION

An erosion scab is an expansion defect in which the
loosened sand has been eroded away by the maotion of
metal, such as boiling, and has left a solid junction
between the casting and the defect. As such, the defect
can be removed by cold chisel, usually leaving a solid
curface. However, it should be noted that the erosion
scab mav result in sand hales or sand inclusions in
same other part of the casting. Figure £.1 shows a typi-
cal erosion scab.

The erosion scab is similar in appearance o a cut
ar wash. It sometimes looks like a rat-tail or drop. The
cure, however, may be entirely different because an
erosion scab is essentially an expansion problem rach-
er than a low strength (hot or dry) problem. It is best
understond by vitualiring an expansion taking place
in or on the mold surface before the metal wouches the
surface at that point. Such expansion loosens or weak-
ens the mold surface to a predetermined depth.

When molten metal Rows over such an expanded
surface, it ean readily cut or wash the sand grains
away, leaving a growth on the casting. As implied by
the word “erosion,” it is a cut, but the word “scab™ im-
plies that the cut or wash would not occur if the sand

Fig. 8.1 — Typical erosion scab on the core surlace, In this particy-

lar case the defect was caused by excessive slicking,

sl b ol e it M 1 B

had not tended to scab or buckle ahead of the meta]
Aow. Obviously, this defect is caused by the tendency
of the sand to scab and of the metal to erode or cu,
Therelore, both metal flow and sand (or core} proper.

ties must be evaluated.
CAUSES
Casting and Pattern Design

A design which necessitates gating through thin sec.
tions. Such design will concentrate the metal flow in
such a way that erosion may take pllﬂ:l:t in any area
which has been weakened by expansion. From a de-
sign standpoint, this problem can be alleviated by
keeping combinations of light and heavy sections to a
minimurm,

Pattern Equipment

(1) Insufficient fillets on gates and section chenges.
This is a faule of the pattern layout. Failure to proper
ly fillet causes changes of section which increase the
tendency to scab and buckle. These can erode espe
cially at the gate area. Sharp corners always tend to
vein or scab more than properly filleted changes of
direction or section.

(Z) Parting the pattern (o necesilate gating through
thin sections. This has the effect of encouraging jet
type metal flow and erosion of weakened areas. This

same influence applies equally to cuts and washes and
to erosion scabs. '

Flask Equipment and Rigging

[1]|1 Hars i.?Tt'P:I'd'PETI}' pﬂﬂc{d_. Prgugn;fng un;’fﬂrm Fia =
ming. This may lead to hard and solt spots in the ]
roncald. :!..i-f;k of uniform hardm:ss i5 a P[im: cause oy
expansion problems. In addition, the hard spots maf

scab and the soft spots may cut under conditions
rapid metal flow.

(2) Bars, soldiers, and gaggers, coated with wel clef.
and too close to the mold surface. These create a weak
water wall close to the mold surface. This is a basi

cause of scahhing. If such scab oCours 1moan ared d-l
metal flow, erasion is likely to result, ;

{(3) Rigging in too small flask so that the vertical P‘F
tern wall it too close to flask or bar. This creates a OF
dition of nonuniform heat loss through the sand 2
promaotes scabbing, If the bar or fask is in the ling
metal Aow, an erosion scab will result.
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Fig. 8.2 = Erasion scab caused by maobal impinging ea the sard sucface, The gates are en tha inside of the bwo ears or beviss.

Gating and Risering

(1) Galing which creates interrupted’ metal flow.
Such gating contributes directly to expansion-type de-
fects. As the metal stops, hear continues o radiate
ahead of it, thus heating the sand to the point of ex-
pansion. This interrupted flow often results in a rat-
tail defect.

The same expansion phenomenon, however, may
weaken the sand and permit erosion during subse-
quent later flow. Interrupted flow from careless iron
pouring has a similar effect for the same reason.

Fig. B3 — Erosion sesb pear the raer

I:':I" localized ovetheating of the

{2) Metal impinging on and disrupting sand surface
{Fig. 8.2). This affects the eroding ability of the metal
stream. The implication of erosion scab is that the im-
pingement would not be enough to actually cut, in
the absence of expansion, but is enough when expan-
sion weakening has taken place. This illustrates the
point that there is a hne line of distinction between an
erosion scab and a cut. As far as the metal fiow alone
is concerned, the two defects have the same cause. In
the case of sand or core, the causes of the two defects
may be quite different.
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(3) Cating which creates localized awrhe:[h'ug of the
sand (Fig. 8.3) This-increases the expansion t:m!:.-n-
v of the mold at such localized spots. The word “lo-
calized” implies that such sand will expand faster than
adjacent colder sand and create an area of weakness
or scabbing prior to the cutting action of the metal
streant.
() Gating which remells initial metal skin (fast shin-
ning metals such as bromze and steel). Remelting of
the initial metal skin is a modification of the previous-
Iy described relationship between expansion and met-
al erosion. Normally, the expansion would have to
the metal contact if erosion is to take place
because the metal skin formed would prevent further
erosion after the metal covers the sand.

However, if metal continues to flow over the same
spot for a length of time, the skin can be redissolved
(melted) and erosion of the then highly expanded
sand rapidly. It muse be remembered that
the original metalskin formation occurs because the
sand is cold (extracts heat). As pouring proceeds, the
sand can heat up to the point where remelting of the
skin is inevitable.

Melding Sand

(1) High moisture content. High moisture is a prime
cause of this and other forms of scab or expansion de-
fects. The actual moisture is not as important as the
free water, i.e., water over temper. Such high moisture
can be general or highly localized from poor mulling
or mixing. Such excess water is particularly dangerous
when combined with low permeability, excessive fines
or low clay content. Figure 8.4 shows an erosion scab
caused by wet sand, aggravated by hard ramming.

(2) Too broad or teo narrow (ene screen) grain dis-
tribution. This promotes nonuniform expansion rates
and creates areas of weakness during heating. Some

breadth of distribution is desirable to promate sy
cushioning such as usually found in the 4screen gap,
(3) Excessive carbonaceous m_d!ﬂ'l'ﬂ! causing baojljy

Boiling creates a localized agitation capable of ppoq

ing a weakened sand. In addition, such boiling acting |

(also from excess water) directly disrupts the sand gy,
E:L-E hF “.Eﬂk:“i“g Ih!: mﬂdi“g rtlm I.J':'.Wlﬂ:q:n ‘;ﬂd
grains.

(4) Insufficient carbonacecus (or cellulose) maleriy

for expansion control. This is related to the need fo |

expansion control. Warrow screen distribution, Jg,

clay, high moisture sands require definite amounts of £

expansion-type additive for adequate antiscabhj
control. High clay, low moisture and 4-screen dig,
bution reduce these requirements for cushion mate.

rial.
(5) Insufficient hot deformation. This is a major
cause of erosion scabs because it permits the mald wal|

to break as expansion takes place. The broken surfac |

erodes easily. An equal amount of expansion with a
high hot deformation sand might create mold disar.
tion, but the absence of a break in the sand surface
would prevent actual erosion under conditions of nor.
mal metal fow.

(6) Impraper conditioning of the sand, such as ey
or moisture not uniformly dispersed. Failure to con
dition sand properly creates nonuniform expansion
and broken mold surfaces (scabs and buckles). There
is a distinct difference between undermulled sand and
poorly mixed sand. Undermulled implies excessive
clay adequately distributed, but poorly mixed sand
contains localized wet or dry sand and the consequent

variation in sand properties such as strength and de
i

formation.

Core Practice
(1) Excessive moisture in or on the core. This may be

from undercuring or be the result of moisture pickup

Fig. 8.4 = Erosion scab coused by wol
aggravated by hard ramming.

&
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(3) Imadequate depth of facing sand. When inade.
quate facing is wsed, an effect similar to inadequate
penetration of wash resulis. The facing can peel or
spall away from the base during heating, making cro-
sion by metal flow il-’:lmlih!c'_

Muolding Practice

(1) Nenuniform ramming. This is a major cause of
all t\;'-::nsim:q”x* debects, Such nonuniformicy i3 the
result of hard and sofr rammed S pOts The p:r-:'rtr[ﬁ-m
isually occurs at the junction of the hard and soft
arcas where ope secthion of sand 13 exp:t:nd:ln_lz more
or faster than the adjacent section. If the growth re-
sults in 2 broken surface EJri-:Jr I OF d.l.ll:'jl'l:g metal How,
crosion is inevitable.

(2} Gaggers too close fo the patiern. This causes an
ermatic expansion because the txp:msiun of the metal-
lic gagger is entirely different from that of the sand.
{% EJ'-’:_‘, wagh on gaggers. This further aggravaites the
problem because of steam formation and low tensile
strength of the water layer.

(%) Excessive slicking. Excessive slicking of the sur-
face is wel] known as 3 source of s.l‘:th!:lirlg- It has the
2ame effect as hard and soft ramming in that two dal-
ferent ranes of EXpPAnson are encountered. The slicked
area can readily be broken loose during hl.‘-'lti“E_r thus
providing easy access to the molien metal, This acts
like a blackening scab,

13) Mold or wash not ||'lr'r|i'.lr:'r|!_'.l dried. This creatés an
tieesive moisture condition. Properly dried molds
tend 1o reduce erosion scabs but blackened or skin-
dried tnolds which are not E:.[n]'u_-rl.y dried can be ac-
tally worse than good green samd molds. Variations
in 'Ir'!inﬁ' r!"I:.hl'lil:':|ur_- 15 an area of trouble I'Iﬂl'..]_l.lt'ﬂll‘_r'
ovetlooked in stutdying this problem,

{B) Imsufficient prenetration of the wash, This is relat-

a1

b

Fig. 8.5 — Excessive pouring femperature cowsed erssion scab on
ke eope inflace,

ed to insufficient drying in that a skin weakness is per-
mitted. Dilferential rates of expansion between the

mold and the skin occur either from insufficient pene-
tration or insufRaent :lr:,.-ing,

{7) Expansion of wash not matched to that of sand.
This is a variation of (5) and (6) preceding. The
composition of the wash should be suitable for the
job. For example, a high clay content wash on a low
clay sand will tend to peel away. Either the wash or
the sand could be changed to provide a better compat.
ability of expansion rates.

Metal Compesition — Melting Practice

Metal composition and melting practice are not a
cause Of erosion scabs,

Pouring Practice

(1) Excessive pouring temperatures. Excess tempera-
ture for the molding materials involved increases the
cutting or washing tendency by heating the sand more
rapidly. It thereby increases the rate of sand expan-
sion, and in addition, may be more erosive in acting
on the expanded sand. (See Fig. 85)

(2) Imierrupted pouring. Interrupted pouring causes
nonuniform expansion of the sand surface. IF one part
ol the mold expands more rapidly than an adjacent
part, it can break away to permit easy erosion.

Miseellancous

Any foreign hody close to the mold surface can lead
to a localized expansion or pushing of the mold sur-
face into the path of the incoming metal.
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EXPANSION DEFECTS

DESCRIPTION

Expansion gcabs are rough lavers of metal connect-
ed to the main body of the casting by a vein.

A buckle is a Vshaped indentation which may oc-
cur by itself or under an expansion scab.

A rat-tail is an irregular line caused by low temper-
ature expansion of the mold surface showing as a
change of plane, .

A blackening scab is a specialized form of scab in
which the delect is related to the coating rather than
to the sand.

A pull down or cope spall is an indentation in the
cope surface of the casting. Depending on the time of
formation, it may have the appearance of a buckle,
ratail, shrink, or blow. Figure 9.1 shows a typical
defect on cope surface.

Since sand-mold surfaces go through the process of
expansion and contraction during the pouring of a
casting, it is common practice to assume that the sand
is the principal cause. This is a mistake, as these de-
fects are also closely related to all practices which con-
trol the rate of pouring. Since the sand-mold surface
always shows expansion, the determining factor in pre-
venting these defects is the time of covering the sand
surface with metal and creating a protective skin of
solidified metal. If the expansion occurs after the skin
is solid, there is no defect. If the expansion disrupts
the sand before the metal skin is formed, a defect will
result. Thercfore, the pouring time must be related 1o
the rate of covering the sand surface — not necessarily
to the casting weight. Using gating formulas based
only on casting weight, while ignoring surface area,
may lead to expansion problems in thin sections and
similar ones of large surface area but low weight.

A common mistake is w0 base pouring time on total
weight in the mold instead of the weight or size of the
individual castings. Where multiple castings occur in
a single mold, the expansion defects are related 1o the
time of covering the sand surface of the individual
casting, regardless of how many such castings are made
in th_e same maold. For example, if the only correct
pouring time for a single casting is 16 sec, then the
pouring time should still be 16 sec even if ten such

castings were mounted to be poured from a single
sprue.

CAUSES

Casting and Pattern Design
() Large uninterrupted flat surfaces. These require

Fig. 9.1 —Typical evpaniion defect on caps surface.

fast pouring 1o cover the sand surfaces before expan:
sion of the sand progresses to the point of rupture
Such surfaces are subjected to intense radiant hea
during pouring. In addition, such flat surfaces are like
ly to promote nonuniform metal flow (interrupted §
flow) with its tendency to locally overheat some areal §
of the mold before adequate metal coverage is availr
ble for protection. :
. If the design cannot be changed, care must be exet |
cised to pour rapidly and smoathly, The mold anf
gates may be tilted 50 the metal will flow uphill. Prop §
er gating will often solve the problem. Il not, !J“‘;
additives such as wood flour may be needed over and §

hﬂ'ﬁ"ﬂﬂd norrmal EL'M::E! sand |;r:.;|;i4;1-,
(2) Imadequate radii, Inadequate radii tend o prt
Mmote expansion defects becanse sharp corners EH"':"R.
[ree expansion of the surface during the !mu""‘
cycle. The expanded surface in such sharp cornets $
readily disrupted, or broken, since there is no restiif
tive force holding the sand surface in place wnul et f,
al solidifies. -
ShJIP corners also are apt to reach :a:p:uv-iu-u i *
perature more rapidly because they are exposest B8
heat concentrations from two sides. In some cases, W8



foundryman can use contour chills at the point af in-
adequate radii. This '-~'!II move the heat away from
the surface. At best, this s a questionable means of
correction. The only proven method is o increase the
radii or it will be necessary 1o provide a special sand
fll-,':-"'" in antibonds, e, wood Qour.

$) Large. smooth uminferrupted concave or COMLER
1.,~,-rr.:|-:'r£-. These may be even worse than similar flar
surfaces because the shape of the mold promotes rup-
rure of the expanded surface and because of the jn.
creased tendency towanl slow or interrupred pouring,
A dome shape is particularly prone to expansion de-
fects unless care is taken o cover the sand of the El1-
tire surface rapidly before excessive expansion [rom
the radiant heat can take place,

Fattern Equipment

Imadequate fillets or radii, see Casting and Pattern
Design (2).

Flask Equipment and Rigging

(1) Bars or flask too close to pattern surface. This
promotes nonuniform ram, leading o the combina-
tion of hard and soft areas which is a common cause
of nonuniform expansion rates. When sand conditions
are such that one area expands more rapidly than the
adjoining area, sand movement or slippage is apt to
occur. Part of the mold surface expands into the adja-
cent surface causing a break in the sand surface. Metal
can move In (o show as a vein, buckle, or scab. The

Flg. ?-1'— E‘lpln-
i2an 3eab caured
By tlaw pouring
which  permitted
Eiceiiive heating
ol gha COpE -
faee [ e e—
&l eonfact,

a3

pmpu:rl CUre is o avaid crowding excestively large frat-
WS Into an inadequate fask and o provide ade.
quate bar clearance for easier molding,

Some [oundrymen change o a harder 1o ram sand
which may eliminate the nonuniformity. This olwi-
ously wends toward a solr mold with s subsequent
mold-wall movement, swell ar straim. Others compen-
sate for the poor equipment by careful hapd [eming
or tucking o produce 2 uniform hardness, in Spile

ol I!h_f_- h:nnrll'n.'.ip of in.‘lill:l:il.l.:ll:_' clearance for normal
molding.

(2) Rigging which prevems proper pouring speed,
I'his causes slow covering of the sand surface thus per-

mitting expansion to occur before the metal skin is
formed.

(3) Flask too shallow. A shallow Aask is a rare but
possible reason for scabs and ather expansion defecs,
but is more common in the case of cope spall or pull
downs. In this case, the lack of adequate backing sand
permits rapid heating of the cope. It also results in a
mechanical weakness which cannot withstand the
stresses of the rapidly expanding sand.

Gating and Risering

Since sand grains expand when heated, it becomes
important to cover all mold surfaces with metal as
rapidly as possible — and 1o keep them covered, The
three principal factors involved are as follows:

(1} Gating system which prevents adequate pouring
speed (see Fig. 9.2),
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Fig. 9.3 — Typical ratdail From intarrupted matal flow. The Aow marks ara cloarly vitible,

Fig. 94 ==5cab near fhe ingals caused by nonuniform heating of
the meld surface.

Fig. 7.5 —Copa scab related o sweeni ishere tn fth ned
aggravafed by hard ram, ki

(2) Gating system which cawses interrupled metdl |
flow (see Fig. 9.3), :
(%) Gating arrangement which causes ﬂuﬂun:'fum'
heating of the mold surface (see Fig. 9.4).

It is important to recognize that getting all mold
surfaces covered will not prevent the sand grains [rom §
expanding. It does mean, however, that getting all§
maold surfaces covered with a flm of metal will offer §
protection and prevent the sand-mold walls from§
buckling into what would atherwise be a cavity in the §
mold when the expansion does occur. Many cope
spalls or pull downs have been avoided by filling 2
mold faster and getting the metal up to the cope sue |
face faster.

The heat radiated against the cope surface from mok
ten metal on the drag face causes the cope sand to e®§
|'.I‘!I|:'ll'.'|J buckle and 5ag. If this occurs before the molten
metal reaches this surface, an actual spall may ooous §
If it occurs as a sag just before the metal wouches, the §
molten metal may lift the sand surface hack it}
place, but with a break occurring in such a way a3 [
permit metal entry — a scab, These effects have beel |
ohserved with high speed Phﬂ[{;gmph:rl and are, theré §
fﬂ?hwm documented.

£ same reasoning applies 1o any t of kel §
rupted metal flow. 1f thcr;sc-m surian:}l .':Ff;uem!. ur g8
covered and recovered intermittently by molten metds i
ﬁ_l-l-u’l]l.ill"!E' may aCour on any mald face {m [:h.‘lplﬂ’
Ercsion Scaps).

Molding Sand

Although it is a mistake to assume the sand Iﬂ‘M s
the best corrective measure for these defects (ignon™
pouring rate), nevertheless the amount of expans®Eg
which the sand can withstand without rupiure i 25
sand property requiring accurate control, AssumifEs
that design and pouring rate are proper, correcti™



meLsuTes are available through modifications in sand
roperties. In addition, it must be recognized that cer-
gai samd J]rl_'llpf:l:ir_'i. when out -!'.rf contrel, can creare
weaknesses that even proper gating cannot offset,
The following are sand properties which can ac-

count for inadequate control of expansion.

|:|1|' Exr:'”i-l'{' mratifuie eosfent |Fij.!:r Hhe malerials in-
volped. This is a marter of [Fee or excess water rather
than total water. A high clay or natural sand needs
and permits higher moisture than a low clay sand, for
example. Figure 9.5 shows a cope scab related 1o ex-
cessive moisture aggravated by hard ram.

(2 Clay content too low for the moisiure involved
ar the mold hardness involved (see Fig. 9.6). High
maoisture sands require adequate elay, Sands which are
subjected to dense (pressure} molding require higher
clay to offiset the high mold density (high mold hard-
essp.

{3} Carbonaceous material oo [ow (see Fig. 9.7).
This applies where carbonaceous materials are part of
the normal expansion control. In this case, carbona-
ceous materials act much as do wood Aour and cereal
in the noncarbonaceous sands.

(4) Too low hot deformation (see Fig. 9.8). This is a
prime cause of failure and is often the result of the
other factors listed above, In effect, the sand is briole
at elevated temperatures and, therefore, a rupture of
the sand mold surface occurs under conditions of ex-
pansion. Excessive hot deformation, leads o mold-
wall movement and shrinks.

(3) Incorrect sand grain distribution. Incorrect dis-
tribution can create maore total expansion than neces-
sary. A clean sand (low clay and silt) of a narrow
distribution, or a sand with two maximum screens
separated by a minimum screen, are high expansion
problem sands. These are referred 1o as “onescreen”
and “camel-back” distributions. A smooth distribution
over three or four screens is usually most desirable.

(6) Imcorrect grain size and shape of sand. This is a
modification of (5) preceding. In addition to having
a varicty of sizes (four screem), it Is alsa desirable o
have a distribution of shapes, e.g., angular, subangu-
lar, and round. All one type grain is similar in charac-
ter to having all one size grain (excessive total expan-
sion).

(7) Segregation of materials by improper mixing.
Segregation may fall in the category of (1)-(3), (3)

Fig. .7 — Buchla [which had a scab bafare
gl was & | l;w inadaquats carbens
Lot or cushioning matorial.

a%

(6} preceding. In other words, the deficieneies or ex.
cesses referred to may he strictly on a localized basis
lat:aus_n: ol poor mixing. For example, a wet spot is
cxcessive moisture (1), Even though it only accurs in
one spot, that one spot can scab, In the same wav, cer-
tain parts of the mold may have low clay, low carbona.
ceous material, improper grain size, and the like.

(8) Imsufficient cushioning material, This may hap-
pen il one assumes that all other [actors are correct but
the sand needs added control to offset poor design,
slow pouring, incorrect gating and similar non-sand
causes. Likewise the sand practice may involve such
combinations of water, clay and sizing that some other
control over hot deflormation is required. In this case,
a drop in the accepted level would create a delect.
These cushion materials are helpful tools but should
not be considered as cure-alls if some basic practice is
incorrect.

Fig. 9.6 —Rabtail caused by low elay eonlent aggravaled by high
mcaslurs wn The sand.
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Fig. 9.9 — Unaven ramming of the drag mald parmitted the pabien |
plate la bead ia such a way s o presbren the mald sudsce, The
delect wai corrected by hard ramming the drag.
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Core Practice

kot deformateon. This 15 a basic factor as in

[oe
{h aolding Sand (1) and for the same reason,

'y CASE ol
o Creen sand or green fop cores I'hiese are affected
'I"‘ J1 the factors deseribed under Molding Sand,

4 Nonusiform phell thickress. In the case of hol-

I
lar
ging i

1) Rods ar grbors too glose to the core surface. This
creates a nonuniform expansion fate since sand and
metal (rod) have different expansion coefficients. The
reault s that the sand may readily break from the ar-
bar, or the high expansion differential will cause the
core b0 crack and perm mietal o enter.

v COTES, Iil‘lh ]1_-,“!-. o a nonuiiform r'\.F:.lruuu: L1TEN-
w0 that described in Flask Equipment and Rig-

(5) A ponuniform ram. Nonuniform r.tmming nppii:s
equally to molds and cores — and for the same reason
to Flask Equipment and Rigging (1).

(6) Tmsuffecient penetration of wash. This creates a
rone of weakness, resulting in a2 ooating scab.

Molding Practice

{1} Uneven ramming. Uneven ramming (including
patching) is the major cause in this category (see Fig.
09, The mechanism of failures is described in Flask
Equipment and Rigging (1)

(2) Insufficient penetration of wash (see Fig. 9.10).
This applies to a mold in the same way as to a core.

(%) Excessive wash (see Fig. 9.11). Excessive wash
can create the same effect as excessive moisture or have
a direct effect by setting up unequal expansion rates if
the expansion cocflicient of the wash material i dis-
tinctly different.

(4) Insufficient drying of wash or mold. This is a spe-
cific case of excessive moisture created because the
additional water from the wash was not correctly re-
moved. Such drying may be a case of sweat back which
occurs when moisture from the interior of the mold
comes back to the surface after the heat is removed
(inadequate skin depth on skindried mold).

(5) Gaggers, soldiers, and bars too close to mold face.
This has the same effect as in Core Practice (4).

(B) Excessive trowelling and slicking. This may draw
TJ_h."_ Imnii.l:un: o the surface or may result in hard spots
“imilar 0 a nonuniform ram.

Metal Composition

Because expansion defects are believed to occur
when sand expands upon heating, metal is not consid-
red a cause, as such, Actually, the various metals vary
10 their tendency toward scabbing as they vary in tem-
Perature and pouring rate. For example, steel heats
the sand more rapidly and to higher temperatures
than aluminum, and thercfore, in the case ol steel,

b

Fig. 9.11 — Expansion seab in dry sand maold alier remowal from
the casting. This defect was caused by excessive clay wash in a
gagger which was close 10 the casting surface

there is a much greater tendency to scab. However,
normal sand practice within the industry conceals
these differences. For example, a typical steel sand
contains measurable amounts of clay and cereal or
dextrin. These normmal additions reduce scabbing
tendencies. Since steel is never poured in an alumi-
num sand, the differences are not apparent. Minor
differences in metal composition within a given fam.
ily of alloys (such as stecl, gray iron, malleable, etc.)
do not seem 1o be a factor.

Melting Practice

Factors which control fuidity may also affect the
pouring time, As such, melting practices which pro-
mote a sluggish metal (such as oxidized heats) may,
by virtue of slow pour, cause expansion defects when
the sand system is designed for adequate pouring
speeds. This factor may be concealed since such condi-
tions would uswally create a misrun or cold shut de-
fect in addition to or instead of the scab.

Pouring Practice

(1} Pouring too slowly. This major source of trouble
has been described previously but, in those cases the
slow pour was assumed to be due to the job rather
than to the man. Unfortunately, the metal pourer can
create a slow pour regardless of the design or the gate.
Such a slow pour is particularly difficult to detect un-
less there is an actual record of the pouring time of
the mold in question. A typical pouring time may con-
ceal times of slow pour.

(2) Pouring too hot. This can create unusually rapid
heating of the sand. which, when combined with sl::w
pouring rates (small gates) can lead to expansion
problems (see Gating and Risering).



Chapter

FUSION

DESCRIPTION

Fusion is a surface defect having a rough glossy ap-
pearance related to the penctration of the nluzml
oxides acting as a flux on the sand, Figure 10,1 illus-
trates the effect af atmosphere, sand and temperature
on sand fusion. As such, it is an extension of metal
penetration.

Many metal oxides, including iron oxide, have an
affinity for sand (silica) and react with it at relatively
low temperatures. When the oxide is absorbed by the
sand, the resulting fusion may merely create a hard
cake or fused layer which peels away from the casting
leaving a smooth finish, This is typical of many steel
castings that depend upon the fused shell for rapid
cleaning.

If, however, the oxides remain in coniact with and
are part of the metal casting surface, the [usion of
oxide and silica results in the rough glassy finish which
requires additional cleaning. It should be noted tha if
the fused oxidesilica system continues and penetrates
into the sand surface, trapping sand grains in a highly

metallic matrix, it is termed penetration. (See Chap-
ter 16, MeTar Pex ETRATION.)

CAUSES

Casting and PaHern Design

Design 13 a contributing factor where sharp carners,
or overhanging or protruding sections are MECEssary,
or where a thin core or sand section is necessary and s
surrounded by a heavy metal section. Since fusion js a
hrlgh temperature chemical reaction, the speed ol reae-
tion increases as the temperature increases, A design
which creates an unusually high temperature jp any

part of the core ar maold will produce maximum fu.
sion tendencies,

Pattern Equipment

I. Pattern equipment, 5o constricied ay g
lneven oF soff ramming, modifies (he
tonship. This tends toward either
Uon or greater oxide penetration,
constst of those listed belgy,

(#) Improper lecation of
soft ramming,

ih) Improper location of the

' Htterm o
Cansi I n the plag
i "E pockets of sang Between [Hitterns o bl:llw 5
the pattern and (he Aask, Thi een

Fam 1o proper density, * Makes it difficule 10

frromaote
metalsand rels.
higher axjde forma.
These Constructions

partng line so a5 1 induce

AR

er location of sprues, risers and runn,
{'I':':jl-.:sr:ﬁr:}?crmm small puclrl;ts_ of sand which are d;
cult to ram to proper density.
{d) Inadequate draft. This makes some patterns 'Ji.
cult to ram to proper hardness. Such patterns are
cult to get at and the lack of draft forces the molc
to soft ram in order to avoid tearing up the sand wh
drawing the pattern.

{2) Pattern equipment constructed Lo promote |
cessive metallastatic pressure such as in vertical ratl
than horizontal mounting. The deep vertical sectic
create high pressures on the dmg face.

Flask Equipment and Rigging

(1) Design and construction of flask equipme
which promotes uneven or soft ramming should

avoided. Bars that interfere with the ramming of poi
ets can lead to a softly rammed section of sand uné
or near the bar. Flasks that are too small erowd 1
pattern in such a way as to permit a soft ram betwe
the pattern and the flask. Bars that interfere with pre
cr placement of down sprues and risers create diffic

ramming conditions which, in turn, tend toward s
Spots in the molds.

(2) Ei.':f."ﬂl-r'a.'e cope hgig,ﬁ: has a direct sffect om met
lostatic presture and, therefore, upon the tenden
toward fusion or fusion-penetration. Sufficient o0
h:_:ght 1 needed to avoid !hi‘inkag{: defects and o
'ain types of gas defects, bur all height above th
needed for feeding can be detrimental 1o ol &
Appearance,

This cause of penetration has increased in rect
years as the tendency to universal flask size has i
f::ai:s, The use of a Aask of sufficient depth for det
t g e udverse elfb on castings which could an
should be made ip shallower flask equipment.

- Gating and Risering
E;{ﬂﬁﬁ{.‘ location 'M gales and risers which f;mmﬂl
izred nwrﬁm::r:g of the sand has a divect o8
'-l!in b of the chemical reaction which is fusiof
only creares LY t00 close 1o the vertical surface
ature jn (} SOLL spots _hl“ l-ll'l_l-l!l.l:!"}' high 5.-.“._!. It'llllm
the rage u{.m areas. The high temperatire incress
Teclion between metal oxide and rel®
l:?l!‘ {sand mald),
h :]t:wu:ﬁ o0 much metal over 5 given maold suris
45 the direct effect of heating the samd in this A
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Fig. 10.1 —The photograph illustrates the offect of aftmoiphers, rand snd temparaturs on sand fuslon,

Since such practice also leads to cuts and washes, fu-
sion near a cut or wash area may be expected when
both have the same cause.

Anything that causes excessive pressure increases the
degree of contact between metal and sand, and there-
by converts a normal peel o a fused surface. Cope
height and pouring height (distance from ladle to
mold) are obvious examples. Mot so obvious are cases
of wave or surge metal flow within a gate system cGuus-
ing t':mF'U'T'-'ﬂ":.' high pressure on earh E}'tl_E‘ of the 5“1’_5’(!-

Hlow pouring-type gates prolong the tume of ]'_‘-l:almg
the mold, thereby increasing the degree 1o which the
sand is heated. This promotes fusion.

{2} Incorreet vatio of sprue, runner, and mEle, f.r:rmlt.
ling metal oxidation during pou ring, incrtlasﬁe: the
amount of oxide on the surface. As such, it mcreases
l:he amount of fusion product 1o be found on the cast-
ng surface. A full choke-ratio of the 10:9:8 1ype mani-
Mmites this problem. A misuse of the minimum-pressure
144 ratio, by putting the runner in the cope (WTong).
ltm_i: o increase both this effect and the surge referred
B in (1) above.

() dn oversize viser neck which overheats the sand
{“F'Eti.w.lly true of a live riser) will increase the rate
fusion. This, combined with the heat of the riser

itself, often explains the fusion found near the base of
a live riser.

(%) A pouring cup or sprue, designed 10 as to cause
aspiration of air (whirlpool effect) creating oxidized
metal, has the same effect as (2) since more metal
oxide promotes a greater fusion product.

Malding Sand

(1) 4 low sintering or low fusion point of the sand
grains indicates that they are already fluxed. As a re-
sult, further Auxing with metal oxide during pouring
is casier and quicker. In some cases, the simering
pninl: 15 530 low that [usiom in the absence of mcral
oxide cceurs. In this case, it is doubeiol whether or o
such fused sand would adhere to the casting, The pres-
ence of metal oxide on the casting surface @5 prolably
necessary o develop the adherence defined as a Tusion
defect.

{E} _.-'In:,l sard comdition (fad p:mrlrrfn EECCTA RN il'm-
rosity of the mold surface can caose fudion. Low dens
s1EY sands caused by improper distribation of  the
grains increase the ease with which the mewal osiile
can adhere to the sand surlace. Such low density samls
are alio characterized by high permeabilicy sinee Jden-
sity and permeability are related.
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Law fowability and/or low moldability will result
in a mold ]:mn'l‘.i[‘_. which, in turm, !‘l_mlnutt's- IE-'EIJ‘:F L=
cest to the metal oxides durimg pouring and solidifica-
tion. The general causes of low flowability or low
muh.!;uhllity. are: Moisture segregation; excoeisive cere-
al* excessive moisture (see Fig. 10.2); excessive green
deformation: poorly aerated sand; and  prepacked
sand. (See Chapter 17, METAL PENETRATION.)

Excessive permeability is an indication of low densi-
tv. See Molding Sand (7).

" Insufficient carbonaceois or deoxidizing materials
permit rapid metal oxide formation to take place.
There must be enough of these materials to hold a re-
ducing atmosphere down to the emperature below
which [usion cannot occur. Unforiunately, too much
carbonaceous material may increase the demand for
water and the excesive water will more than offset the
advantage of the higher carbon.

(#) Amy [luzing reaction materials including fluxing-
type bonds must be considered, The bentonites have
lower lusion than a pure fireclay bond. On the other
hand, some fireclays contain large amounts of organic
impurities which promote fusion. Many chemical addi-
tives increase the rate of {usion. For example, a solu-
ble silicate (such as sodium silicate) may completely
change the rate of quartz formation to that of crysto-

balite, causing expansion penmetration or expansion
fusion.

Care Prachice

(1) Too low sintering or fusion point of sand grains,
See Molding Sand (1).

(2) Grain size too large or improper distribution in
uncoafed cores. See Molding Sand ()

(3y Soft rammed cores. See Molding Practice {2). In-
suficient or improperly placed or plugged core box
venls create solt rammed cores. Improperly tucked
sand under loose pieces may cause fusion. Low air
pressure for blown cores is a cause of a soft ram or low
density.

High cereal or low oil for a particular mix {includ-
mg moisture) has a direct effect on the ability 1o ram
or blow. It can be particularly difficult in blown cores
-esp:ciall}' if the moisture is somewhat excessive,

{4) A rough or porous core surface permits ready ac-
cess 1o the metal oxide. The surface of a core i5 wsu-
ally the most dense. If the surlace is bruised, rough,
abraded, or loose, an abnormal fusion or penetration
can result.

Improper or insufficient release agent will permit
sand grains to adhere to the box, leaving a rough apen
surface on the core. Insafficient or incorrect coating
on those cores designed for dipping or washing per.
mits penetration into the more open core body. Un.
derbaked cores may have a weak skin or they may be
such as to provide a high gas pressure during pouring.

A partially disintegrated core surface due o over-
baking is prone to a penetration-type fusion since the
weak surface permits easy entrance for the metal ox-
ide. Filing, jigging, grinding, or otherwise abrading
the surface of a coated or uncoated core destroys nor-
mal dense skin and permits entry of the metal oxides.

(5) Any condition promoting veining or finning such

Fig. 10.2 — Exesssive meidlure i the sand cavied pesctralien fal
lewed by complete fusion of the mold surface to the casting surface

as @ core erack not only permits metal oxide entry but
acts also as a chimney for the core gases in such a way
as to increase the gas pressure.

(6) A broken or disturbed core wash due to rough
handling or handling while the core wash is still wet
exposes an open grain for [usion,

(7} Insufficient penetration of the core wash can be

due to a grain size that is too fine or incorrect Baumé |

of wash and the type of wetting agent used. See Chap
ter 17, MeTaL PENETRATION.

(3) Low hot sirength of the core permits a break:
down of the core surface which is conducive to metal
oxide formation and fusion. The low strength may be

because the binder is too low in hot strength or the
binder content is 100 low.

(% Poorly mixed core sand permits concentration ol

£33 as well as nonuniform, and therefore localized, low |

hot strength,

(10) Poorly cleaned and
open grain to fusion,

(h ﬂEE"P':d or sprayed cores that are not redricd |
tause high moisture. The high humidity atmosphe™ |
in the mold during pouring increases the rate of 050 |

finished cores expose the

dation and metal oxide Formation,

(12) 4 d"_”}' core box will result in 2 rough core and
open grain,

(13) Any fluxing reaction materials including Y

i{‘g'!?ﬁ"" bonds lower the ultimane temperature of B¢
sion.

f
|
|

.

(14) Cores that have picked up moisture during i
age promote a high humidity aimosphere duri®s
pauring, I""35"-1-|'5|'l'lﬂ' in high raves of oxide fapanans”
Steam is unusually corrosive at elevared temperatur™
when in contact with many metals,

=L



Meolding Practice

(1) Soft or uneven ramming may be the cause of fu.
sion for the following reasons. There may be improp.
erly tucked pockets and overhanging surfaces: safy
spots on bedded-in arcas; low air pressure; inadequate
sice of molding equipment; lack of, or poorly de-

signed, pin blocks; and insufficient jolting,
(@ Poorly patched areas can be rough and porous,

(3) Improperly fitted stop-offs are open areas which
can penetrate and cause [usion,

(4) Uneven or insufficient coating or spraying of cores
may lead 10 fusion,

(5) Uneven or insufficiently dried coatings on skin-
dried molds can also be responsible for fusion.

(6) Excessive uie of parting compounds and washes
may cause trouble in one of two ways. Liquid parting
in excessive quantities weakens the mold surface and
promotes boiling action and erosion. Low [usion, dry
partings or fluxes permit a fusion of sand Erains,

(7) Too low Baumé for type of coating used may
cause fusion trouble,

(B) Not enough facing to cover the pattern is a com.
mon type of carclessness.

41

(%) Any combination of hot and cold matevials exis
intg condensation can cause [usfon.

Metal Compesition

Metals which oxidize readily will juse readily pro
vided the temperature of the sand reaches that needed
for the particular metal oxideailica reaction involved,

Melting Practice

(1) Oxidized metal may be a direct result of the melt-
ing procedures or furnace practice, This includes s
sible oxide pickup from refractories and the obvious
elfects of excenive oxygen and/or excessive humidity
at elevated temperatures.

(2) Any fusing-type af materigl, such ar himeslone,
sada ash, and fuorspar, causes fusion.

Pouring Practice

(1} Excensively high pouring temperatures will aver-
heat the sand, especially when aggravated by any of
the design or gating pr-.u::i-ru described. The higher
sand temperatures in tum aid in reaching the re-
quired reaction temperature for fusion at the inter-
face of mold and metal.

{2} The cffect of excersive pouring height is desevibed
in Gating and Risering ().
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GAS DEFECTS

DESCRIPTION

Blows or gas heles in L‘.IH‘;FE“-"I are caviLles, EIl!!E[:
spherical, Aattened or elongated. Fund amentally, they
are caused by localized gas pressure that E?dtl!l!l.']i the
metal 'F-TﬁE-LlI.'I: in any ].;':..::||i1'!,' du]’ing sﬂlidiﬁﬁ[lﬂn af
the metal. Gas follows the path of least resistance and
henee moves wsually toward the cope F'-‘"’-ii":'"-" of the
casting. Blows or gas holes may appear as depressed
areas in the surface of the casting or as a subsurface
cavity.

Pinholes, blisters and bedy scars as well as certain
types of porosity are variations of gas holes or of a
blow. Fig. 11.1 shows a typical gas evolution cavity on
a cope surface.

A pas defect is easier to identify than describe.
Even so, a great deal of confusion can oecur because
of the frequent similarity in appearance to the
shrinkage defect. It is often believed that gas defects
are smooth and shrinkage is dendritic. While helpful
most of the time this simple distinction can be mis-
leading and, therefore, lead to a costly error in diag-
nosis. There are two areas of possible confusion which
must be analyzed carefully. In the first place, gas de-
fects may occur in combination with a shrinkage area.
In the second place, shrinks and blows tend to occur

in the same general location. Bﬂrlll are apt to be |,
cated in the section of the casting which is lug g,
freeze, i.e., the heavy section or the change of sectig,

It is an oversimplification to define a blowhole 4
a cope defect and it is false to conelude that a sin;
lar defect in the drag must be a shrink. It is true thy
gas tends to rise and, therefore, flows to the
On the other hand, if the gas is created in the drag, j
may not have time to travel upwards. In this case, the
blow is a drag defect.

There are many variations of the blowhole, by
they can all be covered by the same check list. The
specialized forms of blows may vary in the degree i
which one cause is the predominant cause, but the
can be associated with all phenomena listed —a
least on occasion. For example, a body scar is:
specialized form of blow which is found in cenmil
ugally cast pipe. Therefore, the predominant chars:
teristics are related to the centrifugal casting proc
ess. The spinning may be too slow. This produces the
same effect as a short cope of inadequate head pressun
in a static casting.

_In order to speed up preduction, a metal compe
sitlon may be chosen which solidifies faster than th
gas can be cleared from the molten metal. This woull

Fig. 111 —Typical gas avelatian @
ty on & cope surlace,




be equivalent to design that prevents adequate meta
ressure. In a similar way, each specialized form -'l[
i o

=lEeC & t:"\' 1 i by 0
- defece can be rela ed to ghe fundamentals coy.
eyl by the outhne

CAUSES

Casting and Pattern Design
and Pattern Equipment
In all gas-defect problems, there are two
solutions. Something can be chang
amount of gas or the gas pressure, The volume of
is kept unchanged but offser by providing easier e e
or by providing more pressure to drive it [hr:flr:
the existing vents belore It can Creape o o

possihle
ed to reduce the

defect.
Sometimes the problem is so acute thay both ste
must be taken together. If the pattern or casting de

sign prevents the foundryman from using
trols, the defect can be said 10
pattern or design.

these con-
be the faule of the

(1) Insufficient print or outlet frovided for ventin

A design with insufficient prine for adequately ventin I
the core could create a problem: the p:::érnm;l-fr
might fail to provide proper crush grooves (3 sand
geal around the core o prevent metal flow past the
core print). The result may be a sealed off vent and
a gas defect. Fig. 11.2 shows gas holes at the core vents,

(2) Design  that prevents adequate metal pressure.
Obviously, heavy and light sectioned castings com-
pound these problems because there is the danger of
inadequate feeding of the heavier sections.

Infferent metals differ somewhat in their relation-
ship to design problems. For example, steel, with its
rapid solidihcation, 15 more apt 1o show shrinkage at
changes of section. By gating and risering 1o avoid the
shrinkage, the foundryman automatically provides
more metal pressure and, therefore, minimizes the
tendency to blow. At the other end of the scale, the
metals with long solidification ranges, such as copper,
can be quite prone to gas defects [rom design or pat-
lern equipment.

(3) Parting line blow. Gas accumulation at parting
line. A specialized and fairly rare form of design or
pattern blow accurs at the parting line. It is the result
of an accumulation of gas between the cope and dI?E-
thus preventing fast enough escape from the parting
line. Scratches on the mold face to provide vents to the
outside is an old remedy for this problem.

It is particularly troublesome when the design or
pattern provides a heavy section (late solidification)
at ll‘b: Pu_r[f_ng "fl'E. Or WIIL'I] [4BED I'I'I.al'.l.}' Pﬂtlﬂr“ﬁ-_ﬂre
mounted in the fask, so that the individual castings

have no place to vent except into the neighboring

Eiztinﬂ_

Flask Equipment and Rigging

(1) Bars ton close to the mold surface. 1E Hask bars
are too close 1o the mold surface, the ability of the
mﬂ!!l Iy vend at Ihlﬁ Pni"t l'"-il.'ﬁ" I]E‘ r(“[lut'l.‘d o the Frﬂb-
lem level, Tf these bars are wet or pasted, the problem
= magnified because the har is creating more gas and
at the same time reducing the ability of the gas Lo e

cape. Metals of short solidification range, such as steel,

_Fi'I- 1.2 —Two llurbration: of qas halsg &b eare wanl: cured bﬁl'
Iﬁzlr;l-iim] length of core print and sdding vent to cuhide sdge of
mald.

give less trouble in this regard than wide solidification
range metals.

(Z) Flask wall too ¢lose to mold surface. As in the
case of flask bars previously mentioned, the Hask wall
being too close to the casting creates a similar prob-
lem. This is quite common because of the normal de-
sire to put as many castings as possible in each fask.
Such crowding can be troublesome by obstructing the
movement of gas. Either hard or soft ramming will
create this defect. In the first instance, it allows ex-
cessive gas to collect in the area. In the second in-
stance, it will permit the gas to pass through the area.
Thirdly, a combination of cold flask and hot sand
exists causing excessive meisture from condensation.
It forces the foundryman to depend upon his ability
to reduce the amount of gas in the molding material
or to vent the mold.

(3) Cope too shallow. (See Fig. 11.5.) One of the com-
mon causes of blows is insufficient cope height, This
then is the problem of rigging and Hask equipment.
The metal pressure during solidification is a direct
function of the height of the column of liguid metal
feeding it, c.g.. the sprue or riser height. If the pres-
sure of molien metal is less than the gas pressure
against it. a blowhole may result. This is onc reason
blowholes and shrinks can be confused. In this case,
the cure for both is exactly the same,

(4) Sprues and risers too close to bars or fask wnalls,
Insufficient venting in flasks for cenirifugal castings.
A specialized variation of the concept of mewal pres-
sure versus gas pressure is found in body scars. Here
the metal pressure is refated to the spinning speed
(centrifugal force). Insufficient vents in the [Masks
used in spinning will cause blows or create the need
for even higher spinning speeds to force the gas out.

Sprues and risers create the same problems as dis-

cussed in (1) and (2).
Gating and Risering

(1) Head pressure too low. Assuming that the rigger
did provide sufficient copé height to pernut adequate
height ol risér or sprue, the same relation between

ressures can exist. For example, if the gates are ol
4 dimension that they freeze off before

such design an s :
the casting is sufficiently solidified, static pressure can-
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pOpEr S[Tue height.
peered 10 graa b Eandri
skin 1 putf-
pessure without Tupe
been redduced

not be maintained regardless of |
It is important that they he engl
adequate metal pressure until the metal
ficiently strong 1o withstand gas [
ture — or until the gas pressure have
through the normal escape channels.
(2) Galing cawiing turbulence. The use ol norntaperetd
sprues, lack of basin at the hottom il @
sharp bends in the runner and gate systeimns =_.I|u-JFr! beee
avaided, It has been proven that by pouring water
inte transparent plastic malds the above conditions
will cause turbulence and aspirate air into the metal
stream. This rapped air is then carried inta the mold
cavity and could cause gas cavities in the casting. (5e€
Fig. 11.4)

(3) Gating design that canses imterrufited [low af
metal, This could occur when the area of the sprue
andfor runner would not be great encugh to keep
the flow of metal constant through all the ingates of
the sysiem until the mold cavity has been filledd,

s andd

-

Fig, 114 — Pinhs]
torbiadant flew in the I;-lrr?ng“:];:lr:.l-:l..l wopkie sailay sanind by

Fig., 10.3—Gas defect [l
ru?rh’ [right] by im:ru[ﬁm:l 5
haight to develop additisn,l F:_

yhakec presiurs,

(1) fnadequale viser height or size. Inadequate riy,,
ght or sipe can CAUSE gas defects where the gy,
syaterm Jdoes ot cnsure a-l!ll:l:'!ll.'ltl‘.' static head resayg,
In those cases where metal is poured through or jg,
e Fiser, this P:"t ol the 5:}'5{1.'.'!11 eontrals atatic rl'l."]j
pressure. In achlition, static .hﬂd pressure i maj,
pained only o long as there is available liquid fay
‘[herefore, if the sprue entrance freezes off quick; |
feg., kiss gatesh, then thlc riser is the only source ¢ |
ligquidd metal under static pressure. As such it e
trols the metal pesistance Lo gas evolving from th
mald materials. ,
(%) Improper spruc or gate design allowing air |
mold pas to enler metal stream. Round design sprue |
cups, pouring basing or heads, should be avoided »
this will create a vortex. Straight sprues on length: |
over 5 in. should not be used. The sprug fup @
p.rmrjng bLasin r.;l'u:lli.ng must be at Jeast ﬂ:[llh'altﬂl iff
diameter 1o the diameter at the top of the sprue i
basin at the bottom of the sprue should be providtd |
and sharp bends in the runner system avoided. All |
these factors cause aspiration of air. :

Molding Sand

(1) High maisture content in green sand. Exe
moisture in green molding sand is probably the gret')
est cause of gas defects in cast metals, Excess moistur |
is that amount of surplus water not required for!
specific sand composition. Maoisture is mecessary '/
green molding sand but it must be closely o
trodled il large quantities of in the form ©
steam are to be avoided (see Fig. 11.5). The g¥ e
sure must not be allowed to become greates thi# |
the prossure af the molien metal, ,

[ied

{:._f]. fnadequate permeability for the molding ?"ﬂ"!
rraly imoodped, -[,q:] Exoessive hines ;nlilﬂ'ur I:""r E"-.F
distribution. (h) Excessive carbonaceous of
ducing materials,

Inadequate mold permeability is I-"'-'"""IIF -HIT-[;
by excessive fines in the sand or poaor grain '-IH[H d
tion. What constitutes inadeguate F-“'"nr']hih“
be determined for cach set of conditions BC ke H.J".
alistgibiation of the sand it lupedes @ witler |.|1I-‘i.""l_l
pereen seeey than wsual, the |'!'I1J1-'L‘1'||“|4.!!| will be ¢
than usual. The presence of excess hoes will &
drop in permeability. 11 the removal of hne ik 1r J
pive ihie desined increase i |H‘I11I*'=!'“'i”" ther! * I'I.:
uniferm grain distribution should be L
large additions (10 1o 30 per cent) of 3 unifortt
sand,

‘The presence of large quantities ol seacotl

P

A



or other gas-producing materials may necessitate o
IZFEh ]-,.‘-1111{-:4!!!:]:[:. o vent the Increased '-"I'f'lllﬂ:'ll:! of
EJ;'-_L Periodic Ilt':i:I'- for loss on i.gr:il:i:}l: af the mald-
ing sand is a simple control method of ﬂﬂlflmining
|I1:' armouit of g.u-L:-nnLng materials, The valume of
gases evolved or the gas pressure may be determined
il necessary

An increase in pitch, seacoal, cereal, oil, resins
water or any material that may form 2 gas at m,:,]m"'
metal lemperatures may b expected 10 give a higher
gas pressure at the mold surface. The pressure of
molien metal should be higher than (he Maximum
gas pressure at the sand face. The percentage of
these materials should be I.;E]J.[ as low ac possible,

() Foreign material in sand — shae, nails, coke, cin.
ders, efe. Foreign material in sand can cause localized
gas holes in a casting if the material is of a type tha
can produce gas when contacted by molten metal,
(See Fig. 11.6.) All sand should be checked for [ﬂlti.ETI!
material such as roors, ]_call_g-_s' coke, ':I-Tldf_'l'sl Tuast
nails, shot and the like. Sand heaps should not he
used for trash heaps.

{4) Clay balls. Clay balls contain high maisture, thus,
they give off large quantities of gas when metal is
poured on them. Randomly disbursed gas holes caused
by wet clay balls are illustrated in Fig. 11.7.

(3} Poorly mixed sand. Poorly mixed sand also causes
areas of high gas concentration. The optimum mixing
time should be known for whatever type mixer is
used. Liguid additions should not be made directly
onto dry finely powdered additions.

Insufficient mixing can be caused by oo short a
mixing cyvcle where an operator will estimate the time
instead of using a timer or clock. Worn out blades
or wheels in 2 mixer will induce insufficient mixing.
A short cycle does not allow the clays o be properly
plasticized and worn equipment will contribuic to
pootly mixed sand.

pand

ercpssive moitture in m_ldin:;
sembined with low permuability sad poor grain distribution [#
Wheen sand |,

Fig. 11.5 — Pinholes caved

Fg. 11.A—Gai dafeel cauad by gewaia Frem a mackine [iliag
falliag into the facing sand (Fereign makerial].

(6) Teo coarse particles of gas-producing malerials.
Coarse particles of gas-producing materials canse arcas
of high gas concentration.

(7} Coalings conlaining excessive gas-producing ma-
terials, Excessive gas producing inorganic materials
can cause gas defects in castings whether the gas is
produced by materials in the sand ar in the coating.
Excessive amounts of organic materials such as oils,
sugars, or resins may be determined readily but clays
may retain chemically combined water which may
not be given ofl at normal drying temperatures. Lin-
cured shell sand will contaminate sand systems and
cause gas pinholes,

{E} Exeessive P,"-,-,lmh””}- in skin-cdrred molds, gl
lowing sweat back. High permeabilivy in shin-dried



Frg. 118 — Undsrcmred Furfural alochsl type core comed gas da-
fecti en the intessal Lul"iltl'.

Fig- 1.7 — laisfieient cove want erasted blowhsls §3 the maldi
sand wrfice of & omall ghaal casking, i Tokaia.

Fig. |17 =—'Wat elay balls in mald
ing sand caused randomly dispersad
gas hales,

molds can lead to sweat back before casting, thus,
a high concentration of maoisture is created. 'Wh-:lh!.'r
or not the permeability is excessive will depend, in
a large part, upon the drying temperature and time
and the time between drying and pouring,

The time-temperature factor should not be over

lnoked in any case where gas evolution is a problem.
The total gas evolved is important but even more
important is the rate of gas evolution in relation 19
the pouring time and tcmperature, and to the solidi-
fication time and temperature.

Core Practice
The greateit problem with core blows is the e
H{ilh which they may be confused with sand blows
Since gas travels upwards in the mold, it is quite po
sible for a gas bubble to form from a cored surfact
and then travel o the cope surface and appeaf o
or near the green sand face. Sometimes when thE

I'I.EE]"H'_"I'“-, thie d!‘!f{'lﬂ will IE‘-II'.I':,' a “'.ill'k or E-ﬂ |:|:||;'L |

1o 1ts origin so that the proper cause becomes M
evident. This clue is no present in all cases. gl
One aspect of a core blow which has no compani® |
cawse in sand molding is the partially coated €0
In this case, the core has been dipped or blackent® |
and as a result, the entire skin or surface is imper™ |
-‘lhlll: ta gas How. 16 this eoating was broken by I”I {
dling when green or during the time it was being dret! |
the entire volume of gas crcated in the corc gl
escape through the spot where the coating is l"“'.,-.
or thin, This concentration of gas at one point _'1-"|,-
be too much for the maold abave it to handbe : .
resultant blow may show all the way through ™ |
metal section at that point, i

el |

gl-:l Underbaked or uncured eoyer. Underbaked ‘“l”,; |
in all processes, including oil, resin amd hot ™



Fig. 11,010 =Yari; plugged with irom during pouwring cauied majer blow defect on cope surfase. Arrow peints to the plugged vents which

l:":lk ||i.-|l wir. £

cores, provide an excess of gas which would normally
be removed durjng the baking. In this respect, shell
or hollow cores which have not been properly
drained or mandrelled will have underbaked centers.

Ehell and furnn-:}'p&r eores are not necessarily baked
when they leave the box even though apparently rigid.
Fig. 11.8 illustrates gas delects caused by uﬂflﬂ‘fﬂir‘fd
furfural alcohol core. Core sections over lg-in. re-
Quire additional baking beyond that gotten in a hot
box. Cores made with shell must be either mandrelled
or cured our in another oven,

In the furan, CO, and oxypensetting processes,
Moisture reaction may be enough to cause gas defects.
In such cases, moisture must be removed by drying
't an oven (250 F, 121 C ). :

The curing in the air set process involves a relation-
ship between time, temperature and chemical catalyst.

Correct proportioning of these three creates a con-

dition of uncuring even though the core is apparently
usable,

{2} Excessive binder. In all core processes, the pres-
e of clay and organic impurities increases the need
for binder and the resultant high level of binder
“Tedtes large amounts of gas. (See Molding Sand (2).)

3) Inadequare permeability for conditions involved.
(See Molding Sand (2).)

.

(4) Imadequate venting. This may be caused by vents
pee pear tbe surface: am insufhcient number or oo
small vents; vents 100 small in proportion 1w permea.
bility of sand; venws closed off in pasting: wvents
plugeged with core wash; and vents not connected.
Figure 11.9 shows a blowhole as a result of an in-
sufhcient number of vents, Fig. 1110 shows a delect
as a result of vents plugged with iron.

Fig. 10.11 — Beoken wrfaces of core wash pemitied gas o bach up
inte heawy metal pechions.
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Fg. 1112 —COg process cores absorbed moishure d'-"'j"‘i iherage
which cauied blow on Basgs surfsce of aluminem easting [deofect
sutlined).

(5) Metal geiting into the wemts. (See Casting and
Pattern Design and Pattern Equipment (1). )

(6) Exeessive or wet paste.

(7) Core wash too heavy, broken or not dried. Fig.
11.11 illustrates a gas backup into heavy sections as a
result of broken core wash surfaces.

(8) Too much gas-producing material either in the
core sand or wask. (See Molding Sand (6), (7) and (8). )

(%) Cores absorb moisture either in storage or in the
mold. Some types of core materials have a tendency
to absorb moisture (hygroscopic). This is particularly
true if the curing binder (oil or resin) is low. Cores
without curing resin as in the €04 process are hygro-
scopic unless they centain forms of carbon such as
pitch. Maoisture pickup can occur during storage, prior
to use, or in the mold itself prior to pouring (see Fig.
11.12). Most core pastes and core muds are hygroscopic
and may cause more problems than the cove itsell.

{10y Exposed hooks, wires or hangers.
(11} Chill or sealing materials not dried.
(12) Hooks or hanger holes filled and not dried.

(13) Foreign malerials, such as roots, leaves, coke,
coal, ele.

(14) Poorly mixed core sand.

Melding Practice

(1) Combinations of hot and cold materials, Any
eombination of hot and eold materials such as sand,
eores, flasks, chills, gaggers, chaplets, metal riser cov-
ers and arbors, may cause blows due to condensation,
(Gee Fig. 11.135) Cores and chills are the chief offend.
ers bur any materials used that are hotter or colder

than the sand mold will cause sweating, especially il
not poured at onge,

(Z) Improper venting in green or dry sand mold.

nder certain conditions the permeability of the sand,
especially in larger molds, may not he adequate 1o
carry off the gases at a fast enough rate. To compen-
sate for this, sufficient venting must be done. Vent

rods or wires rigged with stop-off shirri_-lq In [‘”I' veny
from going completely into mold cavity may be g,
efficient at times than vents that connect to the ey
ing, as the metal seals the latter off as sonn as
into vents. : :

{a) Mold vent which permits back-pressure ip o
or mold. Gases released by the core must be given g,
passage to the outside of the mold; otherwis, e
back pressure formed will push the gas through y,
metal eausing a blow. _ ; .

(b} Vents too close to skin dried molding surf,,
causing sweat back.

(%) Insufficiently dried molds. Especially in Jar,
maolds, sprays and washes ﬂn:_used. for casting finish,
sand peel and general protection of tl'_IE mold surfae,
The materials used for this protection are usually
suspended in water or other liquids that cause ga
Unless these molds are thoroughly dried, blows may b
produced, Skin or torch drying of molds with deep
packets can result in nonuniform drying.

(4) Hard spots caused by improper ramming for con.
ditions tnvolved. Excessive ramming or squUeezing on
a high spot of a pattern will produce a hard spa,
resulting in localized low permeability. This causes a
blow. (See Fig. 11.14.)

(5) Gagger, soldiers, arbors or bars too close fo pal
tern. Gaggers, soldiers, arbors or bars located too cloe
to the pattern may produce blows by causing steam o
condense around them. When the gagger is cloz to
the pattern, sand may not tuck under it and the meul
comes in contact with the gagger causing a kick or
blow.

(6) Clay wash too heavy on gaggers. The war.:rjruu
excessive clay wash on gaggers will tend to migrak

L | I

-‘I

Pk gl

'll"
srak

ad o]

Fig. 11,03 — Blow cawsed by moisture fram hat Mdd"fi.rl.'llh
deniiag on cold core surfsce, Poom temperature =ai R
The ﬁwHinq sarsd had & temperalere of P34 F Is"c‘l'rr. . Lo
of 120, graan compression sirenglh af 1] jpar and oLt :'-'i 51
of 15 par cent. The mold stood 80 min befers PS5 0,
coaling, tha casting was cleansd and machised, 'h'“““l, Y
cope wrface appearing durimg machining The 7% !
4 in. 1D, cast on ik ude, was gated ab bell wadi i



Fig. 11.14 — Blister on sanitary
casting cauied by hard ram-
ming and wel sand.

from the wash to the sand and cawse the sand to be
over-tempered at the point, thereby, causing a blow.
Clay wash should be between 30 to 40 Baumé.

(T) Excessive slicking and patching green sand. Ex-
cessive slicking tends to harden, bring the moisture to
the surface and lessen the permeability at this spot,
thereby causing a blow. Patching by using over-tem-
pered sand or the use of a sponge or swab is also a
source of blows.

{8) Dough roll too wet or loo close to maold cavily.
Dough rolls, wet paste or wet clay used at the pa r‘lmg
line, especially in excessive amounts, have the same
effects as excessive clay wash on gaggers. Also, the ma-
terial may be squeezed into the casting cavity when
the cope and drag are clamped together.

(3) Wet pouring basins and gating systems. If It-u-n
hard or wel, a PDI.I.TEI'[E basin may causc the meeta ) Lo
Boil and carry entrapped gases into the mold causing
Pinholes,

(10) Insufficient sand in flask. It is Fﬂﬁﬁiblf to ﬂ"ﬁ'w:
Proper sand and proper fasks but improper molding
onditions guch as insufficient sand In :hF flask !Tl:l{
Quse blows. By raising the sand height n the Ilﬂt-'rl
TOTE Static pressure will be built up causing the meta
Pressure 1o overcome any gas pressure _
(1) Excessive liguid parting. Liquid parting 1= 2
*ource of gas arquld usfd inH:xc:s;[f‘-’f AL ml:::
Huse blows, Excess parting can be removed from t
Pﬂlttfn h}l me LhSE of 3 ]'aE or 1l;j|.' hm":r

(12) Mold wash or coaling too heavy or not dried.
Excess mold wash or too heavy a coating will cause a
hlow because of excess moisture and/Jor volatile ma-
terial left on the mold surface.

gray irom carting conlaining esgenlvae

ig, 1115 =— Gaz defech in &
E::rnimm 0025 per eant].
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Metal Composition

The major problems as far as gas defects are con-
cerned are related o those factors which change the
amount of gas dissolved in the molten metal. Molten
metal will hold many more umes the volume of gas
than will remain dissolved in solid metal. Ae the time
of solidification this gas may escape or may remain
as a supersaturated solution. Normally its escape does
not create a problem, but if outside gas pressures
created by the mold are high, the gas from the metal
may be conhned. In this case it may remain in the
casting as & bubble causing a pinhole. The factors
which inHuence the amount of gas dissolved in the
molten metal {and the amount which must escape)
are related to the presence of metallic impurities, un-
clean scrap used in charge, and improper silicon and
aluminum balance (steel). (See Fig. 11.15.)

Melting Practice

Melting practices which force even greater volumes

of gas into the molien metal multiply the tendency
toward gas defects,

(1) Steel. A vigorous, lengthy boil in the furnace will
remove gases in the mewal. Gases are removed during
the boil by diffusion of those dissolved gases into the
stream of C*;Il and €O, bubbles rising to the surface.
DBecause of its rapid diffusion rae, hydrogen is the
first gas 1o be expelled with other gil.'é.l:'s lellowing in
order of their diffusion rates. Deoxidation must he
mmy]v_:tnl:l in the ladle. Pinhale porosity may result
from improperly degassed steel,

(2) Iron. The majority of SCTap
v;aluls;_;d Eﬁ;.mhl iron poured in the maolds, (See Fig
1E-A0) Lhis practice causes one of the maj I
in iren foundries, Unfortunately, mw:njfji;;i?mtms
are subsurface and are not discovered untj] t].-n.‘ By
ing has h.ccn machined. The defect is uguall l:.h:l:aﬂl
low pouring wemperature, Cald iron and ]-;;wYFIu:'di:;

may indicate oxidized iron or oxide o
refractories. ide Fltku]} lrom che

due o blows js

Fig. Il.16— Subturface gqus dy
focts cautad by cold pouring iy,
high moisture and,

(8) Nonferrous. Most of the nonferrous metals are ex
tremely active insofar as gas absorption Js_t:a-m::me:i
Maost foundries melt nonferrous metals in furnace
where the flame impinges on the metal, thus cusin
further gas absorption. - _ N

A proper metal cover plus degassing additions mus
be earefully controlled to prevent porosity in the met
and castings. Special degassifiers are also added and
sometimes an inert gas, such as nitrogen, is bubbled
through the metal to remove occluded gases by
diffusion.

Pouring Practice

(1) Cold, damp, or green crucibles or ladles (I
fining).

(2) Pouring cold metal. (See Fig. 11.16.)

(3) Interrupted pouring.

4y L_mﬁr_- or crucille too high above mold,

{5) Slow pouring.

_ The relationship between pouring and gas debect
15 much the same as for melting practice. The efie®

in this case are created in or by the ladle instead of I
or by the melting furnace. (See Melting Practice (1

Fig. 1017 — Chaglet blow bet bulwg 4%
caused i b balag *
the core sebliag stafinm. s by rusty chapie



]nt:ﬂ“F'Ed pouring and pﬂuring ton high above
pe mold introduce dissolved guses into the mold. In
;du:[ilii'ﬂ'“r interrupted  pouring h.:li the same effect g

Lring to0 cold or too slow. Slow pouring permits
e metal to cool in the mold and reacts the same as
cald metal.

Miscellancous

(1) Chills, chaplets, wires which are rusty, improperly
coated, oxidized and damp may cause blows, (See Fig.

11.17.)
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(2) Insufficient centrifugal force — slow sfrinming.

Most of the miscellaneous causes for gas defects in-
volve some foreign body in contact with, or ton clae
to, the mold face. These localiesd objects are some-
times hard to find on examination because they are
released ap the shakeout and nor abserved, Sametimes,
of course, they weld themselves onto the casting laee
and their presence is obvious.

The slow spinning is described in detail in the
sections on design, nigging and gating.
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HARD SPOTS, HARD

DESCRIPTION

Hard spots, hard areas and chilled spots in a casting
qre localized zones of excessive hardness and are more
common defects than mass hardness. They occur in
section changes because cast metals have different
hardnesses in different sections of the same casting. All
the causes Jisted in Chapter 15, Mass HARDNESS, apply
here, plus those due to an unusual section or cooling
rate,

Some metals are more section sensitive than others,
20 the following factors are particularly dangerous in
section sensitive metals, Gray, malleable and ductile
iron relate hardness to both the matrix and the graph-
ite. Therefore, they are section sensitive. The response

1o heat treatment is also related o section size, for the -

same reason.
Incorrect chemisery, gassy metal, high heat tramsfer,

and unusually thin sections are principal causes of
hard spots, hard areas and chilled spots. Figure 12.1
shows a typical hard spot which was discovered upon

machining.
CAUSES
Casting and Pattern Design

Urnbalanced section thicknesses. Many design En-gi-
neers do not allow for the section sensitivity of most

Fig. 11| —Typical hard .
¢n!;|.'|u'|'|-g-. TF L spet which ihmﬂ up @n mu‘.}"r-ing off fhl‘

AREAS AND CHILLED SPOTS

Fig. 12.2 — Monuniform section, which required densa hub,
meted ehilled edges on the outer sechions of the vanes.

cast metals, because it is difficult to specify the chen
try, hardness, and section cooling rate. This probl
is greatest where many sections are involved in |
uml:_{:[tlstlpg (see Fig. 12.2). When hardness is sp
fied, it is important to know to which section of |
casting this specification properly applies. The fow
:?;“3“ fi_i.'l‘:"“ld try to negotiate the chemical 5]1:-|:iﬁ
Str: "”-'h e can adjust to meer the important factors

ngth and hardness. Close cooperation in this
gard can save the customer many hardness problet

(1 w _ Pattern Equipment

Al:!q.- “'5::':5::4]:!:-:‘:::.;‘ or core -E.I'E'.'tf.i. causing thin secliol
localized !mrdﬁr unexpected thin section can canst
e Bane ﬂm:ss. For this reason, worn p,-.tEc:m il
hardness s -I[_I-l by Pl'“_h]*!lu. Jobs which ¢f
an alluwanpcf:ufnmmni in thin sectionm should caf
to avoid thinni I preventive maintenance of p.ﬂ:t‘l‘-

T thinning below allowable srandards.
fgr;:?lmh:;:tu“;ﬁ in the rope. Any factor such
and excessi r bowed patterns can create a thin o
sive chilling of the thin section.



%) Mismatched patiern equipment, Qne COEmIaN
;'-.Pk‘ of problem is the mismaich of cope and drag re-
qulting In one or more thin sections. An incorrece
match between cure (core box) and core print (pat.
rern) can cause these off specification thip 5:'-:ti::|115.;l-I

Flask Equipmnni and !igg'mg
i Flask barg too close o mold Caer by 1".i||:J.'|f!l.|]' chilled
gecpions. The Hasks can have a diregt .ﬂ'i]ling effect on
the metal if either the Bask or bars are 30 close i the
mold cavity as to conduct heat during casting solidif.
cation (see Fig. 123). This sometimes happens when
shoft Tumn jﬂltﬁ- are made in H..'I!.'k_l. 1.-|.']'|_i_|:'|-|_ WETE Rever
designed for them. Another, and more careless cause
is wsing the wrong Hask when the correct Aask is aeru.
ally available. Occasionally one finds the penny-wise
ctice of saving on sand by crowding the job into
undersited equipment but this is false economy,

{2} Weorn flaik prins and h.-;_-:.l':r'ng; can create a shift
camsing a thin section which results jn a hard ares,

The only cure for this is supervision and preventive
maintenance,

(3) Weak or warped flasks can permit mold sag with
subsequent thin sections and rapid cooling,
() Weak or crooked bottom boards or flimsy, dirty

jackels can cause a change in casting dimension suffi-
cient to produce hard or chilled areas.

Gating and Risering

In many cases, the problem of thin sections is solved
by proper gating. For example, gating inte or near

Fig. 123 — Flask bar clos bo casling
furface cauied hard spet which was
Eoricied by cubiing cub ane section
ef 'H" bsr [1.'| di|grl|‘n],
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thin seetions helps to slow down cooling, and avoids
excessive hardness. In some areas, merely keeping a
Tunmner near 3 thin section is enough to improve the
uniformity of hardness. Running metal into a dead-
end thin section, or gating in such a way that only
cold metal enters the section of rapid cooling, should
be avoided.

A good example of dangerous practice is to place a
thin vertical wall in the cope so the metal has to fow
up anto the thin section. Such a combination of eald
metal, thin section, and remotenes from the gate can
create an incurable hard spot. In unusual cases, where
the desizn or rigging forces this thin section in the
cope practice, the problem can be relieved by flowing
off 2 small amount of metal through the thin section
to heat the sand.

Molding Sand

(1} A wet spot in the sand (clay ball or cereal ball)
can produce a localized chilling effect and hence a
hard spot. Adding liquids directly to dry binders such
as clay and cereal betore they are distributed through
the sand should always be avoided.

Mulling practice can be important in moisture con-
trol. The worst pragtice is trying to use a muller be-
yond its capacity or letting the plows, wheels, and bed
plates become worn and poorly adjusted. Constant
preventive maintenance on mullers is imporeant ta all
sand properties, but particalarly important for proper
moisture distribution,

(2) Tramp malerials in the sand can act as chills and
create hard spots. A major epidemic of such defects




Fig. 124 — Chilled edges cawsed by low carbon equivalent in gray ircn gasting.

[requently is traced to a sand loaded with such miscel-
langous and incidental debris.

Core Practice

Becauwse cores commonly carry extranecus materials
such a3 wires, rods, coatings, and the like, they cause
mare hard spots than the sand molds. They, of course,
have all the possibilities shown by sand such as wet
spots, cereal bulk, concentrations of binders, poorly
mixed Faseows compounds (e.g., patch), and hard and
soft rammed areas, In addition, they may create prob-
lems {rom wetr or excessive wash, wet or excessive
paste, or excessive heat transfer. Heat wransler by con-
duction increases as the density of the core increases,
whether the density is due 1o the specihe gravity of the
material (zircon cores) or to the compaction of the
core particles. Glazed cores are more highly conduc.
tive than unglazed cores.

Localized excess ol chill coat or wash would be sim-
ilar in eflect to exposed or partially exposed pieces of
arbor, rod, or core wire. Tramp material of any type
can give a localized chill resulting in a hard spot.

In addition wo the direct effect of inclusions, the
core may cause a chill by creating a thin section of
metal. An example here is the excessively rubbed
print or warped core.

Molding Practice

Since melding practice also includes core setting,
thin sections caused by careless core settings can fall
into this category. The malder can also introduce
local chilling by setting arbors, rods, soldiers, gaggers
amd bars too near the maold cavity., Excessive nailing,
or natling a thin section, has the same effect, Jtpi}[}-;ing
wash too thickly or failure to dry such wash can cither
chill er create a thin section,

Setting chills where they do not belong or setting the
wrong type and size chill {(assuming that any are need
ed) is a carcless practice.

Metal Composition

Because most metals are section sensitive, any tend
ency toward excess hardness will be aggravated
thin sections. In addition, many alloys make cast met
als even more section sensitive than normal, For ex
ample, for a given carbon r_':._|_l.-ll'ln'ql|EII.L a low carbea
iron is more sensitive to section size than is a high e
bon metal. Figure 124 is an example of chilled edges
in gray iron caused by low carbon equivalent.

Elements such as sulfur are very apt to spot chill in
thin sections without materially changing the heny
sectiens, Chromium, particularly in carmbimnation Wikl
high phosphorus may create hard spots in thin $¢
LuerLs.

All metals have similar characteristics in which all:
-H'lil-l-"-“-'l"'- becomes particularly |;:|'|_|:|E‘|;':ru||-. For exas®
]'lf aluminum alloys are sensitive to aluminum oxids
iran, and silicon. Magnesium is sensitive (o nonmet#
lic materials such as ammonia, urea and the like

Careless charging may also be |f-5|'_|r_14|'=.ihir_' for har
spots and chilled sections.

Melting Practice

i
Any careless melting practice may lead 1o |||..¢'-I“
|'¢
analysis and — far worse — even to n:qrtglltti aoll-a
viis metal.

= ' [a
(1) Cald H.'.'L'-!ul!_; cam lead o o distribmpion Y
loys.

(2} Excessive sufrerlieal and vaped melting a8
t2 oxide [ormateon.

(3 Absorption of gas from wer furnace l.i"'l“"lll:m
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cupola) linings, wet spouts, ladles, and the like can
£ hard spots Irum_ga:.s]r metal. It should be noted
. the gas in melm'l is part of the composition even
though 1ot listed in the usual routine chemical anal-
}'_5].!.
{4) Wet sand bottoms, dirty crucibles, and tools, and
cimilar evidences of bad housekeeping around the
melting department are all elements leading to defec-
give castings.
ﬁj M-Etﬂlt melted too cold. Where ladle p'[a.{;l_ice i5
rt of the hardness control, such as the graphitizing
inoculation of gray and nodular iron, carelessness or
cold metal can create a problem.

) Inoculation. A basic error is a poor (incorrect)
choice of inoculant: inoculation used when not need-
ed: inoculation not wsed when required; and use of a
WIONE inoculant.

Pouring Practice

The effect of cold metal and gas from poor ladle
practice is the same as described for Melting Practice.

L

Miscellaneous

Much of the problem of hard spots is due to misce
laneous causes because the hard spot involves: (I
any unusual reduction in section size, (Z) a drasti
change in cooling rate, or (3) cooling after castin
{eg.. heat treating and welding).

There are many ways to quench excessively in add
tion to the obvious one of shaking out too hot. Th
hot casting could fall into water or rest on a cold mol
weight or other objects normally found in a foundr

The quench could be the result of localized ove
heating from rapid grinding or snagging, or carele
wse of the cut-off torch or wheel.

The specified heat treatment may be incorrect, or
correct, not followed with adequate care (inadequal
soaking time).

Special cases are invelved in leaving a permanei
mold casting or die casting in the mold too long. Sin
ilarly, welded castings may be spot hardened by failm
to redraw, from excessive quench or by incorrect con
position of weld metal (rod). Careless handling afti
welding would have the same effect as unintention
cooling after normal shakeout (falling in snow, etc
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HOT TEARS

DESCRIPTION

As is also pointed out in Chapter 28, SHRINKAGE CAv-
mmies anp DEepressions, there is often confusion as to
whether a hot tear or a shrink is actually involved. A
discoloration is an important clue singe the tear takes
place in the solid or semisolid metal but only in the
presence of sufficient heat to provide a typical oxi-
dized color. Unfortunately, a shrinkage can also show
such discoloration.

In many cases, these defects are so similar that the
diagnosis is not substantiated until the cure used
proves effective. Where doubt exists, it is well to con-
sider both possibilities so as to avoid repeating incor-
rect cures. In many cases, such as those illustrated, the
difference between a tear and a shrink 1s obvious.

CAUSES

Casting and Pattern Design

(1) Lack of adequate fillets. A most common cause of
hot tearing or cracking is a lack of adequate fillets at
sharp corners which set up high stressss during cool-
ing. A tear can occur even il feeding is adequate to
prevent a shrink in this same area. Increasing the size
of the fillets is the usual cure provided the larger fil-
let does not create a shrink. The use of external chills
can have the same effect. Cracking strips are common
corrective measures for the same problem,

(2) Abrupt variation in section thickness resulting
in variation of cooling rate. An abrupt change in sec-
tion, even when properly fed, can create stresses which
permit cracking or tearing after solidification. A vari-
ation of this is a gate wo large for the section or not
enough gates, thus creatng a hot spot. In these cases,
the hot spot acts as a change of section. It is then nec-
tisary to gate in more areas with smaller gates.

(3) A U- or channelshaped section or an Ibeam sec-
tion with Tee junction in which the mold resists nor-
mal solidification of the metal. Any design involving
channel or I-beam sections with Tee junctions can
lead to a sitwation in which the mold wall resists nor-
mal contraction causing high stresses during coaling.
This design is common and usually leads to the use of
chills at the hllets or special molding such as hollow-

ing or lightening the mold or core betw h
the U or channel, ki s

Pattern Equipment
(1) Lack of adequate fillets. The pattern shop rather

desien engineer may be responsible for g,
;:1::1? crlfhgllemgl? thl:giﬂ!id'v‘ cofner oL & Yo akoling by
o radius and the outside corner is left sharp, hot ey,
ing can be aggravated. This can be amiled by tipe,
ing the casting wall or by rounding the corners.

t laced cracking strips and le bgy
!:I‘.E‘L:F;.:::L:::l?hfp can be responsible for hot tean
the eracking strips and tie bars are either too smal
too large, or incorrectly located. Too large a strip cax
act as a chill, setting up inn:mall stresses. Too small
strip will usually tear the sand in the pndr.ct. As are
sult, the strips do not have adequate strength to resiy
the strain. Tie bars should be approximately equal e
the casting section size and hlleted to prevent teanng

Flask Equipment and Rigging

(1) Flask bars too near the riser or sprue. The he
tear is directly related to high internal stresses, eithe
tension or compression, which resule from a section of
the casting being unable to expand or contract in i
normal or natural fashion. Therefore, a major prob
lem exists if the fiask bars or other obstruction inter
feres with the normal movement of risers or sprdé
during cooling. The sprue or riser acts as a lever. I
not allowed to move as the casting contracts, it puts?
leverage strain on various casting sections.

(2) Flask bars extending into deep pockels nol ok
lowing collapsibilicy. A typical problem ensues whet
bars are extended into deep pockets to Jift the sand
Tl'!ne bars interfere with casting sections immediate
adjacent to the bar. In these cases, a Bagger or saldx
can be used to lift the pocket without interfering Wil
normal contraction.

Gating and Risering

(1} Down sprue or riser too close to flask bars. Unit
Flask Equipment and Rigging it is pointed out :I'fll
Placing the bars o close to the sprue or riser will ¥
terfere with the marmal f-':’p:"l!iﬂl'l o L'ttll"ﬂ'"i"" i
the casting during cooling. If it is impractical © ©7
the bar, it may be possibile 10 move the sproe of !

in such a way as o eliminate this common proble®

I:E:I- Gﬂl’r.f, THEFS arid FLAMETT sl f..-rrm”rﬂ_[,‘ ""‘"iTrn
contraction. There are many cases in which the H"':__;:‘
system  can retard normal contraction and Y
stresses within casting sections. Obviowsly, thes e
show up at corners and changes of section ali =1

highl.:l" siressed. The casi i“H \"l{jl l-hE £a ".“E :.:.11':‘“ - I.

L B




Fig- 13 | —=Hat tear in thesl casting ersated by inadequate core
pellapse,

tached should be examined in order to judge whether
these external parts are exerting a lever action on
some casting section during cooling

Meolding Sand

il Poor calla If.lﬂlf'-'l'l!n'!}' due o excessive hol or ,;f,—:;
sirength. Any sand which resists deformation as the
CRLUNE CONLracts can aggravate hot tears in those de-
signs or metals which already are prone to high inter-
nal stress. However, a radical change in sand should
= _||::|'_;|r|:|;1cl;|¢_'|.1 cautiowsly in order o avoid shrinkage
]_|r.|;|]_'||_rrni or oversized castings. It is here that the cure
for a shrink and a hot tear differ radically. Soft ram-
ming may relieve a hot tear but will probably aggra-
vate a shrink. FHlence in curing a hat tear, o s impor-
tant to know how to aveid creating a shrink.
Excessive hot strength, low hot deformation and dry
strength are the properties of greatest interest, These
are related to the sand mixture and the mold hard-
ness (see Molding Practice). The common W_“li'ﬂj-"-
over these properties are type and amount of h'“'d:"=
and the moisture. Excess water always imparts high
(excess) hot and dry strength. The use of pitch can,
through build up, lead to reduced sand '-"?”E‘-PE"-';”I'IT'-
Excessive fines, silica flour or even excessive clay can
cause excessive hot and dry strength. The choice of the
binder may he a ri:.a'l'l‘_.' cure; eg., 5uh$[i[LL|'_i'I.‘.!ﬂ of south-
ern for western bentonite at controlled moisture level.

(3) Low  sintering-point materials. Low sintering-
Point materials which become ceramic can promaote
hot tears without being of any bencht in cc_:mmllmg
mold-wall movement 5hrlnkage_ Codium silicate {“'-?-
'f glass) and fluxing materials are apt to Set Up this
Wpe of Tusion which could be harmful in ferrous cast
Ngs. Nonferrous merals are wsually not cast at suffi-
Qent temperature 1o find this unless such fluxes are
Present in unusually large quantities.

I:.J-:' H'H& hat .'I.f:l'f"ghri c.grai[.l!r.‘d with fow grech sand
deformation, The sand must deform to some extent as
% casting cools if the design or metal are pronc i

u!_lEar';_ Rather than soft ram, it is beteer 10 dtcrﬁ:tf-f.‘.
Moisture, bond and fines or increase cellulose materl-

5

al. In a specialized :_:.ra.ll-ulie;:tlira-rl.ll such as in centrifugal
molding of steel, it would be desirable to increase hot
strengih amd expansion.

Core Prackice

(1) Poor collapsibility due to excesiive hol or dry
ﬂ'n'rrgn'fa. The effect im cores 15 simalar to chat o sandd
r:'llli a few .'.|r-e;4_'i,1l considerations. The materials mose
apt to retard adequate eollapse are pitch, maoisture
{(in the green state), fines, and excess binder (oil, res-
in, etc). Figure 13.1 shows a hot tear in steel caused
by inadequate core collapse. The type of binder is also
a factor. For example, urea resins ¢ollapse more read-
ily than the phenolic.

(2) Low hot deformation when coupled with poor
collapsibility. The binder may lack hot deformation.
Some oils are worse than others in this respect but the
baking cycle could be the control.

An overbaked core may have higher retained hot
strength than an underbaked core. This is contrary 1o
many beliefs. It is based on the fact that hot strength
increases with baking time and temperature, up to t.hr:
point of burned. An underbaked core can also give
trouble if the baking continues in the mold :lftlcr
pouring and leads to excessive hot strength and rigid-
ity.

(%) Rods, arbors, elc. too close lo surface of cores.

(4) Over reinforced cores. A mechanical problem is
frequently found in cores through the use of wires,
rods, and arbors which prevent normal collapse. Too
much or improperly placed reinforcing can interfere
with mormal movement. A well-known cure [or these
problems in larger work is the coke center core. Shell
cores provide a similar easy collapse when hollow but
can be a problem if made incorrectly (solid in some
SOCTIOTS ).

In permanent mold work, the core becomes particu-
larly important because the mold is rigid and the core
is expected to provide for all the contraction. In these
cases, [allure to remove the core in time can cawse the
Lear.

o

Fig. 13.2— Hot tear caused by failure te seb proper chillh at tha
hat section near fesder ared.



i i i 3 i ieal analysis:
Fig. 113 — Two views of crath in ehilind easting. Chamiza :
5 052 per cont; tolal cerbon 185 per cent: bn 044 per cent;
F 0.25 per cent; 5 0L12 per 2ent. Increais of pl-n-_n:phuru:. fo 04D per
eent minimum eliminated cracks ia chillad seckion,

Malding Practice

{1} Rammed too herd. Since the sand properties crE
interest are hot and dry strength, the mold hardness is
a vital consideration. Dry strength increases with
mold hardness and, in addition, the increase is most
rapid at higher moisture. A wet samcd, overrammed, is
particularly dangerous. In many cases, the molding
can be eased back enough to stop the tear without pro-
ducing a shrink. For example, a mold hardness of 85
1o 90 often will E:muidr. adequate protection against
mald-wall mevement while 30 to 98 hardness could
create a danger of hot tears.

(2) Rods, arbors, gageers, eic. toe close lo mold sur-
face. The use of rods, gaggers, and soldiers is often
necessary for good molds buc they must be placed in
such a way as to permit normal contraction. Moelders
may be careless of such placement unless they recog-
nize the danger.

(3) Riser or sprue too close fo flask bar, The place-
ment of the riser and sprue bas been mentioned un-
der Gating and Risering, but it applies to maoldipg if
it is the maolder's job.

(4) Excessive swabbing or sponging. Since high mois-

ture is a major factor in sand involving lot tears, 4
use of sprays (water base) and swabs can caug, ]'”ﬂ.‘
lems.

(5) Failure to place chill when :r;r.j:I bo preven, Ro
fearing. Occasionally, the r}mldl:r simply faily ,, b
Jow prescribed procedure. For example, he may g, "
the chills needed at certain sections {see Casting In..j.
Fattern Design) to prevent the hot tear. Figyg, 19
is an example ol a hot tear caused by the Failur, éj
set proper chills.

Metal Composition

Certain metals are much more prone 1o hoy g,
than others. A wrong composition [or application
a composition having 100 high shrinkage characep,
tics in these metals can ha_'l-'i: a EEE:L!_EI influgnes thap
either the mold or the design (see Fig. 13.3).

Melting Practice

(1 Excessive carbide stabilizers pn:r:.rmn'rrg Righ shring,
age,

(2) Wrong compasitions duﬂl ia mr-!-*ﬁ.-.ﬁ charging,
Since metal composition 13 30 IMPOTLANE 1N $ome me;.
als, the melting practice must be such as to produc
the correct composition. Careless -::h:uging,‘ weighing
or lack of atmosphere control can be a major factar.
In the ferrous metals using ladle inoculation or alley
ing there is some danger from excess carbide stabilin
tion. Careless alloying or excessive super-heat and
lack of grain refinement control are standard melting
problems in this area.

Peuring Practice

Insufficeeni paurfng temperature to promole froper
eollapsibility. In pouring, there is a definite need of
avoiding temperature extremes especially with thoe
metals prone to hot tear. Pouring too cold can Fal 0
burn sut the mold or core binders and prevent prope
collapse. On the other hand, pouring too hot can o
ate temperature gradients in castings of nonuniform
section,

Therefore, it is desirable to pour as cold as possibk
while still providing adequate heat to destroy or fﬂll‘
lapse the mold and core binders, The possible spress
of correct pouring lemperature is improved il the
mold and core binders burn out more re:lﬂl'l]-' or if the
design is more leolproof. Some situations call for 3

very narrow critical range of correct pouring temper
ature.

Miscellaneous
Internal stresses sef up by thermal pradients. F[:':
handl; [ the casting : : yp have a M
ing ob che casting afrer pourimg can h ! gradi]

jor influence on cooling stresses and therma .
ents. The obvious problem is early shakeoul of 1af

= a s . : LS
cooling of critical sections such as foumd 0 sl it

o : - o 1
lets, adjoining sections, and the like. In son LII“|iI-"j
I5 mecessary to expose some sections of the L.|| i
: . Thid
while keeping others insulated in the sand. Ll

common practice in making pulleys anil ’-"""":L pr
example. In some cases, soaking pits are rrovi s
]'JEEmj! stress reliel alier shakeoun.

Moving a soft rammed mold (such as ofl 5
veyer) in a rough [ashion or too soon can GUes
tear efect.

7+
L,.L .

i e .
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[NVERSE CHILLS

DESCRIPTION

nverse chill. also known as reverse chill, reverse
mottle (malleable), internal chill, and inverted chill
is the condition in a gray iron, ductile iron or mallea-
hle casting section where the interior is chilled or
white while the outer sections are mottled or ETay (see
Figs- 141, .H'E:I' This condition generally occurs in
lighter sectioned castings. It is a relatively rare prob.
lem and, as such, can be rather confusing o one who

has had ne previous experience with it. Its cause is bet
ter known than understood,

CAUSES

Casting and Pattern Design

Thin sections adjacent o heavy sections in mallea-
bl iron are most prone to the problem but, of course,
the design itself does not cause the defect.

There are no inverse chills resulting from Pattern
Equipment, Flask Equipment and Rigging, or Gating
and Risering.

Molding Sand
Excess gas from agitated metal, as caused by wet
sand, can be absorbed by the metal to create this un-
wsual metallurgy. However, this amount of gas [rom
mand would usually scrap the casting from a blowhole
or other gas defect.

Core Practice

Excess gas from a core causing agitation of cold
metal can upset the chemistry toward inverse chill.

ey g ril s Ly R Ll A Rl L ———

Melding Practice
Any practice involving abnormal, exeess or fg'ce wa-
ter could produce a hydrogen pickup which might re-
sult in an inverse chill, possibly at some distance fl_'ﬂm
the point of actual agitation. Illustrations of localized
excess water include sponge bulb, swab, and dough
roalls.

Metal Composition

Metal composition is more of a factor in irons with
high carbon equivalent than in the lower equivalent
metals. In both cases there is the danger from the fol-
lowing [factors.

{1} The presence of nonferrous metals in the iron
such as tellurium, chromium, and other severe carbide
stabilizers,

{2) The sulfur content not balanced by manganese.
This is a severe carbide stabilizer and can aid in the
transformation to the nonstable system involved in
inverse chill.

Melting Prackice

Melting practice (and to some extent, Pouring Prac-
tice) is the basic area of inverse chill control. The de-
fect is Enown o occur under conditions which would
lend themselves to solution of hydrogen gas by the
metal. In other words, the presence of free moisture
during melting or pouring is the usual problem. The
common factors are as [ollows.

(1) Hydrogen atmosphere from a low coke bed in
the cupola or wet linings in the cupela, electric, or air
furnace.

'I. i

¥4¥ iron seetion, |s.'r:;:.!1i1h I|[|I.ri

Fa. I““—'-'—Trpkll invarse chill In &
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Fig. 142 — Photomicragraph of imverse ehill wuction of a spheraidal graphite casting. < 50,

(2) Use of contaminated materials in the charge,
such as die cast non-ferrous metals,

(3) Boiling metal is commonly the result of wet run
‘. ners and spouts, or a wet sand bottom in the cupola.

{4) Moisture in the blast, particularly in hypereutec

tic iron, such as used in piston rings, may have to be
removed.

s #ﬁf“ () Inadequate tnoculation for the conditions o

melting described Previously,

' _ Pouring Practice
iy . £ o - .:’:.-_.- “}I Wet livl:ll'tfﬂf or fad]g HPJ act as E'K.Plilinﬂd in Mell-
1Ty (| il'[il'ﬂm‘l Ty e Peactice (1) (3). Figure 14.3 is an example.
b 5I | (2) Holding too long after inoculation lets the inoc
ulant wear off, If thege is still a moisture problem, hy |

drogen may be rein, adle Jips |
shewn was pourad wing & wet [adly, puuring cup, or ski]n:ﬂélnl:zm = from the lad

Fig. 14.3—The catting
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MASS HARDNESS

DESCRIPTION

fass ]1;|['l_!|'||:'\-\.-\- 15 3 condition 1 1_.._-!1i.{-]-| thl: entire
casting 15 100 hard for the application. The illustra.
rion shows the chill test history of a mass hardness epi.
demic. F

This defect is related to heat transfer-metal compo-
sition and the relationship between the two. The com.
Im-_:iﬂn is Wrong for the rate af g_-.;'_..;_-.]_,'ng_ or the rate of
|,'|'H:I|i1'IF 15 Lo fast for the -r.li'l||:||_:|r:|-=.:i|:i_n-r| This dcprnds
upon which of the two, if either, is within prescribed
specification. Qceasionally, this situation is one of in.
correct specification. For example, the engineer may
specily the chemistry, the hardnesss and the s.g.n.i.uj:l
gize in such a way as o create an i.ll]!l{::.s:iblc combina-
tion of requirements. Care should be taken that the
various elements (chemistry, cooling rate and hard-
ness) specihed are actually compatible with prescribed
ar available foundry techniques and that allowance is
made for subsequent heat treatment.

CAUSES

Casting and Pattern Design, Pattern Equipment,
Flask Equipment and Rigging and Gating and Riser-
Ing have no elfect on mass hardness.

Melding Sand

It is unusual for the sand to produce mass hardnes
but it can contribute to it if unusually wer, The effects
which seem to be caused by sand are usually due to a
foreign marerial or to careless use of chill {t.g.,_ttHu-
rium) wash or tramp iron in sufficient guanuty to
make a major change in cooling rate.

In general, a dense mold has faster cooling than an
apen, permeable or soft mold, but the differences are
minor. 4 mass hardness could resule if the composi-
tion and other factors were such as to bring the cast
ing to the point of mass hardness, then the sand could

the final factor producing mass hardness.

Core Practice

Heat transfer in cores can be excessive if the metal 15
tose 1o being out of specification on hardness The
use of chill coat common on cores can be overdone.
Another possibility of excessive heal transfer ATISES
wien heayy rodding or arbors are used (such as in
Pipe). If the sand layer over the arbor is too thin, the
tooling rate of the arbor could predominate and cre-
e 2 chilling mass hardness effect.

&1

Chill teit histery of mass

sorap wa inadvartently subil

the

charging of a cupole.

hardnass -F."Jumi-: whan staialas steal
ituted for regular wtesl scrap during




Molding Practice

Carelessness with various chall technigques can 4%
such 33 1o ¢reate maw handness The use of roo much
chill wash, and misapplied chill wash are :umirlﬂ.

In permanent molds of die casting, the temperature
of the molds can be an umportant factor ¢.Pe¢:m[]1_; at
the beginning of the heat before the molds have
reached operating temperature

Soime insulation s mormal in permanent mold work.
This basic practice should not be neglected.

Metal Compesitien

The defect is often due to incorrect metallurgy or
10 an incorrect specification. The metallurgy of each
cast metal is different Usually the problem is to have
the correct chemusery for the section or cooling rate
invalved. Some metaly, such as gray ron, are Plrt'ilf'l.l'
larly semsitive to cooling rate and section size because
of the influence of graphatization on hardness.

(1) Steel. Excessive carbide stabilizing alloys and
{high silicon) ferrite hardening alloys are the more
CO YOy Il:luh]i.‘m'i.

{2} Geray and Duciile Tron, Incormedt carbon 'L"':[uj"-':"
lent i3 the most emamon followed closely b'!l" Incorrect
alloying composition. Lack of inoculation in thin sec:
tions may produce less graphite than anticipated in
the specification.

(%) Malleable. Incorrect alloying is one of the prob-
lems. In malleable {and in heat-treated ductile iron)
there is a danger of elements that prevent malleabliz-
ing. The best known of these elements is chromium.

{(4) Aluminum. Most alloys increase the mass hard-
ness. The outstanding elements in this area are iron
and magnesinm,

(5} Magnesium, The usual troublemakers are excess
silicon and aluminum but most alloying elements can
raise mass hardness bevond specification.

(6} Brass amd Rronze. Incorrect composition is possi-
ble through either wrong combination or contamina-
tion from stock intended for other compositions pro-
duced by the foundry.

Melting Practice

Since incorrect compaosition is so much a part of this
problem, any poor melting practice which produces

an off-analysis can produce undesirable magy M
ness. An obvious source of error 15 in Weighing “u-l
charge ingredicnts or permitling un usual losses of 2,
tain elements. Sometimes contamination from 5 g
vious heat is a major problem. o 1

Assuming the charging technique a8 correcy 5.
there is :g contamination of the lining, the "-l.l-uql_i|
source of trouble is from an oxidized melt. This mig
be from rate of melt, slag protection nrllms of atme,

here control. In gray II'!I""'II ffal' example, a 1oy eoky
Etd can create a high chill iron mrj:m_._t apparey,
change in basic composition, because of oxidatisn (hy.
drogen pickup). :

';.ghe d!;gm: of super heat can be a ]::rcrhlem in mog
metals either directly or by virtue of its effect on g
solved gases. ] .

In the realm of pure carelessness is the unintendsq
cubstitution of alloys such as confusing ferrochrom;,
um with ferrosilicon. Good housekeeping around the
furnace often prevents these mistakes.

Pouring Practice

Oxidized metal {l‘ligh gas) can causc mass hardnss
rather drastically, Therefore, wet, dirty, and contami.
nated ladles, spouts, and runners must be avoided,
Some metals reach mass hardness because of pouring
too cold especially in thinner sections where the cool
ing rate of the casting can be a factor.

Miscellaneous

The cooling rate alter pouring can be very critial
in some metals. The air quench of early shakeout will
modily grain size in ferrous or nonferrous metals or
change the pearlite stability in [errous metals.

In many cases, heat treatment is specified. An error
in the heat treatment will have a direct effect on mas
hardness. A little confusion as to which oven to open
first can cause trouble.

In water«cooled permanent molds, a common erme
is to leave the casting in the mold too long. In sand
cast, the reverse is true,

In the area of pure carelessness is the unintentional
quench in water, In this regard, some castings can b¢
shaken out hot in front of an open window in the sum
mer but not in the winter.
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METAL PENETRATION

DESCRIPTION

Metal penetration is a condition in which the metal
or metallic oxides have filled the voids between the
sapd grains without displacing them, Figure 16.1
shows overall penetration resulting from a gof; mold,

In general terms, true penetration implies an open-
nes of the mold surface. There are alsg occasions
when an apparent penetration occurs even with dense
surfaces such as from high pressure squeeze, CO.
molding, shell cores and molds, and wellrammed
chemically curing cores and molds. This
gratton s described later in Chapter 17,
TrATION 1M DENSE MoLps.

The present chapter deals only with those factors
which cause or encourage an open grain or mold po-
rosity. This aspect is more truly an actual penetration
than are the other defects which may appear com-
pletely similar,

It should be noted that the definition also includes
the penetration of metal oxides. There has been ade-
quate demonstration of the fact that some penetration
takes place as a movement of metal oxide rather than

type of pene-
METAL Peng.
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of molten metal. It is important to recognize that met-
als at elevated temperatures (including the mnl_tcn
condition) do have a measurable rate of oxidation
when exposed o oxidizing atmospheres {including
air). Some penetration defects can be shown to occur
after the metal has solidified but while still at an ele-
vated temperature. For example, it i3 not upnwsual to
find that a penetration problem is much worse if the

casting is held in the mold rather than shaken out
while hot.

The role of oxide penetration is one of the explana-
tions for those cases in which metal appears to pene-
trate the minor porosity of the mold under conditions
which obviously are beyend the capability of metal
fluidiry. Metal penetration can exist even in combing-
tion with a cold shut defect if oxidation conditions
during pouring and solidification are conducive to
metal oxide formation and penetration.

There is apt 1o be considerable confusion between
metal penetration, hard mold penetration, and fusion,

It may be necessary to study all of these before making
a firm diagnosis of the problem,



Fig. 162 = Sharp corners and hot spets are maik apt to pesairals
when either malding or pouring erestes paneiration problems.

CAUSES

Casting and Pottern Design

Design is a conlributing factor where sharfr cornerg
or overhanging or prn!mding SeclionRs are MECessary,
or where a thin core or sand section is necessary and
surrounded by a heavy metal section (see Fig. 16.2).
These designs permit a concentration of heat which
ultimately destroys the normal properties of the mold
or core. Preliminary collapse of the surface permits
ready access to the metal or metal oxides. Some de-
signs may require the use of special sands such as zir-
con, carbon or olivine in order 10 develop resistance
to prolonged heating or excessive temperature.

PoHern Equipment
(1) Pattern equipment consiructed so as fo promole
sneven or saft ramming has a direct effect upon the
penetration problem by promoting an openness of

mold porosity. The most common errors in this re-
spect are as follows.
(a) Improper location of the parting line may be a
matter of excessive cope height or may result in deep
ckets or vertical draws with less than 114-degree
drafe. It is usually the result of an attempt to minimize
the use of set or ram up cores.
(b} Improper location of the pattern on the plate re.
sults in sand pockets which are difficult to ram. This
may be a case of mounting the pattern too close to the
flask wall or mounting too many patterns on a single
plate.

In exaggerated cases, this technique will result in a
major or minor swell but even in the absence of a
noticeable swell, penetration can occur. It is common
to have penetration and swell on the same casting

e mm tha ~seen e ThE 2a3TTIE

(¢} Improper location of sprucs, risers, and yupp,

is a modification of (b) in which the sand pecke, ]"'
ing soft rammed is related 1o the placement of r;r
pouring or fecding system.

(d) Inadequate draft of less than 1l4-degree cap 4,
cult in a torn surface which permits ready penetrag,
of metal or metal oxides even in a mold of “dtqum:
overall density. The broken surface is never as doy,,

as the mold itself.

(2) Pattern equipment consirtcled to permit exeq,,
sime metallostatic pressure is illustrated by the effg
of vertical mounting versus horizontal mounting of 5
pattern. This results in greater SUALIC Pressure at ghe
lower extremities ol the cast shape. The static pres.
sure is related to both blows and shrinks and is often
neaded to insure proper solidification of some ge,
tions. The increased pressure impases greater loads jp
the sand and may require special sand or more dense
molding to offset the p&ntlraliﬂn pressures,

Flask Equipment and Rigging

(j] pg_-,.'gﬁ amnd gonitruction  aof ﬂ-ﬂl-ﬁ Equl'pmfrr;
which promole uneven or soft ramming may be 3
cause of fask distortion during molding or may pre
vent proper ramming of critical areas of the mold,
The problem may he due to the Aask design or
badly distorted, bent, dented or loose equipment.
The common problem sources are listed below.

{a) Bars that interfere with the ramming of the
pockets resulting in a soft ram section which can
swell and/or penetrate.

(b) Flasks that are too small for the pattern creating
a soft ram as in Pattern Equipment (1b).

{c) Bars that interfere with proper placement of
the sprue and risers create a soft ram between the
riser (or sprue) and the pattern. The problem is
aggravated by the necessary concentration of heat in
the same area. It may be necessary to cut or remose
the bar if the sprue or riser location cannot be
changed.

(2) Excessive cope height is also described in Fab
tern Equipment (2). Penctration is always related 10
bath resistance and pressure, A mold which is ade
quate for low metal presures may easily penetralt
if the pressure is increased. The pressure is related
to metal density and cope height (a heavy metal,
SI.I-E!'I. as steel, produces greater metal pressure than
a light metal such as aluminum for the same spru¢
l}ﬂghl}- The sand requirement may have to be mod
thed il the cope height is really needed lof feeding:
In other cases, the cope height may be greater thae
necessary in which case it should be redueed.

Gating and Risering

(1) Location of gates and risers wedinel ;l"””""‘"rr I
calized overheating of the sand leads 1o premat
destruction of the mold surface. This |1:-::|1|'tl1- pearl?
access to the metal, or w metal oxides “"r"'_"'LI i.,l
elevated temperatures. The following are rypical ¢
this.

{a) A sprue or riser oo close o the 1
creates a definite hot spot which s Aggravae
a tendency to soft ram in the same spot.

(b} Flowine too much metal over a gived

wit

nolid "“'E""'ILI

ot



qurface will heat the sand to the poant of destruction.
:1-“':_ H I‘-._|_:|i-_'-.'|.|:']'. sa if the later seapes of
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flow redissclve __'ur'.!._nu-:.'.'l skin formed in the earlier
] ol 5._|I||_I'|I'|..'.-.lnl."|
(e Anything 1.-'Ezll.'.|| CAUESS eXNCosiive pressure of metal
|||.||in'$ r:.r.||rj|'|_.z will act 1o [PrCREERR DL pernietr LI 5[

cially il the pressure I3 acoompanied 'e.:,. high tem

werafure. -
{d) Show pouring retards solidifcavion amd. there
e, acts to prolong the time during which the sand

for ;
i '-"“'P'.'md' to  high temperatures
() Incorrect rafre of shrue, runner, and gate, fer-

+ d . )
e 111 |','|_\|:'_ m l:'n!ull!. axidafion dun i ;:'I FRETIPEET IMCTeases 1 e

mount of metal oxides and introduces fluxing action
Any part of the g.l-!il'lg syilem can be the cause wn
J=ss all sections are [ull of metal at all times.

Fig. 163 — The phalomicro-
graph shews the type ol motal
ebrscture which is oftem feund

twion the sand graing wnder
candifions of mald porosity.
e 111
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because all
mietal,
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cspocally wiil meials showing a r.|||l||| e of oxid
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{3} #n oversize riser AECK @ hich overheats he sand
is 2 common problem It is aften the result of wing
[reezes wnless @ 1%

1 lomp connecting neck which

made oversize. When lack of feeding pesults [rom
Fiolty meck design, i 5 beetler (o shoreen  thae ll'_"L
[en ]u--e--.-enl freezing rather than making it oversize
The smaller neck has the advantage of reduced heat-

ing of the sand plus the reduced cost of chipping amd

Erinding.




Frg. 188 — A test caibing ihawing the eFect of & redocing atmot
phr- ea =atal peadkiaton,

(1) A pounng cup or sprue designed so as lo per-
mil asprration af air {whirlpool effect) creating ox-
idized metal, s 3 common case of turbulenee which
promotes penetration by building up the meral oxide
film on the molten metal.

Molding Sand

Any sand condition that PrOmones CRLERLIVE poros-
ity of the mold surface tends toward penetration. In
this regard, it must be recognized that porosity is a
mold condition and those inherent features of the
sand which make it difficult to mold on the equipment
available are pertinent factors.

(1) Improper distribution of the sand graing may
cause low denzity molds. Grain distribution has a di-
rect eflect on potential mold density (see Fig. 16.3).
For example, a sand composed essentially of two sizes,
such as 40 and 200, is considered a double peak sand.
It may have maximum theoretical density but should
be avoided since it leads 10 expansion defects. (See
Chapter 9. Exransion DerFecrs)

At the opposite end of the scale is the one screen
or two screen peaked sand of maximum permeability
and minimum density, A proper compromise is usu-
ally found with a three or four screen distribution.

(<) Low flowability and/or moldability is related 1o
many factors. It must be remembered that the type of
molding must be considered. For example, small
amounts of ccreal increase the ability of sand to be
squeezed but reduce its ability o be jolted.

Likewise a high clay may reduce the ability to blow
a sand but increase the overall hardnes from a blow-
squeeze. This is because of its ability o utilize pure
squeeze forces,

It is not possible to refer to a single property of
flowability since each molding method applies energy
differently. What is best Bowability for one type may
be less desirable for an entirely different piece of
equipment. The aspects of interest are as follows,
(a) Moisture segregation will lead to poor molda-
bility and penetration in all types of molding. It is o
be avoided because it is the cause of many other de-
fects such as blowholes, scabs and inclusions, and is
the result of poor mixing,

(b} Excessive cereal reduces moldability although
some cereal improves Bowability under conditions of
suecze.

in hard molds. It reduces moldability iy,
although iz may provide a greater dEl‘l:iq,- ”-'l'l-dl Gy,
ditions of squeeze. Unfortunately, the excess; tr
ture usually cannot be tolerated in 4
cause of its relationship to gas defects EMTE"' b,
(d) Excessive green deformation can Tﬁduc.; #ry,
density especially under conditions of jolt lndhhh
It is also undesirable in slinger operations

(e} Poorly aerated sand is often a variatiog G
ture segregation. The sand grains kaving the o
may be already premolded which reduces the ah':ﬂ!.e_,
to be molded under normal conditions, Such ity
rangement of the sand grains can be broken B
form of riddling or aeration. e 1
() Prepacked sand is an intensification of (. I
occur in the hopper, on the belt, or as the gpy El::
into the fask. Additional energy is then required |
reorient the grains into the desired pattern of md;
density. This factor is particularly noticeable i ol
or very low pressure squeeze equipment,

(3) Insufficient coating of shell sand Permits pensy,
tion of shell molds by the simple mechanism of Jog)
ized low strength and localized open grain.

(1) Excessive mold permeability is another way of
saying open grain. Permeability and density are fug,.
tions of cach other. Low density is the same 24 high
permeability and vice versa.

(5) Insufficient carbonaceous or deoxidizing materi.
al permits excessive metal-oxide formation. It alsg al-
lows the oxide to wet the sand grain and penetrats
easily. Oxidization of a casting surface is exothermic
promoting localized heating. Figure 16.4 illustraies

the effect of a reducing atmosphere on metal pene:
tration.

Core Practice
(1) A grain size which is too large or impraperly
distributed in uncoated cores is related to Molding
Sand (1). It applies only to uncoated cores becaus
It s assumed that a wash, dip, or coating will cow
ceal any openness in the core proper.
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a5 solt rammed molds. They are often th:

I!J'I ; ] hi v :
vital factor in this type of penetra .
e T o o o
l":. related to the }:v_-:rwnual density (Molding smgd
and the molding or ccm:m.-.L;inK process. Iy
OTCS such openness would be expected for the f1:|11-
e [H?S:Em. vents or i
. [nsufficient ¥ ‘ mproperly pla
:_.]!jur.':g':d:' vents. 1 L:!'u: AT CAnog q_—;,,::lp:; quﬂE;!;l [ti:
B e box, the core will not blow up and fill the box to
maximum density. In most cases, the air carries th
cand rather than pushing it so the air must esca £
pefore the sand can take its place and fll the h::t
completely- )
(b) Improperly wcked sand under loose pieces. This
35 a mater of carelessness on the part of the core-
maker. This factor 13 most common on handmade
cores which invelve tucking or peening of some sec
sions not reacting o simple jolt or ram.
{¢) Low air pressure, This is a common cause of fail-
ure in blown cores. It olten occurs as a temporary and
perhaps unnoticed variation from standard when the
drain on the compressor is excessive. I a box is rigged
and vented Eor a given pressure, any deviation from
(hat pressure, even temporarily, will produce a non-
pnilorm core density.
(d) High cereal or law oil for a particular mix. This
is related to Molding Sand (2b) and makes the sand
harder to blow or ram than it should be. The high
cereal or low oil may also be a relative mater and
actually involve a change in the moisture. Some mixes
gire rather accurate moisture contrel for maxi-
mum blowability.

(!

(5) A rough or porous core surface creates the prob-
lem by its very nature. When the metal or metal
oxide wets such a surface, it can penelratc. This is
especially true where pressure is involved, such as
in heavy metal sections, deep drags, and expansion
metals (gray irom) cast in permanent molds. The
rough or open surface is commonly related 1o one ol
the following factors.
() Insufficient or improper release agent permits the
core surface to tear up upon stripping of removal
from the box.
(b} Insufficient or incorrect coaling permits the pene-
tration ie occur hecause such a coaling % ll[l-'.lhl_ﬁ Lo
protect the relatively open core underneath. Obyious:
ly, the more open the core, the greater must be the
Gare o protect it with adeguate and proper core
washes, dip ar coating. -
() Underbaked cores can cause penetration
the gases and steam generated during pouring (sc
Fig. 16.6). .
{d) A partially disintegrated core duc 1o overbaking
likewise produces a weak surface. This may be a sif
Ple miscalculation of the proper baking ume or Loy
Perature, It may be related Lo an improper mix 1
Lht oven (large and small cores on the same cycle]
15,"'“.‘”’ heat distribution in the oven. Owen tem F:r::
5 :'“ﬂ_-lial.ﬁr:. may be faulty. Another common ctt
 solid large core which overbakes on the surface
:"'h'if the center is coming up o temperature. o
Mge cares this can be avoided by use of coke CnteE

[rom

ar

Fig. 16.b = Camplets fusion of irea inle fhe cora beoawte core was
wnderbaled,

or ether lightening techniques so the core can be re-
moved belore the surface is destroyed or weakened to
a low seratch hardness reading.

" (&) Filing, jigzing, grinding, ot otherwise abrading

the surface of 3 coated or uncoated core is an obvious
mechanical method of creating a Tough or porous
surface. The problem is usually merc acute than
might appear from a cursory glance at the abraded
curface. Tt seems to be even more troublesome in
the coated core than in the uncoated core, poasibly
because the abraded surface exposes a relatively open
care underneath.

{4) Cores that have picked up moisture during stor
age act like those’ deseribed in Molding Sand (Zc)
{excessive moisture). It s particularly troublesome
‘n cores because the excessive moisture is not read-
ily apparent. The core may look dry and still carry
a high moisture on the surface. It can usually be
noticed by a scratch hardness test on the suspected
COrC.

(5) Any condition promofing veining of finming
such as a core crack will provide the opening wedge
for penetration. Such a crack exposes the open grain
of the core and permits both penetration and erosion.

(6) Broken or disturbed core wash due to rough
handling or hendling while the core wash is still wel
is a variation of (3b) preceding. It results in insuffi-
cient coating to stop the penetration of the metal or
metal oxide. It is aggravated by the fact that the
broken coating acts as an unintentional vent for the
core at that point. The resultant boil becomes evi-
dent as a penetration defect.

(7) Insufficient absorption of the core wash will al-
Jow direct penctration or will permit the coating o
peel or flake away exposing the open grain core un-
derneath. Such a peel, as in (6}, also acis 1o promote
hoiling and penetration from that cause. Such insulli-
cienl Fu_-nct:r_uirm is usually the result of: very fine
grain sipel Anoorrect Baumé of wash; or incorrect type
of wewing agent used.

Low hot strength die o insullicient clay in the
wash or o a low binder content from the use ol oo
much solvent leads 1o |n.'n¢-nu1iuu.

a) Poaorly mixed core sand (like poorly I11i-x_l.‘\-|.|. “l.“l!d'
. areas of low strength which lisin-

ing sand) provid: : .
tegrate during |=l'1'l"i“E{ and permit penetralion.

(10} Poorly cleaned and finished cores provide pene-
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; i h cores
tration in a direct manner. Inspectian of suc
would prevent this from oCCUITING.

{11y Dipped or sprayed cores which are nol I:"T'!:d
can easily spall or flake as in the case of 51.-.'1:4[. s
2 mold, Penetration occurs after the spall or as a ré-
sult of the boil from the wet surlace as i ().

(12y A dirty core box has a direct cffect upon sand
sticking to the box leaving an open surface on the
core, A good core has a smoath dense !.urf_:n:e- 5'{'5'! a
good surface is important but is impossible with
dirty box.

Melding Practice

Molding practice 15 often the |'-I1'iﬂ'll: cause of soft
mold penetration. It may be a question of carelessness
or improper correlation of the machine and the mold.
For example, using an undersized machine for a large
maold can easily create a built-in soft ram unless the
maolder substitutes laborious tucking, peenng, and
TAMMING 10 COMpEnsate,

{1} Soft and wneven ramming are equally important
in most cases. In some cases, however, uneven density
is a greater problem than overall softness. Improperly
wicked pockets and overhanging sections, when nec-
essary in the design, must be handled by either care-
ful, skilled molding or by wsing unusually moldable
sand amdl specific aids such as a peen, follow-boards,
and the like.

Solt spots on bedded-in areas resule [rom careless-
ness on the part of the molder. They may be difficult
o ascertain from examination of the casting singce the
exact source of the soft ram which took place is not
obvious.

Low air pressure as in Core Practice () may be
unnoticed by the molder. It may, of course, be an over-
all error in practice. In either case, the resultant soft
mold may penetrate.

Inadequate size of the equipment can be considered
as part ol the rigging of the job, but it certainly con-
trols the overall mold density unless the molder is ex-
pected o compensate by ramming.

Lack of, or poorly designed, peen blocks fail to de-
velop density where it is needed. In some cases, this is
poor rigging and in other cases, it may be a matter of
having well designed peen blocks lost or broken dur-
ing production or in storage of pattern squeeze equip-
ment.

Insufficient jolting can be as bad as too much. Too

much might start a ramoff: o0 little may create a soft
rammed area in the mold,

(Z) Poorly patched aveas of sand can be rough and
porous causing direct penetration, or it may be due

to overshicking or excessive moisture causing a boil.
Lype penetration,

(3) Improperly fitted stop-offs are open areas which

can penetrate. This may also act 1o start a boil-type
penetration.

(4) Uneven or insufficient coaling or spraying of

cores as described in Core Practice (3b :
malds alsa. ice (3b) apphe:,. Loy

(3) Uneven or insufficiently dried

. coalings on shin
dried mealde sct in tha sarma s £
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Fig. 167 — Insufficient drying of meld wash created a panyiyyy,
L

Core Practice (6, 7, 11). Figure 16.7 illustrates a pen. |

etrated area as a result of insufficient drying of maly
wash.

(6) Excessive use of itraﬁl'ng compatinds and warhe |

may cause trouble in one of two ways. Ligquid parti

in excessive quantities weakens the mold surface and |

promates boiling action and erosion. (See also Chap
ter U, Exranston DeFects.) Low [usion, dry partings e
fluxes permit a fusion of sand grains (see Chapter [0,
Fusion) which is often confused with true penetrs
tion.

(7) When the Baumé for the type of coaling wsed i
too low, absorption of the wash occurs. As a result,
the wash may peel, chip or spall permitting both di
rect penetration and boil penetration.

(B) Not enough facing to cover the pattern i5 a com |

mon type of carelessness which may lead tw r.lul:rtt
mysterious penetration (mysterious because it 18 ¥
sumed that the pattern was covered). Variations of the
faule include: wrong kind of facing which is not o_fl
type which can stop the penetration; or exces
venting to the pattern surface leading to easy acrs
for metal or metal oxide penetration.

(9) Any combination of hot and cold maleridh
(cores, molds, chaplets, chills, etc.) can set up &
densation deposits of water, These can cause 2 M
type penetration and can vastly increase the rat¢ @
oxide formation and subsequent metal oxide P
tration. This is a common cause of this Lype of pe™°

g Kl
tration and a predominate cause ol hard ™
[FEnetration.

Metal Composition

. g
(1) Metals which are prane to flud oxides Il"'uﬂp;,ﬂl
trate readily if given an opportunity to do

SRR
- 5 W
molding or some other previously :1fs.rrlT.:¢*l1 :-w'”":
In the same way, unusually fluid metals will | ion
more casily than those with high surface 1el

viscous flow.

) Joaib”
(=) Low melting constituents such as J""‘; :nl ey
bronze will penetrate since they are fluid 4
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asition requiring high pouring tempera.
Eﬂf netrate because of high fluidity. In add;.
(e e required high temperature increases the rage

Lf[:,;idc formation and, therefore, the tendency 1o
a

gxide penetration:
Melting Practice

g;idiiﬂd metal will tend 1o be low in fluidity and,
therefore. might not be '-TKPEUE'L'L 1o penetrate. How.
ver, the large amount of oxide ilm does have 3 pro-
£ " el tendency l;u-_ward 1'-"ll:llil1g the sand and pene.
rating imto a porosity that even a Auid dean metal

might not.

Pouring Practice

(1) Excestively high pouring temperatures have a
double effect. In the frst place, they tend to be fluicl.
In the second place, they oxidize r=||lil'H]-' and iperease
oxide penetration. There is abo a secondary effect in
which the unusually high temperature rapidly de-
strovs the core or mold surface,

(2} Excessive pouring height, like cxcessive cape
height, creates unusually high metal pressure and
forces the metal or oxide into the mold pores. It. there-
fore, aggravates all conditions previously described in
Molding Sand, Core Practice and Molding Praclice.
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METAL PENETRATION IN DENSE MOLDS

DESCRIFTION

Metal penetration is a condition in which the
metal or metal oxides have Alled the voids h-tll:‘l'-’ffn
the sand grains without displacing them. Thtf‘_ can
occur in dense sand molds even with the minute
size of the voids in the sand. The illustration shows
a typical hard mold penetration

Although the exact mechanism of hard mold pen-
etration is somewhat mysterious, it is known 1o be
directly related 1o moisture conditions within the
mold. Most of the factors involved have to do with
moisture, wemperature, rae of oxidation of the metal,
and degree of contact between sand and metal. The
reactions involve high temperature chemistry and
are, therefore, difficult to study. It is obvious that
more than simple metal Aow is involved because the
porosity which exists is 0o minor to pEJ"mit normal
metal flow into the voids. The action may involve
metal vapors or metal compound vapors. The move-
ment of metal may be largely a mater of capillary
attraction which in turn depends upon metal 1o sand
contact, plus surface tension characteristics ol the
metal or metal compound.

Some metal oxides are known to be fluid 2t many
hundred degrees lower than the melting temperature
of the pure metal. Metal oxide silica formations (i.e.,
fayalite) have very low melting points and high at-
traction for capillary Aow into sand maolds. Since sand
1o metal contact is frequently a major factor, there
is some reason to believe that dense mold penetra-
tion may be a specialized case of sand expansion de-
fects in which individual sand grains are forced into
intimate contact with oxidized metal surfaces 1o
sgart E..'LF“.I:IF}' Hiowe.

Regardless of the theory used to explain this phe.
nomenon, it is obvious that basic [actors o aveid
include the lollowing:

(1) Any excessive moisture,
{2} Any increase in metal exidation.

{3) Any increase in expansion of sand or increased
mé&tal static pressure.

(1) Any excessive mold tem perature,

CAUSES

Casting and Pattern Design

Design is a contribuling factor where sharp corners
or guerhanging or prolruding seclions are necessary,

0

core or sand section is necessary ang
i« surrounded by a heavy metal section. Thess by
spots in the mold and core bring the metal or mea

axides up to sufficient temperature o Aow as cither
liquid or vapor into the mold or core pores.

aor where 2 thin

Pattern Equipment

wibmernt 10 congdructed as to promofe
fﬂﬁfiﬂﬁu;mn produce hard and soft spots in
the same mold. In many cases, the hard mold peneira.
tion in reality is the penctration in the soft areas of
an otherwise hard mold. Apparently, the combina.
tion of high permeability and low permeability {hard
and soft ram) in the same mold forces penctration
into the softer sections. Possibly this is the result of
high moisture being developed in the open sections
(soft ram) during the heating of the harder sections
of the mold while pouring. Such uneven ramming it
often the result of improper location of the parting
line, the pattern on the plate, of sprues, risers, and
runners, and inadequate draft.

(2) Multiple patterns mounted too close together are
apt 10 produce a soft ram in the space between
patterns. Combining heavy and light scctioned cast
ings in the same mold often causes hard meld pen-
etration. Surprisingly, the small castings seem (@
most prone to the defect when this occurs. Possibly,
the larger castings drive the sand moisture H?'Wi{“1
the lighter work or lighter sections amd thereby 10
crease the rate of surface oxidation of the 3“""”“
castings. This effect in combining castings of variols
sizes is one of the peculiar characteristics of hard
mold penetration as differentiated from soft mold
penciration.

(3) Inadequate provision for mold and core _--.-le:.ur.’
5 a major cause of hard mold penetration. Fhe
normal permeability of a dense mold is swe h as @
require extra care in provisions o relieve gas am
steam pressure, as well as to prevent entrapment rI
the air and moisture present in the mold hefore I""""
ing. Vented flasks, parting line vents, core primt ""L";”'
and pouring runner relicf vents are some ol :1
ways to minimize back pressure and resulting lw“rl:-u
tion effects. In many cases, cxcessive areas ol F"E
sand will require false runmers near the ol '”-.I.'
leading to the flask line in order to avow exees!
buildup of water wall steam concentratons At ¢
areas.

“In'



fern €4

" pat o datic pressure tends (0 increase the depree
gine e gion in both hard and soft molds, Fc-rba:'-:-

- work can be made either wvergically l_;.'l.'
in the mold. Prelerence given to horizon.
¢ minimizes the depth of the casting and,

e, peduces the static head pressure,

Flask Equipment and Rigging
o grd construction of flask equipment pro-
peven ramming has the same effect as (hat

in Pattern Equipment. The [actors of fask

{[l:'-ﬂ:" which promote this problem include the follow-
k -

|_-r'l|'1r".'|‘.'::' cornsiruclied [o _i'-'r:rn:r'.r EEEES-

wenelis
5._11]]

b 1|'.i1"““'1”1'
i Lin
[1]'-““1 s

[1
" !I-:E-.I'i'.'u
[
cherefor

1l Desig
r.ﬂ.ﬁrl'rlg 7]

ing: _ ’
iq) Bars that interfere with ramming of pockers.

1 Flasks too small for the pattern equipment so
I.:|,3t iy is difficult to ram between the pattern and the
flask ) :

() Bars that interfere with proper placement of

Jawn SPIUES and risers so that these, in turn, provide
~ .

5 difficult Tam or saft pocket.

{d [ncorrect contouring of the squeeze board or head

s0 a5 to QVETSqUEEIC SOTE areas and soft mold in

others.

o Excessive cope height increases static head pres-
sure thereby increasing the contact between metal
and sand which in turn accelerates capillary flow of

liquid or gas metal phases.

L
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A typical hard mold i
penetraticn
“aused from wiing o groean jand ma

Hmmed to §5.90 hardnsss.

1

(3) Lack of venting of flask and bottom boards is
particularly harmiul when a pattern is close to the
flask wall. As the moisture is driven from the maold
face, it may build an unusually wet water wall iF_lhr:
SLEAMm is not permitted to escape in a normal [ashion,
See alwo Pattern Equipment (3).

(4} Metal inseris or chills, especially in the cope, act
as condensers for moisture moving before of dunﬂ:,u'
the pouring of the casting. The condensation efiect is
sometimes called explosion penetration becauss it ap-
pears to develop a sudden high back pressure and
penetration occurs instantly.

When the chills are in the drag, they may accumit
late moisture before pouring, and cause blowholes
and similar gas defects. When in the cope, [1-.“: m_mlr:n-
sation may take place as the molten metal rises 10 the
mold cavity driving the hot moist air ahead ol it

Gating and Risering

{1} Location of gates and risers which promote lo-
calized overheating of the sand increascs the likeli-
hood of penetration. The chilling efect of cold green
sand tends to seal the surface and skin the metal so
that no penetration takes place. However, as the sand
heats up, the metal skin may miidl'!f_ﬂfﬁd ligueky
enough to penewrate. At this stage, no chilling or con-
gealing action is available because the sand is hot.
The following characteristics produce such localized
overheating.
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surface.
(b} Flowing too much metal
face.
i iv [ met-
i ‘hich causes excessive pressufc O
5 e o S essive cope height or

pver a given mold sur-

al during pouring, such as exc
excessive pouring height. .
{d) Slow pouring which prolongs the ume of contact
between the sand mold and liquid metal.

(2) Incorrect ratio of sprue runmner and gates Fdilﬂﬂ-l
lead to penetration and other defects related Lo oxi :
tion or reoxidation of the metal :..urla::::. Any part D.
the sprue, runner, ingate system which is i_mrt];.-' cmp}tﬁ
during pouring permits surface oxidation to take
place. Oxidized surfaces are more pronc 1o penctra-
tion in both soft or dense molds.

(3) An oversize riser meck which overheats the sand
in the immediate vicinity of the neck may cause pen-
etration on those sections of the casting close to I.hl:
neck. This tends to be particularly noticeable on live
risers since the metal is hotter in that type.

{4) Pouring cup or sprue designed so as o permit
aspiration of air during pouring tends to increase the
rate of oxidation of the metal surface. Oxidized metals
show a pronounced tendency toward penetration
when other conditions also favor the defect.

Melding Sand

(1) Any sand condition that promotes monuniform
density exaggerates any tendency toward penctration.
This effect is abvious in soft mold penetration but is
sometimes confusing in dense molds. Close examina-
tion [requently reveals that many instances of hard
mold penetration actually occur in soft ram sections
of an otherwise dense mold. Many times such penetra-
tion is greater than that found in an overall soft mold.
The factors which contribute to a nonuniform mold
density include the following factors.

{a) Improper distribution of the sand grains which
induce poor ramming.

(b) Low Howability and/or low moldability caused
by: moisture segregation (poorly mixed sand); exces-
sive cereal content; excessive moisture; excessive green
deformation; poorly aerated sand; and prepacked
sand in the muller or hoppers.

{c) Insufficient coating of shell sand causes poor
molding characteristics. This coating may result from
raughening of the coating from excess mulling.

(d) Carbonaceous or deoxidizing material reacts with
the water vapor to prevent penetration because water
vapor oxidizes the metal. Oxidized metal is more Auid
and hence more apt to penetrate the sand.

(¢) Insufficient red iron oxide in steel facing sands or
core sands does not provide enough resistance to pre-
vent metal penetration.

(2) Any sand condition that promotes excess or free
maisture in the sand increases the tendency toward
penetration. This could be the number one factor as
far as sand is concerned. All theories used to explain
metal penetration recognize the outstanding role of

maierrea and arherer avidisirnm oaoss

The excess moisture May or may not he i,
My

the feel or apparent temper. Some sands ey gy

dry or at temper in spite of the fact tha they ir!:i'*.k,
contain excess water. Excess water is defineg ﬂx““’
moisture in excess of what the clay can “"-‘mrhll x
conditions of perfect dispersion. The facgy By
lead to free or excess water include the follgyy, o

fa) Imsufficient or inadequate mulling whigy, A
moisture segregation. e iy,
(b) Insufhcient new ?ﬂl'lrl dllul:_lrm which b
buildup of dead materials, metallic coatings ang o ity
lar surfaces which take water but do g 'ﬂmhll.
temper. _ ¥
ic} Incorrect mulling sequence leads 1o inads .
slaking of the clay. With new 5_:1|1.d blends, ghe .
sciuence s water before clay. This is less importan,
reused mixes because these already contain heyy, I:hn
and moisture. ¥
{d) Careless measuring of water added to the iy
often accounts for excess water.

(%) Hot sand is defined as being more than 1535
(8-11C) above room temperature. Such sandy g,
not have proper distribution of clay and water 35
do not develop the inherent properties of the intendsy
blend. Hot sand may show up as peénetration caugeg
by excess water, or as the direct effect of large pe.
centages of uncoated sand grains, rapid drying of (b
surface, and low hot properties,

Core Practice

The delect involved is a mold defect, not a core ds
fect. However, one characteristic commonly seen in
dense maold pcnﬂtrntiun is that the core surface often
penetrates to the same extent. In the case of graphs
tizing metals a low mold-wall movement resulting
from a dense mold will tend to increase the peneirr
tion of a cored surface. This is similar 1o the effect
commonly seen in permanent molding.

Molding Practice

(1) Uneven ramming is a major source of trouble it
supposedly dense molds. This combination of hip
permeability (soft ram) and low permeability (harl
ram} seems to provide high concentrations of moistuT
in the soft areas. It appears to be unusually imparta®
to develop uniformity of ram in dense molds to av
wide ranges of permeability. Many foundrymen hg
to recognize that with high density malding (an
of uniformity), it is possible to have 40 j"ﬂ'“"""h' N
and 400 permeability in the same mold. Such e
ramming may result from the following factors

{2) Improperly tcked pockets. Z
(b) Excessive squeeze pressure in some area whish |
(c) Lack of, or poorly designed, peen m"-r“haldmi
result in solt ram, especially near bars or it '
ram locations. ;
(d) Insufficient jolting to develop density in |

or at the patern [ace. L B
(2) Combining high perm eability facing ﬂi:[": ¥
permeability backing sand concentrales '!hu-mr e
cumulations close to the mold surface. A “nﬂ'h spli™
is found when the molding mechanism perit® F i
back which in elfect produces a high e

ket |

bl
AR RS, L



o e .
- [Ineven or J._J.s..t“rjf'rq'.rll' .r,:'_l.-;_r”:E ar g
<

' .._IIJ-‘ mav 'I:‘.I'I!'T.ll'lll'. apcn O POrous gre
2 n'l.l."'|-1l which can then

!"rﬂj'r'.ug of
a5 l!".'c-‘ll jn
- |
Jense PErmit penetration
oF - - ] i, :
[fmevens O insufficiently dried enating,

i 5 : L intro-
e 3 prime source of penetration — water.

oy Fxcesfiie Lise EJ'f parting com pounds
:-.;.LJrr-‘ﬂ of penetration problems. Many
arface hot strength and |n.'.rmi1 rapid disintegrati

of the sand surface at _t'hc time when penetraion on
(uences are at 3 maximum. The excesive sl ine
iy be of two types, ]Ln;.luid partings and ED‘E fu;?::gi
dry partings :
5) When the Baume is too low for the type of coar.
ing, the coating may be hard to dry and thereby e
rin 2 high moisture surface. ¥

ii A cnmmﬂn
partings reduce

@ Not enough facing o cover the surface of th
mold becomes a factor when !31.11'{-' the f[l:i:i_:tg sand 'E
of such a character as to avoid penetration. The u::
faced portions of the mold may then penetrate as a
result of incorrect fineness, excessive moisture or other
effects listed under Molding Sand, The wrong type of
facing has the same effect as insufficient facing.

() Amy combination of ho! and cold materials
jcores, molds, chaplets, chills) produces condensation
of moisture before or during pouring. The free mois-
ture of condensation produces penetration. (Sec also
Chapter 11, Gas DEFECTS.)

Metal Cemposition

(1) Metals whose oxides have low surface tension are
most apt to develop capillary flow into the voids
of the sand mold, assuming that these liquid oxides
also have a molecular affinity for sand. In ferrous met-
als, for example, increases in the FeQ content of
fayalite films increase their ability to wet and pene-
trate sand surfaces. In contrast, aluminum oxide flms
have high surface tension and are less prone to pene
tration of dense molds.

(2) Metals with high vapor pressure al the required
pouring temperatures, for example, gray “_""n' have
measurable vapor pressure at 2600 F (1427 C). but
the vapor pressure of iron at the pouring EMPErAtiLe
of steel is approximately ten times as great. Al
num in contrast, dees not develop measurable \'apﬂ:
pressures below 2000 F (1093 C). WVapor P”“"'rﬁhg
and bronze vary with composiuon- Liac. D
Pronounced vapor pressure at the pouring s
ture of bronze.
(%) Metals whose oxides react chemically Wil m“-cri!
develop fluid complex silicates which have i
Ing penetration :lh:ilit}ﬂ A l-!I"Pic"']' highf}f peactive pxide
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5 FeO which co

Skt Etlntebn mbines to produce a low melting

— fayalite.

o .MEIH.F Practice

Ls (TS .hg practice which leads toe exidation in-
5 the tendency toward metal penetration. Such

Practices include the Following. e

(1} Excessive wse of

. deoxidi : "y
This resules from zers frromoting ﬁl-!idl-!:.l'.

erratic oxidation practices.

(2) Meiting too hot i
oxidation hui]dup_ increases the tendency toward

Pouring Fractice
(n Erfﬂ._m'ur!].l high pouring temperatures lead to
penetration by heating the sand, increasing fluidity
of metal and metal oxide Alms, and tending roward

oxidation in the ladle and in the gating system of
the mold. B o

(2) Excessive pouring height develops high metal
pressure during pouring which increases the pressure
of contact between the sand and metal (same as ex-
cessive cope height).

Miscellaneous

(1) dny factor involving free moisture in the mold
cavity accelerates penetration, since moisture 5 a

werful oxidizing agent when in contact with molten
metal, and because steam pressures in the mold act
to develop intimate contact between the sand and
metal.

(2) Shaking out toe cold or too late will cause pen-
etration in castings which would be free of such
defects if removed from the sand contact while
still hot. This penetration in the solid state (alter
solidification) is typical of many instances of harel
mold penetration. In some production units, a tem-
porary shut down of the line, such as aver the lunch
hour or breakdown, is enough to cause penetration
of otherwise good castings.

( Metallic-coated sand (lack of new sand dilution)
tends to increase the percentage of free or excess
water. Metallic-coated sands also develop low fusion
characteristics which accelerate the [usion aspects aof
penetration. In ferrous practice, these metallic-conted
sand grains can be identified because they are mag.
petic. In nonferrous practice. i.d:ntlﬁc?ucm must b
by microscope, oF by circumstantial evidence such as
increased demands of the sand for water and clay
coupled with 2 simultaneous increase in permeability.

(4) Sand or binder reacting chemically with metal
oaides may increase penetration such as in the case
of sodium silicate and certain furfural aleohol core

hinders.



Chapter ﬂ '

MISRUNS AND coLD SHUTS

DESCRIPTION

A misrun casting 15 onc which lacks complelencss
due to failure of the metal to fill the mold cavily.
There may be a smooth round-cdged :I|_r.t_lr_- through
the r.:-.'linj_:, wall AF IMOTE CXLremities may bae
only partially filled out. Figure 18.1 shows a typical

fiisreen.
A ecold shut casting 15 onc n

continuity exists duc to imperd

if onc

which a definite dis-
ect Tusion where two
This defect may

streams of metal have 4'u!n'ﬂ|;1m|,
have the appearanor al a crack or searm with smooth,
rounded edges (see Fig 1A.2).

Both of these defects may be duplicated in appear-
ance by a gas delect, Iy some ©ases, a runoul may
alse be confused with a masTun, There are times
when a rat-tail may be confused with a cold shut.
{Breaking the casting through the defect will iden-
tify this onc) The misrun or cold shut may actually
be a gas defect. Therelore, it is well 1o chieck Chapter
11. Gas Dereets, before assuming that cold metal is
the only causc,

_ Both misruns and cold shuts are quite common
in the foundry. In many cases, these reprosent the
number one or number two source of unsalable cast-

Fig. 18] =—Typical migrun:

arn looth s mining eemplafaly.

74

These defects are usually found by inspeg,,
and, therefore, miost fr[ the scrap is discovere] i
the foundry and not in the machine shop or g
romer's plant. These defects arc also unique in gy,
they have many cAUSCS fn.Tund in aln:lﬂst EVETY prey,
ess in the foundry, except 1t the cleaning operation,

Ings.

CAUSES

Casting and Pattern Design

(1 Nonuniform casting sections resulling in inte
rupied metal flow. Some designs are almost impassile
1o gate properly because of thin sections in inacee
<ible locations. When possible, such designs should be
madified, Whenever d'ﬂiigﬂ change is not Fﬂ'ﬂihh it
hecomes necessary to introduce rather complex gating
ractices. See also Chapter 25, Scars, Seams, Prates,
(2) Metal section too thin for area invelved. Thi
design fails to take into account the laws of metl
flow and solidification. If the designer cannot thicken
the section, the only recourse is 1o increase melting
and pouring temperatures or modify the chemistry o
develop better fluidity. Changing to a nonchilling
ol .|;::nm]| is sometimes the beter method of com
|1-r:.ns..1tmg for the poor design. All of these I}rﬂﬂffﬁ
raise the cost, so design should be changed when
possible.

Pattern Equipment

I e o o e
will ek Snmstr'“ ver abrasive material so equipmen!
causing nicks o nLTﬁ i prorem A from ;!hun!
out. The onl T dents which must then be: I"':”"'],""'d
technique 1o ]'IE:UI: = ‘t":' sét up a regular inspecliot
B N n;;l::,_.edthm "wu-r::q El!'.ll.l]lP[I'H:I:Il'. before the
or cold shur, to a point of causing & misn®

ings, poor I-.T':t"'m jf"f“l inaccurate or illegible 4"
L hllll-‘]:rint rrhl"l';fi-itluu of symbaols aml marks, r.uli“.
Ly control in tF:-:{ I:E or lack of sllllcrvf_:.inrl andl :|If:|" :
should be :st-'tn-:h:l;:; t:—f”'-mﬂ!" Inspection of e, |
ard. Particular eare must be exe™t

to chec ;

: check the allowed tolerances. .*'

Pait ; -

“:':Iflhm,:Tn If"?ul:lpm,_.nr nof FFﬂgl-"r.l'}' '[-‘.pjfﬂl'l-.-:r‘ld |
adequate  reinforcing, patterns aml &

boxes cau i :
ment }'ie]:lll:gdumnfd molds and cores when the ¢4
|T|.:ﬂ;;ir|g Th-ut!‘l‘:r Eht Flf-sﬁ'ufﬂ' nI fllﬂ‘[l.li“!.: ol l"-u": |
1 15 In turn ereates thin sections of ekt
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Fia. |BI2.—Tﬂﬁeal cald shut on impaller sach
"?" way brokes away from the caiting fa de
bk seetion,

Bg. Tl'l-u dlf‘l"ﬂliu-
mattrate the cold

which do not Tun as antiec
dure 15 to reinforce.

4) Misslignment of pattern or core fqﬂff?mrﬂ!. A
common contributor to this defect is worn pins and
bushings. The original cause may be a small pin ar
bushing which results in rapid wear, or it may be the
number of pins wsed. Too few pins carrying the load
may show unusuvally rapid wear. One should keep in
mind that inadequare or small pins will wear with
unnecessary rapadity.

A misalignment may also occur when mounting
split patterns by centerlines on cope and drag plates.
This match cannot be proven without a sample cast-

ing. Inspection becomes the primary eure for this
problem.

pated. The correct proce-

Flask Equipment and Rigging
(1} Cope and drag shift causing thin metal E-L'-t'l'i'ﬂ'l”-
This &5 wsually a routine maintenance problem in-
'I.'I:‘.Il."l"jj'.lg wWarn PiﬂS {nr ugi_ng []‘m w:{lng [.:lir't'J, hl}llt
Pins, worn bushings, or foreign matter in the seat of
the Aask ear. It may be carcless malding ‘j.lll:|1. a5 re-
Versing the cope. Maintenance on such equipment

should be répular since shilt is a major source of
rauble,

@) Patterns nol properly mounted. This is _usu:tlhr
“eeligence on the part of the personncl doing the
Mounting, The matching centerlines on pattern and
fds must be sufficiently prominent to provide for
ey th:cking by layour. ‘
Lack of tilting for thin flat castings. Some th!g
will develop gas locks and cause interruple
. of meal ypess tilting is incorporated in the r!E-
E“—E' This may be left up to the molder or may 'Ie
in 't into the pallet board or conveyor car. When ti 3
|.;,gdj's done 1o smooth the metal flow, it is importan
hej ® It in such a way as to provide sufficient E'E'Ei
!ill:iﬂgf} over the highest point ol the casting (2

5
(%) Flask ing,

F;EE“JE}I Illlff{'d ﬂ‘fﬂﬂrfl‘lﬁ f-”f"_- ia zap.
-:l.III:I |h[|. m 1 _:n t.!I'T-'E EII- h-:l.l-' dlj‘l'l{_'“l’j‘. 1|F_||'||| |hr\: r__;|||||!
: olding energy. In higt : i
13 common g 4 +IUgh pressure molding, it
ing ang unus.u:{ll“mf bars and depend on hard mold-
t""'fl'. a-fll:l.']u_'”:t ¥ ng_lll r"-'-l.ik&. ]r|_ 5rj[[|'\_-.- m':|‘.||15| hicyis
bars it L r::]'-*[ﬂ'm 'ISITI.EEl:lcl:l._ In addition, the

¥ incorporating fra.) QesiBned 10 support the sand

b k.u_-l '::1%:_'::':1“. langes, and the like a5 needed,

the F:;urnf & the flasks and bars in proportion to

It s comn
designed ELT‘:;E; hu:.: s ke sk gt
may be bolted fr to In such a case, temporary bars
dibock alie - 1n 1o provide the support needed. A
b, occurs if the cope sigs enough to produce a
stction on the Casting,
() I]M”Dr“:d or dirty jackets. These are wsually the
rﬁiu_t of rough handling by the personnel that strip
the jackeis :ml:] handle the shakeour, Oiftentimes 3 rune-
GUL causes a distortion or 2 welded roughness which is
not caught before molding. When these jackets are
used, they can create thin sections that then misrun or
cald shut, ll:.| A More severe ease, they can cause a crush:
thus, the misrun is a form of crush.

Frequent {hccking of equipment by wse of a dum.
my block will prevent the defect. Rough handling

should be discouraged and personnel trained not to
set faulty jackets.

) I'Il’cﬂk or improperly reinforced flasks. These can
permit mold distortion to the point of misrun or cold

§.3 — hisnen caused by feo wmall gates whicth frate belors
. lgd—
casting flled.




shut. The use of such Aasks often stems from a [alse
economy in buying equipment, or may be the result
of changing to a heavier operation and continwing use
of worn or inadequate Rasks, Increasing squeeze pres-
sure Ti.'quin::-; Hasks which are designed for Ii,g[ql.:il:':r.
Older Aasks can often be reinforced.

{7) Distorled bands. Such bands alse permit mold
distortion, thin sections, and cold shuits. The bancds

may be too light for the job or may be impaired by
abuse and old age.

(%) Cope flask too shallow. A shallow cope Aask may
permit a cope sag which pinches off the metal section
to the point of a misrun. In heavier work, this shallow
cope would probably lead to shrinks and blows be-
cause of inadequate metal pressure, but in lighter

castings the result will be a crush or a tendency to-
ward misrun delects.

Gating and Risering
(1) Improaper sizing of gates, runmer and sprue, The
gating system must be designed so that the sprue and
runners are of adequate size to supply metal to all
gates evenly, and to keep the gates full in order 1o
avold interrupted metal flow, See Figs, 18.3 and 18.4.

The nonpressure system depends upon a large ba.
sin under the sprue. With this system, it is imperative
that the runner be in the drag and the gates in the
cope in order to avoid prefll and spatter. The ratio
of sprue, runner and ingate (total area) with this
system i 1744,

Lhe pressure approach depends wpon decreasing
the area in order to keep the metal Aowing with a
completely filled system. It is especially desirable in
metals prone to pinholes and inclusions, and in Cases
where a positive pressure is required to minimize
blows and shrinks. With this system, the tatio of
sprue to runner (total area) to ingates (total area) is

Fig. 184—cCyy |
shut caused |:r
imall ingabe,

1/0-9/0-8. It is most desirable with this system
keep the runner and casting close coupled (short in
gates) in order to develop maximum feed abiliy
Other ratios are used with success by the industry. The
basic principle of smooth fow and a full gate sysen
w prevent interrupted How must be kept in mind,

(2} Gates not properly located. The proper locitioe |
depends entirely upon casting design. How the mald
cavity will fll and the probable flow pattern must b
visualized and the gates located accordingly.

(3) Improper distribution ov balance of gater. Ths |
results from not corvectly anticipating the actual met
al How, Since metal I:ril:l:iﬂ-nJ ':":"":"l-ill.g E,JILE:HIJ'IJIL'"-" .'II'.IJ .
metal Auidity are factors in addition to the usual oo |
siderations of liquid flow, it is often impassible 1020
ticipate the exact sequence of filling che mold. In the
case, it is helpful to check the flow pattern by a delit
erate shory pour, For :xﬂn.PIfl if & 1_-;“.1'"15 pormally
H.'quin:; 20 sec w pour, one mold may be [lrmr':"I e
5 sec, one for 10 sec and one for 15 sec. These (FF |
partially filled castings, when cleaned up with @2
attached, disclose the metal flow pattern which .=|:|1IJ‘-
by does exist. From these data, an excellent job o £
gating should be possible.

|
IH:" Too low head pressure may alsa be a camsc * I
ST LS

Molding Sand .
(1) High moisture, causing metal to boil arel [
fAuidity can result in misruns and cold shuts.

(2) Sand too high tn volatile malter. 1"“"‘“"-..:1..“
tiles hll the mold 1_;||.'|'|_!| before the el has 202

Wi

= |
!-":“l"-lnj-[j" to [l our the desired sl |"'”|"‘|_Il'__“.,_;.r
result may be a gas lock or gas seam which P
i . - hil
knitting of the metal when the metal dos = 1 b

Lae s o}
narmal position. This can show as enher a @ AR
P ]



- misrun depending upon the amoun

L of g
"I!:-.T ]:—Emu::lbi]il}' of the mold, Eas and
[

) Weak backing sand causing co
1:;15_ cope, be it from inadequate bars o weak sand
| ] L

:‘ainthﬁ off the thinner sections and creqpes thin
!.-alls which won't fill with the meral Auidity available

Pe lo sag. A sap.

() J"rrrﬂfﬂf'l'r"l"f:-ﬂf”ﬂl -ff-”-l'-l This factor is related 10
poth (1) an (2). If the permeability is o jow
jor the amount of gas Present, a gas seam or waxg
lock can result. In addl”“'ﬂ"- but less common, the
high density (low PEI’I'I:][':I!JI]iI.T] sand extracts heat

from the metal more rapidly and may set the castj
pefore the mold is filled. asting

(5) Too high f‘n.'r:lt transfer molding material, Aside
jrom the density factor (1) mold materials differ in
the rate 2t which they extraet hear and set the
metal. An outstanding example of this would he the
difference between a permanent mold and a sand
mold, but even in green sand there are definite dif-
ferences between sthica, olivine, and zircon.

Cere Practiee

{1y Cores too hard for sections of metal ineolved.
It 15 often diffeult for metal to lie o0 3 hard eore
The resulting huiling ACCION Creates Pmljmin;w free-
ing.

2y Insefficiently venled. Any gas which becomes
rapped can cause a gas seam, especially if the gating
system permits any amount of interrupted flow.

(5) Cores not properly sized or fitted allowing de-
creqsed melal sections. Movement of cores pinches
off the metal sections to the point where the available

fiuidity of metal is not adequate to prevent misrun
or cold shut.

(4) Excess wash, mudding compound or pasie en core.
In close tolerance work, or thin sections, the ad-
ditional dimension from coatings may be enough 10
change the eavity beyond permissible tolerances.

(5) Raised or sagged cores. These have exactly the
same effect as a raised drag or a sagged cope —meta
sections become too thin.

(6} Core shift causing thin metal section. This is
a modification of a raised or sagged core.

(7} Distortion. Distortion due to thermoplasticity of
binder (shell or underbaked oil-bonded cores) 15 2
cause, Such warpage l'lul.'j.llg pﬂll]’i[’lg acls as o clre
shift to pinch off thin sections.

(8) Reinforcing rods too close to core surface. S“Eh
rods provide a chilling effect on the metal, thereby
retarding normal flow and reducing metal fuidity.

(%) Hear transfer. Core material with ;m_hjgh_u
heat wansfer has the same effect as described in
Molding Sand ().

Melding Practice
“':l _Fi.ﬂrd fnmming Cﬂll-!l'iﬂg lowr meﬂﬂ&fﬁ!?. Pers
meability is a function of ramming up 19 about 85
mold hardness. Above that mo measurable change
lahr_-; I:l'lﬂl‘."l‘_'. Sands dﬂig'l'lﬂd for soft ramming I'I'IE':||'
create problems when rammed up to full density.

(%) Uneven ramming. Uneven ramming tends 1o

i

modify metal flow because of the variations in sand

density dﬂ'l.-:‘:]-n]‘::l.'r.l, This changes the flow patierns
or creates ln::::ltm'! chilled sections which can then
cold shut. It is a localized low permeability,

(3) Soft ramming allowing cope to sap causes thin
metal sections. Sand does not have laboratory prop-

tres execpt when rammed to the same density as
the threeram laboratory specimen,

{4) Mold insufficiently gaggered or barred allowing
cope to sag. This is the same effect as described in
Flask Equipment and Rigging (4) whether it be the
responsibility of the molder or the rigger.

(5) Improperly bedded or clamped bottem boards.
Such bottom boards permit the drag face to be
pushed up. This results in a thin metal section as
in the case of a cope sag. The common mistake in
this area is to clamp a dirty or distorted board, or
to inadequately strike off the drag belore clamping

(0) Excessive slicking or patching. Assuming that this
did not cause a scab or buckle, the effect would be
the same as a boil or a change in heat conductivity.

{7} Thin flat surjace molds set level instead of tilted.
The effect is the same whether the responsibility rests
with the rigger or the molder.

{8) Wrong dimension chaple! used allowing the core
Iy Farse, A core raise causes a thin section which will
not fill with the metal fluidity available.

(M) Too small a stem chaplet or too few chaplets
allowing the core to raise.

(10) Too heavy coat of wash. A heavy coat of wash
on either core or mold can change the dimension
enough to pinch off thin sections of the casting.

(11} Careless cutting of the sprue (missing the bullon),
This is a man-made problem giving the same effect
as an inadequate down sprue.

Metal Compesition

Fluidity may be too low for section involved. Fluidi-
ty control is a function of metallurgy, including melt-
ing practice. The following paragraphs discuss the
fluidity of various metals which may lead to misruns
or cold shuts.

(1) Gray, malleable and ductile iron. The carbon
equivalent may be too low or too high for the section
involved. In general, the harder, stronger (low car-
bon equivalent) irons are most apt to cold shut or
misrun because of low Auidity. An unusually high
carbon equivalent can also produce trouble especially
il primary graphite is thrown out of solution. This
is often referred 1o as a kish lock, Excessive carbide
stabilizers have an effect similar o a low carbon
equivalent. Excessive graphitizers may create a kish
lock. Phosphorus may be too low (gray iron). Phos.
horus creates a low melting point eutectic to im-
prove fuidity.

(2) Steel. Composition change lrum_lmw carbon o
high earbon plus various alloys modify the essential
metal fluidity. Steel has a high 1.“'III1HJ.'I-'II!}'_|:IHH£! of hear
loss) which tends 1o reduce Auidity rapidly when in
contact with a cold or wet mold.



Fig. 185 — Cald metal poured duriag firit part of heat caused poar
definition of boik the edgey and eoved helai

Fig. 18.5 — Sams kind of casting a1 shewn in Fig. 105 after correc.
tien of fault.

() Brass and Bronze. The wil_h: range af 4y,
this Alassification vary 'l.i.l_ld.th' in their Ruid;, iy
method of improving fuidity depends upgy, . e
type involved. . rra]
(4) Aluminum Alloys. Low “1_'”!"‘."_ COM POsiLjgy,

often be improved hljr increasing silicon or iy fan
by decreasing the sodium content. Gassy or dipy , ™
is particularly prone to cold shuts. o

iﬁ} EI.'IE-IEHI!-'-\”IUFJ- “ll[!li[}' can be in'Frﬂ-\"ﬂd h

11 - T <l
ing to & com position closer Lo eulectic, ny,

Melting Practice

1) Wmlng ﬁurﬂpd.’:ilfartl :_hn:_m mr.-:l.-;ﬁ. I”'-'ﬁ!,hin
charging. When composition is a factor, it is impart;
that scale maintenance anfr'l _ﬂthr?r sitch factors ['lﬂ'r_i;f
assurance that the composition is correct. This “l"[llin:.
to all metals. -
(2y Cold melted or :Iuglgf:rh metal. Tt is obwjgys ot |
+ basic cause of misrun is cold metal, regardles of ),
kind. See Figs. 18.5 and 18.6.

(%) Oxidized or gassy metal. Whether it be caumeg by |
wet refractories, turbulence or lack of atmospheri |
contraol, axidized or gassy metal regardless of king it |
reduce the Auidity. For example, a fast, hard furng, I
ractice in malleable usually yields a low fluidity me,
a1 which ean result in both cold shuts and pinhol
Monferrous metals are particularly prone to pick y |
undesirable gas from poor furnace practice. A loy |
coke bed in cupola melted gray iron has a simily
effect.
(4) Over reduced metal. ‘This can create a problen |

from hydrogen absorption. It is particularly common |
in aluminum but is a factor in all metals.

(5) Excessive ladle additions. Such additions haw
the direct effect of reducing temperature and therehy
reducing fAuidity. In most cases, this chilling efiecct o
not just the presence of a few pounds of cold alley
the heat of fusion required to melt and disselve i
metal is a major temperature loss with many allop

(6) Damp ladle additions. Damp ladle additions prt

vide an additional temperature loss and produce call
metal. '

Pouring Practice
Pouring is probably blamed for the major pere
age of misruns. It is an important factor but 115~
important to regard all the other passibilinies- e |

fact that the pouring practice is the msl ”hﬂ:::
doesn’t necessarily mean that it is the ""'""I.rﬂ o |
AscTIne

When it is the cause, however, it may be
one of the following reasons.

(1} Pouring temperature is too low.

() Interrupted prouring produces an uneven i"l
permits oxide Alms or gas to prevent I‘"'".Im:|:_e:til'1-"
metal after pouring is resumed (see Fig. 18.1) s ¥
the sprue drop {not keeping spiue filledd) albsct”

an interrupted pour.

|
| and

m_!.r-f
1:3:| Reducing the rate of frour foo $00m :I:I'l.l-'l-1 e
NRCLLDS L .

the pressure needed to Anish hlling the hat B¥
This is especially pronounced with L,_'uil:lll.!lllil i
bosses in the cope or when the cope B shalld



4y Boiling metal from any eause such as wet spout,
hé' [inimg. wet lips, or refuse in the [adle reduces both
metal temperature and Auidiy.

sy Thin flat castings poured on the level may cald
shut whether the tilting is the responsibility of the rig-
ger, molder or metal pourer.

(6) Pouring pressure reduced by runout may cause

an interrupted pour or act the same a5 reducing pour-
ing pressurc oo soon.

(7) Slag, dirt, or ladle refractory which stops off the
gate acts as an interrupted pour or 4 redueed pouring
ralc.

(8) Pouring short for any reason reduces the feed
pressure just as does a short cope. If the cope is shal-
low, even a slightly short pour may bring the jressure
level lower than the wop of the casting. If 2 misrun
does not result, a2 blow or shrink is apt o develop. In
fact, blowholes in cope bosses are commonly related
to mistruns and may be confused with them when
short pour is the fauwlt.

(%) Pouring tec slowly prevents an adequate gare
from filling the mold fast enough o prevent a cold
shut. Slow pouring also is a primary cause of expan.
sion defects. A wendency toward a cope expansion fur.
ther aggravates the tendency 1o cold shu.

(10) Not keeping sprue, runner, and gates jull acis
as an interrupted pour or inadequate pressure. In ad-
dition, this practice permits air entrapment which re-

duces fluicdity of metals (especially nonferrous), or al-
lows rapid oxide Alm formation in pure metals such

as steel,

Miscellaneous
(1) Chills and chaplets too large for section, These
act as a chill to reduce fAuidity o the point of cold
shut. The cold shut may appear at the chaplet or at a
slight distance.

(2) Meduced metal section from any cause, €5, €%

’

Fig. 18.7 — Cold shuts (laps) due fo interrupted pounng

cess mold I:-el'ghu. 1f this is carried to extreme, a
crush results but 2 minor change in the dimension of
a thin section can lead to misrun.

(3) Condensation in mold cavity en thinsectioned
work, Condensation acts to reduce metal Auidity and
also to create a gas lock. The various forms ol conden-
sation phenomena are covered in greater detail in
Chapter 11, Gas Derects.
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OFF DIMENSION RELATED TO CORES

DESCRIPTION

An off dimemsion defect i3 an incorrect dimension
occurring as a result of the wrong core being used,
cottect cores improperly set, cores amitted, ar cores
incorrectly assembled. Many other aspects of molding
may create an off dimension (shifes, swells, erc.) but
the specialized situation of assembling or setting core
assemblies does not logically fall into any of the other
categories. Hence, it is handled as a scparate defect 1o
make sure that these problems are not ignored. On
many occasions, the fawlty core assembly Jeaves a
mark or dimension change which is rather mysterious
until one considers the possibility of omitting core
paste, or too much core paste, and similar careless
core practices. Figure 19.1 illustrates the result of not
cleaning core assembly before setting mald.

CAUSES

Casting and Pattern Design

Design docs not contribute to this problem. It is
strictly a foundry or pattern shop error.

Pattern Equipment

(I} Unidentified locators and prints permit the core
setter to make a mistake, even to the point of omit-
ting the core. Figure 19.2 shows a casting with the core
left our because print was not identified.

(2) Improper or broken telltales or lack of them en-
courage error in assembly. In some cases, the original
pattern may have been properly marked but the tell.
tale is later broken. Pattern inspection before produc-
tion can prevent this loss.

Fig. 19.1 — Result o not
! tleaning cg
cofe in mold. Boss was lnlendedﬂln :::1?:““

¥ belore setling

Fig. 19.2 — Core leh out of casting because print was nol identde

{3) fmpn;rprrf].l marked core boxes and palterns have
resulted in cores being omitted — or set in the wrong
mald (see Fig. 19.5).

(#) Faully core box construction causing distortion
results in an .'}ﬂ dimension core not obvious to
core setter. The result could be a thin or thick s¢

ton of metal or inadequate contact with the core print. |

(3) Core prints that are tao large or toa small wil

IEEdLlll in a core shift and an incorrect dimension
ANd may also be a source of crush (see Fig. 194}

() Chaplets whose locations are not identified
ftze marked will result in 2 form of core shift. O
accasion, the location may be marked but if the ol
Tect size chaplet is not specified, the core seuer ©°
etr. With no locators marked, he may set (00 e
OF too few chaplets. Too many chaplets could o
n leakers ar cald shuts: oo few could result
g or ﬂnnting core.

Flask Equipment and Rigging
(1} Arbor or chaplet locators in flask that av® ,
Properly identified or located are the same prob ;,I.
3s Patlern Equipment (6} except this applies ¥ »
cequipment rather than pattern equipment.

e




Fig. 19.3 — Imaraper
marking of the pat-
burn cauied the mald-
wr B leave required
cores out of a caske

(2) Loose pins and bushings may result in a shilt
of the core assembly or in two sections being mis.
aligned. In automatic blow equipment, a loss of ac-
curacy in the pin or bushing segments may produce
an improperly Alled box.

Gating and Risering

Excessive pressure of metal against cores can cause
a core motion during pouring (see Fig. 19.5). This
can occur because of the design of the gate causing
metal pressure on one side of the core.

Molding Sand

Since this is a core defect, molding sand is in-
volved only in the case of a green sand core or top
CoTE.

Core Practice

{1} 4 wrong core used in the assembly may result
from Pattern Equipment (1), (). or (3). There
may also be a confusion between two similar core
boxes resulting in the wrong core being produced,
or sent to the molding station.

(2) Setting cores end for end, upside down, er in !{It
wrang sequence are examples of improper seling in
the core assembly. On occasion, it may im_*:rl'lr-e fail-
ure 1o set one or more cores in a complicated as
sembly.

(3) Improperly marked cores for the application may
be due to confusion in the box number, hml-:r.n1 ar
unreadable identification marks, er simple confustion
of two similar boxes.

(%) Sagged or distorted cores, from an incorrect IT“"‘
rough handling, or some other i;u:_tnr will result in
an incorrect dimension in the casting.

{3) Too much or lack of paste changes the r]im:nlszim:
of pasted cores or pasted core assemblies. Sometimes
the defect shows as a vein or even a mark which
is easily confused with a buckle. Figure 196 shows
marks left on cored surface because paste was mot
Femaved,

(6) Wash coating which is teo thick or tee thin

WATIT 18 15,4, _l ]

=

2' TENERED 3
' | i I -I ] i I

Fig. 194 —The large core prink permitied mebal flow around ke
eakire cove.

Fig. 19.5 = Exconive melal prossure cauisd the core lo warp duriag
poaring.
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can cause a change of dimension which may be Srnf.rl.!s
in accurate practice. In some cases, Ehe core box is
designed with no allowance [or 2 coating, but a coat-
ing 15 used. In other cases, the situation may be re-
versed. Olten this is because of lack of accurate
records or a breakdown in interdepartment communi-
cation.

(7) Improper rodding permits core sag or distortion
as described in (4).

(8) Nonsagging core mixes used in boxes with sag
allowance may occur as a result of a basic change in
core practice such as from an oil to an ajr SEt Or
sell.curing binder,

() Undercured cores can cause casting dimension
changes.

Molding Practice

(1} A4 common mistahe B oto sel cores J'Fuf.lr'r}_lf.li'r'f:,',
especially with a strange or new job, and to inade-
quately mark cores. Beqrer praclice provides {og core

print design that makes i impossible (o reverge or
otherwise set Incorrecily.
;{EJ If coves are left out it is due 1o inexcusable care.
:s.mr_'u, but it does happen, especially if core prings
re not Froperly indicated and iomeone fails o pro-
duce or deliver cores 1o the maolder.

Fig. 19.6 — Marks loft en the cored :l.lrFa:-:e becavss paste wag not Je—
dur-irrq cleaning of the cose prior bo casting.

(3) Setting dff-f:-:h'::e_i:ﬂrﬁ can be eliminated by a4
equate corc inspection before the coré leaves (he
QOIS DO

(4) Improper filing or rubbing of cores s usually
a situation in which a print or section is slightly
oversize. In the process of making it fit, the malder
may overrub the core with file or stone. Imprope:
fit of the core in the print also can occur because of

failure to ram sulliciently or failure to remove lome
sand from the prine.

Metal Compaesition
Metal compasition is not a factor in off Jdimension
cores,
Melting Practice
Melting practice has nn effect on core assembly.

Fuuring Practice
{l]. Pouring too harg can move a weak or poorlf
printed copae,

i : . : - . e
b= P””””,g too hot Causing core distortion may o

cur eipecially with thin long cores.

Miscellancous
- . ol
In any phase of the coremaking I-|
Y Process is the most common soure *

Larelessness
COre asspmh]
this defect,




crorer 2.0

OPEN GRAIN STRUCTURE

DESCRIPTION

Open grain structure 14 a condition wherein a east-
ing, when machined or fractured, appears (oo coarse
gn.'nﬂl for the application. This structure may be
general or it may be localized. Figure 2001 shows open

Fain iroi.

It is often difficult o differentiate between open
grain, porosiLy, microshrinkage and gas. As a resule,
it may be desirable to check each of these sections be-
fore making a final diagnosis. The defect relerred 1o
as open grain is essentially a metallurgical-type defect,
so the important areas of control are design, gating,
composition and melting practice.

CAUSES

Casting and Pattern Design

(1} Metal section difference. Too great a dilference
in metal sections, causing the heavy sections to be
open grained due to slow cooling should be avoided.
This design type is especially prevalent in metals,
such as gray iron, which are section sensitive, When
differences in section are greal, a composition is re-
r:lu.i:n:d which yields sufficient machinability in the
thinner sections, As a result, the mewal 15 neorrect
faor the heavier sections with their slower eonling rate.

The obvious cure is to request a redesign in order
to eliminate the excessive discrepancy in section size.
Since (his avenue of e A 1% H_I'Ill'r'-l“}' froat vailalle
to the foundryman, he may minimize his problems
by the use of chills, controlling pouring PerREE e,
or by selective gating. "The wse o chills i:_un-:m-i .th":
cooling rate of the heavy sections. Excessive [=niig
temperatures ageravate the problem aml -!m_-ul-l e
eliminated. The gating F;rur_li:r may be gnoclified 1o
put the colder metal in the heavy section. Riscrs on
the heavy section should L= 11:-Li].;|1r~|] [oor prvaxpreiirm
efficiency so as to be as small as Flllt‘ii-hlt'-

(2) Lack of provision for coring heavy sections that
are later drilled out or machined. Many ol the """l':-“'
ma:hi“ing h‘.'l:l'lrtl.i.[““ Pl:'[.lll.i[ jl..IE‘l a% E-a'iul FI:l'-'lEI'IiHH'IH'
of solid sections as those with cored holes. The de-
signer may rely on this fact and eliminate the e of
cores which would serve to reduce the ellecuve sec
tion size. The result is an excesive section for the
nmietal compositions invelved.

_ It is frequently possible to have a core introduced
in the heavier sections unless the design also prevents
adequate core prints. Spring chills may be wed 10

tighten the grain if the sulsequent machining opera-
tion permits this.

|::'|.:| Nectiomns Pr.-j-rrh-_.-fu:_,: .'ger“ Trlrrl]‘iril:ll. lin soine Caked,
ihe metal section i3 not excessive but a confimed [H]:’i.-
el or core creates a hot spot which gives the same ef-
fect. For '-'1-"”[?""-'. stud bosses in the deeper ;‘m!’ll'ulli
af the casting may require a core design which pro-
motes slow cooling. In cases where no design maodifi-
cation 1% j:mws.ih-ti.‘. the best approach is to wse chills
in the core or mald section unless it can be padifed
by a reduction in metal temperatre or a relocation
of gaves.

(1) A design requiring the removal of excessive mel-
al during machiming. It is not unusual to see designs
which not only involve high machining costs, but

TR

E
E

Fig. 2.1 = Opan grain



B4
| of the denser sections and

- uire remova ,
which also require ¥ sections of met-

e slower cooling centel

ypasure of th :
4 F clesizn hr_‘lpi e onc.

.:|. -]'lli\ l'.l:'H. W e e "
The only correction if a d_r_'su:,n change 15 mn]?m{
mitted is the usual use of chills, temperature

se, however, the foundryman can
-n change if a proper appeal is
wasier to demonstrate the poor
asting and the machimng as-

and gating. In this ca
frequently get & dest
madle, because 1L 1%
economics of both the ¢
pects of the design. _
Lack of liaison between ﬂrt_s.lgl::r. pat-
rernmaker, foundry and machine shop 13 2 Ea_cl_l.t-r.
This may come about by a management decision
Ines not take into account the need for caoper

which ¢ .
stion. It may be largely 2 lack of understanding of the

ather man’s problem or an honest divergence of opin-
jon. In either event, the best cure is to develop a com-
mon meeting ground based on facts and COss. For ex-
ample, an accurate record of rejected castings, salvage
cost and unnecessary machining costs will go a long
way toward a meeting of the minds. Costs 1nd_prﬂ}ﬁt!
make a common language between men of different

technical interest,

(3) £ Egigcn

Pattern Equipment

(N f"rlr””p.._-”'}- cored heavy seclions. Thess effects are
the same as those described in Casting and Pattern
Design (2-5). The only difference is whether Lh_:
problem is inherent in the design, or whether provi-
sion for proper coring is the responsibility of the pat-
tern shap. For example, the pattern may be mounted
in such a way as to prevent the use of lightener cores
as by inadequate provision for core prints.

(2) Incorrect cove supports. Patlern equipment i5
also involved if a meral section is changed through the
use of incorrect core supports or other techniques
which involve a core shift. Pockets of sand which cre-
ate hot spots and slow cooling may be a question of
pattern design and mounting rather than incorrect de-
sign of the part

Flask Equipment and Rigging
There are no open grain defects atiributable to
fask equipment and rigging.

Gating and Risering

(1) Directional solidification. Gating which does not
permit  proper directional solidification is often a
cause ol open grain structure. It is necessary to pay
elose attention to number and location of gates when
drastic metal section changes cxist in a single casting,
P'utting hot metal in the riser arca for feeding pur-
poses may reduce the cooling rate of the heavy section
to the point where open metal is experienced. Riser
design which is incfficient such as long necks, inade.
quate basin, or oversized risers contribute to an unnec-
essary amount of heat at the heavier sections.

(2) Duistribution of gates and risers promoting heat
relention. Again, attempting o feed the heavy sec-
tions may lead to excessive heat retention at local
sputs. For example, there are cases where side risers
are impractical because they overheat heavy sections
and promote slow cooling, It requires good riser de-
sign 1o permic the smallest possible rivers. bue sueh

ractice is needed in those castings which muy, ki
paured from metal not wellsuited to the sectign Sire

(3) [ocalized hot -‘Pﬂ'*’-‘ due lo gale -:.lr_ Tiger i'ﬂﬂf.rr':,,,
Short necks are needed for proper feeding bue they g,
bring the runner or riser close to the casting and p,,’
mate slow cooling. Extending the neck is apt to cypy,
feeding problems so the best CONLYOL It 19 inie ap yp
cient design for minimum si2&. Also, it is often poy;
ble to locate the runner or TIseT 50 it does its leeq;

job without being close to a critical section of Mgy |

subject to open grain.
(4) Insufficient num ber of gates, The use of too fp,

ates is not only apt to €ause culs and washes buy ;,
may also create a Il}EEIlIﬂd hot EF'"EF amcd l}PEn E“Ei“.
This is common in all metals, even in aluminum iy,
its relatively low temperature. Ir! some cases, the use
of oo few gates will Itadrtu shrinkage defects whic
overshadow the open grain structure from the sams
cause. In fact, open grain, when sufficiently aggravay
ed, becomes a shrinkage or porosity defect so the curs
for both is often the same.

Melding Sand

Sand is a factor only if it permits mold-wall mave.
ment sufficient to increase the section size of critical
cections. Since mold-wall movement tends to be great
est in heavy sections, this effect is possible. The open
grain in this case is related to the swell.

Core Practice

Underbaked cores. Oil-bonded underbaked cores o
oil-bonded air setting cores which may produce an
exothermic reaction and excessive heating ol the cored
section should be avoided,

This effect is seen occasionally in large castings or
heavy cores using binders with some exothermic prop-
erties. In a sense, the core then acts as an unusually
effective insulator and slows cooling of the metal to 2
dangerous degree.

Molding Practice
(1) Lack of vents which are capable of promoting
faster cooling. In heavy sections, the cooling rate of
the casting will involve the rate at which heat an
flow through the sand. Adequate venting helps 10
permit moisture to escape rapidly thereby providing
a refrigerating effect.

tﬁ}_ﬂmfﬂiﬂ-‘ﬂ of chill nails or chall Frﬂrﬂﬂ!f'tg e
terials. This omission is usually a matter of ar®
lessness,

Metal Composition

Since open grain is essentially a function of matc”
ing the metal composition to the cooling rate. i
matching is critical. If it is assumed that the cooli®
rate cannot be modified (see Casting and Paiter®
Design and Gating and Risering) then open "-_"t_l'n
must be attributed to incorrect metal composit™
— either through incorrect specification or an pninte?
tional off-compasition. Berause of its import
each metal is considered briefly as follows. U7
detail is available in textbooks on metallurgy.

_ 4
(1) Gray iron and malleable. Carbon equivalent |
hich et Tie BT "Rl comol oo soeal Tiamnoilig *

ll‘:.ll
atel |



Fig. 207 — Diwgel ilosve with thres defech —opes grain, diet jo-
tlusiens and thrink [on the inside].

the carbon and silicon effects is usually expressed a3
C.E.=C + 14 Si. As such, it indicates thar open gran
can come from excess carbon or cxcess !-!"!W"l sl
both. Carbon is three times as effective as silicon, 30

as

a minor change in carbon can be more dangerous
than an equal change in silicon. This function of
carbon and silicon affects malleable as well an Eray
iron. In malleable, the open grain does not appear
black {as in the case of internal shrink) nor motded
indicating primary graphite. It is a general DpEnness
which is sometimes present in high carbon or high
silicon, or both.

l’!lﬁiphllltn may be (oo high for application. Car-
Eaeimy cquivalent is sometimes written GE, = G415
(5t 4 1"y indicating that jrlirnphlann does influence the
openness of grain, In addition, phosphorus has a
tendency 1o increase shrinkage when present in excess
af 010 per cent, This aggravates any open grain in
slower cooling sections.

There may be insuflicient carbon stabilizers. Higher
carbon  equivalent is often offset by alloying ele-
ments which refine the grain. This is particularly
true when it is desired to increase density and strength,
and yet maintain adequate dampening and machin-
ing characteristics.

-f_;n[rhi.lircm may be used in excess, .ﬁlthm:gh Chpen
Erai;n i related o the carbaon P:]Ili\':lllt':nl, e rLT
alloys known as graphitizers act to produce more
graphite from the same amount of E:irl""“- "I"_lm1.‘ are
F:[[:i_‘”!.]rl'!.‘ valuakle in thin gray arom Caslung soc-
Lions 1o maintam nuchinal:;-ih['_.'. In heavier sections
of the same casting, however, the effect is 1o open
the grain.

(™) Steel. Cast steel is not as susceptible to grain
growth as are wrought steel products because the
melting and deoxidation practices include elements
that tend to retard grain growth. Any coarse grain
inherent to the composition can be refined by anneal-
ing or normalizing.

() Aluminum alloys. Impurities such as iron gh‘n: H
coarse, brittle or open structure. Most ol these result
from faulty melung practice.

There may be lack of grain refiners such as boron
and titanium. In many aluminum alloys, especially
those requiring superheat temperatures, adeguate
grain-rehning allovs are required.

(1) Magnenum afloys. Incorrect composition covers
a wide range of contaminating alloys. As in the case of
aluminum, grain-rehning o elures st b followed
for most alloys

(5) frasr and bronze. Open metal in these alloys s
wsually concealed by a porosity, gas or dross pattern,
Composition changes which would ke expected o
cause openness will wsually show hest as microe of

macroshrinkage, or Anely divided porosy.

Melting Practice

Any melting practice whadh 3||m1II|:'1. CTIOETTR Y (]
;mujmulinu {imcluding gas compasition) will aflect
open grain in direct proportion e the ammpoution
change provided. Therelore, the various cast metaly
minial be treaied ~r|l-r1-1rl'|'l- Faog omenee amfonamat oy iy
b II]‘_Iqjl.in_ il By meocssary Lo fer o the stamdand
metallurgy and melting practice hamdbiibs

i1y Cupola melted gray iron. lmproper balance of
air amd eoke cresle ap eaccnive EJILLLLII ol caybsan
For example, an unusually high wle bad has the
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same effect as reduced blast rate. This tends to HE
aggravated as the cupola burns out because the larger
diameter cupola requires an increased blast rate to
maintain the same carbon, . .

Melting may be too hot causing excessive carbon
pickup at beginning of heat. Melung at unusually
high temperatures will tend to raise the f-“b"?“- An
example of this is [ound in hot blast operation. A
good rule of thumb is that an increase of 100 F (55 C)
of blast temperature will increase carbon by 0.10 per
cent. Raising temperatures by use of oxygen does not
necessarily produce the same problem.

There may be toa long a rapping interval. Long
intervals between tapping lead to carbon increases
while metal is being held in the well. Foundries de-
siring low carbons generally use a shallower well,
and more Irequent (or continuous) tapping.

Intermittent operation (shutdowns, etc) allowing
excessive carbon pickup may cause open grain. Inter-
mittent operation as a result of shutdowns almost
invariably leads o wide fluctuation in carbon and
silicon. It usually requires 15 min after a shutdown
to reestablish the intended analysis. Variations in the
size of the charge materials will lead (o variations in
chemisiry especially variations in percentage of carbon
pickup.

A carcless charging of materials or weighing can
result in nonuniform chemical composition. Careless
charging is inexcusable and a common cause for vari-
ations in chemistry. Sometimes this is carelessness on
the part of the charging crew or inadequate mainte-
nance of scales and other measuring equipment.

(2) Malleable. An excellent method of reducing po-
rosity pinholes and open grain is the use of the green
pole w0 cause wrbulence and aveid stratification in
the [urnace. Any errors in the weighing or makeup
of the charge will change the composition. Unwar-
ranted pushing of the air furnace tends to reduce
control over the final ehemistry. Melting hot and with
a smoky flame tends o increase carbon.

(3) Brass and bronze, Use of a dirty crueible where
skulls or metal films from the previous heat are left
O {Jhe bottom or on the side walls will cause Lo
tamination of the next melt. Carelessness in segregat-
ing the return scrap may result in alloy contamination,.
L_Jse -?E a color code or marker system 1o provide posi-
tive identification of each piece of scrap is accepted
Practice.

Adding the wrong ingot 1o the charge or using
scrap of an unknown origin may cause the defect. A
color or marking code on the ingot should be used and
unidentifiable serap avoided. Allowing turnings to he-
come mixed in the machine shop and then chargin
them back in the furnace is bad practice. Better house-
I:LE:‘.'I:Ilng 15 the only cure for this problem, Introducing
into the metal gas-forming materials such as w
or dirty materials, and careless additjons to the
metal should be avoided,

(4) ...-d'mma'rm:_m._ﬂm of the common causes of open
grain metal is improper melting temperature contral

et, oily,
molien

which allows aluminum to become very hoe, Howess
if the overheated aluminum is allowed 16 cog) Falt
to a low pouring temperature, the castings will b
be sound.

In oil- or gasfired furnaces, the character o i
combustion gases is important. If the fame j5 H!:Iqm
ing (insufficient air), the presence of unburpe hf..
drocarbons is a source of hydrogen which is salyl),
aluminum. The combustion gas should be neygy,
slightly oxidizing.

Any carelessness in charge makeup or contamiy,,
tion can be a problem.

J’lr:"_

T
I o¢

Pouring Practice

The common cause in all metals is pouring tog by,
This may really be a reflection of the basic F'mh]ﬂr;
created by melting too hot, but a carrect pouring e,
perature may be a possible remedy.

Miscellancous
(1} Rate of cooling too slow for composition. This
has been covered from the standpoint of design, Eal
ing, and composition. If all these factors are correet
there are still a few miscellaneous techniques -.l.-hicl.'{
affect the cooling rate.

The molding material may be acting as an insula-
tor. This could be the case with a lower than normal
sand density. Sometimes a change from a high density
bond such as fireclay to a low density bond such as
southern bentonite will make a measurahle change in
the cooling rate of the casting.

When chills are needed, a failure o set them will
cause scrap from open grain. Occasionally, the time
between pouring and shakeout is critieal. Some jobs
require fast shakeout and air quench to maintain the
Proper structure. In some castings involving drastic
section changes, only the heavier sections are exposed.
(This same technique is used to control cracking in
large sheaves and pulleys.)

A special form of slow shakeout occurs when sand is
retained in pockets or corners producing a slow cool
::Eﬂ!ln [lh:llbla“a- T_hl'5 15 particularly hard to detect
ik nﬂ:‘:ﬁlﬂt}ishﬁutmg because the cleaped casting
g W the areas of sand adherence, However,

an semetimes be locared by looking for spots of
an:als_uf local penetration and roughness,

Piling of het castings after shakeout can permnt

S0 ' Ch . :
e 'EHU[IEEI w cool won 5]‘3”-"-"":'- Che |1|||3 af castings
Acts as a soaking pit

(2) Improper heat treatment. Improper heat treal
:ﬁ:& :;-.;u cause grain growth in some metals, The abr

SR UL Proper grain-refining heat reatment could be
considered as the same problem.

(3) J'"P"]Pf" machining, Improper machining will
[“‘:'1}“ A Casung appear wo have apen grain even oug
it 15 actually dense. Usnder his heading are such
things as improperly sharpened, or doll wols, wiof§
speed and feed, o mproper rough cut. All of thesé
SR totii porous ?'I]'Eri:,u.:|1n-‘wll.iu.h may Jeasd #
the Assumption that the metal was apen as cast

e ir

il
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POURED SHORT

A casting which lacks complete-
ness dug o the mold not being
flled has been poured short (see
iilusration).

Insufficient metal is the only di-
sect cause of this defect. However,
there are many aspects of foundry
sractice which cn contribute to
the lack of metal or the apparent
lack of metal. It must be recognized
that it is often difficult o tell
whether a casting was poured short
gr whether it ran out.

On many occasions, the short
pour may be the result of a back
pressure or resistance caused by in-
adequate mold permeability or lack
of popoffs and bleeders. In some
cases the poured short may really
be a case of poured cold or cold
shut. However, a true pourcd short
is just poured short.

Typical shert pour,



Chapter

RAMOFF OR RAMAWAY

DESCRIPTION

A ramoff or ramaway is an incorrect casting dimen-
sion resulting from the sand moving away from the
pattern during molding. It is frequently confuscd with
a swell or shift. This confusion exists because of a sim-
ilarity in appearance under many circumstances. The
confusion may usually be avoided by more careful in-
spection. For example, if an apparent shift cccurs only
in one area or on one side, or if the apparent shife is
in two different directions, it is obviously a ramoff con-
dition. It is surprising, however, how often thas type of
defect occurs on the scrap report a3 a shife. To distin-
guish between a swell and a ramoff may require more
experience. In general, a swell is apt to occur in an
arca which is difficult to ram. A ramoff occurs in an
area which may easily overram. Figure 22.1 illustrates
a typical ramoff in the hub section of a casting.

CAUSES

Casting and Pattern Design

(1) A curved or rounded vertical surface such as pupe
lends iwself to ramoff conditions by inducing the sand
to bounece away alter reaching density. Since this Lype

Fig. 21.1 —The hub section of & casting shewing & typleal camof,

B8

is alse prone to show up a true shift of ),
parting line, there is apt to be [requent confusion be.
tween the two problems. The bounce mechanism g,
curs by squeczing after jolting to full density or by
bringing the slinger head back aver a previously slunp
section of sand. The packed sand slides away from ihe
pattern as a result af the second molding operatiop
{eg., jolt followed by squeeze).

(2) Extended vertical sections lend themselves
the double molding effect which causes a ramell o
I'Elmilh':l:r'.

casting

Pattern Equipment

(1) Loose picces not properly secured to the patterm
may move in the later stages of molding and forc
the sand away from the intended contour.

(2) Patterns not equipped with ramoff strips permit
the molded sand to slide out of position during the
later stages of molding.

(3) Patterns too close together, especially when using
a sand slinger, contribute to uneven Tamming, 3
prime cause of ramoff.

{4} Patterns too close to the edge of the flask have
the same effect as patterns too close together. Sinct
both this factor and (3) contribute to swells, it may
be difficult to name the defect correctly.

(3) When patierns and plates are too smooth, the
samdl slides readily during the later stages of molding
As a pautern wears smooth and slick, it may be neee
sary to add ramoff sLrips.

Flask Equipment and Rigging

(1) A4 loote squeeze head on a machine may b
during molding and thereby squeeze at a tangen! _1
this occurs alter preliminary compaction, the "‘J'r
gential force will move the sand away from ¥
pattern face.

c i
(2) A loose pattern plate on a jolt machine will LJE
in 1y result in a wangential f[oree being 2l
some stage of the molding cycle {assuming (b
1 jolted more than once). 1 the jolt s "'“"W“m,r.
squeere, 3 ramoll can occue by '-Eluw-n'u: a ol hl ol
has been jolted nonuniformly as a result of the
pattern plate

- mobd

v
(3) Inadequate support under the pattern W3 J

either (1) or (2} w control the maolding pesulis



(4) Incorrect design or placement of peen blocks
o 2 squeeic head or weak bottom boards will readily
force the H'””"“‘ compacied sand 1o move from jis
pormal position

Gating and Rjs ering

i ] B £ i I o ]
A gale or TUEY {00 close lo lhe pattern usuzlly
creates a swell but it may result jn 2 nisnuniform
ram which 15 more truly ramoff

Molding Sand

Sand characteristics that contribute 1o nonuniform
ramming will agaravate any of the design or me-
chamical conditions which creare ramoff, These factors
aré l:'H:'H[I-I”':- those that cofntrbuage to low maldahil-
ity including excess moisture, poor mulling, exces
4'|;1'1_'.|], clav ar cereal !_l-.||_|-._ il'li.'l']r;r:[[ sand hdiitl!’jl:ll.l-
tion, and lack of green strength,

Under these conditions, the castine w
tend to exhibit a rather rough sﬁrja::r;ba;dmggn;!r:f
gion of vertical surfaces, i h-r_;uld b dificule wo Em;s.
ine a smooth casting surface and a2 ramoff due 1o
[0 flowability of sand on the same casting. In fact,
it 18 I:l:uillfr: lor ramoffs o ocour when zand Aow.
ablity s improved.

The more Howable sand may act in a manner
similar 10 a smooth slick patern or it may result in
greater sandd density from the preliminary molding
(jolt) and thereby slide away during the second
phase of molding (squeeze)

Core Practice

One would not expect a ramoft in cores although
the cores themselves might be off dimension by a
previously mentioned similar process during core-
making.

Melding Practice
(1) Ramming end peening in the wrong direction
are human variations of those given under Ftlﬂﬂt
Equipment and Rigging (1) (2) (4). Figure 22.2 il lus-
trates the result of peening in only one direction.
(2} Improper tucking around [pose prieces rilH-d: bosses
has the same effect as described in Pattern Equipment
(1).
3) Whipping of a pattern due to worn pads "f”d
fuides on a jolt machine causes Tamming and peening
in the wrong direction.

(1) Preramming of sand while filling a flask usually
oecurs by letting the sand have free fall from am €X-
cestive height. This acts as a slinger (to a degree)
and, therefore, sets the stage for a ramoff during the
later stages of molding. An unusually flowable or

Fig. 333 — Resull af Nlﬂ;ﬂ:-g in anl'r ame direelian which ecaused
rousd bow fe becoms alliptical in shape,

maoldable sand may contribute to this effect since

will prepack most readily. Filling the fask with

shovel and not dropping the sand perpendicular t
the pattern will have the same effect.

{3) Filling the flask too full before peening, ran
ming, or jolting creates a nonuniform ram especiall
on vertical surfaces which are prone 1o ramoff; so doc
jolting the cope belore squeezing.

Metal Composition — Melting Practice —
Pouring Practice
A ramoff is a mold effect and is created before th
metal is poured.

Miseellanesus

Rough handling of molds prior to drawing the pat
tern can readily move a section of sand away from the
pattern, especially if the sand is weak, or il the mole
is weak because it was compacted to a low density
Rollover machines when worn or out of adjustmen
sometimes go through some amazing gyrations before
they Anally set the mald down and draw the pattern.
Such equipment should be adjusted to rell over
smoothly and gently,

Pattern draw equipment when worn or out of ad-
justment may bounce the pattern from one side of the
mold to the other during the draw process. A ramofi
would be one of the defects such equipment can pro-

duce.
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ROUGH SURFACE

DESCRIPTION

A casting lacking the required degree of smoothness
for specific application has a rough surface. Figure
951 illustrates a typical rough surface.

CAUSES

Casting and PaHern Design

Design §s a contributing factor only where sharp
corners, deep pockets and the like are involved. Sharp
corners are prone to breakage and scuffing. Deep
pockets are apt to promote solt ram, porous sidewalls,
and torn up molds. Designers often forget that these
sharp corners not only increase foundry costs but may
also drastically reduce the potenual strength from
stress concentration effects. These sharp corners usu-
ally reflect a design background in fabricated shapes
and a lack of understanding of cast shape design

Pattern Equipment

{1y Pattern rquiprrwrll! with inaccessible arcas wich
as hydraulic passages, l“‘:!"'“_"'d areas, amd Ju.m-e: Pices
lead to soft ram and burn-an or rough fmish, If the
pattern cannot be modihed, it hﬂff:""'h MECESAEY 1o
caore or develop special sans _wlur!h rl”.m""tc the
need for cleaning. For example, in hydraulic passage,
‘¢ is common [0 use Very fine sand with minimem
binder and a refractory wash. For unusual cases, it is
possible to use an unusually open sand which 1
dipped or washed so that the coating penetrates to a
maximum depth (even to 100 per cent penetration of
wash).

(2) Fillets that are too small lead to minor tear up
and rough or open mold surfaces. These areas tend
toward moderate stickers (see Chapter I0, 5STickess)
and rough fhnish.

Fig. 130 —Typical reush surfscs

=]

caused in this cane by uncoated span coms,



] H

e 2 .
Fig §33 — Excessive moisturg in the malding saed rroated 3 low

mofdahdity and an open mold surlace

(3} A paliern surface thal it (oo rough may be a case
of misuse of sharp vent rod during molding, porous
metal pattern, or Haked or chipped patterns. A tough,
gummy sand may not reproduce these minor blem-
ishes but a change 1o a flowable sand will show all
patiern imperfections. These jatterns can |.::=.|.r.]||._1.' be
smoothed with solder or plastic fillers. Sometimes, the
roughness acts as a backdraft producing a 1orn up
sidewall

In the case of full mold styrene patterns, the rough-
ness 18 winally due to excessive porosity of foam, lack
of wax-type wash, or unfilled glue joints. These pat-
terfis are also subjected 1o nicks and ¢uts if mishan-
dled, Small imperfections can be filled with wax but

large nicks require a block insert and a recut surface.

I:-":.l_:l Weak il'lm'rrrrr_l are  invalved when pmducing
from single use patterns. Too often they may show
back drafts because they vield under the pressure of
molding. When such a im.furrn is drawn, the pattern
will drag and tear up the mold.

(3) FPattern materials and coatings which induce glrcks
ing of sand will produce small stickers (see Chapter
29, Stickers). In wooden equipment, the cause m'l-_ﬂ'i
!Jt old, thick, or dirty shellae, varnish or lacquer which
15 gummy and does pot dry. Metal patterns are not
usually coated in this manner except to conceal poros-
ity. The best metal coating is chrome plate from 0.00+
to 0006 in. thick. Some wooden patterns are metal
coated with liquid meral.

(6) Thick and thin patterns which lead lo monumni-
farm heating of patterns in shell or hot box can cause
3 sticker ar rough Anish. Green sand pattern plates
may also cause sticking when used under conditions
of condensation (hot sand and cold pattern).

Flask Equipment and Rigging

{II! Arrangement of flask bars preventing proper ram.
ming leads to minor swells, open sand, and similar
evidence of sofe ram, In many cases, this openness re-
sults in roughness. In worse cases, it could be listed as
a swell or strain. These conditions are more pro-
nounced on automatic equipment and slingers since

1

there is no oppartunity to compensate by peening and
[ARES L.JII._r

() A flask which is too small for the patiern equip-
ment 15 another factor invelving ability to ram to
adequate density. It can be compensated for 1w some
extent by more Rowable sand and for special handling
such as tucking or peening. Use of such flasks is false
economy since the extras needed w compensate for
inadequate molding clearances are usually expensive.

Gating and Risering

{1} An arrangement of gales ard rigers which creater
fot spols will lead vo localized mold-wall movement,
minor swells, fusion, or penetration. All of these are
considered as rough finish, In many cases, the place-
ment of the riser must be such as o allow adequare
feeding. and special care is peeded o withstand the
action of the hot spot (core insert, special facing, or
hard ram). Olten, a better riser design will do the
feed job without the need to create the hot spot an the
casting. Smaller risers with exothermics, smaller risers
with adequate depth in the drag (below the neck)
and “firecracker” risers are three possible redesigns
which reduce this problem.

(2) fngales ereating high metal velocily cause cutting
action at gate area of casting. In this case, roughness
15 the cut or wash plus the possible sand inclusions
in other arcas of the casting. Cuts in the gate may
also show as sand inclusions which may be considered
rough surface,

Melding Sand

(1) Sands with teo high or too low moisture are
equally bad but for opposite reasons. Excessive mois-
ture (over temper) produces a direct tendency 1o stick
and roughen the mold surlace (see Fig. 23.2). A sand
which is we dry (or dries out in use) will permit
cuts and washes during pouring, or dislocated sand
(crumbly edges) during the blowing out of the mold
or during mold elosing.

Hot sand is a variation of both these either througl
over compensation for heat (too wet) or inadequate
compensation (rapid drying out during molding or
standing).

Fig. 23.3 — A poor choice of molding sand caused excessive per.
meability and rough Surface.
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Too high pernmeabilily an be an indication ol
M ihe _|E1|1-|_i-.'.tlilll'|. This |1TI!‘-.-1
direct elfect on roughness since F-‘"“"I' metal Aow will
show up the large coanc grains {se¢ Fig 239). It s
very difficult 1o make smooth castngs with more than
] 51.'-'1' cent of the grains on the 40 screen unless the

(<)
gamd grains (oo Coarse [in

surface is dispuised by washes of COALIngS. _

Excessive |;:':11-e-.|l:-|lllx is also a factor by permitiing
more rapid drying out of the sand and subsequent
friable brinle edges on the maold suiface.

(9 Improper sand preparalion 15 3 major lactor. A
lack of uniformity of sand, water, and clay distribu-
tion (clay halls) will immediately result  im mugh
areas in the mold at points of concentration of any of
these, Improper sand preparation is |1.'|rlii:|.|1;u]'r'
harmiul 8f it resulis n poor distribution of mosture.
In this regard, it has definitely been determined as
the cause in many cases of hard mold penetration
(above M mold hardness) — an abviously rouglh sur-
face.

(4) Foreign materials in the sand will permit sand
prains to drop away il the foreign hady is near but not
touching the mold cavity. (See Chapler 7, DrOPS,
Chapter 29, Stickens) If the foreign material is on
the mold surface, the result is direct roughness either
through burn out of the foreign material {e.g.. cigar
butty or adherence ol the [oreign material (c.g.
tobaceo canj.

(5) A sand too high in eanly fused materials such
as compsouneds of sodium and calcium {eg., soda ash,
limestone and nonsilica partings) creates a special
form of burn-in or roughness (see Fig. 23.4). Reuse
ol the sand without .'nit'l{l.l:'l.le' dilution from new sand
will eventually lead to a buildup of [usible materials
such as metal oxides and dross. A good rule of thumb
i+ to maintain a new sand dilution (including core
sand pickup) of 300 pounds of sand per ton of metal
;murr:d-

(6) A sand too low or too high in carbonaceous
materials such as coal, cereal, sugar and cellulose can
cause trouble. These materials protect the metal hnish

Fig 214 — A sand bagh in lime created this rough afipct
[pockinarks] in lhe areas ol maximum [emparaliude

by creating a reducing atmosphere. Therefore, . |
must be adeguate for the metal cast (tempery ¥
and the refractoriness of the sl Howeyer (TP
materials, when cart ied (o excess, will lead g 1,
rough spots and penetration from gas agitaio,
ing), or to roughness due 1o modification of (e
inJ:: point of the sand.

(7) When flozeability (or moldability) i too py, .
Ic..u|5 (o an open maold 5||.1|rtm|: unless |.|,|“I5un|_|r!fl[l
fective ramming of molding is used 1o m“*lﬂnh:;
The moldability index must be adequate 10 |'|3|:I11;I1.
the conditions ol n1u||.|_i:l1g_ .Th-ii property 1 conirolle
by clay. moisture, gram distribution and special 5.

clitives.

¢ Hel,
"Ili..lp.|
1 ':."'Jil.
sllllrtr_

(8) Insufficient hot sirength _purmil:.j deterioration of
the mold surlace before sohidification s “'lmri!:mlj-
advanced thereby creating a cut or wash. The amoun;
of hot strength will be related to mold hardness and
the metal poured plus the type of gating practice
invelved.

{9 Carbonaceous material that is teo coarse involves
both the original grind of the material and the sul
sequent  buildup {e.g. pitch balls). These  cosrse
particles create agitation of the metal aml result in
roughness {and possible blowholes, etc)

(1 Excessive partings (liquid or dust) have a dirce
effect on sticking and on sand properties during mold
ing. In addition to these effects. a buildup of these
materials in the sand will so disrupt the normal sand
properties as to permit cuts and washes and similar
roughening effects.

Core Practice

(1} Sand grains oo coarse for the application (high
permeability). See Molding Sand (2).

(2) Dirty core boxes. Dirty core boxes are thos
which have, among other things, a buildup of resit,
oil, and similar partially oxidized binders which be
came sticky and, thereby, created rough core sutlaccs
Too often this problem is met by increasing tl_“
amount of release which merely increases the undesr
able residue. The correct cure s to clean the bos
chemically, if necessary. i

Sometimes a new core box will stick wntil it ¥
broken in. This is usually a case of mingr ]“"""‘"i['-‘ i
the original box which is later disguised by pejcase
agent absorption into the porous surface.

{3) Soft rammed cores include open surfaces in “m}:
in the same sense as open molds result from =
rammed molds, In addition, the soft rammite -“,.
cores  involves ||'T"|-|-P'E'r I.'E‘I“I.'I'IJ.: anil 1_I-|1]1'«'I-IIP| l:‘:ri-l:[.
ment, plus the factors of blowability oF flowali! .
Some core sands are difficult 1o ram but mos II"-.u
lems seem to stem from proper ooc¢ box 'Ir"I:..q
Si'ﬂﬂi-al :"“_.“li"_” ig l'l.'l'll]i!'fll. Lid F!III-F!H"I:'F weill llll-lrl““:
and pockets which are apt to blow apen- Ty
dilfers for variows binders stich as ail, reatt : 1
and hot box. Airset and sell-curing o7e :LI“:..-I::-H-
subjected 1o solt ramming or ail packets evel gt
af the type which “.,,F"'tts LI ETRRRERL PR l‘: i :
Flowable mixes must still be hansdled propers
maximum soundness. This is particularly e "

R "
F.ﬁ'- .
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Jatter stages of the short bench life when some set-
Ling TEREY have built in an une e el d green ””-'”l-ﬂh.
(4) Cores incortectly sprayed. depped, or coated (low
"r:rlar_ﬂ I _.:l."u will caanase 3 r.:-|_|:-_:|| "\-l.H'|.I-|'r‘_"_ 1“ III.'Ii1'|
RS, the st funess of Lhe |-.-.|rir||; 15 the L.'\'""-':'TI'II.IIE
[acind In these cases, only close contral ol the |||.|:i'\-!i|:!|"

af the wash and proper balance with respect to Lthe
s JM.“m-_.t;..JL:x (penctratien ability) will insure a
st h surface l-'illllf'l.lllxl:r'. s made of the i::t"-IZ[I!IE,'
surface from a washed and unwashed maold in Fig.
23.5.

Improper coatings may expase the core surface or
produce a Haked or q,fn;wp-.wi surface after drying and
handling. Some coatings are particularly prone o
pick up moisture after being placed in the mold, thus
creating condemsation problems such as agitation or
F,._-|1¢|r.1:mn.

(5) Overcured corer are found in all practices in-

cluding oil, hot box and shell, Such cores may abrade
when handled or during setting in the mold, They
are alio h'.ﬂ.'ljﬂl:[ (5] I'IJ!IEIH_: actinmn 1|uring Pﬂuring. In
sonte cases, such as shell, there s an increased peneira-
tron from overcured cores,

(6) Rough handling of cores in the core room or
foundry may result in abrasion and scuffing (or even
broken edges). These abraded spots will 1”1_|;|_|]:|- ap-
pear in the casting as a rough fnish unless they are
properly repaired before setting in the mold.

{7 Scufled core surfaces not ]'rrr_rE:u:[]:r' reworked are
a modification of the previously mentioned facrors
plus the [act that the repair job is aulty. This resuls
in an agiation (metal boil) during pouring or a
cut or wash from inadequate hot strength of the
repaired area.

(8} Low kot strength may be due to the use of bind-
ers too low in hot strength, or to insufficient binder
for the ;|F:pl|'¢_-.niun. Il hot stremgeh is low, the core
will fail too quickly and allow penetration, roughness,
and cutting.

1g}'fm-mrrr; core coating will create a rough spot
in any area in which the refractoriness of the coating
is not adequate 1o withstand the metal being p-l:-ul'-rd-
A coating which is perlect for one application may
¢ wholly unsuited for another.

(10) Pogrly mixed core sands result in nonuniform
conditions, and, thereby, cause defects to the extent
that they create a localized sitwation as described in
(1}, (5), and (8).

{11} Poorly cleaned and finished cores are rough and
hence cause a rough cast surface.

Molding Practice
(1) Soft ramming is a major cause of rough finish
since it leads to open grain molds, minor swells,
#trains, penetration and washing. Even when the sand
® inherently strong, a soft ram will leave an open or
porous mald, particularly on the side walls and pock-

€5, or where pattern to flask wall clearance s at a
IS e,

(2) Lirty patterns involve a buildup of sand ad-
mixed with old parting, and the like. This type pat-
tern leaves a rough broken surface on the mold.

w1

Biz. 235 — IMutirafion of the diflerence Babwesn & washed and wn-
washed section of mold.

Anything which interferes with the development of
a smooth slick surface on the mold exposes a porous
sand structure which is reproduced on the casting.

(3) Sand that s nol riddled will create a rough
finish if the sand is of the type which normally should
be riddled o screen out lumps, foreign material and
refuse, or merely for the purpose of aeration to im-
prove Howability.

(1) L'neven or insufficient coating or spraying of
molds may create a rougher surface than an uncoated
mold. Such uneven coating may spall and chip. In-
correct torching of such washes [urther aggravates
the problem. It should be recognized that a poor job
of spraying and skin drying does more harm than
good. Baumé of the coating must be closely con-
trolled to provide the correct amount of penetration,
Skill is required 1o avoid buildup in localized spots
and care is required to ensure perfect drying.

(5) FPoor fimishing includes poorly applied patching.
excessive slicking, and leaving abraded surfaces un-
retouched, etc. Such rough spots on the mold will
produce an equally rough surface on the casting,
especially it metal 15 poured hot and Hud.

{6) An arrangement of gates and visers which create
hot spols is poor practice whether the molder sets
or cuts gates or whether such arrangement is part
of the rigging. {See Gating and Risering (1).)

(7) Excessive use of parting compounds and washes
tends to reduce the hot and dry strength of the sand
surface and also 10 make the patterns dirty. Most of
these materials are, or include, solvents which can
leach carbon from the sand or solien pattern coatings.
They have a direct effect upon reducing sand strength
and moldability when used to excess but are valuable
taols when properly used.

(8) Too low Baumé for the type of coating used leads
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to incorrect penetration of the coating and insufhcient
coating of the sand grains.

{9) Cores that are rubbed and not rrﬁrrilzhurdlh}' the
rmolder have the same effect as that deseribed in Core
Practice {1} and {2). Mention ol thisi is made here
because in many cases the core surface is proper when
it leaves the core room but is reworked by the molder
to insure a proper At

Metal Compesition

(1) 4 compaosition which necessitates high pouring
temperature will lead directly to burn-in and will
also aggravate any open grain or rough supface on
the mold. For example, high strength alloy irons
must be poured at elevated temperatures in order to
develop adequate fluidity. This imposes greater loads
on the sand mold. In a similar way high alloy steel

requires maximum mold Anith to avoid areas of
roughness.

(2) dAny composition that tends to reaet with the
mold surface such as manganese steel or even alu-
minum-killed steel may ereate a direct roughness. For
this reason, it is common to use olivine, zircon, or
special coatings on manganese steel. With aluminum.
killed steels, care is required 1o prevent mold reac

tions which form cermet or ceroxide defects and rough
finish.

Melting Practice

Melting practice has no effect other than i
bution that metal which is melted too fuy

poured too hot.

Comi;.
l:l'u-:l- ks

Pouring Practice

(1} Too high a J1'J-r.i:|::|j|'r!;_.{ temperature for the Malepjy,
used causes a burn-in, penctration, or cutting .,
and, by higher fluidity, shows up moll imperfegy,
which would be glossed over by cold pouring, p, i!
necessary o make sure that II.“: IJ'HJ!E!: is able 1 h-‘*ﬁ!l[:
pouring temperatures required.  Excessive poyy

temperature (more than required for proper iy

also leads to oxidation and dross inclusions which
may react with mold surfaces o increase roughnes

(2) Impraperly skimmed ladles permit oxides 1o Eniter
the mold where they can react with the mold surface
and appear as burn-in or penetration.

Miseellaneaus

(1 Furcfgr: materials of a miscellaneous nature are
covered in Molding Sand (4) and Molding Practice
().

(2) Improper cleaning. Too coarse shot or grit, and
insufficient cleaning time to remove adhering sand
will cause a rough surface.

T



Chapter 2 4!.

RUNOUTS AND BLEEDERS

DESCRIPTION

Runouts and bleeders are defects which result in an
incomplete casting. Runouts occur during pouring;
bleeders occur alier pouring has stopped. IF this seems
like quibbling over semantics, it must be remembersd
that the cause of the two can be quite different in
some cases. For example, bleeders can occur from
rough handling on the cooling convevor, from shilt.
ing weights, or [rom removing clamps oo soon. In
contrast, a runout implies a weakness in the mold and
is most often due to cither fauly equipment, improp.
er clamping, or weak molds. Figure 24.1 i35 an illus.
tration of a typical runour.

CAUSES

Casting and Pattern Design
Diesign is not a factor unless one wants to recognize

that heavy sections are more apt (o Tun out than thin
SECLIONS.

Pattern Equipment
(1} A pallern mounted on too small a board pro-

duces a solt ram npear the Aask wall thus causing a
weakness of the mold at its outer edges.

(2) Worn bearing surfaces create a tendency toward
i gap or weakness between the cope and drag at the
parting line.

(3) Dirty bearing surfaces will tend to hold the fask
away Irom the pattern pl:nl!:.' and thereby E'-'Tmi"-"':ﬂ 4
nonuniform kiss when the cope and drag are closed.

(1) Mismated paflerns create one of two conditions:
cores holding the cope up prevent closing of the mald
(Fiz. 24.2); or nonuniform plate thickness produces a
nonuniform kiss when closing the mold, thereby set-
ting the stage lor a runout.

(3) A weak pattern plate, toe thin for ity $ize, permits
ﬂ-&}:ing of the plate during molding. This creates an
unnatural parting line with inadequate bearing sur-
face. As in the case of (1), (2), (3) and (4), these
faulis may also show up as a crush rather llm.n i run-
out. ‘The difference is a question of the relative posi-
tion of the weak or pootly matched areas of the bear-
Ing surface,

Flask Equipment and Rigging

171-'-*5':*. problems usually fall in one or more af the six
{n]lm-rmg Calegories.

95

{1y A flask too small for the casting size produces a
weak mald because of lack of sand and the relative in-
ability to develop an adequate ram around the pat-
ternt when the fask 15 crowded.

(2) A warped or twisted joint line will create fask-
to-flask contact in some areas and sand-te-sand in oth-
ers, One or the other area is apt to allow a runout.

Fig. 241 = Typical incomplate zasting caused by & runaut,



ned joint line creates local spots of
Eiafrfzf:g :i?tcndi to create a crooked or nonkiss
parting line.
(4) Faulty pins and bushings, which do not allow the
and drag to seat properly, should be seen during
mold closing, but unfortunately they are not always
observed in time to prevent the runout which must
CCLT.

(5) Worn hinges and locks on snap flasks result in an
offsize mold in either cope or drag or both. The re-
sulting mismatch leaves some sections unsupported
even when good jackets are used.

(6) Warped and twisted bands produce an area of
weakness at the parting line where most runouts oc-
CUT.

Rigging problems are listed in the following seven
groups.
(1) Weak or burned bottom boards or insufficient
batfens permit the drag to sag, especially with weak
sand or soft ram molds. The runout is apt to occur
through the drag, but may be at the parting line if the
sag is near the edge of the mold.

(2) Improperly fitting jackets are a most common
cause of runouts and bleeders. The sand can break out
while pouring (runout) or after the water wall has
moved sufficiently to weaken the mold (bleeder).

{5 Faulty bands act as faulty jackm.

(1) Weak, insufficient, or improperly placed :I.::u-;#;
put an unnatural strain on some mold sections and
not enough pressure on others. Unless the mold is un-
wsually strong, a rupout can occur. Even a strong
mold may bleed as the water wall creates a zone of
weakness and throws the burden on the clamp.

(5) Imsufficient or improperly placed weights are
probably the prime cause of runout defects. A casti
creates a lifting force equal to the area of the horizon-

Fig. .2 — Typical
1 parting linn reneyl
., oecwired a1 8 reol
Fraty of the come balding
2 the cope ouk.

tal face multiplied by the pressure per square inch as
represented by the sprue height. For c::an'{ple: a 10 in.
x 10 in. plate {even though it may bea thin light cas-
ing) will exert a litting force of 100 1b when poursd
in gray iron with a 4 in. cope.

10 x 10 x 4 x 14 = 100.

(6) Bumping mold; on a conveyor line is a commaon
source of bleeders if the bumping occurs after pour
ing. If the bump occurs before pouring, it could result
in a sagged drag and runout if there is any inherent
weakness in the mold, flask or jacket.

(7} Insufficient sand between the bollom board and
pattern (insufficient drag depth) can produce a Tt
out unless the mold is unusually strong. Even 2 strong
mold with a shallow drag may develop weakness afeer
pouring and cause a bleeder.

Gating and Risering 4
(1) When the sprue, runner, or riser is (oo near H;;
sides or bottom of a flask, a twolold cause of MO | =
weakness can result. In the first place, insufficient 5 '
results in a weak mold and this is aggravated by
difficulty of getting a good ram.

(2) If the head pressure is too high for the ﬂﬂm“n:i;:;
sand in the flask, excessive static pressure of PUPC
force is created. However, it is well o |:1~_|-|.-I|r_-|1!|'|!rI!!'|:EII:'||:'l
insufficient head pressure can develop !-h“”l". o hﬂ"I
defects, so caution must be used in reduci®® 'O
pressure to cure the runout. It might be e

&
: iy of !

strengthen the sand or inerease the density i
mold. .

=

(3) When mold cavities are too close to the 05
the flask, they have the same effect as 1t (L}

Meolding Sand L e
(1) If the sand is weak, the mold will l"",iﬂ y
with adequate molding density or moldiig =HEE




cuch weakness will show up particularly if there is
roblem such as described in preceding sections.

any P

= Low deformation samd 15, by defnition, on the
heittle gide. As such, the mold may crack rather than
Jistort under static load (cope Iu.'igh:.]. Li should be

oted, however, that excessive deformation can lead
o swell or strain indtead of a runout. Care must be
‘_M.“_Emj when counteracling Tunows bj. a change in
chis properts of sand.

4} Excessive expansion and contraction character-
:.'ri.l'f-‘ causing cracked molds will lwr:ui: metal o run-
oqut if there is any weakness in flasks, jackets, and the
like.

Core Practice

(1) Cores, improperly fitled or pasted (core arsem-
blies), can easily produce a run-in which is merely
an inside out runout (internal bleeding).

(2) When vents or rads are too close to the surface,
metal can run into the core cavity or vent. When the
vent is filled in this manner, a pronounced blowhole
in the casting may occur.

(8) Ij cores are too weak, they have the same effect
as weak molds except the bleeding becomes internal
(see Fig. 24.3). “This is especially true of shell cores.

() The statement, “inert core-filling material too
clate to the surface,” refers to the coke hlled-type core
practice for Jarger cores. If the shell of the core cracks
or breaks, an internal runout or bleeder may occur.

(51 Shell cores that are improperly sealed will permit
melal fo run inte the center. This 15 2 common source
af trouble and is illustrated in Fig. 24.4.

(6} Thin spots in shell cores which crack during or
after pouring are obviously a cause of bleeders (see
Fig. 24.5).

(T) Thermal breaking of shell cores will permit bleed-
ing or seepage of the metal during solidification. This
is most pronounced with metals which have a long
freezing range or which do not rapidly skin. It is usu-
ally the result of hot brittleness in the shell mixture.

Molding Practice

Molding practice is a major source of trouble since
both runouts and bleeders result from a weakness in
the mald. Failure to mold to the [ull potential of the
sand is 2 most common faule. It must be remembered
that a 15 psi sand, for example, may have only 2 10
4 psi strength when solt rammed.

(1) Soft ramming of the entire mold or of some arcas
of it is a prime cause of trouble.

(2) Insufficiently or improperly weighted molds al-
low metal to run out because the cope lifts. It is nec
essary that the weight be sufficient and that it bear
properly on the sand. Figure 24,6 shows a Tunout
caused by inadequate weights.

(3) Unevenly clamped molds permit easy runout a8
the parting line. This is illustrated in Fig. 24.7.

(1) Improperly bedded botlom boards create amn un-
even bearing surface thus allowing the mold to break
out through the bottom (see Fig. 24.8),

Fg. H,ﬂ:—.ﬁ. weak core permifled maelsl fo rum inbo core cavity.
The casting was rejecied becawss il wes imposible fo remevs The
cere ection

o THREE e CUEE

Fig. 244 —Shell cares impropetly sealed pormitied the metsl to
ren into the cors cavily,

Fig. 24.5 — Runcul conditica causad by break threugh ef thin spot
in shell cora.
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Eig. 246 — Rusout ! the parfing line in & casting esused by in-

sdequate weighis

{5] Nomnuniform kardness of fifdl‘l‘-llﬂg sand will e
vide a nonuniform support to the mold. Beg, f"
_nd (5) imply that the drag is not of sufficient serpr..
to carry the load without Rrm support. A
I:EI} Careless -IT.I!!'J'H-J"E' ﬂf the mold results in a
condition which lets metal run out at the P"-ﬂiﬂg line
|:?} I’ﬁ'ﬂtlnu Jon frrj_'lll‘.' fr thf PEIHI,"H'I dﬁu‘ﬂ}s ﬂ'.l: na
inal sand density and weakens the mold. If the ;mm“:;
of sand is flﬂ"ﬁ.ﬂmuﬁl'}' small, any such weakenip
produces a runout. B
(8) Lack of cope seal in large molds permits a fy ,,
form at the parting line. It must be remembered gy,
the fin itsell then prﬂdu:‘ﬁ an upward thrust in direc
ratio to the metal surface, and further lifts the
unless weights arc adequate. The fin then becomes th,
cause of the subsequent runout.

(9) Under o ayerbaked dry sand molds may be weak
enough to p:rmir. a runout.

{10} Rapid heating of skin-dried molds during the
drying process is apt to crack the mold sufficiently 1
start a runout when the casting is poured.

(11} Insufficient internal and external reinforcing of
a dry sand mold acts as described in Core Practice (3).
The mold in this case is the samc as a baked core and
must have adequate strength to resist cracking,

Metal Cempaesition
Metal compesition is a factor to the extent that it
controls metal fAuidity and solidification range. In-
creased fluidity due to high carbon equivalent in
graphitic metals, or long liguidus range as in copper
or copper-base metals is a factor.

Melting Practice

There is no relationship between melting practice |

and runouts or bleeders.

Pouring Practice
(1) Failure to use jackets, weights, or clamps will
usually result in a runout. This is pure carelessness.
(2) Improperly placed or adjusted jackels can also
be a matter of simple carclestness. In some cases,
local conditions may have made it difficult to 5

jackets straight, for example, when jackets have '

be set from one side of a rather high conveyor.

poard
Fig. 248 —A poorly bedded bothe®
o rialor sy 1




% A jacket that is too narrow faily o protect the

r|_1-:'!l!d-

{4) Pouring too hard for the pating ATTAREEenl
will temporarily raise the Cikpae 'I'Iu-:hn ;.;;_Lr'r:u-.:n-d
by failure to use enough popolfs and bleeders 1o
relieve the trapped air pressore during hard i-uu:irl'
In the case oll |u'1_r|J| Prossune III"I‘IIIH:-: s, e "”1’::
fers P..;rsjirud until adequae frospr-onils '.v.-r-:nl- Jrrri'f-iqlﬂt
at the end of the runner sysiem

(5) Pouring oo kot provides an unusual degree of
fluidity. Very fuid metal seeks amt any weak ness ik
a5 a temdency o b o remon, ¥

(6) Bumping maolds during pouring will siart 3 wave
effect within the mold which can have 4 surprisingly
large breakout effect.

ﬁ} Hf""r":”u."g '-""_'-!“:m"" "I"mf"‘ GHF .l'""-rir"ﬂ [T I ATl
after pouring s a common ciouse of bleeders, This has
also been known to cause a shift. Lifting a weight
oo so0n may result inoa SCrap casting Hhii:ing ]!11-
jackeis while the mold was on 4 moving convevar
created the runout shown in Fig 24.9. '

Mizcellancaus
(1) Shaking out too hot will permit the casting to

Fig 34 % = Shifting Thae jackals while e mold was on & AEEikg
cnwpor gnad beadang gadiRihcation cauted blesding Flale evidanca

thal modd wis Tyl

bleed back through the gate or riser if it is knocked
off in the process

(¥} Knocking off gater and ritefs (00 1000 CAN 0CCUF
dun’ng early ishakeour ar, In sOme prEaClICES, the Eale
or riser i broken before shakeout.
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SCARS-SEAMS-PLATES

DESCRIPTION

Sear — A tcar is 3 minor or shallow shiny mark on a
casting surface where the casting does not conlorm to
the pattern by reason of mold-wall movement o gas
EI'I'[TJ.FI'I'IIEI'H- :

Seam — A seam is a specific form of scale OCCUTEIRE
as a depressed line. _

Plate — A plate is a layer of metal partially sep-
arated from the main body of the casting section by a
scale. Figure 25.1 shows a typical plate defect.

These defects usually occur on flar surfaces. Such
flat surfaces nearly always involve “stop and go© type
metal Aow. As a result, cold metal or excessive back

ressure and gas can prevent complete filling of the
mold cavity. In a sense, these defects can be related
to cold shuts except that they are strictly surface

ENOMENI.

If the interrupted flow fills or partially fills the
cavity but leaves an unwelded joint parallel to the
casting surface, it is referred to as a plate.

A seam can easily be confused with a rat-tail or a
minor buckle but close examination will usually in-
dicate a difference in the mechanism of formation.

e 'l

Fig. 35.] — Typical plate defect in whick ihe plafe is semi-attached fo the casting. t
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sometimes these defects are referred 1o as g,
ized 1ypes of blows, and sometimes as specialized Eﬁlil
shuts. Probably the most common cure i to
such flat sections on a slant _ﬂr Ch?ﬂg& Bales in 1y
attempt to obtain smooth, rapid, uninterrupied mey)
flow.

CAUSES

Casting and Pattern Design

(1) Abrupt change in casting section resulting in in
terrupled metal flow. Since the interrupted mets|
flow is 2 major cause of this delect, it is important
aveid any design which forces interrupted flow. For
example, abrupt changes or nonuniform  seetion
can start an ebb and flow eof metal. Unusually thiz
sections may require special care, such as uphill pour.
ing, in order to avoid these defects.

(2) Sharp corners vesulting in interrupled metal floe.
Sharp corners in the line of flow have a similar eflect
These should be rounded wherever possible. If the
corner cannot be rounded-off, it is possible occasion
ally to regate so metal flows into the corner insteal
of past the cormer.

& iy B .3
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Pattern Equipment
i Wem pallernis or core boxe
_-;,'.'.I'-'.-.f'” It is pvod wnwsual o find
worn o the extent thar the mega) SeClion is even
thinner than _F‘EJ'““-'I- This thin metal cin Create
gl .HFI.I.!. go' How in the same way as .,‘.._-.“r,ll a
faulty design. It s desirable spot check such pat-

gerns periodically in addition 10 making 3 close check
when the defect becomes noticeable,

Pooausing thin melgl
patterns which have

(L) ]_'""””r” F"_J”""‘ dimensions Tesulling im castin

sections too thin for the fluidity of the megal. Thin
sCCLIOnS may bu; Ccatsed !:l". carcless patiern sho rac-
rice. When thin sections do occur in the d::aifnp!hc
}unumlnnkﬂ must provide all the section Ihct‘d:e:.i n
permits. 1F the patternmaker does not recognize IEE
importance of this problem in horizoneal Rat sections
he may work on the minimum side and still meet Lhr_‘l
design specification of tolerance.

(%) Patterns amproperly reinforced CAUsIng  Exees-
sively thin sections, The same problem may occur only
because the pattern is weak or without adequate rein-
forcement. A thin section, because of this factor, is
frequently the result of cheap paterns; these may be
expensive in the long run.

Flask Equipment and Rigging
This phase of [sundry operations has an important
relationship to the formarion of plates, sears and
seams because of the many wavs metal seclions may
be thinned out from worn or laulty equipment.

(1) Cope and drag sheft cowsing thun mefal sections.
Flask equipment and rigging should be carefully in-
spected for wear or [ault. Casting dimensions should
always be checked when these defects occur in order
to locate the cause of the thin section. For example,
bushings on fask pins should be inspected to mal:;t
sure a cope and drag shift did not occur (causing thin
section).

(2) Patterns mnot properly monied. ’_l"helr pattern
mounting, especially at center lines, is important
since improper center lines cause shifts and result in
thin metal between the mold and core.

(3) Lack of tilting arrangement for thin flat sections.
welps 1o avoid

Adequate tilting on large flar scctions I_
surge flow of metal, This is always good insurance and
may be essential with some designs.

(4) Fiask insufficiently barred allowing cope o sag-
Flask bars and cope height should be checked 1o _ﬂ-'l-’l]'-E
sure there is no possibility of a cope sag CrEating a
thin section in one or mMore spots.

(5) Bottom board distorlion caused by clamping the
edges of the board withou! supporting the cenler.
Bottom board thickness, rigidity and warpage, €pe
cially when the boards are clamped to the ﬂas!i'. should
be checked, Distortion in the board can r:ad:ll‘.f create
one or maore thin spots. Orly temporary restriction of
metal flow will cawse trouble 10 prusually thin, flat
surfaces or large, Hat surfaces j:H:rUI"-‘!d fa.

Gating and Risering

Since the defects are caused by ﬂnpp-:'d or im:lr-
rupted flow patterns, the gating system 15 extremely

1

mmpaortant. It is not generally known how very difficult
It s to develop fase uniform fow across a large, thin,
ﬂﬁl_ section. Tilting the mold does make the gating
€asier but even so care must be cxercised in the
following areas.

(1) Gates whick create turbulent flowr. Entire books
are written on this subject. It is too lengthy to handle
here except to point out that fAat surfaces require a
nonturbulent gate,

(2) Gates which create interrupled pour, Pouring
basins improperly designed. AFS publications on the
subject of proper design for the gating and runner
system are available but the pouring basin or cup
must not be ignored. These o must permit smooth
flow. They must be easily hit by the metal pourer and
be casy to keep flled.

(5) Gates which foster slow pouring. Slow pouring
by virtwe of excessive choke can easily produce de-
fects. The gate design may be at fault or it may be a
question of mismatching and similar molder’s error.
Cut sprues may have an unintended jog or the sprue
cutter may not match the button or runner. Micked or
rough gate sticks may leave protusions which cause
slow or turbulent flow. The various parts of the
gating system must line up to avoid unintentional
shoulders or bulges of sand.

i4) Low head pressure. Low head pressure will cre-
ate a soft pour. Inadequate pressure will not [orce the
air from the mold cavity in time to avoid premature
freezing of thin sections.

(5} Widely separated or too few gates. If ingartes are
teo far apart. the flow of metal will be too slow in
some arcas even when the pouring time may scem
adequate. Too few gates can have the same effect be-
caust too long a pouring time will then be necessary
for the metal section involved. This gating error is
most commonly made when the casting is relatively
heavy and the pouring rate is based on the needs of
the heavier section.

Castings having thin flat sections require fast pour-
ing even il the rest of the casting is chun ky. Such de-
signs require careful consideration of the controlling
section as [ar as pouring time is concerned.

Melding Sand
(1) Low permeability coused by rx::,ﬁ'.fj'!-_-: fires and
poor grain distribution. Low permeability can be a
{actor in causing scars, seams and plates in nu.u:h the
same manner as it contributes to gas defects. The low
permeability allows the gas pressure to cxceed the

metal pressure.
(2) Excessive free water — puer-tempered — in the samnil
can be a cause of these defects,

¢ maderial. High moisture

also keep the metal from
the: malid

(% Too high in gas Ju}rlrru'r.l
and gas forming materials af
flowing smoothly and continuously nto L
cavity. The gas pressure may he developed at sue |I iu
rate as to interrupt the flow of metal ing the mehld,
in the same manner as interrupted pouring does,

H} ﬂiﬂﬂ'l‘!lfﬂ in 1.J'ae'.hlgh'r and differences in il'hrrrum-

bility of Jacing and backing sared. These Llrlh'll*f ae
frequently caused when Lacing sands are wsed. There
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is 2 great tendency when using facing sands to m.:lil'-:e
the facing mix considerably stronger than the E:::n_'_'l-'.mg
sand. If the facing sand is too high in strength in Te-
lation to the backing sand, the two will rend to sepa-
rate during the pouring. Differences in grain sizes and
additives of the two sands result in differences In
strength, expansion, and permeability. This tends to
cause a separation of the sand layers.

(5) High expansion. 'H:i1_:h f‘.il.h.‘ithi-::lﬂ of the sand IJET
mits ;'_'::r.]t-:_'r mald-wall movement which may result 10
one of these defects. Increased clay or organic addi-
tives or a more uniform grain size would serve to re-
duce the expansion.

(6) Low hat deformation. Low hot deformation leads
to scars because the sand will crack. The hot delor-
mation must be high enough to compensate for the
expansion.

Core Practice
(1) Low F‘:frmr;bfﬁ.{}' from excessive fines and poor
grain distribution. Low permeability in a core may
have the same effect as low permeability in the mold
if it permits back pressure to interrupt the metal Aow.
This would be especially true if part of the cavity
were venting through the core and core print.

{2} Cores may be foco high in gas forming material.
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Fig. 253 —Enlarged saction of plate dofoct Alustrated in Fig. 25.1.

(%) Insufficient or plugged wvenits. Obviowsly, any .
sideration of low permeability should include =
vents or core prints whenever such vent o ;:fitul
creates back pressure in the mold. It is S”EFTin'ng fm
in the case of blows) how often the plugged Wax
vent is found in shop practice. This cause may l:t
hard to locate after shakeout and, therefore, My !::
missed as a defect cause.

(#) Wet un derbaked cove. Commonly, the COTe T,
comes a factor by causing a change in the mndiﬁmujm
rate. A wet, underbaked core or core wash hag 5 ehill.
ing eftect which can create a cold shut which jq the
cause of plates, scars and seams. Many washes condye,
heat very rapidly when wet or damp.

(5) Cores not properly sized or fitted in thin mepa] fec.
tion. As mentioned previously, the section thicknes; i,
3 Prime consideration. Even with Ptrfl:-l:r. patterns ang
ripging. such section change can be observed i any
change is permitted in the core size by reason of ryp.
bing, excessive blackening, pasting and mudding,
Raised, sagged or shifted cores are also major factors
in causing this defect. The actual metal section negy
the defect or between the defect and the gate mugy
be checked if the cause of the defect is to be dis.

covered.

(6) Rubbed core surface broken or thin wash permiy
gas concentration in unvented area.

Molding Practice
{1y Combination of hot and cold materials. Example
of such materials: sand, cores, flask, chills, paggers,
chaplets, metal riser covers, arbors. Because these de
[ects are related wo gas delects, they follow many of
the same rules. A major cause, then, can be conden.
sation caused by combinations of hot and cold mare
rials. Such eondensation is most common in large

castings which also include one or more relatively
thin, flat sections.

{2) Nonuniform rammeng may creale hard and soft
spots and localized low permeability. Gas problems
(including condensation) are particularly aggravated
by nonuniform ramming (see Figs. 25.2 and 25.3).

(3) Insufficient venting results in these defects.

(4) Too low head pressure. Hard and soft spots in the
maold area involved tend to create gas pockets and stop
and go metal flow. Any tendency in this direction will
be further aggravated by insufficient head pressure and
solt pouring.

(3) Thin metal section. The molder can cause thin
sections as well as misaligned pating systems (hand cut
sprues, etc.). Thin metal sections may involve 3 solt
rammed cope or insufficient gagpers and supporis. A
poorly vented or plugged bottom board can cuse d
push-up, having the same effect as a cope sag.

(6) Excessive slicking and patching. Metal flow i
involve Iriction. As such, soft and hard ram ¢an SHOW
down or speed up the fow. Slicking the surface &"
have this bad effect or it may change the solidificatist
rate and freeze off the Aow.

(7) Turbulent metal flow or gas locks in thin of fat

castings, The tilting of the mold is usually .mr
molder's job. He may also fail o provide sulficiett



s OF ]'r"-f‘l""‘"ﬁ" If he hand cuts the gates, runners

vl . : . .
- F""“n"t: basin, he may be the major cause of these

glefects
g Wrong {,-."_t:f.l.: .r.ﬁu::lll'.lfft,. hg.’:: -L'-'?r:IJI:l!'.(."LqJ :'rmd{-,,?unw
I'-.IJ.:P"‘-'I hearing. Core-setting can easily be involved

f the wrong size chaplet or insufficient chaplets are

yeed 10 hold the metal section,

Metal Compesition

afetal may not be Huid enough due to composition.
This may be caused by the following factors.

|::| Toa .hlg.lll :}F.!I‘.'HJ low carbon '-"?HI.'L'EII:Z'I‘!I for the
taold conditions involved.

@ Excessive carbide stabilizers.

(%) Excessive graphitizers.

Melting Practice

The cssential characteristic needed in the metal is
adequate Auidity for the section size of the castings.

(1) Sluggish melal is apt to be rather troublesome.
This could be a matter of cold melting, gassy metal,
improper flux treatment or incorrect composition,
For example, in aluminum alloys, it is necessary to
avoid excess sodium or insufficient iron and silicon.
In magnesium, the metal may be too far from eutectic.

(?) Oxidized or gassy iron. In [ferrous metals, there
can be a real problem from oxidized metal. For ex-
ample, the tendency to melt malleable iron fast and
hard in an air furnace can lead to low Auidity.

{3) Excessive ladle additions. In iron, a COMMOnN mis-
take is to overinoculate or over-alloy in the I:ncqll:
which both chills and gases the metal. Steel practice
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can likewise readily involve low Auidity for any given
temperatre amil trll:l[hrnilinll. .

Pouring Practice

I-““«' pouring method may change fluidity in many
ways besides the abvious one of peosiring too cold,

(1) ftll'-l‘ rraefrted prowring, “Uhese are coses of interpopred
j::*'-I'IJ!I"].{ through corelessmess or, as in thie e of mal-
Elplc ﬂuwn-'-.l:a[||r_-n... a lack of synchromization of poiirs
ng. .r‘L ternprorary panont may distarle the meeal pourer
causing him o make an interrupted  pour, Holding
the ladle lip too high leads (o an inaccuracy in hitting
the hole resulting in an interrupted pour.

(2) Reducing rate of pouring loo soon. Sometimes the
metal pourer will slow up oo quickly and then have
to speed up again.

(%) Any gas introduced during porwring will be directly
harmiul and will reduce metal Quidity, The most com-
mon gas sources are undried or undendricd refrac-
tories, such as in ladles, ladle lips, spouts and crucibiles,

{4} Thin flat sections poured level inslecd of tilled.
Since tilting is so important, it should be recognized
during the pouring sct-up.

{5) Crushed cope. The pouring crew can cause thin
sections in otherwise good molds by excessive maold
weights, rough handling, bad jackets and careless
handling of jackets.

Miseellancous

All gas-producing materials, such as rusty, dirty,
oxidized or damp chills, chaplets and nails must be
carefully avoided. Obviously, foreign materials, such
as cigarette butts, cigar butts and tobacco juice in the
maold are likewise undesirable (and not oo rare).




Chapter 26

SHIFTS (ALSO CORE RAISE)

DESCRIPTION

A shift is 2 mismatch of the casting at the parting
line, or a variation from specified dimensions of a
cored section due to a change in position of the core
or misalignment of cores in assembling. This defect is
usually easy to identify by appearance (se€ Fig. 26.1).
However, it is sometimes confused with a ramoff or
ramaway to the extent that many ramofis are called
shifts. It is unlikely that the parting line can shift in
opposite directions at the same time. When it secms o

Fig. 261 = A typical mald shifi 75 shewn where a eope snd drag
did pat maleh.

fﬂ. 2&.1.—1.. typical cora raise rewulind in an apparent misrun aver

be questionable (such as shifting at one end me,
than at the other, etc.), it is well to check for ramag,
since the problem may not be a shift.

CAUSES
Casting and Pattern Design

Inadequate provision for core fprints or core sup.
port will let the core rise during pouring. The core
Taise s classified as a shift. Figure 26.2 illustrates 3

typical eore raise.

Pattern Equipment

(1) Patterns rot properly aligned m the cope and
majority of ¢hifts is related 1o some part of molding,
or to flask or pattern equipment. Some of the fault
is carelesspess; a more Commaon fault is wear and lack
of maintenance.

($) Misaligned locators on nonshift devices
stop the shilt as was intended.

(3) Loase or worn dowel pins in loose palierns per
mit the cope and drag sections to be misaligned der
ing molding, rapping, or drawing the pattern from
the sand.

(1) Loose patterns on plates can move during meold

fail w

drag are a most common cause of shifes. In fact, the

ing, vibrating or sITipping causing a misalignment. |

(5) Lack of locators permits shilts to occur maor |

"I.‘:.I.di.l‘l,' than would be ﬁpﬁtlﬂd from E':"'Jd COmmEs
cial pattern equipment.

(6) Inadequate or improper core prinis lead 1o cor

movement since there is mot enough suppaott
vided in such a pattern design. A comparison of 1k
:In:qu_L*. of inadequate and proper core prints i sl
in Fig. 26.%. (See also Chapter
BreepErs (5).)

(7} A soft ram caused by inadequale spa
patterns or belween patierns and
the sand wall to move during rollover or patiert o

e hebunted

Flask Equipment and Rigging
bushings ¢ ght
A0 The B
epieitd
Sative
1

(1 Warn, beni, or meissing pens or
most common causes of shilt (see Fig
erance permissible depends upon the requit
of the casting but for any given golerance, ¥

o4, Ruwouts A%

fasks will permit §

i"fl.l' |

maintenance and inspection are pssential

o
(2) Tight, worn, bent, or broken bands oF J‘-"‘l""I|i=

104 i




Fig. 263 — Comparisen of the #we castings illestrates ene rosult of inadequate core printe which produce a vertizal shift. Left: Casting with
wertical shift. Right: Goad caiting,

are a factor when jobs depend upon bands or jackets
(snap flask-type work) f[or location rather than pins
and bushings described in (1).

(%) Weak or warped flasks create a tendency to shilt
during assembly and handling. Worn or new Hasks
may also be our of square.

(4) Faully or worn molding machines for impres-
sion work, which is common in stack molding, deter-
mine a shift because in these cases the molding ma-

chine becomes part of the alignment procedure or Fig. 264 — lllustrabion of how worm pins and bushings permil
practice, mamateh in sas or mare dimenrsions,

Fig. 285 — Lafk:
Carting with de-
feet a3 rmault of
incarmeck ATEE -
bly of cores.
Rightt Caasting
after core aveam-
bly was eaeracted.
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Fig. 8.4 = Shift: a5 a rewlt of caps mabien whils the molder was
earrying fhe mold fo the pearing floar,

() Worn sctling, amsembling, rubbing or checking
Jigs cause shifts by failing to disclose shift tendencies

when they are used for inspection or setting opera-
tions.,

Gating and Risering
The gate design, per se, does not induce shifts al-
though placement of runners may modify a tendency

toward a ramoff condition which might be mistaken
for a shift.

Melding Sand

Any sand condition which promotes a weak mold
can permit shifts -dlll':i:r'lg handl[ng or rollover opera-
tions. The problem is created by the low strength in
the mold and is, therefore, a function of inherent
strength and mold density. A soft or weak ram is most
apt to be the problem, so that the sand itsell con-
tributes to the extent to which it is either weak or
difficult to ram (low moldability).

Core Practice

Since a core raise and core shift are both involved
in the general clasification of shift, any inaccuracy
in assembling, pasting or joining can create the prob-
lem. (See Fig. 26.5.)

(1) Misalignment of cores in aszembly is usually due
to: exeessive rubbing of the core or rubbing it out of

square; and excessive core paste or failure to support
the core until the paste is dry.

(2) Green core distortions due to low green strength
(inadequate chemical set) or improperly fitted driers
show as a shift on the final casting. These factors
should be caught in core inspection.

Malding Practice

(1) Excessive rapping of loose patlerns creates an
oversized cavity which shows as a shift unless the rap-

ping of both cope and drag is identical, The

is aggravated by soft molding or variations Protiley,

I mﬁlH

density. Excessive rapping alse makes Oversize

p:rin t5.

(Z) Using dowel pin holes for rapping
distorts them and leads to misalignment.

(3) Use of impraper or wrsecured ffnnp!ﬂ; Prodyge,
the mislocation of the core or permits MOvempn;
the core. This could be a case of the incorrecy
of chaplet or weak chaplet which [ails to suj

load or pressure.

(4) Setting the core incorrectly includes end fop end,
upside down, etc. This is due to carelessness.

{5) Reversing the cope on the drag produces some of
the maost interesting but obvious shifis.

(6) Improper clamping or weighting of the moi
produces a shift with normal tolerance of pin ang
bushing locators. Many who use clamps fail to reg)
ize the tremendous thrust imparted by a wedge wheq
misapplied to one side of the mold before the other
With pins removed, the effect of clamping or weigh.
ing produces a shift most easily. Inlad-nquatz or wo
pins permit movement under clamping pressure 1o the
extent of the wear. Uneven clamping can be from
side to side or end to end.

{7) Rough and improper handling of the mold may
induce shifts in direct proportion to the accuracy of
pins and in proportion to the strength or density of
the mold. The cope may be shifted by the molder

hales .
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Fig. 267 — Defect caused by mold shifting while belnd .
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; e mold ﬁpeciallj: if he carries part af the
:-""T‘[rsn::l his body (see Flg_;. El:‘n_.!i].. Eumping molds
\,gighl et line is common in high production work
o3Pl shift. Bumping molds in automaric
: ,;r s the result of ELJUI‘I_Y designed or poorly
::ainﬂ;iﬂfd equipment which imparts a rough jolt-
- > aCLIOT-
g i molds on a rough gravity conveyor cn
¢hifts if it doesn’t cause crushes, core sags and
ir,d:lﬁfmhtr defects first. A delect caused by mold
1 Iif‘_"“g on 2 moving conveyor is shown in Fig. 26.7,
shilt! or upending molds causing slippage of the
Tﬂuﬂf“ the drag can happen with hand work or is
.:&meﬂ“ in work rolled over in slings. It is also found
i molds being raised to pour on an incline.

Metal Composition and Melting Practice

A shift is a mechanical problem and does not in-
aive the metal mmpﬂgiﬁun or the melting practice.

o

) Pourlng Practice
A f‘h'ﬁ occurs before or afier the mewl i p:mrnl
and is due 1o a mechanical fault in the mold, How

ever, the pouring cew is olien responsible for the

h]:_';'-mﬂﬁ of weights and jackets which can induce a
shift.

(1) Slippage of the cope on the drag when shifting
jackets is common, especially if the man is located on

one side of the mold and is forced 10 place the
jacket in a side motion.

(2) Bumping maolds with the ladle while pouring or
while handling the bull ladles, may not be easily de-
tected but is not uncommon.

Miscellaneous

Vibration from adjacent heavy equipment has been
known to shift molds, especially if the pins are worn
or the mold is weak. Vibrations of this type carry 4
surprising distance under certain circumstances.



¥

SHOT METAL OR COLD SHOTS

DESCRIPTION

Shot metal or cold shots are small globules of met-
a2l embedded in, but not entirely fused with, the cast-
ing (See Fig. 27.1). The only problem in defining this
defect is o avoid confusion with a cold shut, or pas
sible confusion with small plates dewribed in :!nﬂ-thltr
chapter. A cnld shot shows as an ippfl:ﬁxlml‘f!'!"
round shot, while a cold shue is a form of msrun and
appears as a crack or seam

Actually. seams, shots, and shuts are closely related
but some differences occur which may have impor-
tance in proper diagnoses, 1 doubt e isLs, il; would
be well to compare all three as described in this book.

CAUSES

Casting and Pattern Design

Casting amicl pattern :iﬂ.ig‘n have no effect in creat-
ing shot metal or cold shots,

Pattern Equipment
Ii there is excessive tolerance between the core
and the core print, the molder is apt to provide some
type of seal to prevent metal flow around the print.
1f the metal flow is not prevented, the vents will be

Fig. 370 == Cgld skot an inside surface of comtrifugally esst irem
pipe. This particular defact was cwred by ladle sdditions of silicen.

1og

plugged resulting in a blowhole. The sealing ey,

und used to correct the excess clearance argyng
the print is apt to be wet. When the metal hiw i,
wel sealer compound, it sputters and splashes, throw.
ing shot metal into the mold cavity, IT this shot dos
not redissolve, a defect results. :

With inadequate venting of m_e parting line be.
tween cope and drag, gas can kick back into the
mold. This may create a blowhole (see Chapter 1],
Gas DeFecrs) or the turbulence may result in a she
and sputtering action. Such turbulence may leaw
shot metal in the casting il resolution (redissolving)
does not occur in time,

Besides eliminating these causes, it is desirable o
make sure that the gates permit smooth, nonturbulent
fAow in order to reduce any tendency for sputtering
and boiling action.

Flask Equipment and Rigging
(1) Bars in flask too close to mold surface.

{2y Flask wall too close to mold surface. IE the ban,
flask, gaggers, and other metal surfaces are oo cloe
to the mold cavity, it is possible to produce shot from
turbulence and gas. This is especially aggravated if
the bars, etc., are so close as to permit the thin sand
to drop or fall away, exposing the bare bar or fask
It is quite common te find gas holes (blows) in those
castings having cold shot, because the turbulence
boiling or sputtering does cause both wypes of defecs

(3) Sprues and risers too close to bars or flask walls
Sometimes the shot is created in the sprue system
and washed into the mold. This is particularly r
of those metals which oxidize or dross readily. The
oxidized shet does not redisolve even in a siream of
metal. For this reason, having the sprue (oo close 1o
bar or flask can produce a shot defect.

Gating and Risering

Since the defect is primarily a result of sputle’
or spray, it is necessary to avoid turbulence and
terrupted flaw. Therefore, special care in the
sign of multiple gates is peeded. I the runner :nﬁ
gates are not properly Pmpnninned, gmall :'-“":'“nlc
of metal can shoot into the mold even before !
gate staris to feed smoothly and fully.

Often, many or most of the gates of a MUY Z
system will shoot such shot while most of the ¢ I
is moving through one or two of the gates. L..'ltﬂrl-":
gates may feed, but too late to redissolve the 3%

Iliiﬂf




formed during those firse critical seconds of pouring.
Cme cure is o design gates to feed backwards (at
qn angle) from the runner in order to awoid pre-
Jimisary feed, A second i3 to use a !.I!'_'J:a-duwn TUTineEr
in order to force all gates to feed uniformly,
Another related FTﬂ‘J]{'m comes [rom pop or pi:m:i]
ates which are too small. In these cases, the fimst
metal hitting the drag may splatter until an adequate
| is LIE",.i:'ll_Ilr!-Ed below the pencil gate, The use of
skim cores in the mold cavity is a specialized form
of small pencil gating. It is sometimes assumed that
one may gate directly down on the cavity (such as
ring through a riser) il a skim core 1o break the
fall of meeal is used. It is not unusual for this (o cause
exactly the same trouble (cold shots) as too small
a pencil gate.
Molding Sand

Samd is a factor only to the extent it may creats a
severe blowing action causing metal to spauer. In
other words, only rather drastic errors in sand prac-
pice could cause thiese defecis. There have been cases,
for example, where automatic moisture control equip-
ment has gone out of adjustment 5o that the sand be-
came much wetter than normal. Obviously, any con-
dition of excess water would be exaggerated by low
permeability resulting from excess fines, poor diswn-
bution or uneven ramming. There is a relationship
between permeability and water to the degree that a
tight sand has much less tolerance to errors in mois-
ture control.

Foreipn materials such as clay balls, cereal balls,
miscellaneous metal and similar impurities will have
the same effect in a localized area as excessive waler.
The condition is uwsually aggravated because such for-
eign materials are usually wet, rusty, or oily.

Core Practice

As in the case of sand, cores produce this defect
only if they are so far from normal as to produce a
violent blowing action causing the metal to spateer.
Any unusual wetness in the core, core wash, core mud,
or core paste can be responsible. Some core pastes are
particularly apt to cause spaer if not properly dricd.
It is wise 1o avoid excess mud because a large amount
of core mud will be hard to dry.

Expased wires, arbors, and supports will alio cause
a kick if they are wet, dirty, oily or rusty. A good ex-
ample may be found when lifting eyes (hooks) imbed-
ded in core surfaces to facilitate core setting. 1f thesc
are not properly patched they can cause spatter. If
l.h-ey are set oo decp, they will uqu.u'n: teaes Trnecla n_lud
and the excess mud, being dificult 1o dry, may kick.

If a core vents into the cavity (poor core design)
o if the core vents are allowed to plug with metal, a
volcano of shot often occurs, In large molds, such shot
has been found at a great distance from the vent. Any
foreign material or even concentrations of high gas
binder on the surface can start a spatter action. The
usual expression is “the metal won't lay ta the core.”

Meolding Practice
As in the case of sand and cores, one should look
for something so unusual as o cause 3 violent boil.
The most common mistakes are to seal off the venls
by careless mudding-over; by failing to connect the

o9
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Fig. 27.3 — Celd shok from inberrupted pouring. -
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vent to the outside; or by permitting metal to flow
inta the vent. The gas pressures during the temporary
plugging of a core vent can build up to the point of
explosion, thus producing a shower of shot.

Metal Compositien

Some metals are more prone to form shot than oth-
ers. It is important to remember that if the shot re-
dissolves there will be no defect. IF the shot becomes
coated with an oxide Alm or dross, it will not re-
dissolve. Therefore, conditions of rapid oxidation
{e.g.. low carbon steel) or rapid dross {e.g., alumi-
num) are more apt to form shot than high-carbon
cast iromn.

These efects are further aggravated if the meal
compasition is badly out of range of the anticipated
compasition. An excess rate ol solidification makes
such shot hard 1o redissolve. The gating, sand, core,
and molding practices should be controlled in such
a way as to avoid the shot formation in the first

place.
Melting Practice

“There is no evident relationship between melting
practices and [ormation of cold shots,

Pouring Practice

The spatter effect can accur outside the mold by
careless skimming or carcless pouring. For example,
the metal pourer may do his skimming over the sprue
hole in such a way as to drop the dross down the
sprue. The pourer may also miss the sprue just
long enough to bounce 2 load of shot :I.uwn_llm sprue
or open risers, 1 such shot oxidizes, it will not re-
dissolve during pouring, -

An interrupted pour will create shot (see Fig. 27.3)
ther defects. Interrupted pour or
js always dangepous pracrice.
Il of the problesns which may

along with a few ©
“dropping the spruc’
Cold metal exaggerates a
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be related to the other practice
when [ormed or if subsequent m
little hope for resolution.

¢, If the shot is cold
etal is cold, there is

Miscellansous

Any factor which causes a spatle
The list of foreign materials which
in molds is a long one, but the more com
wet, rusty, and cold nails and tramp iron. Besides one
often finds rust, oil, and dirt on the chaplets or chills
which are placed in the mold intentionally.

¢ can cause shot.

have been found

man include

A condensation between cold and hot g,
s a core and mold can produce ':nuughjm‘ bagh
(hrow shot iron. The use of cold chills ang haler

LTI,

or vice versa will cause a late: boil. The )
blowhaoles will frequently be accompanied I'ﬁul:i,,!
shiy

In this regard it is important not o eong
chot in the bottom of a large blowhale iy e
or nodular iron with a wrue cold shot. The 4 iney
in such graphitizing metals is usually tﬁ“ shy
of metal being exuded into the blowholg Ty,
pressure of late graphitization, by i,




Chapter 2

GHRINKAGE CAVITIES AND DEPRESSIONS

DESCRIPTION

A shrinkage cavily is a jagged hole ar spongy arel
lined with fernlike crystals called dendrites. A shrink-
age depression on the surface of the casting 15 a re-
cession from the true plane or the mold surface. These
rue shrinkage defecrs must be differentiated from
hot tears and cracks,

as mentioned in Chapter 11, Gas DErFecTs, there is
apt 1o be confusion between a shrink and a blow.
If 2 doubt exists, the chapter on Gas Derects should
be referred to. An incorrect diagnosis of the defect
can be expensive. Many of the cures for both are
the same but in some cases the cures are just opposite.
As a result, the intended cure can make the problem
warse, 1f the defeet has all the physical appearance
of a shrinkage cavity, such as dendritic crystals, it may
be confused with a hot tear or hot crack.

Therefore, it is well to check Chapter 13, Hot TEARS

articularly in the case of metals prone to hat tears
{e.g.. malleable and steel). It is characteristic of a
shrink to appear in heavier sections, at changes ol
section, or at hot spots. These same locations are also
prone to permit gas defects and hot tears. Thus diag-
nosis must be carefully made by ebtaining the facts

and all the facts.
CAUSES

Caosting and Pattern Design

(1) Change in section size too abrupt. Some designs
provide unnecessary abrupt changes in section. This
problem has become maore intense with the trend for
reduced weight or modern appearance. Unlortunately,
the designer may not Tecognize that a thin section s0-
lidifies more rapidly than the adjoining heavier metal
section, and progressive solidification and feeding be-
come difficulr. Design should permit pach section 0
blend with the adjacent section. If this cannot be
done, it may be necessary to use chills w provide
progressive solidification and feeding. (Sec Figs. 28.1
and 28.2.)

(2) Itolated heavy sections which cannot be fed.
Isolated sections can easily become a problem if the
design does not permit any method to feed metal to
them. Again, the desire for weight reduction intensi-
fies the problem especially if the design makes it im-
possible to fesd a heavy section through a thin
section (see Fig, Z8.3).

(3) Fillets too small. Even when the design does

11

incorporate fillets, the fillets may be insufficient for
the sections involved. The design engineer may be
forced to compress mechanisms into comnfned areas and
sacrifice a fillet area to do so. Sometimes this situation
may be met by reducing the metal section mote
nearly proportienate to the small fllet. If the fillet
size can be increased it should be until the defect

disappears.

Fig. 28.1 — Typical shrinkage defect occerring i & Thick weckion
which could net be fed.

L1 |
g

Pamiuns
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ok
ﬂh. 4 :-'.5 !
——— IyEaras

Fig. 20.2 — Dasign of caifing shown Ia Fig. 201 which praventad
adeguate feeding of heavier sections.
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(1) Fillets too heavy. Contrary to the previous state-
ment, it is also possible to have a hllet that is wo
large. For example, this may be done to facilitate
drawing the pattern from the sand or in an attempet
to develop extra structural strength in the design. If
overdone, the fillet becomes the heavy section which
cannot be fed by the thinner adjoining sections. TF it
is not passible 1o reduce the fillet or make the adjoin-
ing sections heavier, it may be necessary o use chills
on the fillet area.

(5) Imsufficient area Jor feeding or chilling isolated
sections. Occasionally, practical design is ignored and
an isolated heavy section is placed in such a position
that it cannot be reached by any feeding technique,
In this ease, it becomes necessary 1o redesign the
adjoining sections so they can act as feeding areas.

Pattern Equipment
(1) Worn patterns or core boxes causing thin metal
sections. Since shrinkage is vitally related to feeding
ability, it is necessary o make sure that equipment
is maintained in such a way as to permit such feeding,
For example, worn patterns may reach the point
wh::_:: certain sections become undersize and prevent
feeding. Difficult designs should have long-life pattern
materials to guard against any problems [rom ex.
cessive wear in critical areas. Obwiously, this same

situation applies equally to core boxes which control
SECRLOn Size.

(2} Incorrect pattern dimensions resulting in cast-
tRgs sections too thin or too heavy. A pew pattern
can have the same problem of thin sections in critieal
arcas, and still be considered within the range of

tolerable human error, The carelessness may be gross

or merely a lack of recognition of the importance

of maintaining maximum thickness i i i
_mai : : 5 in thin sections
adjoining heavier sections. It is often desirable to

Fig. 38.3 = An irolabed heary seckes
makes casking prone fe ‘hi"‘“i‘
dafects. As illustrated, the dafsg
was cured by lightaning the sectie
+|1ruug|\ the use af a esra.

adjust these areas to dimensions other than the nop
mal shrink rule allowance to make sure they cast
maximum thickness permissible within the specifia-
tions., A sample casting should be made and checked

when practical.

(3) Poor pattern construction resulling in oo thin
or loo heavy casling seclions, A poor pattern can
cause these problems by flexing under molding pre-
sure and creating thin sections in areas already cTils-
cal. This must be watched carefully if molding meth
ods change. e.g., a change from normal to high-pressute
molding. The quality of the pattern must be suitabl
for the requirements imposed by the molding equip
ment or process.

Fig. 284 — Insuficiant cope height prevented sdequate T

Ir'lj': i ]

fo foad the sechions lovalved. Sactioning through beth !

;::ih'l:'_lt casting demonstrates the need for additional

i



Flask Equipment and Rigging

i1y Cope flask too shallow. A frequent cause of
hrinks is to rig with msuficient cope height, as illus.
yrated by Fig 254, in an attempt to save sand or s
duce Aask and molding costs. The short cope will re.
Juce metal static pressure to the paint where feed-
ing becomes difhicule. The lack of feed pressure can
result in either a shrink, blow, or both in combina-
rion. When the foundry is forced o work shallow
copes, some relief is possible by using sleeves on risers
and pouring cups on the sprue. Theswe methods arti-
ficially raise the cope height. It is also possible to use
exothermic sleeves or topping to ensure getting the
full height of what cope height does exist

,:E] Flask oo small, Sometimes an undersize Aask
may be used to save sand and molding cost or be-
cauge no other Rask is available. The danger is that
proper gating becomes impossible or the risers are
so close to the Hask wall that they cool and Ereeze be-
fore the feeding cvele is completed. It may be neces-
sary to resort 1o exothermic sleeves to retain heat. 1f
proper gating is impossible, a clever use of pop or
pencil gates may be successful with certain designs
and metals.

(%) Improperly fitted jackets. Improperly ftted jack-
ets can be as bad as incorrect fask size. In this case,
the problem is one of mold-wall movement. The lack
of support permits the mold wall w move or distort,
creating a heavier section than can be fed by the
desipned feeders. 1t may be necessary to go to tight
flasks if jackets do not give adequate support.

Any job which is rigged in such a way as o prevent
adequate ramming may permit mold-wall movement.
The problem may be diagnosed as soft ram but the
real cause may be the flask size, the number of pat-
terns in a flask, the placement of bars, or the relative
inefficiency of the molding methoeds.

Gating and Risering

Everything else being equal, the gate and riser sys-
tem is the logical place wo look fer trouble because, by
definition, shrinkage is a fecding problem. Other con-
ditions may offset a good gating system, but a poar
gating system will give repetitive problems and high
percentage of rejected castings. A high pereentage of
scrap from a given pattern is cause o suspect the
gate. A low percentage usually indicates inthlrh!"f CanEe
because a bad gate is usually bad all the tme—mnot
just 5 per cent or 10 per cent of the Lime.

(1) Gates and risers nol promuting progressive solidr-
fication. Gates and risers must be designed to promole
progressive solidification, Therefore, the placement
and size must be considered in relation to ihe sections
which naturally frecze hrst, and which freeze last.
The last sections o freeze must be fed by either an
active sprue or a riser containing liuid metal. Figure
28.5 shows a shrinkage caused by long connecling sec-
tion between riser and casting.

(2} Insufficient number of. or impraperly attached,
gales or risers. A common mistake is to use an insul-
ficient number of gates or risers. (See Fig. 28.6.) There
is a limit 1o how far each feeder can feed. ‘The dis-
tance will depend upon the metal section, Lemporas
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Fig. 185 —Shriskage war zsuted by exceuively long comneciing
geebian bebwenn river and casting which prevestod correct fesding
ewen thaugh rizer was of adequate size,

Fig. 18.6 — Feedimg four of thess castings fram ane small riger was
net sufficient 4o prevent shink ia fhe riser nach

ture and composition, Thin sections freeze most rap-
idly and shut off the potential feed. An incorrectly
designed gate, such as one causing excessive choking,
will freese off, rendering the neck inadequate. There
is not much point in having liquid metal in the riser
il it can't get to the casting.

(3) Risers too small. A common error is ta have the
riser too small. The riser section should be greater
than the metal section being fed unless the cormect
exothermic material is used 0 Increase riser elficiency.
A common human error is to fal o use exrthermic
material on risers specifically designed 1o work only
by virtue ol the extra heat it provides. It is also a TIEE
take to assume that a small diameter riser can be
made effective by increasing the height. I'he mcreased
height has no effect il the riser solidifies because ol
the small diameter. The ideal riser is a sphere be-
cause it has the least cooling surlace per poundd of
metal. In some instances, it is more practical to chill
heavy sections than to try o overfeed them,
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Fa. 28.7 = Gatn area boing egual o the casfing sechion ereated
& shrink in the gate ituelf

(#) Improper ratio of riser neck lo casling size. The
neck of the riser is often critical to riser efficiency.
Too often there is a tendency to shorteut on the size
of the riser below the neck. If this is too sballow the
neck will freeze leaving liquid in the riser with no
place for it to go. It should be borne in mind that
spherical shape is ideal. The neck should lead to the
center of 2 mass of metal, not to the bottom. There-
fare, metal below the neck keeps the neck open. It is
not wasted metal.

(5) Excessively large ingate(s). Occasionally, a shrink

can develop in the neck or ingate itself (see Fig. 28.7).
This is usually caused by the ingate being too large.

Because the neck is surrounded by hot sang ;.
large it will be the 3.'!51 melall to [reeze, If j 'ua.-r’" &
too long, the neck itsclf will contain the ri:r'.-‘-"-‘
there is nothing Lo feed it. In a correctly desion Wy,
temn, the frst part o solidily is the casting, .ﬂ:n:.ll iy
casting, the neck or ingate should freezs, The [.; Iy
freeze should be the riser. 1f this ProgTessiye n
of [reezing is destroyed, intentionally or Ly E-II:lIE:lJTl‘l=1
a shrinkage can occur. t,

Malding Sand

Any condition in the sand that will bermiy mald
movement under preisure. Muold-wall rl'n:nn.---em.‘.l.lt'm:I
cause shrinkage defects particularly il it is o ._.“iqah
An anticipated movement can be handled by :h,]k
ing the riser if the mold-wall movement is in g g ¥
that can be [ed. However, a variable mold.wal mﬂ““
ment creates a fn::f'l:lllnH' PTI’.J].'I'"E'H'E for which theps "uﬁ:-
feeder prnviﬁfnn. The greater the moldawal) Migs.
ment, the greater the tendency to shrinkage defoy,
This is especially rue if the motion creates a chag
of section problem. Such mold-wall movement shrig,
age is rare in cement, C0, and good dry sand mald,
but i3 common in green sand molds.

Tt is aggravated by soft ramming. Mold ereep is |,
and erratic in molds of 60 to 75 hardness. It is mud
1ess, and more uniform, in molds of 85 plus hardae,
A careful measurement of cvery section will dischse
the presence of objectionable mold-wall movement
It should be kept in mind that the shrinkage is e
lated to valume and volume to the cube of the secticg
change. Therefore, a small change in thicknes creae
a large change in volume — and shrinkage to be fed

Mold creep or mold-wall movement can be reduced
by high green strength and hard molds. Weak, sl

Fig. 28.8 — Soft ram "“'u‘udrTH

mold-wall movemsal SIEE™0 o
ing probleam in the heavie Tt




:'IIFI]L!F are :‘!l.'l.‘:l_EIJE oltenders. Excessive hot deformation
s another major cause of maldawall movement.
Shrinkage defects frequently occur when the maolder
l]”:.mpr_\ 0 CUnc amn oxparesumn 5'7-.1.1' h}' wln I:I"I.l-l:ll-"[.'
] - . .
or by use of excessive hot deformation materials. The
cure for expansien {when overdone) becomes the
muse of shrink.
Core Practice
(1) Core mopenenl causinge uneven melal geciions.

= Any condition in the core that will permit mold-
wall movement under pressure. A variation of mald-
wall movement is found when cores move amd permit
an oversited section of metal. Such a motion of cores
is related 1o lack of chaplets, solt or insufficient prints
or weak warping cores. In fact, any core sitwation
which permits a change in section or mold-wall move-
ment can be a factor. When the core is all or part of
the mold wall, it is the important [actor, This motion
has both a direct and an indirect effect. The enlarged
cection may need feeding bevond the designed feed-
ing capacity of the system. The enlarged section may
create a change of section or an isolated heavy sec
tion, or interferc with progressive solidification. A
major danger in mold-wall movement is that it often
creates a section which cannot be [ed. Even il feeding
is possible by the addition of a riser, it is undesirable
because it creates an unnecessary loss of yield.

Melding Practice

Any molding praclice that will permit mold-wall
mevement under pressure. Much of the information
given under Meolding Sand applies also and to a great-
er degree to malding. Sand strength, moldability and
the hot deformation are sand properties. However,
the degree 1o which the sand is molded changes all
properties drastically. This is especially true in mold
hardness over B5.

The sand properties in the laboratory are based on
4 sand molded to 85 to 90 hardness. If the actual mold
is much solter, such as 70, the propertics are complete-
Iy difierent from those found in the laboratory, There-
fore, the effect of sand on mold-wall movement i
largely under the control of the molder. Soft molding

can easily cause shrinkage {see Fig. Z8.5).

Metal Cemposition
wrsuited for section invelved.

o im bwie |||.uj|l| amel dlis-
m metal

Chemical composition
Metal composition is innvalive
tinct areas. First, there are the direct effects «
shrinkage itself {see Fig. 28.9). Fos example, low car
bon irons have more overall shrinkage than high
carbon irons. In nonferrous work, it is |:-.1f..u'hllc 1o Te
duce shrink problems by widening the solidification
range and aiding progressive solidification. In alumi-
num, grain refiners such as titaniam and boron can
reduce the shrink. If aluminum is low in Auidity, I
can be aided by silicon. Occasionally, lowering the
iron content will alwo help aluminum, but the revere
may be true. Most of these composition effects are di-
rect and wsually allowed for in the riser sysiedm.

Secondly, the indirect effect on mold-wall move-
ment is more a problem because the shrinkage is not
anticipated and allowed for in the gate amd riser

technigue.

Fg. 8.9 ==la thin small gear, & phoiphorus conlest jan siceis sf
004 per cont cawsed a thrishage batwaen the tesih.

Fig. 2010 — Sheinks occurring a1 & renlt of incorrect compaiition
and improper river Beight cowsed by short pouring.

Mold-wall movement takes place becawse the metal
wishes and the mold yields. The degree of push or
mold-wall pressure 18 a variahle related to metal com-
position. The outstanding examples are in the hield
of graphitizing metals because late graphitization ex-
erts tremendous pressare on the minld wall, These
metals vary in mold-wall pressure s follows: Gray
jron — least; alloy irom, inoculated iron, inoculated
alloved iron, ductile iron — most.

The maold-wall pressure ol dluctile iron of
high as five times that of common gray iron

each group, moldwall pressure ncreases with
andd to an extent, with incieasing

atedd an
Within
in

creasing total carbon
carbon equivalent.

Melting Practice

weighing giving wrong compa-
old-wall movement shrink.
There are direct efects

Carelexs charging or
sition. In dealing with m
age, melting becomes a factor,
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on primary shrinkage from dirty metal {nonferrous)
and fast freezing oxidized metal. The mold-wall move-
ment clfect, however, is primarily a temperature and
a gas absorption problem. Dissolved gases create mold-
wall pressure when released during solidification.

Hot metal increases mold-wall movement by heat-
ing the sand to the point of plastic Aow. This is £5 -
cially true as the casting section increases because the
latent heat is a function of mass.

Pouring Practice

(1} Pouring too cold for riser design or location.
Fouring metal too cold will cause shrinkage because
the riser system is usually designed for adequate Auid-
ity and temperature. Cold metal makes the riser sys-
tem ineffective.

(2) Pouring too hot without adequate feeding pro-
visions. Another problem is created by pouring too
hot. Excessive heat will increase mold-wall movement
because the increased heat input to the sand brings
the sand to the point of plastic flow (hot deformation).

Fig. 20.11 — Shriskage related 1, |
roken maH—.n. e g gerated Cai |
of mold-wall mevement.

(3) Improper touch up of risers with hot melal, &
common problem in large work is the failure o ouk
up the riser with hot metal. This, of course, is true
il the riser design is such as to require hot metl
Exothermic compounds or larger risers may be used
instead of touch up il desired. Figure 28.10 is an ille-
tration of a shrink caused by a combination of in
correct composition and improper riser height,

Miscellancous

_ Metal loss through core or mald-wall fracture includ-
tng fines, runouts, elc. A special case of moldwall
movement is an unexpected large fin, runout (or rua
mio a core) or bottom sag. In these cases, the change
of mold size or change in demand for metal is obviows
The effect is the same as for any other type of mol®
wall movement since the problem is that the chang
takes place where feed metal is not available, inad®
quate, or cannot reach the affected section. ShiT
age related to a broken mold is illustrated in Fig- 21" .




Chapter 2 ;

STICKERS

DESCRIPTION

A sticker 13 excess metal on the surface of the
casting caused by a portion of the mold face remain.
ing on the pattern.

In most cases, a sticker may be hard to differenti-
ale from a 1‘|h‘.‘l]‘.l whiemn I|||:' '::"'ti!'g ;.'jj'u_r“n arn the
scrap '1“!'.'- These cases :il'l'-ﬂi'n: e O [Tiore IL"“'F:""
whach may have accurred d::lrjng rlr.ll.-.,'in;; the pat-
tern. These are sometimes called “rass.” In other
cases, the delect shows as anm overall or localized
roughness from gramns or small clusters of grains
sticking to the pattern. Both these general wypes are
illustrated im Figs. 29.1 and 20.2.

Uinlike the drop, these defects are seldom caused
by rough handling. They are usually due to stickiness
of the pattern equipment or the sand, although they
are aggravated by any misalignment which leads to
a poor draw or sand disturbance during the draw.
An apparent sticky eftect may be due to low samd

1z

sl_rrng:.h. i.e., the farces causing the sand Fraing to
stick to the pattern are greater than the forces caus-
ing them to stick together.

CAUSES

Casting and Pattern Design

(1) Design i5 a contribuling factor when it does not
prevmil suefficient draft. Insufficient draft creates a
suction effect and promotes abrasion and loosening
of the sand surface. Many designs ean be handled only
by using core surfaces with adequate draft on the prine
for a clean draw.

(2) Design incorporating deep, narrow pockets leads
to a tear up condition during drawing. This may
have to be offscr by reinforcement (gaggers and sol-
diers), or special pattern devices such as vents or
rubber-type inserts, on the bottom of such pockels o
prevent vacuum-type stickdowns.

Fig. 29.1 — (Left) A lump on the casting surlace coused by sand
slicking 1o the pattern during malding

— |Abowe} Excessive moiiture used in an allempt by LT

Flg' 2.2 sand gramns 1o

pensata for hot sand caused general sticking of tha
the pattern suriace
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Pottern Equiprrltnl'

1y Poorly ;r.-u!r'.fhr-i gr coated pallerns
it individually (minute back drafts) or

grains to adhere 1 | :
in groups. This problem usually resulis from insuffi-

cient time in preparing the surface belore coating
or [rom inadequate drying ol the coating. ].' is im-
portant to propetly sand and polish patterns in order
to remove any irregularities which may act as back
drafts.

{fy Wom or rough patierns permit the a;l.ndll:n
ram into the voids and be loosened or torn during
drawing. Such patterns should be resanded and coated

making sure no back drafts can occur.

(3) Wax fillets and depressions filled with wax are
<oft and either stick or wear rapidly. Any fllet more
than 14 in. should be replaced with leather, wood,
metal or other suitable material.

(4) A sticky patiern surface due to improper finish-
ing is an obvious and direct cause of stickers. The
coating should be compatible with the sand to be
used. For example, many coatings are permissible
for oilsand cores but not for self-curing binders. Some
coatings can be used with dry partings but react
and become sticky when exposed to solvent base liquid
partings.

(5) Insufficient draft or back draft may cause 3 por-
tion of the mold te break during the draw and leave
the portion on or in the pattern. This should be scen
by the molder and the mold should be scrapped or
repaired before pouring. 1§ this inspection is not made
defects may result.

(6) A patiern undercul of loase at parting lme acls
as 2 hack draft to hold the sand onto the pattern dur-
ing draw. This problem gometimes appears when
changing to a more flowable sand which molds more
tightly into the faulty pattern. High pressure squeeie
often reveals poor pattern equipment and creates
problems in picking up deep pockets.

Cause &l ncl

Flask Equipment and Rigging
{1y A flask lackeng rigidity can cause breathing or
distortion during squeeze molding. The flask spring-
back when molding pressure is released will crack
pockets and permit them to remain on the pattern
during draw. They do not stick in the true sense of
the word, but the defect is the same.

This problem has become increasingly apparent
with higher density malding in light or under-rein-
foreed equipment. In many cases, reinforcing of
the interior or exterior surface of the Hask will elimi-
nate the problem. In other cases, a heavier fask or a
reduction in squeeze pressure is necded. In some
cases, the fask may be barred for increased rigidity.

Loase, poor fitting or binding pins and loose or
worn bushings also affect flask rigidity. In this case,
the mold breakage occurs because of side motion
during drawing. This side motion creates a shear load
which is greater than the shear strength of the mold.

(2) Insufficient flask height may permit sand to be
overrammed in pockets creating a suction action dur-
ing draw. Another factor is the overall strength of
the pocket, A shallow cope (or drag involving lift

ckets) provides minimum strength of pockey,
rmits them to pull loose under condition ..»,[a“"[
tion (low permeability) or slightly crookeq d:un.
To illustrate by exaggeration, a four in. pocke, mh,
not be lifted by a onc in. layer of sand in the mlihl,
it would pull by its own weight. fre;

(3) Placing too many patterns for the flask g, .
1 variation of the preceding. A large number of
Lerns wrill nr:cr::-sﬂlil}' result 1moa Iarg: nun—.'l:.ﬁmt'
sand pockets between patterns. These act a4 'ilt:[
ckets and nguire unusual strength to ik, Such [
condition also tends toward nonuniform ram -'m;
mold brittleness (low strength plus low dﬂun‘nntinn]

(4) A worn or misaligned pattern draw device i ,
most COmmon source of stickers. In fact, it is one ol
the first things (o be checked. It requires anly 4
[emporary side pull to shear the pockets loose during
draw.

(5) Ouverjolting, or an out-of-level or worn molj.
ing machine may separate the facing from the back.
ing or shear the pockets after full mold density has
been reached. A worn or crooked machine will s
up shear stresses, but even a perlect machine cap
loosen and shear pockets il permitted o jolt afeer
maximum density has been attained. Under these con.
ditions, the jolt effect is the same as rough handling,

(6} Excessive or insufficient vibralion of the patlem
is equally bad but for opposite reasons. Excestive
vibration can shear a pocket during the draw. In-
cufficient vibration fails to loosen the sand from the
pattern and to break the vacuum created by drawing
the mold.

(7) An incorrectly adjusted aulomatic parling spray
leads to excessive parting in some areas and not
enough in others.

Gating and Risering

Gating and risering are not factors except 1o the
extent that the placement of runners, sprues, and
gates may create packets which are difficult 1o draw.
The most common fault is lack of draft on deep run-
ners located close to the pattern — they should be
cln_&e for best feeding. Stickers in this logation e
quire extra work during the grinding and chipping
DFETE.'.!GI'I..

Molding Sand

(1) Hot sand is a2 major problem in many |deul.‘til1f'
foundries. Such sand tends to be britde lcading ®
easy shear. In addition, there 15 a condensation phe:
ottt which caiiss tie s to stk taa o
pattern,

The correct cure is to reduce sand pemperatire
but the most common method of alleviating this e
dition is to heat the paterns to the same u:nl-!"rJ.
ture as that of the sand. Many operators heat the P
tern only at the beginning of the shift: then rely
the sand to keep the pattern warm from then

(2) Inadequate sand properties include all Pn!ll:-:
ties which pertain o the ability to life I.Tuﬁ
These properties include: impact strength | ngi-*l'
index); tensile strength; shear strength; deform?



rand |.;n:gh::csﬂ and permeability (may be inade:
quate for fast draw}.

Of thescs the impact, shear, and toughness relate

o the ability of the sand to withstand shock, rough
pandling: and’ crooked draw. The tensile strength
'.::-ntl"”"d by moisture and clay) is related to the
actual lifeing ability Some additives have a direct
ipfuence o tensile strength. Deformation is a mea-
cure of toughness. Permeability is related to the de-
cee of suction especially if the draw is rapid. Low
2 rmeability is sometimes ofiset by venis in the pock-
ots OF rubberlike inserts that start the draw. Some
oTe difficult jobs use pusher pins o offset vacuum
conditions in small deep pockets.
k)] Inadequate mold properties related to sand maold-
ability are usually indicated by incorrect mold hard-
ness. The sand properties recorded in the testing
laboratory exist only at the same mold hardness as
that recorded on the test (§ ram) specimen. Lower
or higher hardness on the mold proper indicates that
come other value exists. Therelore, the actual ten-
sile, shear, etc., in the mold relates 1o the moldability
of the sand. This property is derived from clay type.
moisture and moldability addinives.

{4) Poerly mixed sand results in nonuniform prop-
erties. Therefore, it is probable that some portions of
the mold will coneain sand with inadequate shear
and tensile strength.

{5) Wet sand means that the samd contains £xXo0ss
water over and beyond that required to activate the
clay. Moisture may be high in high clay sands but su ch
sands are still not considered wet. On the other hand,
any excess of water will directly reduce the green
tensile and may also increase actual stickiness (adhe-
sion}. Since it reduces cohesion while increasing ad-

hesion, excess water is a major cause of stickers.

Core Practice

Cores which have stuck in the core box should
never be set but sometimes they are, gither because
of failure to inspect or through oversight.

(1) An eversized ramup core can be the cause of a
sticker even if the core itself does not stick. Such an

oversized core will break a poruon of the moelding
sand during molding and appear as 3 sticker.

{2) A sticker in the core box rtesults from those
[actors which are the same a5 in molding sand. In
addition there are factors peculiar (o the core proces.

{a) A reaction between the core binder and core
bex fnish. Alkalies and other impurities cause EXOE5S
ﬂ;il:.Lj.nE L ooes. .
(b} A dirty core box means an accumulation of rest
due which is sticky.

{€) Plugged wents are a major €ause ol apparent
stickers and actual stickers when core is drawmn.

{d} A worn area under and around the blowhale is
a form of back draft.

{¢} Various core binders difler in their inherent
stickiness and therefore require different types and
amounts of release agents. The amaunt and Lype of
release agent is also related to the material of the
core bax,

1w

(f) Moisture in the air line affects the release of

sand directly Below the blowhole or at the impact
ancad.

|:.3:|. Reaction between the binder and pﬂrtiug AT
times occurs, especially when the type of binder is
changed. For example, some Tesin cores Tefquire a
difierent parting than oil sand. The supplier of the
hinder should be consulted for recommended re-
leases,

(4) Excessive moisture sand  creates the same
problem in making cores as it does in making molds—
low shear and tensile strength.

Molding Practice
(1} Rough kandling of the mold is 2 major or com-
mon cause of stickers, whether the maolds be made
by hand or on automatic cquipment.

(2) Excessive J':'q-ul'd: pnn‘irrg 5 a COMmmon cause be-
cause most partings contain solvents which (in ex-
cess) will reduce the tensile and shear propertics
of the molding sand. Puddles of such parting will
weaken the sand to the point of failure. Parting is
something which is good in moderation but very
bad when used to excess. A clean pattern is essen-
tial in all cases.

(3) Excessive or insuffictent vibrating or rapping of
the patiern. See Flask Equipment and Eigging ().
(1) Too great a temperalure difference between the
pattern and sand will produce condensation which
directly causes a stick.

(3) Leaving the patlern in mold too long before
drawing will often cause a stick by wetting the pat-
tern or softening the pattem cOatng.

(6) Ramming directly on the pattern with a slinger
ereates a nonuniform mold hardness and a separation
of sand layers. In a sense, this becomes a ramoff or
ramaway condition slightly removed from the pat-
tern and the lack of cohesion permits the sand layer
to drop or stick.

(7} Insufficient mold reinforcement will prevent life-
ing of some pockets or sections unless gaggers or arbors
are used. 1f these are needed but omitted, a stick or
drop can result.

(8) Gaggers, nails, soldiers, bars too close to the mold
cavity create a condition in which the sand layer is so
thin as to lack strength. It falls away from the rein-
[orcement by its own weight. Obviously, this conds.
tion is worsened by inadequate wash on gaggers,
soldiers, bars, and the like. A misplaced or un-
washed gagger can be a source of weakness rather
than a means of reinforcing as intended.

(9) Careless or improper drawing of the pallern is
the same whether the draw is by hand or by machine.

Metal Compesition — Melting Practice —
Pouring Practice

These foundry operations are nob i catse of stickers.

Miscellancous

Foreign material in sand acts as a misplaced gagger.
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SWELLS, STRAINS AND SAGS

DESCRIPTION

These defects are gross imper fections in casting
dimension. In other words, they depart from the
correct dimension by more than the allowed or
expected tolerance.

A swell is an enlarged metal section related to
mold-wall movement (Fig. 30.1). Mold-wall movement
causes the casting 1o be somewhat larger than antici-
pated. This change in section may induce shrinkage
defects or even aggravate a gas condition, of it may
permit expansion delects without making a noticeable
or visual swell. If the lump is noticeable and objec
tisnable, it is called a swell

A strain is a swell with a fin on it (Fig. 30.
In this case, the mold distortion is sufficiently pro-

£y

Fig. 30.1 — A typécal swall
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mold o crack open while
liquid metal is present. The metal runs into ke
crack causing a fin or vein on the swell.

A sag is an Increase or decrease in 2 metal sectiog
due o sapging of the cope (decreased section) of
core [increased section), This is illustrated in Fig,
30.3. When this occurs on the top surface, it may he
confused with {or aggravated by) a pull-down shrink,

A core fin is 3 depression in the castng caused by 3
hn on the core which was not removed before the
core was set (see Fig. 30.4). The core fin could alio
be due to paste which had oored out [rom between
the joints.

pounced L pi:'rm:il: thier

CAUSES

Costing and Pattern Design

(1} requiring long or thin cores and not

permitting the use of a support can be a basic cause
of core saz. Internal reinforcing of the core may be
needed 10 offset this design problem, or a redesign
may permit proper chapler and support locations.
Special core mixes may help.

fiefrEng

\ Ll

s
. 5
. :

Fig 302 = A straan is & swall with ins



ig. 30.3 — A 3ag In the shell cone

poated a thin Sechicn with a corres- - S
gnding thick section S

7) Any design which necessitales closing over a
are involving clearance fins obviously produces a
n which requires extra labor o remove. Thus, the
lesign adds to the expense of production even though
he casling 15 ot ECI."IP}}-ETI.

3y Any design which contribules to soft ramming
an lead to swells or strains. For a description ol
such designs see Chaper 16, METAL PENETRATION.
The cause of a swell will often increase the tendency
to penetrate or fuse. The area of swell or strain
usually shows penetration or rough surlace since the
causes of both are often identical.

(4) Large flat surfaces are prone Lo strains and sags.
Such designs may be reinforced by arbors, etc, or
they may be offset by the use of stronger maolds and
deeper Rasks.

Pattern Equipment

Inaccuracies in pattern or core box dimensions
reduce the support provided for in the design and
thereby induce distorvion during pouring. Such in-
accuracies are illustrated in the following paragraphs.

(1) Parting lines may be 5o inaccurate that the drag
cannot support the cope in certain areas. The lack
of local contact induces sag. _

(2) Core prints may be inaccurate thus depriving the
core of its needed support. This permits the core to
sag (or raise).

{3} Inaccurate dimensions of multiple kiss-throughs
(particularly in high pressure molding) leave some
prints unsupported unless the first contacts crush
(causing sand inclusions). In softer molds the hrst
contact may distort and crush without harm 50 as o
permit overall contact, However, when malds are
strong, the first contact may tarry the load, leaving
other areas unsupported. These areas may then sag
at elevated temperature. The stronger the mold, the
more accurate must be all pattern dimensions. >
(%) Warped core boxes have a direct effect on casting
dimension since they produce crooked cores.

(5] Warn patiern equipment alters the intended shape
of the mold. This results in sags or swells depending
upon which section s worn.

(6) Flask landings lower than the parting line, change
the copeto.drag contact in such a way as o overload
the cope sand or deprive it of adequate suppert dur
INE pouring.
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Fig. 30.4 — & typical defect resulting from a fin which should have
been removed from the core before satting.

(7) Warped strained or off-dimension matchplates de-
prive the cope ol its normal support.

(8) An inadequately reinforced patfern for the wype
of mold can produce a distorted cope or drag which
permits a sag. An opposite direction of distortion
would cause a crush.

(%) Excessive number of multiple palferns in an un-
barred, clamped flask may cause a sag.

{10} Inadequate relief vents produce a temporary but
high gas pressure which can distort the mold. This
type of swell will usually show penetration and
may show gas delects if the gas pressure ocurs
while the metal is solidifying. It can also cause a
maold-wall movement and induce feeding difficulties
and shrinks.

Flask Equipment and Rigging

{1y Warped, burned, broken, or weak boltom froareds
rob the mold of its needed support, allowing various
surfaces to distort cither before or during pouring.

(Zy A curved or worn strike-off leaves sand on the
mold surface which will then be forced down (or up)
during subsequent squeeze operaLions.

(%) Weights that ave too light permit the cope 1o
raise in the flask, giving a swell or strain. This also
causes parting line fins.




122

Fig. 305 = Iniuficiont eloarance botween he bars cawsed fhe
melder to soft ram the illustrated section.

Fig. 30.6—Weak cors distorted during poaring. In this case a
shall core was invelved,

{4y If the wrong flask ir used for the molding con-
dition, the needed support to the sand mold will not
be provided. A flask that is not rigid enough permits
fask-breathing or distertion. When this occurs, the
mald will distort.

If there are too few bars in an unweighted flask, the
elfect will be similar to lack of weight since in this
case, also, the mold is permitted to distort during
pouring. Insufficient clearance between bars (bar sup-
ports) and pateern, or improper contour of bars creates
a difficult molding problem olten leading o a soft
ram swell (see Fig. 30.5).

Warped or twisted flasks that do not close properly
leave an unsupporied sand mass which can fail during
pouring. When the interior wall of a flask 5 oo
smooth or is improperly wapered (clamped Hasks),
the cope or drag may sag, thereby creating either a
sag or parting line fin {or even a runout).

(5) Poorly fitting jackets distort the meld and also

fail o support it. The resule may range from a crush
b o swell.

(6) Drty jackets are variations of poorly ftting jackets.
Gating and Risering

1% Wrhen ithers ave #anl sanneh dob-afc ar Felief

venis for the pouring vale involved, 3 temg
high back pressure occurs which helps to g “Hary
mold surlace. Such lack of venting is usual)

oy the
i ¥ & cany,
of penctration as well as a swell. a5

(2y Inadequate bearing surface because of
design for mulliple gating permits mold-wy)|
ment even to the point of swells or cope sags, Lnt-
bearing surface calls for unusual strength pf ““;‘j"’

HJ‘I:HE],

Molding Sand

(1) Any sand which promeles a weak or 50t majy
can cause these mold-wall movement defects, How.
ever, it must be recognized that there may be 5 differ.
ence between the laboratory properties and yhy,
developed by the molding process. A sand thae i .
herently weak, or difficult to mold to optimum den.
sity, has a direct bearing on the_pmh]m. Thes,
properties of sand may come from either wrong com,
bination of clay and cereal causing either inheren,
weakness or inherent poor moldability; or excesiye
water content {particularly likely with hot sand) whic
increases mold-wall movement (and penetration ofgey
accompanying the swell).

(2} Any sand property mﬂﬁibulir:g_ to exaggeraled
mold-wall movement includes the items mentionsd
plus any additives which induce unusually high ho
or green sand deformation.

Core Practice

(1) When a core & loo small for the print, iLI will
sag or raise, thereby changing the intended dimen-
sion.

(2y Insufficiently reinforced cores may sag of their
own weight either when green or at elevated temper-
atures, or may bow because of metal pressure.

(3) Setting the wrong core produces an ofl dimension
section of the casting which can easily be diagnosed a3
a core sag or swell.

(#) Weak cores (improperly blown, rammed or @R
mix) are a common source af core sags, fins, or swelk
The actual cause of the weakness may be in the i
herent strength of the mix, but it can just as easily
be a lack of blowability or inadequate air presur

ey
S

e
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Fig. 30.8 —Uneven clamping permitted a strained rrabd dufing peuring.

to compact the core sand -properly. Handmade cores
can be softly rammed and have an effect similar to
that of soft ram molds.

(5) Cracked, broken or warped cores {twisted drier)
permit a core movement to take place which then
appears as a swell, fin, or sag-

(6) Excessive hot deformaiion indicates excessive abili-
ty 1o move under pressure at elevated lemperatures
1f the mold-wall movement (core) is large, & large
swell or strain is observed.

{7y A thin section on shell core may €ome from peel
back or inadegquate hold time. In either cast, it comns
stitutes a zone of weakness, and distortion can follow

(see Fig. 30.6).

Maolding Practice

(1) A soft ram, not tucked or properly peened, is
the obvipus and most frequent cause of mold-wall
movement defects. Many of the aspecls described in
the preceeding sections are related essentially to the
ability 1o develop optimum density in the mold. Flow-
ever, the molding itself is ghe common depominalor
which determines to what extent the gther factors
can produce rejected or defective castings. A swell
caused by a soft ram aggravated by a hard pour is
illustrated in Fig, 30.7.

(2) Excessive shaving of the joint may oceut in hand
assembly or hand molding, especially of large work.

The result of any lack of support is a maold-wall
ImeryeEmeEn L.

(3} Poorly reinforced molds tend to mold-wall move

ment. Gaggers, soldiers, arbors or bars are used to
compensate for a design oF flask problem, or to pro-
vide added support to molds which otherwise lack
sirength.

(1) Uneven clamping of molds creates distortion either
toward a crush or a sag or swell as shown in Fig. 30.8.

Fig. 30.8 — A poorly cleaned botlom board straingd the mald and
caused this distortion.
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| et 3 |
Fig. 3010 — High metal prewurs during posring caused the shrain
shoms,

(5) Ramoff or ramaway produces 2 zone of weakness
which will permit a swell,

(#) Uneven bedding of the bottom

from intended support and produces a swell in the
drag. or reduces suppart of the cope, resulting in a
Sopc sag. A poorly cleaned bowtom board caused the
istortion illustrated in Fig. 30.9.
See Flask Equipment and Ri
factors which co
delects,

boards detraces

gging for additional
ntrol the molding aspects of these

Metal Compaesition

Mold-wall movement s related to many [actors

other than the original mold stability such as those
factors which increase metal pressure. Movernent s

@ result of pressure versus resistance and metal com.
Position is a factor of pressure,

(1) Metals vary in specific gravity. Foy example, stee]
13 heavier than aluminum and produces 3 greater
tendency to swell or distort the mgly,

B

@) The weight of the .f-r:I_T!'!'F!g 15 related o ]_.,-_H_h A
and composition of the casting so thay 5 I:l:rg.n aly,
minum casting may have more pressure thagn 3 uma
steel casting.

3 ing lemvherafure E!:r!air|11l,r affecrs the s
f:ﬁi”ﬂ:’ lﬁf s:mj:! mold since the df-*fql'mabilil: ”:E
sand increases with temperature. Pouring tCmpey
ture differs with the composition of the Tieta] t‘-g.,
steel versus aluminum).

(4) Expansion and contraction effects l':rf_ _':'1'-"-!!] v

with composition. For example, a graphlttc‘m:ul 2
cast, such as gray iron, has more expansion g
than malleable which is graphitic only after anneg),

:Ing.
Melting Practice

Melting  practices in graphitic metaly (sueh i
ductile ivon) which affect cell count a]m_a[ﬁ:ct mold.
wall movement. For example, inoculation of gray
iron increases the tendency toward maold-wal

l Toove.
ment and therefore increases the tendency towarg
swells.

Pouring Practice

(1) Metal pressure whick is too high :
density involved and available is a factor in causing
a strain as shown in Fig. 30.10. Pouring too hard
may easily distort mold surfaces already on the sofe

or weak side. It is the metal pourer’s job to aveid
this.

for the mald

A ladle that is too high above the mold during
pouring creates a kinetic head of pressure much
Ereater than mighe he expected from the cope heighe
needed for adequate pressure. Not cutting the pur

gh is apt to promote a strain in molds
are somewhat weak because the high pressure
of pouring is maintained roq long.
(2) Excestive metaf ¢
o become overheat
tion by increasing

emperature causes the sand mold
ed and Promotes excess deforma-
the Plasticity of the mold surface.

Miscellaneous
(1) Dirty palles have the same
even bottom hoards in those cas
Serves as the bottom boargd,
(2} Excessipe i
such as pipe,
distortion (s

effect as dirty or un-
5 1n which the pallet

irm:'ﬂg speeds in centrifugal castings
AL a3 excessive pressure to increase both
wells) and Penetration,
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VEINS AND FINS

DESCRIPTION

Vewning appears on the casting as an irregular fin or fins
of metal protruding from the sucface of the casting. Two
conditions must exist. The core or mold surface developed a
crack  either expansion-contraction forces or
mechanical handling and the metal must be fluid enough to

from

enter the crack

Nate: (T} Signufies thermal eracking, (M) mechanical erack-

|.':|!|'_"

CAUSES

Casting and Patlern Design

i1} Sharp corners that develop hal spots. { T) Design of casting
or somelimes pallern equipment carn promote veining
tendencies. Thin casting sections, requiring high fluidsty of
metal, with adjouning heavier sections can Epenle BCESLVE:
lv hot spors. This is particularly true with sharp corfners,
thin sand sections or inadequate radn or fillets which tend
to promote hot spots in the cores.

i) Thin cores surrpunded by heaey metal sections. [ T} When
thin cores adjacent 1o heavy metal sections are exposed 1o
severe thermal pumshment they are likely to Tl either by
expansion-contraclion stresses oF Mec hanically when their
strength is rapidly diminishing.

{3) Massive seciions (M) Refer to Chapter 30 — Swells,

Strains and 5\.155..

Pattern Equipment

(1) Sharp corners that develop hot spols. (1) Patternmakers
should place maximum {illets or radii on all corners that can
be allowed by the casting design. This will help to minumize
hot spots that promole core [ailure.

(2) Thin cores surrounded by heavy metal sectians. (T-M)
Thinsectioned cores such as small pin cores should be
placed in the mold in a vertical position if passible. The
eores will be able to stand up to compressive siress more
#ffectively than o transverse loading as they are buoyed
'-'Pwnrds and 1:|r|5.ur'|i.|: binders are being dl.‘-sll-'l.'lj.'l:“i‘l-
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T T P

Fig. 31.1 — & casting exhibiling severe veining. This delect s alsa
relerred o as linming.

(31 [neven meral sections fn core box equipmeni cousing
aonuniform heat distribution i shell ar hot-box equipment. (T]
Care must be used in building core boxes for hot-box or shell
applications fo mantan thoroughly uniform sections and
If the care box is free from broad
pore of the nder in

wriform [emperature
temperalure gradients, a more uniform
the sand 15 efiected and it 18 easier toavoid veining as well as
ot her prl_:-l:litr'n-:

i4) fnadequate support from core driers causing cracked cores.
i) Core driers mus! adequately support green cores during
necessary handling until baked sirength can develop. Driers
must be relieved to allow for differences in expansion
between the driers and the sand during baking =0 the cores
will not be cracked.

L:"I Irfqu;lr_-ﬂl Core Diriers f*‘-”

Flask Equipment and Rigging

11} Rough mechancal handiing of uncurcd cores. (M) Cores
sensitive to rough handhng 1o ihe green or

are particularly
any jolling of

uncured state. Green strength s low andd
bumping can gmibiate 3 crack that can be virtually mvislile
a fin or vein on the casting Such rough

but will produce
drier, excessve

handling can include rough placement ol
capping or vibrating. rough teansler 10 oven racks, wn-
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ative decelerating devices on coremaking equipment,

oper
avevor, rough floor, etc

rough spots on CQ
I

4 shell or hot-box equipment causing cracking of

(2 Mualigned
cares. (M) Mizaligned hot-box or shell equipment can crack

cores when the box opens or ¥
at-box and shell cores are generally rath
y contimue Lo

shen cores are removed from
the machine. H 1ol
weak when removed from the core box. The

gain strength after removal from the core box so they
<hould be handled carefully when removed [rom the
machine in order to avoid cracking or breaking.

(3) Flasks not rigid enough for molding process i volved, (M)

(4) Loose flask bars. (M) Molds ean develop cracks that
produce (ins on the castings if flasks are defective m any of
several ways. Flask bars or walls can bend when the mold 15
squeezed then spring back. cracking the mold. Hardware
may be defective on snap- or pop-off flasks or jackets can be

bent or dirty, cracking the mold

i5) Rough conveying of cores or molds. M) A combination of
rough roller conveyors and weak bottom boards can crack
molds and produce fins or veins on the castings. Any piece
af equipment that subjects cores or molds to jolting, or fails
lo provide adequate support can cause cracking of the core
or mold that results in a fin or mechamcally induced vein on

the casting.

Galing and Risering

(1) Gare causing metal to impinge on core causing kot spot in
critical area. (T) Any gate so located as to cause metal o
impinge on a localized area of a core or mold, causing a hot
spot in the critical area should be avoided. This impinge-
ment of metal onto the sand at a corner or change of section
will accentuate expansion-contraction forces resulting in
thermal shock to a degree that may cause veining.

(21 Riser too close to cove print. (Hat spot) (T)

i3) Insufficient number of gates causing local hot spots. (Tl
Insufficient number of gates causes excessive amounts of
metal to [low over a given area causing hot spots. More and
smaller gates are sometimes advisable. With more gates,
may be necessary 1o increase the size of the runner and
down sprue in order to keep the metal moving through all of
the gates for the time it takes to fill the mold cavity.

Molding Sand

(1} Excessive srganic material in sand (seacoal, etc.) (T)
Organic materials such as seacoal, cereal, cellulose are
beneficial in preventing expansion defects. When added in
excessive amounts, they provide more contraction in the
mold surface than necessary and may even cause contrac:
tion effects that will form cracks in the mold surface
resulting in veining.

(2) Excess motsture in the sand for skin-dried or oven-dried
molds. (T) High clay levels are often used to control
expansion in molds rammed 10 high density. In low density
portions of the mold, the excess contraction of the clay as it
Ariss ran canses cracks recaltine in veing Fl.‘lrlir'lll:l‘r‘v H '

Mowability of the sand, which in tern, Promtey o,
LT

densily in various locations. High moisture o,
FIIJ

cause some clays Lo qwe |l consmderabdy and thiss o Wil
» -'IlrgII
i

excessively when they are dowed either by worch of
! IV g

by the hot metal, Excess bander m washes AN
7 Al e

cracking of the surface of the mold amd wash t b prod,
L8 v

verlis

Fig. 31.2 — A gray iron casling exhibiling severs veining dus i
high percentage of fines in molding sand mixture.

(3) Improper mulling. {T-M)} Inadequate mulling will nat
only produce nonuniform sand, but will increase moisture
requirements with results as related above.

(4) Exeess amounts of fines (material on U7.5.4. Steve N,
2K, 270 and Pan) in melding mixtures. (T)

Core Practice

Most veining is found on cored surfaces. When this
defect occurs it is necessary to determine if the erack
producing the vein is of mechanical or thermal shock orgin
The solution to the problem will depend on accurately
determining the cause. It is obvious that if a cores eracked
before the casting i« poured, that this type of crack will
probably result in a fin or vein on the casting,

(1) Weak cores {green or cured). (M) Cores can be crackedin
the green state due to rough handling, inadeqguate drier
support, rough conveyors or any other cause ineluding
inadequate green strength for the core configuration and

necessary handling, The jolt over-hang test 15 [ar modt

signilicant than green compressive strength 1n jrdicating
; ; .

the ability of a core 1o resist green cracking. [[ canres a0
¢ i e

production shop vein when made on one e lenne
core box but not one made with other 'I'L[”l]""""-'l'mll
equipmeni should be carefully checked. Sometimes e
green cracks are hardly visible of at all

(2) Coves too dense. (1)
III |h.|'|"

(3) Excess binders. {T) [I-.---u-h.lLr':lllult"hl"-”l“”hr hel
containing cereal binders, will pick up muoistur? :;:r
stored under conditions of lugh humidity, The i o
will weaken the cores and make them moafe 'IJ.IE..--"
eracking and veiming. Blows may alsa ocet e
amounts of organic binders aggravale verning '° "

. Jor woF
Ineffective sand mixing encourages excess wh —
andias T @iMacn Gdsaeate sirsnr B I-l'l-'L ol “H“" R :



|-r-"F"IrJ'-|I'-'| should be encouraged se that minimum
Lr'l"'“‘r' of binder= will be -'--J-'.:!-.- i

an

(41 T |,:Ir|||." fealing anad coalEng i core aren Tl

5 Bakimg femperature foo kigh. (T}
il [-'lrlz"l--l'lul""u.'l e |'|r.|

(7} Brittle cores. (G-M] Lracks sometimes develop during
paking 0f codes Chl-bonded cores tend to become brittle as
pven lemperature incieases Cores of substaniial section af
contaimng heavy and light sections when too rapidly
prought 1o a high baking temperature develop britile
_h.llr'l-.'l-'!_':- and thin sectionz. As the heat penetrates info the
heavier =ections 4 small amount of expanson takes place
which can crack the haed. brittle surface. Too rapad cosling
ean also erack the zsurface as the surface sand contracts
more rapadly than the nterior in coming o Foom
temperature. These cracks have been observed to open up
ten or lifteen minutes alter the cores are removed [rom the
aven, then disappear later. When metal is poured around
these cores, the cracks reappear causing vein= on the
casting. More gradual heating and cooling of the cores or a
lower baking temperature will help. As larger and heavier
cores are encounlered, |.|'|-'|-n-1_'r=.-r_k:|ng Fljﬂblglﬁﬁ. become
more extensive, Uze of ane of the no-bake binder systems
may be the easiest way to avord this problem. Heat-curing
binders tend to become more brittle and susceptible to
veining when over-cured.

i8] .rﬂ']Prﬂpg".l'I.ﬁ .rrm_fnr.n_'u:'rf cares =— rods, wires or bars. (M)

9) Inadequate drer support-warped dryers. (M) D¥iriy or
warped driers are a common cause of green cracks.
Considerable support of green cores sometimes is obtained
from well-placed wires, rods. or arbors. These must be
correct when used. Oecasionally, baked or cured cores are
bl’n;,l-kn:n in ru;lu;h hand]ing, I:-ul wires may Ill'.ﬂd the hl'ﬂh!l‘l
pieces together. These cores should, of course, be scrapped.

{10y fmp.r::uper porfions of hexa an Fﬁt‘nﬂﬁf -I"dﬁfﬂ_.i' r.'ﬂl'EJ-f'.'-'r
humidity eonditions prevaifing. (T) Ln the case of shell cores
bonded with phenolformaldehyde resin another factor is
added. Hexamethylenctetramine is used to chemically alter
the resin from thermoplastic 1o thermosetting type. In-
ereased ratios of hexa tend to make the cores stronger when
freshly cured and hot but will tend to make them more
brittle and subject to cracking or veining. Reducing the
amount of hexa used will help to preveat this cracking.

{11) Cores stared under conditions of high Aumidity. (T}
Ovenbaked cores, particularly those containing cereal
binders, will pick up moisture when stored under conditions
of high humidity. This meisture pick-up will weaken the
cares and make them more :-r.l:h]fi:! to cracking and veining,
Blows may also oceur.

(121 Poor sand mixing. (T-M)

(13} Inadequate hot plasticity of cores. (T) A strong sound
TOFE May d._--..-th:.P cracks al metal pouring temperatures an i
produce veining, This veining 15 most often fou nd at casting
hot-spots and in [illet areas. As the surface of the core is
suddenly heated, it quickly rises in temperature past the
alpha to beta translormation point of quartz where no
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lurther expansion securs. Simultaneous sanic binders
are destroyed tending 1o produce r-,.n:r..:-:l-::jr::;nnn; t:.:n51r:-i
core surface. The sand below the surfa e of the core heats
more slowly and expands over a longes perod of time.
Drganmic binders are besng destroved mare slowly, The net
resull s thai the sub-surface expansion plus Il'-n:- surface
contraction produces [ension siresges on the sorface
portian of the core. This effect is intensified in fillet areas,
re-entrant angles and other hot spots. The surface laver of
sand must either stretch or it will erack open and invite the
metal to form a vein. A sand that is brittle near metal casting
temperatures will produce this type of failure. High pl.|.r|.l5.'
silica zands and |'||||_:;h percentages of organic binders
aggravate this condition. Binder requirements are dictated
by room temperature strength requirements. If the syrface
of the core can be made more plastic without actually fusing

the veining from these conditions can be alleviated

Sands containing iron oxides. feldspars or even small
amounts of low refraciory clayvs or other materials that tend
to [orm viscous slag will provide the necessary plasticity or
ductility of the core surface. The addition of small
percentages of proprietary iron oxide compounds or similar
slagging material to the sand 1= very effective in eliminating
veining when the cause is a true high temperature failure,

: Molding Praclice
(1) Excessive shicking of molds. [T}
i2) fradegquarely reinforced or supported molds. (M)
(3} Non.wniform torching of skin-dried molds. (T)
{4} Uneven clamping of molds, (M)
(5} Excessive mold wash. (T}
(6) Saft ramming. (M)

(71 See "Flask equipment and Rugging ™ for additionad faciors
which control the malding aspects of these defects.

Fig. 31.3 — Tesi bar poured alter soft remming
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Metal Composition

(1) Metals with @ pendency towards vening such as high-
leaded bronzes, high carbon-silicon-phosphorous gray irons.
(T-M) Metals with excess fluidity, whether due 10 composi-
tion of excess pouripg lemperature, are the maost prone Lo
veining. Examples of compasition would be: too high 2
carbon equivalent, especially with high phosphorous con-
tent in gray iron, of leaded bronzes with high lead content.
and red brass with high phosphorus content due 1o
excessive additions of phosphorus-copper used for deox-
idizing. Pouring temperatures should be lower in some
cases to reduce veining tendencies.

Melting Practice

None.

Pouring Practice
(1) Pouring too hot for metal composition involved. (T)

(2) Pouring tve hard causing metal to forcibly iy,
against a core (ladle too high). (T) Pinge

Miscellaneous

(1) In centrifugal casting, ary condition that causes g lgok
adherence of the sand (o metal mold, of

PTT SR e e
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WARPED CASTINGS

DESCRIPTION

WapmE & undesirable or unintentional deforma.
{10 th.tt.uc-mr: during or after solidification. The
problem is greatest with gray or white cast iron (non.
ducrile ca.::t metal). Figure 32.] demonstrares a typi-
cal warp in a malleable casting. Other metals may
pose the same problems but the use of straightening
dies is so common as to disguise the frequency of
occurrence. In strictly jobbing-type (short run) work,
the use of a straightening fixture may be impractical.
In these cases, the corrective measures used for gray
iron may be resorted to.

The problems involved are exactly the same as
those described in Chapter 13, Hor TEears, namely,
differential stresses set up during cooling. The dif-
ference between the defects (aside from appearance)
is either in the degree of stress or the difference in
the tearing tendency of various metals. For example,
a stress situation which would hot rear a steel or
malleable casting might warp a gray iron or ductile

Fig. X2

casting. Therefore, everything in Chapter 13, HoT
Tears, applics to warping.

CAUSES

Casting and Pattern Design

Large fat sections are particularly prone to warp-
age. The judicious use of ribs can correct this tendency
but an incorrect rib design can worien or create a
warp. It is important that the rib sections are equal
to the adjeining sections and designed to promate
uniform cooling and contraction. Flat sections tend to
salidify and cool most rapidly at the edges (causing
warpage) so any ribs involved should help to offset this
effect, In other words, ribs which act as cooling fins
in those areas already cooling most rapidly should not
be used. Figure 31.2 is an example of a faulty design
which caused warpage.

PaHern Equipment
It is sometimes possible to break up a large Hat

2 — Faully design increased ihe tendency of this casting o warp.
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surface with wavy or roughened sections, provided,
of course, that this does not interfere with the use
(including appearance) of the casung, The most
common technique in designs prone 1o warpage 1%
to fake or warp the patiern to COmMpENIdE. It 15 up
to the foundry to operate under conditions that
create a uniform degree of warp in such designs. The
patternmaker can then compensate for this known

and uniform warpage.
Pattern equipment may also be responsible for
warpage when there is a lack of, or too many, tic bars.

Flask Equipment and Rigging

(1) Any condition which prevenls desired contrac-
fion such as Aask bars too close to the pattern; Hask
bars too close to ristrs and down sprues; or bad bot-
tom hoards may be responsible far warpage.

(2) Flask may be too small inducing rapid cooling of
edges or ends of casting.

(3) Weak flasks which actually permit mold-wall move-
ment cause a true wWarp.
(4) A weak squeeze board may be responsible for
warps.

~ Gating and Risering
(1) Gating system which prevents desired contraction
because of continuous or multiple runner system
tied to casting by gates could be responsible for warp-
age defects.
(2) Gates inadequate for sufficiently rapid pouring
may cause warping.
(3) Gating location may cause undesirable cooling
rates.

Molding Sand

Sand may be responsible for warp for the three
following reasons.

(1) Sand has too low green strength,
(2) Sand has too low flowability or moldability.

Ef} :JTEI strength of the sand may be too low or too
igh.

E‘i- -+
TE'vin

aller m..?“n"
Izating yray
menl Eauy
this casting
to warp,

Core Practice

(1) Poor collapsibility of cores due (o excemive ge.
tained or dry strength may cause warpage problems,

There are several reasons for this including: exces.
sive binder; excessive moisture for materials used;
excessive hot strength additives (silica flour); any
low fusion point core mix (CO4.); wide grain distribu.
tion with excessive fines content; and under- and over-
baked cores.

{2y High hot strengths caused by overtempered mois.
ture, or the wrong amount or type of binder may be
rﬁpnmihlc for these defects.

(3) Over-reinforced (rods and arbors) not permibling
collapsibility can also cause problems.

Meclding Practice

Molding practice can also be blamed for warping
defects for the following reasons:

(1) There is an improper relationship of mald hard-
ness belween cope and dfﬂg.

(2) Special molding techniques such as ramming after
ml;ﬂg is poured, nonuniform ramming, ete., are nol
used.

A standard method of cuntmlling design prone ]
warpage is to control the relative hardness of cope
and drag surface. If the casting warps up, the cope
should be hardened. If the casting warps down, the
drag should be hardened, Sometimes it is necesary
only to harden part of the cope, such as by the ui¢ of
a curved strike-off prior to squeeze. There are numer
ous tricks of the trade used in difficult designs. For
example, the molds can be hand or pneumatically
rammed after pouring.

Metal Compaosition
X Warpage in gray iron is influenced by the follow
ing three factors
(1} High combined carbon.
(2} Excessive use of carbide stabilizers. i

(3) Any facior that promoles the stabilization of (ol
bined carbon (chills, ete). g

e



Mclting Practice

Melting practices may be blamed for warping de.
fects if the following procedures are in use.

{1} Carelessness in charging or weighing which can
give the wrong metal compaosition,

(2) Melting may be too cold in relation 10 pouring
temperature (insu ficient superheart),

(3) Any melting practice which stabilizes carbides or
changes metal compesition.

Pouring Proctice
Pouring may be blamed for warpage if it is too
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hot or o cold depending on the design of the casting
and method of gating.

Miscellanesus

In addition to those causes described, Warpage can
result from handling hot or warm castings. For ex-
ample, failure to provide proper support during heat
treatment can cause a warp (see Fig. 31.3). Even the
peening action of cleaning techniques can cause (or
cure) a warp. Warpage can occur during or alter
machining il the machining creates a partial stress
reliel. The cure in this case is to stress relieve (and
straighten if necessary) before machining. In
castings, 2 warp can be caused (or cured) by the
method of support during shipping.
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CAUSES OF DEFECTS

CASTING AND PATTERN DESIGHN

Broken or Cracked Castings
leregulas sections 5, Fip 2.1 1
Lack al fillets, 3
Remnforcing ribs of Lic bars Bt used, 3
Carbon Flolation
Differance n melal sechions, &
Heat retenteon, &
Carbon Flotatson
bold or care that promotes ksal fetgntuen, &
Too great difference i setions, 4
Cuis or Wathes
Dresagn tnclwd ing wnavoudable nozzle elfects, 1]
Drops
[z p pockets with inadeguate draft, 33, Fig. 7.2,
4
Protreding and overhangingsections of sand, 13
Erasspn Scab, 28
Espansign Defects
Inadeqguzte radn, 12
Large smeoth surfaces, 33
Large uninterrupted Nat surfaces, 32
Fins, see vEmnd
Fusion, 38
Gas Defects
Design that prevents adeyuate meial pressure, 4]
Insulficient print or outler provided Tor venting,
43; Fig. 11.2, 4]
Farting lin= blaw, 413
Hard Spos, 5% Frg. 12,2, 52
Hoi Tears
ABPu varation in seftion thickneis, 3
Lack of adequate filbets, 36
Mald resisis normal solidification, 56
Imelusions, 16
Inverse Chills, 39
Medal Penstration, &4, Fig 162, 64
Metzl Penetration in Dense Malds, 70
Misruns and Cald Shuts
Mletal section ton thin for ares, 74
Monuniform casting sections, 74
Cpen Grain Siructees
Design requiring remaval af metal by machisng.
El
Lack of provision for coring bieavy sections, 83
Lack of liaison between designer and loundry, B4
Metal section dilference, §3
Captian: nromniine heat retealiosn. 53

{alphabetized by foundry operation)

Bamoll or Ramaway, 8%
Rough Suilace, 0
Sears-Seams-Flales
Abrupl chamge in s£clion, L0
Shagponners resulling in inteerupied metal flow,
(LU
Shifis {also Core Raise), 104, Fig. 26.2, 14
Shrinkage Cavities and Deprossions
Change in sectson size too abrupt, 111 Figs 281,
2B2001
Filtets oo heavy, 112
Fablers voo small. 101
Insuflicient area for fpeding, 112
Isolated heavy soctaons which &30 pot beled, 111
Stsckees
Desagn nod permittiag sulficient deafe. 117
Desapn with deep narros pochety. 117
Swells, goc
Diesigns with long of thin cores, 120
Derign which contrsbutes tosolt rammng, 121
Cresign with cloisng aver cors mvabang ckear-
ance hins, 121
Veins
Sharp corners that develop hot spots, |25

Thin cores surrounded by heavy metal seetions, |23

Miassnee sections, |23
Warped Castings, 119, Fig 31.2

PATTERN EQUIPMENT

froken or Cracked Castings
Pacpeei break-off notches pot provided, 3
Crushes, Fush-Ups amd Clamp-CHls
Core prnls nol properly marked, 9
Core prant oo small 1o suppaorn cose, ¥
Excessive MNexthalsty of matchplate, 1)
Flask Landing sirips too hagh absove parting lime,
10
Inciaflwsenn drafi, 9
Lack of crushing sarips, 9
Misaligned cope, drag pateed ns and plaed 9
Patterm mot cordectly mounted, 9
W:;p:d or unirs: pattern plate, 9
Waorn patieins of code boses, %, g 4 0,9
Warn pims g bushings, ¥
Culs or Washes
Layouts which prevent correct gating. 13

Drops
Divalt wmsuilffacient ar back diai o pates
Fig. 1.3, 24
|mp.mper15l designed parnng, 21
Erouion Seib
lmauificient fullers, X8
Furms, see the pallern 10 recessilate Eating
throwgh thim sections, s}

LR

Fusian
Excessave melallostatic pressare, 14
Lineven of soft rammang, 8
Hard Spots
Mamatched pattern equipmant, 1]
Thap sections if S0P, 52
'-'.I'mn seCtigns of cofe boxes cawang thin s
51
Hot Tears
Imcotrectiy plieed cracking srips ond (= b
54
Lack of adequate fillets, 36
Incisasons
Impropet caating for maternals invved, 18
Inaccurate partings, 17
Irsuilicient clearance [or sethimg cores, |
Irsuificien drafi, 16
Lack of filbkets, 16
Loosely mounted pattern, 16
Worn Mask landeng aseas, IT
Metal Penctration
Excewsive metallostats pressufs, L
Uneven ar soft ramming, =4

Metal Penstration in [ems Slobdd
Excessive metal static pressars, 7|
il

Inadeguate provmssn far venting. *

o Cliae

Maulnple patterns mouibed !
Uneven ramming, 70
Musrums and Cold Shte
Eapiipment nod propeely vraed L':-""
Sisalignme il of exuipmend
Wasin pafierns i gafe B L
Of Demenvion Relaned to e .
Chaplets nal Boscaded o
Core prints to large o8 nall =

- 1
el g B o8 PV

In;p.rnrtrl'r maik
leproper of brokes telitales. 3¢ i

5 Tl
Unsdertaliod locatian and g wnts, K

L]



e (hragn SEfuciire
|"|.-"|"r"-r|"' cosresd Byeanwy wections, &4
ingarmest <ore supports, B

B amall a1 i v
L iase pieves ROl prasperl ¥ soc s cid Lo paticrn, B8
Pagterms asud rlades loo smooth, B
Earierns nat eguEippeed with ramodl strips, B8
Parvierns 1o gloss 1o edpe of flashk, 8%
Patterns vow close ogegher, 88

Ruough Sutlads
Equipment with nacgessihie areas, %
Fallets vy ammall, 6
Materialy and coatimgs which induce stckimg. 91

Surface that o too rough, 91

Thick and thin patcerns cassing nonumfonm heat-

ng, 91
Weab patterns, 91
Hunouts and Hizeders
[hrty bearing suffaces, 5%
Ahamated patterns, 95, g 34 3, 6
Patiern mounted on ioo small a board, 9%
Weak pattern plate, 9%
Soars-Searns-Plages
Incarredt pantern demensons, (00
Farterns improperly resnforced, 0]
Werm paticrms or core bages, 100
Chifts (alwo Core Rame)
Imadeiguaate or impaeper care prints, 104, Fg
o 3, 104
Lack ol locagogs, 104
Loose or waen dowel pins, 104
Loose paticras on plates, 104
Alisalipmed locators, |04
Fatterms nol properly aligned, (04
Soft ram, 4
Shot Blctal of Cold Shats, 108
Shrinkaps Cavities and Lhepressions
Iecareest patiern dumenaions, 11D
Foor pattern construction, 112
Warn patteens oF core boxes, 112
Stickers
Insuilcicar deafes, 118
Pattern undercot or loase ot parting line, 118
Paorly polished or coared patierns, 118
Sticky pastern surface, (1
Wan (il 3nd depressions Nilled with was, T8
Warn of rough patterns, 118
Swells, elc
Core prinls may be inzccurate, 121
Excessive numiber of multiple pasterns in Mask,
121
Flask landings lower than paruag line, 121
Inacewrate damensions of multiple kiss-hroughs,
120
Imadequaisiy resnforced patieen. 121

Imadeguaie reliel vents, 121
Parting lines may be insecurate, 121

Warped core bones, 12|
Warped strained or of (-dame asien matchplates, 121

Wofn pallern eguipment, 121

Weans

Sharp ¢ corners thal dovelsp hal Spos, 125

Thimeores surrounded by heavy metal sechoas, |25

U newven meenal sections i core box gquipment caas-

ing monumiform heat desirobiteen o shell o hot-

b gdjidi ement, 125

Inadequate support Irom core drisrs causing crack.

el cores, |15

Warped core drers, 123

Warped Castings, 131, Fig. 32.1

FLASK EQUIPMENT AND RIGGING

Carbon Flatalisn
Roughianmng Masks, 7
Crushes, Push-Ups and ClampOfls
Improperly barred cope. I
improperky fng. dimy or croeked packets, L]
Insullicical bearing swrfage, 10
Ylsalignment al Mask, equipmenl, 11
U newen, diriy ar barned bonom boards, 10
Warped or uneven flask Joinis, 1]
Weak bottom boards. 1)
Weights too heavy or greven, [0
Warm pins and buihings, 10
Warm sippng plate on moddiag machine, [0
Cuwlz or Warhes
Flaik bars toa elose 10 patcern, 14
Flazk 1o small oo peomit proped gageng, 14
[hrops
Flaik bars 1oo chose Lo fisers, 23
Ienpraoperly lined. durty, or crooked packets, 24
| mswllicient cope heaght, 24
Misaligred, bent or sprung bands, 24
Mol enough bars, 24
Rough handiing dus to faulty equipmens, 24
Ton many patterns log the flask siee, 24
Weak, leose ar springy Masks and bars, 24
Erosien Scab
Bars improperly placed, 28
Bars, salders and gagers coaed with wei clay,
B
Rigging in teo small flask, 28
Expamseon Delects
fexrs or Mask oo close to pattern surface, 33
Flask too shallow, 33
Rigging which presents pauring speed. 33
Fims, e vSans
Fusaon
Excessive cope height, 3§
Upeven or st ramming, 32
Gias [helects
Rars tao ¢lose to mold surface, 43
'l:upq: fan shallow, 43, Fig. 0Lk, 4
Flask wall iaa close 1o mald surface, 43
Spraes o rsers e close to bars or fask walls,
4%
Hard 5pots
Flask bars 1o close to mobd cavuy, 33, Fig.
133,41
Weak battom boards and dirty packels, 53
Weak of warped fasks, 53
Worn flask pins and bushings, 53
Hat Tears
Llaven spris of riser too chose 1o Nask bars, 36
Graves, risers and runncrs ol permiing nacmal
cantragiion, 6

135

Inclusions
Fagtar whach cawses rubbang or panging. |7
Waiped af edsoked Dadks, 17
Adecal Penctration
Exgessive cope height, &4
Uneven ar sofl rammang, &4
Metal Femotration in Dense M olds
Exeesnive cope height, 71
Lack of ventang of flaik ansd battom koagds, 71
Mdetal imerts ar chills, Ti
Uneven ramenamg, 71
Moruns and Cold Shuis
Cope and drag shilt, 7§
Cope Mask voe shalinw, 76
Dustsresd bands, Th
Dnsroereed or ity jackets, 75
Flask snsullicwenily barred, 75
Lack aof tilting Tof thin castimgs, 75
Panerns nol properly mounied, 74
Weak or improperly reinforced Masks, T3
Ol Dvmension Rebied to Cores
Arhor of chaplet bocatods nar wdentalied, B0
Laaie pens and bushings, &1
Ramall or Ramaway

Inadeqisite supporn under pattorn, 82
Inearrect designor placement of peen bloc ks, &9

Loose patcern plats on jolt machine, 28
Lose squeets head on a machine, ¥5

Rough Surface
Arrangement of flask bafs préventing prapsr fam

muiAg, a1

Flask too small for equipment, 91
Runduls and Bleeders

Bumping molds an conveyor hine, #6

Faulyy bands, 26

Faulty pint and bushings, 94

Flask too small for castimg. 93

Improperly filnng jackes, %46

Insailicie ng or improperly placed weights, S

InsalTicient sa fd Between the boilem baard and

patcern, 96

Foorly cleansd jomat hine, a5

Warped and twisted bands, 96

Warped or twested joiat line, 95

Weak bnsulMicent, orimproperly placed clampn, ®
Funowis and Blecders, canl,

Weak or burnsd boliom boards, 0

Warn hingss and locks on nap Nasks, 26
Scars-Scam-Plates

Baottom board didtaraen, 101

Cope and drag shift, 1M

Flask sncsullicsently basred, 101

Lack af tilting for than MNag sections, 191

Fatterns nat poaperly mownted, 0]

Skl (alio Core Rade)
Fauliy or worn molding machines, 105
Tight, bent, wornor broken jackets or bands, 114
Weak of warped Masks, 0%

Woarn. beal of missing pinsor bushings, 104, Fig
26.4, 105 : :
Wornsetting. assembhimg, rubbing or checking

nEs. 10

Shoi Meial or Cold Shots
Bars in flask oo close 1o mald susisce, 108
Flask swall oo ¢lose v mold surace, 108
e i of fEis i choae tor Mask walls, 118

Shapkage Cavities and Depresvions
Cope Nask too shallow, 11, Fig. 24,112
Flask tosos semall, 1011
Improperly Tined pckens, V1)

Shsckerd
Excessive oo insudfscint vibeation o paitern, 118
Flask lackimg regdiny, | £
Incarrectly adjusted automates partingspaay, LV
Insuifwicanr fask hoght, 118
(hverjoliing, 1%
Placimg tass fnany patterm for (lask saee, |18
Wre ol misaligned patterndaaw device, 115
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S L, s ")
Cuigved or waorn sinke=cil 121
Diurey packers, 122

4 e
Poadly Tatang jackers, 122 .
Warped, Burmsd, ol . Bobboam Boards, 121

Wegghts bose Lght, 122
Wrong (k. wsd 122
Veama

Kough mechancal landling of uncured cares 123

Aaligned vhell or Bot-box edurpment CaEhng
srackmg of cores, |16

Flask not ruged enowgh for moldimg process -
wialwed, 128

L fMask Bars, 126

Rosigh canvesing al dofss or maolds, 126

Warped Castings

any compditios which provents desered Sontraction
[ R3]

Flaskt may be to0 wmall, 130

Weak Mlasks, M0

Weak sgueere baard, |30

GATING AND RISERING

Brokes ar Cracked Castings
Incorrectly placed cracking seeips and foz Bari.
1L Fg 314
Lack al adequats fillets,
System which promaics streases, 4
Carbaon Flaalion
[hstribubion of gaies and nsses promatiag hieat
refcabon, T
Incorrect wse of exathormic maerals, 7
Loscabized hot spots, 7
Turhulent Mow of metal, 7
Cuts or Washes
Escessive metal velnoity across mold surface, 14
Gisie forces metal Lo impings on makd, 14
Gate made 1o eliminate peol of metal. 14
[i.-"_-q._.,jt.:mrilmlinn of metal threugh gates, 14
Ercson S¢ab ’
Grating which creates imterrupted metal Mow, 29
Ciating which creanes localieed overheating. 30;
Fig £3 19 :
Gating which remehs initial metal skin, 30
Metalimpinging on and discupting sand surface,
M. Fig 82,20
Expansion Defecis
Ciating which causes nonuniform heating of mold
surfage, M4; Fig %4, M
Crating which causes interrupted metal Mlow, 34,
Fig 83, M :
Gating which prevents adequate pouring speed,
13, Fag 9.2, 13
Fins, y2=2 Ve
Fusign
imcorrect ratio of sprue. runmer and gate, 39
Laeation which pramates localized overbeating, 35
Owersize riser neck, 39
Pouring cup of sprus designed 10 cause aspiration
of air, 39
Gras Drefecis
Ganng causing turbulence, 44, Fig. 114, 44
Gating design causing iaterrupied Now ol meial, £4
Head pressisre ton low, 43
Improper sprige of gate design, 44
Inadsquats riser haaght or size, 44
Hard Spnu, i1
Inclusinms
Any lactor which creates 2 scab, et or wash, 17
Choke may beimadegquate, 18; Figs. 6.2,6.3, 18
Excthermic materials, |8
Improper gating, 17
Inadeqeate member ol gates, 18
Fateo of skim core area incorrect, |5

Slet1al MPenpceration
Iseorrecl rata of sprue. funner and gaie. LH]

Locateen whigh promotes loeakized overbeanng of
camd, bl :
[hversabe dined neck, &
Pousingcup of sprus designed Lo permit aspUrsLan
of anr. &b
Aletal Pengteanon i Dense Wl colills »
{ncareect raten of spf e, FuAner and gales, T
Lgation which promols aved heaLing o 3and,
Cisersipe riser neck, 72
Fiomiimg £ w0 spiue peremils 5para
sgsruns and Cokd Shuts

- -
Ganes ant properly located,
Imsproper duiribution of balance al gates. 78

Impraper sizmg of gatcs. runner and sprue. 76.
Fig 183, 75, Fig 184, 76
Tao low head peessure, T8
Qif [hmerseon Related 1o Cores, 81
n GFaan Sirwiiare
{Jp’;”“M nal soldefseation, B4
Civst rihulion of gates and risers promoting heat
retenbian, B4
insulficient number of gates, 84
Localized hat spols dise Lo gabs of fuser jumschion,
4
pamodl or Ramanay, B9
Pough Swrface
Aryangement creating hot spots. 1
Ingates creating Righ metal velocity, %1
P uncuts and El-ﬂcdeuh s
ad pressire (o0 high,
r:.:-ld :Iaxi:m 1o chose 1o edge of Nask, 96
Hprie, mscr., OF TWARET 100 NEAr side of Mask, 96
Searg-Seams-Plaled
Gates creating snserrupted Mow, 101
Gates which creats torbulznt Qow, 101
Gates which foster slow pourang, 101
Low head pressurs, 101
Widely separated or too few gates, 101
Shot Metal or Cold Shos, 108
Shrnkage Cavitess and Deepacihaons
Excessively bargs ingates, 114, Fig 287, 114
Gates and risers nod promoling progressive soelidi-
ficatsan. 11}, Fig 285 113
Improper ratio of risee aeck to casting, 114

peoen o air, 1

Insullicient number, o ymproperly altached gates

af risers, 103, Fig. 286, 113
Risers 100 small, 113
Stickers, 118
Swells
ingdequate beanng surface, 122
Mat enough pop-alls of rekel vents, 112
Yeins

Ciate ¢amsing metal to impinge oneore causing hot

spod in enitical arsa, 126
Riser tao clase ta core print, |26
Irsuilickent nuwmber of gates causing local hot
spoas, |26
Warped Castings
Gates inadequate for caped pouring, 130

Location which may cawse undesirable coading, 130

MOLDING SAND

Broken or Cracked Casungs

High hat strength coupled with bow green sand

delormation, 4

Low sintering point matzroals, 4

Peor sand collapsibilny, 4
Carbon Flotaten

Abmormally slow heat vransfer, T
Crushes, Push-Ups and Clamp-0i(s

Low dry strength, 1

Low geeen deformation, 1

Low presn strength, 11

Expansion Dhelzers

Cuiy of Washes

Haot maldinig sasd, 14
Imsallignl lay, 14
Low sircrglh sand, 14, Fig & T

Drops

Ciry strengih inddequate, 15
Girgen propenies inadaquale, 75
fald propemses “'"dbq'ﬂl.c. 1_1
oarly prepared sand, 15

Figs 5 Y

Erosian Scab

Eaceiinve ﬂjfhllmm:mn:.hl
Hagh maoiiure conteal, ¥ F'E ?mh
Impraper canditsinang of sang, jp
Prsullicient carbonacsous mater i
imsullceent hot delormation, iy
Toen broad o narrow geann destmnbugi g, "
Carbiankceaus I'I1-'I1El'|all1.|-u1|}-.1]j.;:|:i 1
Clay content Lo bow far mos '-“'Eil"-'l-'ﬂ-'-'-;-q-q:
Fig. 9.6, 3%
Excessive marsiune content [oeihe fnil"*
wolved, 35 Fig. %5, )4
incorrect groim size and shaps, 14
incarrect sand prain distribston, 15
Insufliciznt cushioning maisnal, 34
Segregation of materials by im prope Minig
Tao low hol deformation, 35; Fug 08 1

Firs. see ¥eins
Fusien

Any Muring reacieen maienak, 4

Low sintering or fusion poing of 1and 3

Sand (Rat promiotes porosity of meld sy
Fig. 10,2, 40

Gas Defects

Clay balls, 45 Fig. 1.7, 46

Coatings ConLaming sxoessive gas producy
teraaly, 43

Exceisiine |_'.r|.~r|1'l;-e.:|IJ|.Iil'pI inskin dried mald

Forcign matersal in sand, 43; Fig. 1164

High misture v green sand, 44, Fig 115,

Inadequate peromcabiliny for materiak o

Poorly mused sand, 45

Too caarse paetebss of gas-produding ml
45

Hard Spats

Tramp matet ials in saed, 53
Wet spol i sand, 53

Hot Tears

High hot strength and low greensaed &do
57

Low sinterang-point materkals, 37

Paor collapsibiliny, 57

I mglusians

¥
Faclors causing s, washes, seabs 'H
Low fusion point matenials, 15 Figs © 4

Inverse Chills, 5%
Mlass Hardness, 6l

Meral Penetration

Excessive mold permeability, &0

Improper distributaon of sand graie:
163, b

InsulTicent carbonacesus or deanil!
4, Fig. 164, &5

Insullicient coating of shell 32

Low Mawability or maldability. o

e Mol

iy
JEk

full,

Metal Penctration in [ens
Exccis or free movsture i &l
Hot samd, 72
sonunilorm density, 72

Misruns and Cokl Shatd
High mosiure, T
Permeability too o, T .
Sand foo lllp_'h 1] wolatile M3 jjrabet
Too high heat trapsfer molhe
Weak hacking sand causnE -

Open Gian Structure, £4

Ramofl ar Ramaway. ¥

Raugh Surlace
Carbopaceass mater
£ xcesyive pariings. Wl

7 :

Y
al Tt o



promabality Of moldability 10a fow, 93
L)

Al gn M= S
& e T afeparalatn, ~

qerahs an samd, 92

= 1 iR
;:1 I}.-I.'nr-l' bt sETENERTN, Ha
o o g casilly Tesed matenals, 92; Fig
.o pE TR E
i
Tapd, 92
-Jh.l."l,‘.w o Bigh in carbonaceous matercals, !
:fd-:.h. o larw o hagh immaisture 91 Fig. 23.2,
gyl 6
2 e T
fou high permeabilidy. 9. FIE. < 1,9l
ot and Bledors
“-"E' caannr ENpANIAN. contractn g7
LT =
Lo defprmalsal sand. 9
weak sand. 90
S'jr-.-.'u.'J.nn-r'Lnl.vt-

,""mmr-.un.lr:ngr.‘und permeakalvy, 101
.E-..'n-.n-: feee water, 101
High EuparmInn, 12
Lo Rt dgfarmation [,
v F-:'nl-.uh:ill.:-_ [[iH
fao migh wn gas formsing matenzl, 101
Ciifns falkso COrE Rarch, 106
éh.‘-l Metal of Cold Shaots, 109
ghninkage Caveiecs and Depresoons, 114
Sqichers
Hi sand. 113
[gadsquate mold properiied, L]
[madeguate sand prope i, 114
pogrh mixed sard, 114
wet sand, 119
Sarlls
sand comnibuting 1o makd-wall mavement, 112
g3 whech promates weak or soft mald, 122

Ngind

Facessive QPN mans rialinsand {scacaal, g1 )

i

Ecessimve maisture in sand lar skin-dried or gven-

dried malds. 136
[mproper mulling, 126

Excestive amaunts of fings in molding mistures, 126

Warpzd Cattangs
Hen sirength too low or high, 130
Tew bow Towabilary . L350
Too low preen strengih, 130

CORE PRACTICE

Eroken or Cracked Castings
Loww hp deformation, 4
Over-roanfoneed eores, 4
Poor collapgibility, 4
Rods. arbors oo close Lo surface, 4
Carban Flotation

Inyulating gas films changs rate of beat trans:
fer, 7

Uinderbaked ail-bonded cores creale exothermic res

agtign, 7

Crshes, Push-Ups and Clamp-Offs
Cote sapped out al shape, 11

Coue oo large for print, 11

Excessave core wash, 11

Misaligned care assembly, 11
Woarped cores, 11

Tty or Washes

Improper core coatng. 15

Poarly patched cores or filled hook holes, 15
S0l core surfapes, |4

Sft or nenuailormly made cores, 15
Vems too close 1o surface, 15

Drrogs

Cere Lailure in centrifugal casting, 26

Wayk
Eiition "'Sulgiﬂtqu.ﬂ:ly secuared care, 49

Care bow, 3i
NEESIVE moisture inoar on gore, M

Inadrguate depab ai {acing samd, 31

Inadeguate penciration of mavh, 3

Incuilicienm hol dslarmatsen, 1
Expariens Diglecis !

‘:.-r-rtr wand ar green Lop cores, 17

mullsguene penctratson of wiik, 37

Lovw b delaiemation, 1T

Momunifonm fam, V7
Mamunifosim shell (Bagckeess, 17

ooy or arbaors oo close fo core serlsce, 37
Fins, vee Veina .
Fussgn

Hroben of distisrbed care wash, &

Condilion prasnating finmmag of weoneng. 20

L ores that have feked up mcasluwre dursng slod= LOT-

age, dd)

Dipped of tprayed cores which are not sedricd, )

[ty core hox, 40

Fluxing resction materials, 40

CRERLIN 318 10o lagpe. 40

el lscwe ni penerration af core wash, 40
Low hot steength, a0

Foarly cleansd and fimihed cares, 40
Peorly maned core samd, 440

Biough o porous core surface, 40

Soli rammed corss, 40

Tao low ssntersng or lusaon paint of sand, 0

iasr Delecis
Chill o sealing matznals nod dred, 49
Cores absorb moisture, 48
Core wathiaa hesvy, broken or net dined, 45,
Fig 11.11, 47
Excessive binder, 47
Excessave of wel paste, 4B
Exposed hooks, wincs af hangers, 48
Foreign matersls, 48
Haaoks ar hanger holes filled ard mot deved, 48
Inadequate peemeahility for conditrons. 47
Inadequate venting. 47: Fig 119,46 Fig 1110,
47
Poarly mised core sand, 48
Underbaked or undercured corgs. 46
Hard Spoas, 54
Hot Tears
Excessive hot or dry streagth, 5T, Fig, 130,57

Low hat deformation and poos collapsibilaty, i

Over-remforond cones, 57
Rodi, arbars, €16, 1oo chose to surface of
corgs, 37

I lwsisns

Factors causing cus, scabs, washes, 19
Improperky cleaned cores, 1%
Premature collapse of cores., 19

[ pwverse Chills, 59
hlass Hardness, il
Wlcial Pensiralign

Froken or disturbed core wash, 7
Conditsn promaiing veamng of linming. b7
Cores pieked up mansiuge, &7
Dipped of sprayed cores aol redried, 65
Durty core box, b8 _
Giramn sags Lo Large of improperly distnhuated,

1]
Insullcient abiof plid ol coce wash, &7
Low hat strength, &7
Poorly cleaned and [m“:.n:n; cares, BT

rly mined o0ae S0,

:::ljfl:::r.purqluh cote surface, 67; Fig. 16.6,67
gaft rammed cores, 67, Fig 165, 67

petal Penetiation in Dense Molds, 71
pisouns and Cold Shuts

~are shit, 77
E:r':, not properly sired of fated, 77
Cares 1o hard, 77
Distortion, 77
Excess weash on COE. ™
Heat iransler, n
| asafligrent veRling.

Raised or sagped cores. 77
Reinforcing rods 100 close tocore surface, 77

127

1 Dhmensson Relied 1o Cored

Improperly marked carex, Bl

Ienproper rodding, 82

Sagged or divonied cofes, Bl

Settimg cores end fos end, eic., B

Tas mech or lack of paste, BL Fig 19.6, Bl
Unidereured corcs, &2

Wash coating too thick or thin, Bl
Wrong core used in aaembly, B

(hpen Grain Structure, R4
Faugh Serlsce

Cores ineoreectly sprayed, dipped or coated, 91,
Fig. 23.5. 93

[rirry cone hoges, 92

Incofgect cnre coating. 93

Low hot steengih, %3

Overcured cores, 93

Poorly cleamed and fissshed cores, 93

Poorly mised eore sands, 93

Bough handling, 93

Sand grains too ¢oarse, 92

Sewlied care surfaces, 93

%afl cammed cores, 92

Runouts and Bleeders

Cores smproperly fitted of pasted, g

Coges fon wesk, 97; Fig. 243, 97

Irert eore filling material oo close tosurface,
97

Shell cores improperly sealed, 97, Fig. 24.4,97

Thermal breaking of shell cores, 97

Thin spets in shell cores whichcrack, ¥7; Fig.
4.5, 97

Venes ar rods oo close 1o surface, 97

Tears-Seams-Flates

Cares aot propetly sized or finted, 102
Cores too hagh in g3 forming material, 102
[nsulfsent or plugged venss, 102

Low permeabiliay, 102

Rubbed core susface broken, 102

Wet underbaked core, 12

Shufts (ala Core Raise)

Gireen core distartsons, 106
Sisabignment of cores in assembly, 106; Fig.
26.5, 106

Shot Metal or Cold Shots, 109

Shrinkags Cavities and Depressions

 gre movemenl €AUSING UAEVEN Metal sections,
Caore permitting mold-wall movement under pre
sure, 115

Sckers

Exgessive maisiure in sand, 19
Crvarsieed ramup core, 119

Reaction between hinder and parting. 119
Licker i core box, 119

Swells

Coge oo small for the print, 122
Cracked, heoken of wazped cores, 123
Excessive hot deflaemation, 123
Insulliciently renlosced cores, 122
Seiting the wrong core, 121

Thin section on shell care, i3

Wenk cares, 122

Veuns

Weak gores (green or cared), 126

Coges ton denac, 126

Excess bndees, 126

T oo papnd hoating and coplingincnre ovedn, 1
Baking temperature 1oa Righ, 117
Ohven-cured cores, 117

Aratle cores, K27

Warped Castings

High o strength, 130
Cver-remierced, 130
PPoor collapsaibily, 130
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MOLDING PRACTICE

Heakem or Cracked CasLimgs
Fagegsane vaahbeng oF ppainag. <

Impeoper wee a1 oh Iy, 4

Mald rammed 1o hard, €

Ruses oe aprst boo cloks 10 Mask. 4

Elods, i bors and gaggers toa close bo medd sar-
(e, 4

Carban Flogalsn
Charge n coohag rate, T
Crashes, Pueth:-Ups 364 Clamp-08ls
Carebest closeng of modds, 12; Fig. 4.5 10
Careless core woang, 12
Careless handhing of mobds. 12 Fig 4.3 11
Dropging the maghts, 12
Faslure 10 wedpe fask joisis, 12
Faults Bedeing of malds, 13
Improper setmng of jackets, 12
5¢|||r_g depty jackels, Ia
Gremy chapleti Aol properly wedped, 12
U pgwers champing of mokds, 12
U pahaved ¢ore prinks 3nd joints, |2
L4 af wrong-of B Chapals, 2
Cuts or Washes
Craggers, b or soldiers se1 1o clase to mald
surface, 15
Mol edjpes brned by 1arch, |5
Solt o nonunsdarmly rammed malds,
Deops
Carekess oore sainimg, 28 Fig .0 X
Gaggers. e1c 100 close 10 mold cavity. 26
lasalfazeznt mald resnfarcoment, 26
sanunilermly rammed emalds, 25 Fig. 7.6, 28
I{nuEh fearsdbang. T Flg. TE M
Separaton of mokled layers of sand. 27
Gertimg the gope crooked, 27
Erenizn Scab
Clay wash on gaggers, 30
Escesunve sheking, 31
Expansion of wash not marched 1o sand, 3
Gaggers too closs 10 pattern, 31
Irsulfsccnt peretration ol wash, 31
Mald or wask ni praperly dried, 31
monumlcrm ramming, 3
Expansinn [refects
Excesiive trowelhing ard sheking, 37
Exeeisive wask, 37
Ciaggers, cic. too close pa mold face, 37
Insuffucient drying of wash or mald, 37
Insuffigient penetratoon of wash, 37
Uneven ramemeng. 37
Fins. wec Yeuns
Fusagn
Any combiration of hat and ¢old materiaks caus-
ing condsniatan, 41
Excessive wse of parting compounds and waskes, 41
Imprageriy fitied stop-ails, 41
Mot enough lacing 1o cover pattern, 41
Peodly paiched areas, 41
Saft of unesen rmeng, 41
Too low Baums, 41
Uneven costing af cares, 41
Unever or insufficient dried coatings, 41
Gas Dielects
Clay wash 100 heavy on gagpers, 43
Combinatsons of hot and eold materials, 48
Draugh rallton wet of toaclose (o mold caviny, 49
Encessive liguid parting, 45
Excassive slicking and patching green sard, 49
Gaggers, erc., too close Lo pattern, 48
Mard spois caused l::rim_pl'n-per r.mmin.;,dt
Improper ventang, 45
Insuflicesmaly dried molds, 48
Imsulilicizng sand in Mask, 439
Mald wash Lo heavy of not diwed, 49

Hard Spoas, 54

Hat Tears
Ercessive swabbing or sponging, 58
Failure 1o place challs, 38, Fig. 132, 37

-—
i

Bamencd toeo board, 3B
Biwer or sprue ioo clone fo fask har, 32
Rods, arhars, pagpers bo clhose dao imald sur-

lece, 55

I mclus i

[ npessve use of hiuid paring, 19, Fig. 6T, 09
Euctors causing guls, scabs ol washey, 19
Loivke sanad Irioems gores of mald, 0

Slappy o careless malding, ]

fangies il s
Rlgas Hardness [
Aberal Penstratsid

Baume 100 low, 68
 amvbination of kot and cold matgfials seuang up

condensatign, 63

Expessiae disg of parling £0m poaiands and washes. L

impioperly fined sopoolls, ik

Mot erough [30iNE fo ¢over pattern, i
Fonrly patched arsas of sand, &%

Sodt and wnesen ramming, B8 %
Uneven of insallecsent coaling of §praying
Laeven af insallcsently dried Coatings, & Fig.

167, of

sizrall Pengtration o Dense Salds

Baume too lew, 73

Combirstion of kot and cold matenals produceig
ndensatean, 13

t::ﬂ:umng high s low pormeabilily samds, 71

Escessive use of parting compounds, T3

Nt enough facing ta cover mald surface, 73

L resen or insulliceent coating or spraying. 73

Ureven of insulfwatly dried coatings, 73

Urewen rammang, 12

Masruns 3nd Cold Shuts

Careless cullang af the sprue, 77
Encessive shicking or patghing, 77 ,
Hard eammang causing low peremeabiliny, 77

Improperiy bedded or clamped bottam boards, 77

sqald insullscwently pappered of barred, 77
Salt rammung allowing cops Lo $ag. 77
Thin Nat surface malds sz level, 77

Taoa heasy ¢aat of wash, 77

Taa mall or too fow chaples, 717

Umneven rammung. 17

Wranpg dimension chaplet, 77

QI Dimensien Relagd 1o Cores

Cores ket owl, 82

Cires sl ampropeely, B
Impropet (ling of cores, 51
Selteng defective cores, 2

Qpen Grain Structure

Lack of venls, B4
Omessian of chill naik, 34

Ramoll ar Ramaway

Fulling e Mask too full, 89

Impioper tucking, 59

Pretamming of sand, B9

Famming and preningin wrong direction, B9,
Fig. 22.2, 3%

Rough surface

Arrangemenl ol gales and risers which ereate hat
spols, %3

Coresthat are rukbed and not refinished, 94

D:n::,l patterns, q1

Excessive wse of parting compounds and washes, 91

Poar finishing, 93

Sand that 13 nad caddl=d, 93

Salt ramming, 91

Towa low Bawme, G5

Uneven og induflicienr spraying of coating of
mabds, 23

Hunouts or Blecders

Careless closing of mald, 92

Impropsily bedded botiom boards, 57
Insulficiear resnlorcamp of mald, 58
Insullsciently af inpraperly weighted molds, 97
Lack of cape seal, 98

Monuniform hardness of bedding sand, 98
Rapid heating of skin-deied molds, 28

Saft ramming, 97

Hhalis dalsn Core Rame)

e

Upaler- o overbabked sup dAried
Unevenly clampod moldy, 57
Wemlang Peas clone b puiieng s

Mg, ..“

Scart-heamis-Platey

CoemBastin il hol g cnl
Excenniwe slickeng and F’lll::':;_“lr[:;h'"q
Imsmlie el venting, 103
Menansladm ramnming. IHE.FH; ¥ 3
T hin micial weelimm, 1607 ¥ j].lll
Too ow hoad preswre, 102
Tairbslent mecal Maw, 102
Wirang chapists, 11K
Excesse rapping of logag Palhenre, gy '
ImPIu[rEr clamging ar “‘:'Eh"ﬂﬁlﬂ'mm
Reversang the cope an jhe diag, g
Reugh and improper handiung of meyg |
6, 1T, 10 + I
Seiing the ende sncarrocily, 104
Wsimj davwel pan binkes far ”'"D'“Ehﬂn.n |
Lising impragsr ar unsotured ch.1|;||m_-|h I
Shat Metal or Cold Shots, 104 i
Sﬂ‘i-kiﬂf Cavines ard ntpﬂ::mm_ I“'Flul-!
MAH, 114
Sinckedrs
Carchess ar impraper dﬂ-“‘m.;ﬂfmu;m_m,
Excessive liqmd parng, 119
Excessive or insulficient vibratiag of panes
e
(FAgpers, €lc . oo Closkes 1o care bax, 1§
Insullscicm mold reonlorcement, 115
Leasang pattern i ald oo bang, 1%
Ramming directly an patiers, (K]
Fough handling of mald, 11% ]
Toogreat temperalure differsncs betwesngy

and sand, 119
Swells |
Excessive shaving of the jais, 121 il
Poarly veinlorced malds, 123 _ﬁ
Bamall of ramaway, |24 >

Salt ram, 123 -
Uneven bending of botiem boards, 124, Fgl
123
Unevenclamping of malds, 123, Fig 104
Veins |
Excessive shicking of malds., 127 Ao
Inadequanely reinforeed orsuppaiied ﬂdq-.—_'
Monunilorem tarching ol skin-deed molla
Unewen clamping of molds, 13
Escessive mold wash, 127
Sall rammmeng, 127 ]
For additional factors see alyo Mk cquptd
and rigping, 127 =
Warped Castings i

Impeaper relationship of mold hardser. |
Special molding techmguss nol used I

METAL COMPOSITION

Broken or Cracked Castings JhE
Compoution with 100 high shrinkage- "8 ;
Wrong camposition, 3 ;

Carhon Flotahon
Aluminum, 7
Giray ipom, T .
Sphermidal graphute rom, |
Sigsl T

Expansion Dhelects, 17

Fimg, see Weins

Fusioan, 41

Gas Delects, 30, Fig. 1115, 4

Hard Spots, 34, Fig. 124, 3

Hot Tears. 58; Fig 113, 38

Inclumioni
CHf analysos. 20

Inverse Chalts, 59

Mlads Hardesss
Ajuminum, 62
Buass and bronre, 61

]
.'
E.
I



L Juenihs iFam [
l:‘q“mjl.ulﬂ ¥
wial Pt
sl &2
i [‘._-n.-l.'J.mu
M apoitinn SRS high pouring teenperature, 69
e r“|i_‘||l|'|i .'.1rl-.||I|.|:-|-|.1-._ Bs
e :1 "I.:.‘-.‘ 1o Mugad axndes &R
“tl“r':r.fl'.ﬂh-r «n Dense Malds
yleial Ly aunles have low surface 1enibon, 73
:::::" o B pnmdes FEaLl s h-:rn:-:-.-'_'!-' with sand, 73
wiptals il higR vapat pressure, 21
WqyErEns amd Cokd Shuts
§ faeni 1 urm Aoyt
Eeasd g BrOAIC . ‘
{iray- malieakic and dactile iran, 7
wjagnesiam. &
egeel, 7T

en Grasn Structure

‘_q_|ur|1muﬂ1 alboys, B35
et Ciraen Simictures. cam
H;u:.'i and homig, 83

Graphilizers, &4
{Geay AR and mallzable, Ed

slapnesiim alioys, B3
prosphorus. B
giecd, 33
pough Suriact
Hagh poureig pemperaturc, gl
Composilion which tends bo react wath modd sue-

(ace.
g uniuts and Rleeders., 96

5-;ir!--5r-'lm1--F'l:|I!n
Eupensing carbsile stabilizers, 1ol
Expessive praphaizers, 103
Tow Waph or ke carbon equisalent, s
Shor Mgl or Codd Shots. 109
SRsinkage Casiizs and D pressions, 115 Fig
w4, s
Swilly
E.:.piln.!-rﬁﬂ..in
werali vary in speailic grasaly.
Posnng iemperdiure. 124
Woright al casling, 124
Weufis
sierals wilk s rendency Lowards
high-leadsd bronges, high-cafbon
phosas gray wons, 125
Warped Caming
Any [aglor promoting stambilieation of epmbaned
carban, | 30
Excesgmve use of carhide stabuliz

High combined carbon, | 30

g contractienellests of metal, 124
114

verping sLech 85
«sligon-phai-

crs, 150

MELTING PRACTICE

Brotes or Cracked Castings
Camposition with 1a0 high shrsnk3ge.
Excasine carbide stabilizers, 3

Carbon Flotatign
Aluminam, &

Brasy and Broaze. &

Cugals-mehed gray and ductile iron.
Magneuum, E

Malleabir, 2

Expursion Defeces, 37

Fasion
Any Muxing type of matenal, 41
Cixidized preyal, 41

Caag Daefects
Iror, S0
Nonderrous, 50
Sazel, Si

Hard Sposs
Absarplien of pas, 54
Cald :rfl.cl.'.m‘_ ;:

Exctstive superheat and rapid melling. 34
Inoculation, 5%

Metal meled oo eold, 53

Wetsand hotsams, dirty erucibiles and raali, 55

§

£

ot Tears
Excessive carbiide scabslifers, 5%
Wrang comporiiund fug Eo aneliis charging. 44
Incluasions
Adboy sddstien producing dross, 2, Fip & K, Hi
[henniliarirers, 2
Inadeguate relvactary matcnal, 2
Insuflicient slag volume, TE .
Fedwecd melung iempcesiure, 21
Thin 1“5’-‘\- i |
Undissalved alloy addvson ar inoculant, B
Imverse Chalis
Rialeng euctal, &
Hudrogem atmosphere, 3%
Inadequatc imscwlatian, 5
Klosstude on Blasl, b
1fge af coentarminatod marerials, B
Mass Hardrgss, B2
Metal Penetratiom, Y9
klergl Penetration an Dense Malds
Eacessvr wie of deavidizn, 7]
Mleltimg 1oo hat, k|
Mliwrums and Cald Shuls
Cold melied or shuggsh metal, 7 Fags 185,
i&6, 78
Damp Lk addibons, ¥
Excessive ladie addiivorms, 18
Chxicdhieed oF gassy meal, 18
Wiong, coanpasitian, T8
Qpen Gram Saruciue
Alumanum, Jf
sy aml bronee, 86
Careless chargang of marenaks, 88
Cuwpala melied gray iran. 4]
Interman gal aperalion. e
Melteng toso bk, B
Too long a tappang mnterval. $6
Soars-Seams-Flaves
Esxcessave Ladle additiens, s
Quxeduped af gaisy wom, LK
Shuggish meeal, 10
Shkiinka s Cavities and [ pressadns. 113
Cwells, 124
warped Castings
Carelessness in chargang of weighing,
Meiting may be 1oa cald, 131
Pracrice whickh ¢hangss camposdae

13t

n. 13

POURING PRACTICE

Broken or Cracked Caslings
Insufficien) paufing lempefaluie.

Carbon Flotation
Pouring below fempratiire of solubibay, §
Pouring too hoi, 3

Crushes, Push-Lips @ Clamp-L11s
CHroppng Wenghits, 12
Impropes setting ol jac kets, 12
Resging Ludbes o mald, 12
gening durty jackets. 12

Curs or Washes
Eacesinve POENNE
Hard pouring. 13

Draps. 27

Epqusan Scab
Frieasnvi powiing

]|

Interrupied poutitg, E1]

Expansion Delcels
Poeufaiig 140 [ L¥
Pourang tou slowly LY

Fins, 36 ¥euns

Faiseien
Eacessive hugh poufing temperatures, 41

Exgesnive Paunmg hoght, 41

Gas Delects
Cipld, danmp, or giee

5

pemperatures, 13

iemperatures, 3; Fig £.3.

f crwcables ar Ladles, b L]

[terrupled pOUEing, i
Ladie ar ciucibd
Powring cold metal, 5 Fig
Show pouling. 0

jon high above mold, k1]
116 %

139

Mlard Spols
Ger endnies under

Hm Tears. 34

Irr s
Himlung Ll |
|ngeranitent ad 4 o |!H|J|.Irl-rl-l...z
Ladle linmgs, &2
Pownieg irmperal uie, 2
sk ammwed metal, 11 Fig 69, 19
Slag accumulahons, 1x Fap BB, 22
srrength of Ladle himngs, L)

Inweeue ol
Hobdine 1on long afice instilabos, Bk
wet ladles, &0, Fig 143, fill

sixys Hlardness, 62

Meral Peneirilion
E scessve pouding height, il
Excessive piming leimperafiee, 0

sqzial Pepetratuen in [Henie Maolkds
Exorssive pruding height, 13
Expessive prooding lemperalune, T

siseuns and Cok Shuts

Bading metal. 19

Jalerpupied poann

Sl kecping Spruc.

Faufing pressurs peduced by rwne

ifaursng shart, T

PFaufing emps=ratare pae low, T8

Paunng 100 slowiy, 79

Redissing rale of pour o son. 1B

glag. din or ladls relractary which staps ofl
gate, 70

Thin flai castangs powred an level, T

i imersion Reled 0 Cares, §2

Cip=n Grain Sruceure. b

Paured Shaort. BT

Bough Surface
Improsmperiy shimmed ladles, 4
Too high pouting [EMperaiwee o4

mlelung Fraciue, Haid Spode

2, Fap. & 10, 3

g TR, Fig. 18T, M
runmer and gates full, 79
1, %

Runouts and Bleeders
Bumping molds, 99
Euilure 1o uss jackets, weights
Impropeily placed pckels, o
Jackei 100 narrow, ¥
Poumng oo hard, 99
Pouning 1o hat, 19
Rempving weighis Lo $000, b

ar clamps, 98

Sears-Seams-Plates
“pushed cope, 103
Gas spirodupsd dufing poering,
Ingcerupicd pouning. 103
Reducimg rate of pouning oo 3008, i3
Than Mat secvigns poured level instead of

inlzing, 1Y

[[iL]

Shalis {akse Cote Haise]
Rurnping mokds wih Ldie, ol
Shppage of the cope on the drag. 107

Shot Metal or Cald Shots, pe, Fig. 200 109

[ pacssanng

Shrnkage Casvilies and
iners wibh Bt neenal, 11

L praspsr touchup al
Fag 28 0, s

Pisring T caolid, KA

Pauring i B I 14

Swells
Eagessive metal lemuperakuie 114
Micnal pressmarc 1o gl P34, Fag W0 00L 02

Wenns
|J|.'ll.lrLr|.F Hinid [}
Frowrang o fiay L PR L

HILEE AEARNAL O COIT s

netal s b by wim
{le oo lugh, 124

Wi pead Uandings, 121

sl B metal can |-.r-.|:|.-|-|u|'|'|.--'|n'-.1 '
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MISCELLANEOUS

Broken or Cracked Castings y
Banding 100 tight on paliets: Fig 26
Carclessness on hapdling, !l|.1 :r;;t;;i'n:;!
Meavy castings iumblad with b '
|mp3ﬂr F'E"“‘ in 1.urnl:l'||l'l§|lt barrels,
lmy pling or seacking, )
mpmma saonafier pouring, 5; Fig 1.4.4

Carbon Flotaton
Rales of cooling 1o slow, 8

Crushes, Push-Ups and Clamp-0ITs
Rough handhag, |2

Cuts ar Washes
Excessive parting. 1%

Diraps
Foreign macerial in sand, 27
Mald explogions, N
Yibeation, 27

Ercsion Scab
Foreign body elase 1o mold, 3

Fims, see Veing

5

Dredfceis .
G]CJ.MII:., chaplis, !
i Fig II.I'-'._faﬂ' &
insullcizml centrifugal force.
Hard Spots, 33
Hiot Tears, 3B
| [
I“;:::l:tﬂ i mald, Fig .02 42
Mass Hardnest. 851 p Molds

| Penetrakian in
H;::zr maisiuge 1k I:; n;:;ld_ 13
gru'l:ﬂl:h-wnd:;dr::nmg chemically with metal
oxpdes, 13

Shaking ol
i and Cold Shuls _
H:Li:::: and chaplets Loo largs [ar section, 79
Condepsatian in mold caviy,
Reduced metal sechion, Ek
Qi Dimension Related 10 Cores, 81
Open Gram Structuse
Impiajpes heat treatment, 86

fes FUALY, auidized oF dafip,

(oo cald or toa Late, i

Improger machining, gy,

Rate all conling e g, .
Ramoll or Ramaway, gy
Fough Suarlace

Fareign materials, 9y

Improper cleaming 0y
Humiwts of Bloeders

Kmocking off patey ang

Shaking il Yoo bot, gy
&'Jlin!“tlmllphu‘l. I
Shiles {abso Core Raise), 107
Shot Metal of Cobd Shau, |1y
Shrinkage Cavities and Dhepresiang, T, |

Ay

MHErg g
ey
L

2810, 114
Stickers, 114%
Swells

[Doirty pallets, 134
Excessive spinning specds, |24
Veins
e ceniialiagal casteng, any cond;
a lack of adherence n{?l;g 1,,..;';::::“
128 8
Warped Castings, 131, Fig 12
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