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FOREWORD

This report was prepared by the Boeing Military Airplane Development

Division of the Boeing Aerospace Company,vggﬁffle, Washington under USAF

Contract No. F33615-76-C-3111. The contract work was performed under

project 486U under the direction of the Air Force Flight Dynamics Labora-

tory, A;;;;;;d Metallic Structures/Advanced Development Prcgram Office,

Wright-Patterson AFB, Ohio. A significant portion of the contract, includ-

ing all effort discussed in this report, is being funded by the Metals

Branch of the Manufacturing Technology Division of the Air Force Materials

Laboratory. The Air Force Project Engineer is John R. Williamson of the

AMS Program Office, Structural Mechanics Division, Air Force Flight Dyna-

mics Laboratories (AFFDL/FBA).
The Boeing Aerospace Company, Boeing Military Airplane Development, is

the contractor, with Donald E. Strand as Program Manager and Donald D.

Goehler as Technical Leader. This phase of the program was conducted by

Richard G. Christner assisted by Calvin R. Belden, James W. Faber, Jerry E.

Ginn, L. Arne Logan, Robert C. McField, Howard L. Southworth, and Andrew S.

Tam. '
The contractor's report number is D180-24610-1. This report covers ;

work from June 1976 through March 1978. i
Other work in the CAST program is reported in:
0 AFFDL-TR-77-36, Final Report, Phase I, June 1976-February 1977

&= {0 AFFDL-TR-78-7, Final Report, Phase III, August 1976-March 1978
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SECTION I
INTRODUCTION

The purpose of this program is to demonstrate that the use of castings
in airframe construction can be extended to primary structural components.
The program goal is to achieve the above with no weight penalty and with a
minimum of 30% cost savings. Specific objectives of the program are to
establish necessary structural and manufacturing technologies and to demon-
strate improved integrity, reliability, and reproducibility of cast aluminum
airframe components. The baseline component selected to demonstrate Struc-
tural casting capability is the YC-14 body bulkhead at body station 170.
This is the body nose bulkhead that provides forward support for the nose
landing gear and nose gear door. The cast version of the bulkhead weighs
185 pounds and measures 90 x 53 inches. Much of it is only 0.10 inch
thick.

The CAST program is a six-phase effort. The six phases include the

following specific activities:

Phase I: Preliminary Design
Phase II: Manufacturing Methods
Phase III: Detail Design
Phase IV: Fabrication of Demonstration Component
Phase V: Structural Test and Verification
Phase VI: Technology Transfer
1




The objective of Phase II, Development of Manufacturing Methods, is to

establish necessary casting foundry practices and related manufacturing
technologies to support all design and fabrication efforts. In accomplish-
ing this objective, the trial-and-error methods of casting were minimized
and a more scientific approach was taken. This will ensure high and more
consistent mechanical properties. This effort involved extensive charac-
terization of each step of the casting process to define acceptable limits

of process parameters. This technology will then be used during the fabri-

cation of the demonstration component during Phase IV.




SECTION II
ALLOY SELECTION

The age-hardenable aluminum-silicon-magnesium alloy A357 was selected
for the CAST program. This alloy is characterized by excellent castability,
good response to heat treatment, high resistance to corrosion, and good
weldability.

A357 is similar to A356, but has a slightly higher magnesium content
and controlled amounts of titanium and beryllium added to increase the
strength. Table 1 shows the chemical composition limits established by the
preliminary material and process specification, M-XXXX, "Aluminum Alloy
A357 Castings, Primary Aircraft Structure."

A357 is used in the solution-heat-treated and aged condition. Table 2
presents the nominal heat treatment specified in M-XXXX.

A typical microstructure of heat-treated A357 shows that solid solu-
tion dendrites of primary aluminum form the matrix, with an interdendritic
eutectic network of alpha aluminum and silicon particles (Fig. 1). Ex-
tremely fine particles of the intermetallic phase, MgZSi, precipitate out
of solid solution during aging; however, these are not visible at the

magnification of Figure 1.
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TABLE 1. A357 CHEMICAL COMPOSITION

Percent, Percent,

Elements Minimum Maximum
: Copper -- 0.20
g Silicon 6.5 T-5
Iron -- 0.10
Manganese -- _ 0.10
Zinc -- 0.10
b Magnesium 0.55 0.65
| Titanium 0.10 0.20
f Bery11lium 0.04 0.07
| Others, each -- 0.05
Others, total -- 0.15

Aluminum Remainder

e e




TABLE 2. A357 HEAT TREATMENT

Precipitation
Heat Treatment
(Aging)

Solution

Heat Quench
Treatment Delay
1010°F + 10°F 8 sec.
for max.

16 hrs. min.

Natural
Quenchant Aging
170°F + 30°F Room temp.
water for

16-24 hrs.

325°F + WO°F
for
8 hrs. + 1 hr.

[>> For castings with 1 inch maximum thickness. Add 2 hours soak
for each additional 1/2 inch thickness.




Figure 1. Typical Microstructure of A357-T6
Mag.: 100X
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SECTION III
METAL MELTING AND POURING TECHNIQUES

1.  BASELINE DATA FOR SPECTROGRAPHIC ANALYSIS

Close control of alloy composition throughout the casting process is
critical if mechanical properties are to be optimized. This can be accom-
plished only if the means of determining alloy compozition are reliable.
During this program, vacuum emission spectrographic analysis was used for
determining alloy composition. The removal of a spectrographic analysis
sample from a melt is shown in Figure 2. This analysis method is fast,
convenient, and can produce reliable results. Its accuracy was compared
with the more accurate wet chemical analysis at the beginning of this pro-
gram. The results of analyzing an A357 aluminum alloy sample by the two
methods indicate that the silicon and magnesium content differed by only 3%
and 7%, respectively. Based upon this comparison, it is concluded that

vacuum spectrographic analysis does produce reliable results.

2. FLUIDITY TEST

Fluidity may be described as being the property of molten metal that
allows it to flow through the mold gating system and ultimately fill the
mold cavity to produce a casting. The amount of fluidity a given metal
will display in casting operations is generally measured with standard
fluidity test molds. Figures 3 and 4 show two configurations of the fluid-
ity test molds used in this investigation. Figure 3 shows a single spiral-
type fluidity test pattern in which the width of the part decreases as the

Tength of the spiral increases. It was believed that this design would
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display the fluidity characteristics of molten metal flowing from a thick
to a thin section. Due to the constant velocity of the metal entering the
mold through the sprue, the molten flow appeared to accelerate as the
spiral section narrowed. Although this test significantly shows the effect
of nonuniform section thickness in molds on the fluidity characteristics of
the molten metal, it does not provide reliable data for estimating the
fluidity of molten metal in a mold of uniform section thickness. The
determination of the amount of fluidity obtained in molds of uniform sec-
tion thickness was made by casting parts in the form of a double-spiral, as
shown in Figure 4.

The double-spiral fluidity test pattern described above was evaluated
in molds made with AFS 53, 70, and 140 silica sand. The molds made with
AFS 53 and 70 silica sand were bonded with 4% sodium silicate-C0,, and
those made with AFS 140 silica sand were bonded with 6% sodium silicate-
C02. The larger amount of binder required for AFS 140 silica sand was due
to the greater total surface area of the finer sand grains with respect to
the surface area displayed by the AFS 53 and 70 grains. In addition to the
silica sand fluidity test molds, tests were also conducted with molds made
of zircen and chromite sands bonded with 4% sodium si]icate-coz. Amorphous
carbon and hexachloroethane mold coatings were tested to determine their
effect on metal fluidity, and the effect of alloy composition on the fluid-
ity characteristics of molten aluminum was also evaluated. Each of the
test castings was poured with A357 at 1400°F at a height of 11 inches above
the sprue. To eliminate problems resulting from pressure or gas generated
in the molds, a 0.25-inch-diameter vent was placed at the end of each
spiral. The amount of fluidity displayed by each condition using the
spiral molds was determined by weighing and measuring each cast and trimmed

spiral.

n
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The results of fluidity tests using AFS 53, 70, and 140 silica sand

are shown in Figure 5. These results indicate that the fluidity of AFS 70
sand was better than AFS 140 or 53. Visual examination of the spiral cast-
ings shows that the cast surface finish obtained with AFS 140 silica sand
was better than AFS 70, which was superior to AFS 53. A typical example of
a cast double spiral is shown in Figure 6.

The effect of zircon and chromite sand on the fluidity of molten A357
aluminum alloy is shown in Figure 7. These sands are typically used in
molding and casting operations for their 1light chilling effect on the mol-
ten aluminum. This chilling effect is due to the higher thermal diffusivity
of the two sands with respect to silica sand. These sands were tested with
the double-spiral fluidity pattern. The results of these tests show that
these sands reduce the fluidity by about 9% and 29%, respectively, when
compared to AFS 70 silica sand.

The effect of amorphous carbon and hexachloroethane mold coatings was
evaluated on parts cast in the configuration of Figure 8 (T = 0.100 inch).
The amorphous cabon was applied with an acetylene flame torch (Fig. 9) to a
thickness of 0.001-0.003 inch and the hexachloroethane was mixed with alco-
hol (1:1) and sprayed on the molds to a thickness of about 0.003 inch. The
molds were made with AFS 70 silica sand bonded with 4% sodium si]icate-C02
and poured at 1400°F. The results of this evaluation are shown in Figure
10. These results show the effect of mold coatings on metal fluidity with
respect to uncoated molds. Examination of the parts cast in this evaluation

show that significantly greater fluidity is obtained by coating the mold

12
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with amorphous carbon than with hexachloroethane, and 40% more fluidity is
obtained than with uncoated molds. In addition, the hexachloroethane
presents a health hazard to the foundryman and requires special precautions
for use as a molding material. Castings produced from molds coated with
hexachloroethane also displayed surface discoloration. This discoloration
is believed to be an aluminum-chloride oxide or residue that resulted from
contact between the molten aluminum and the mold coating.

An additional test was conducted to compare the relative effects of
amorphous carbon mold coating and no mold coating. Double fluidity spirals
were coated with amorphous carbon or left uncoated, then poured at various
temperatures. The results are shown in Figure 11. It is readily apparent
that amorphous carbon does enhance the fluidity of A357.

The effect of alloy composition on the fluidity of molten aluminum was
evaluated by modifying the silicon, magnesium, and beryllium contents of
A357 within its given alloy range. The results of this evaluation displayed
no significant difference in fluidity resulting from chemistry variation.

It is not practical to use the results of the fluidity tests to define
the foundry variables necessary to cast a part. These data offer a compar-
ison of the relative effects that some of the foundry parameters have on
fluidity. However, some general conclusions can be drawn:

0 Amorphous carbon mold coating is needed to enhance the fluidity

of thin-wall castings. |
o  AFS 70 sand offers improved fluidity over AFS 53 sand. i

o Variation in the chemistry of A357 does not affect fluidity.

19
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3. HOLDING TEMPERATURE f

When a charge of metal is completely molten, it is typically held at a

temperature between the melting point and the pouring temperature until

preparations for pouring and degassing operations are complete. For alum-
inum alloys, this temperature is generally between 1300 and 1400°F. The
length of time that the metal remains at the holding temperature depends
upon the time required for degassing operations and/or mold and pouring
preparations.

The effect of melt holding temperature and time on the stability of

s B N S S e ot

A357 aluminum alloy was evaluated at 1250, 1300, 1350, and 1450°F for
holding times ranging from O to 24 hours. At each of the prescribed test
temperatures, the alloy composition (Si, Mg, and Be) was adjusted to the
maximum allowable for the A357 alloy range (7.5, 0.70, and 0.070%, respec-
tively). The charges were melted in production-type gas-fired furnaces

! equipped with 350-pound capacity silicon carbide crucibles. When the tem-
i

perature of the melt had stabilized at the desired holding temperature and

e a it s e i Rt sk it 4. s DA NSNS i i i

correct chemistry was obtained, metallurgical and gas test samples were
taken at prescribed intervals up to and including 24 hours. The metallur-
gical samples were subjected to spectrographic analysis and the gas samples
were evaluated by solidifying a molten specimen in a vacuum chamber, sec-
tioning, and observing gas hole formation at the interior surfaces of each

specimen.

The design of the melting furnace used in this evaluation was such

that a minimum amount of surface area was exposed to the atmosphere at the
top of the melt. It is believed that minimizing the molten surface area in

contact with the air will reduce the amount of hydrogen contamination by

this atmosphere.

21




The effect of holding temperature on alloy stability as a function of
time is shown in Figures 12-15. The results show that the amount of time
the melt is held at temperature has relatively little effgct on the sili-
con, magnesium, and beryllium content.

Visual examination of the gas test specimens revealed that the amount
of hydrogen gas present in the melt increased as the holding temperature
was increased. This increase in hydrogen present at the higher holding
temperature is due to the increased solubility of hydrogen at elevated tem-
peratures.

The effect of holding time on the amount of hydrogen present in the
melt at 1300°F is shown in Figure 16. In this evaluation, the charge was
degassed with a 95% nitrogen/5% chlorine gas mixture at 1300°F for 20
minutes and then held for a period of 2 hours. Measurements of the hydro-
gen present in the melt after degassing were taken with an Alcoa "Telegas"
hydrogen analyzer. The data show a constant decrease in the amount of
hydrogen present in the melt from 0 to 60 minutes, and then an increase in
gas content from 1 to 2 hours at the holding temperature. The initiai
decrease in hydrogen content is believed to be due to residual nitrogen-
chlorine gas still in the melt, acting as a deoxidizing agent.

Based on the results of this investigation, the holding temperature
for A357 aluminum prior to degassing operations may be considered arbi-
trary, but should be between 1250 and 1325°F. The holding temperature of

the melt for degassing operations is discussed in Section III.6.
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4. POURING TEMPERATURE

The pouring temperature of aluminum alloys is generally dependent upon
the size and configuration of the casting to be poured. Aluminum castings
consisting of heavy sectio’.. may be poured at lower temperatures than cast-
ings with thin sections. [he pouring temperature range for aluminum cast-
ings is usually between 1325 and 1450°F. As the pouring temperature is
increased to the upper part of the pouring range, the molten metal becomes
more fluid and will flow more readily into thin sections of the mold cavi-
ty. Other variables that determine the pouring temperature for aluminum
castings include alloy composition, molding materials, and type and ratio
of the gating system. Each of these variables is discussed at length in
other sections of this report. In general, these variables are predeter-
mined during casting and mold design and taken into consideration when
determining optimum pouring temperature. The pouring temperature for
large, thin-wall aluminum castings is considered a critical item in casting
production since (1) if the pouring temperature is too low, defects such as
misruns, cold shuts, and shrinkage are 1likely to result, and (2) if the
pouring temperature is too high, defects such as coarse grain structure,
porosity, shrinkage, and oxide formation may occur. These casting defects
will typically lower the mechanical properties of a part and result in

final part rejection or excessive rework.
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When the optimum pouring temperature for a casting is established, it
is controlled by monitoring the molten bath with immersion-type pyrometers
at frequent intervals. Pyrometric control of the molten aluminum is manda-
tory in the production of quality aluminum castings, since temperature
determination by observation is considered no better than a guess. Tem-
perature determination by methods such as observing bubbling action, oxide
skim formation, or melt color are considered poor foundry practice.

In addition to the tests conducted to determine the effect of pouring
temperature on metal fluidity discussed earlier in this section, parts were
cast in the configuration of Figure 8 (T = 0.500 inch) and specimens were
taken to evaluate the effect of pouring temperature on the mechanical prop-
erties of cast A357. A 6- x 3- x 3-inch aluminum chill was placed in the
position shown in the figure and test panels were poured at 1350, 1400, and
1450°F. Tensile specimens were fabricated from the test panels at 1-, 4-,
8-, and 11-inch distances from the chilled end. Each of the test panels
was subjected to radiographic inspection prior to specimen fabrication.
This inspection revealed that sponge shrinkage occurred in most of the test
panels about midway between the chill and riser ends of the panels. This
shrinkage defect is due to the directional solidification that was promoted
by the chill with respect to the maximum feeding distance of the riser
during solidification. As the metal solidified from the chilled end toward
the riser, it solidified faster than the riser could feed. This condition
produced castings with sound metal at areas near the chill and near the

riser, but unsound at the center.
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Tests to determine the optimum pouring temperature range for large,

thin-wall aluminum castings were also conducted on parts of the configura-
tion shown in Figures 18 and 19. These test parts were evaluated by radio-
graphic and penetrant techniques.

The results of tests performed on specimens described in the preceding
paragraph are shown in Figure 17. The results show that highest mechanical
properties in terms of ultimate tensile strength, yield strength, and per-
cent elongation are developed at the chilled end by pouring at 1350°F. (It 3
is believed that the higher mechanical properties displayed by speciﬁens
poured at the lower pouring temperature are due to the length of time
required for the molten metal to solidify. Specifically, it took less time
for the metal to cool from 1350°F than from 1400 orA1450°F. This faster
cooling rate resulted in a finer grain structure, and subsequent higher
mechanical properties than obtained with the higher pouring temperatures. j
At the riser end of the casting, highest mechanical properties were obtain-

ed by pouring the metal at 1450°F. Since the higher pouring temperature

provided more adequate riser feeding than at 1350 or 1400°F, a more equiaxed
grain structure was obtained. In general, the pouring temperature of the
metal should be kept as low as possible with respect to section thickness,
alloy composition, required mechanical properties, and chill-to-riser
distances. The optimum distance between chill and riser is discussed in

section VI.
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FIGURE 18 PART "A” TEST SECTION OF YC-14 STATION 170 BODY BULKHEAD
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FIGURE 19 PART "B” TEST SECTION OF YC-14 STATION 170 BODY
BULKHEAD
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To determine the optimum pouring temperature for large, thin-wall
aluminum castings, parts were cast of the configuration shown in Figure 18.
Section thicknesses on the casting ranaed from 0.100 to 1.500 inches and

included both copper and aluminum chills. Parts were cast with A357 alum-

inum alloy at 1425 and 1450°F and evaluated for casting defects by radio-
graphic techniques. Radiographic examination of test parts cast at 1450°F
displayed shrinkage defects. Castings poured at 1425°F displayed fewer
shrinkage defects than castings poured at 1450°F.

In summary, the results of this investigation show that the pouring
temperature for large, thin-wall aluminum castings must be (1) high enough
to provide sufficient fluidity for complete filling of the mold cavity and 1
to avoid casting defects such as misruns, cold shuts, and shrinkage, and
(2) low enough to minimize coarse grain structure, porosity, shrinkage, and
oxide formation. From the test procedures described in this section, we
L can conclude that the optimum pouring temperature range for large, thin-

wall aluminum castings should be between 1400 and 1450°F.

5.  MELTING AND POURING TECHNIQUES

Contamination of the melt via iron and hydrogen pickup and oxide for-
mation is generally controlled by good shop practices. Cleaning and pre-
heating the charge, use of clean, nonferrous handling equipment, and proper

stirring and skimming techniques are all considered standard foundry prac-

tice.
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a. Material Control

Good shop practice begins with the control of materials to be used in
the production of quality aluminum castings. Virgin materials should be
stored under dry and clean conditions to minimize contamination by moisture
or possible mixing of alloys. The latter item may be controlled by labeling
each individual lot of material placed in storage. Areas in which virgin
materials are stored should be separate from areas provided for remelted
scrap storage, and records of the chemical composition for each lot of
virgin or scrap should be maintained. Distinction between scrap and virgin
lots should be maintained by labeling each lot of scrap with its respective
heat number and alloy designation to maintain material traceability.

Preheating of a metal charge prior to melting is often necessary if
the material has not been stored under dry conditions. Aluminum alloys are
very susceptible to hydrogen contamination, and moisture on the material to
be melted may result in contamination of the melt. If scrap material is to
be remelted and cast, preheating of the scrap charge to 500°F for 2 to 4
hours should remove any oils or moisture present on the surface of the
material. In general, preheating of the charge will shorten the amount of
time required for melting in the furnace, and eliminate surface contaminants
such as moisture or oils. Preheating operations were not evaluated in this

investigation, due to lack of facilities.
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b. Metal Handling

Use of clean, nonferrous handling equipment is essential in the melting
of aiuminum alloys to avoid contamination by iron, oxides, and hydrogen.
If steel or iron tools are used to control the melt or contact the molten
charge in any way, they must be coated with a protective material to insu-
late the melt from contamination. The protective coating used on ferrous
equipment in this investigation is a water-based graphite solution. The
coating was applied either by dipping or by brushing the solution onto the
tool and then baking the coated tool at about 1700°F for 30 minutes (mini-
mum). This baking operation removes moisture present on the tool, leaving
the graphite coating. Direct contact of steel or iron handling equipment
with the melt should be avoided in melting and pouring operations. When-
ever possible, nonferrous equipment (such as graphite) should be used.

Oxides and slag, which tend to float to the top of the furnace charge
or pouring ladle, are removed by skimming. The removal of impurities from
the melt surface is mandatory, since they may cause inclusion, dross, or
slag defects in the casting. Skimming operations were performed in this
investigation with a graphite block suspended on a steel shaft. The gra-
phite was located on the shaft so as to avoid contact between the steel

shaft and the molten aluminum.

c. Process Controls

Prior to tapping the molten charge from the furnaces, the pouring
ladles should be thoroughly cleaned and preheated. If metal ladles with

refractory linings are used, the lining should be inspected and kept in
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good repair. In addition to cleaning, the ladles should receive a coating
of graphite wash to avoid contamination of the melt by ladle materials or
refractories. The ladles should be preheated to a temperature above that
at which the metal is to be poured and positioned so that easy travel
between the ladles and the furnace is permitted. In this investigation,
silicon carbide ladles were used to transport the molten metal. These
ladles were coated with graphite wash and preheated to about 1700°F for
about 2 hours prior to furnace tapping.

When the molten charge has been degassed, chemically balanced, and
skimmed, the melt is transferred to the pouring ladle. This is accomplished
by placing the preheated ladle approximately 4 inches below the pouring 1ip
of the furnace and adjusting the angle of the ladle to match that of the
metal flow. The angle of the metal flow into the pouring ladle is adjusted
to minimize the turbulence of the molten metal as it fills the Tladle.

Dross or slag that forms on the surface of the metal in the ladle is removed
by skimming.

Proper control of metal temperature in the furnace and in the pouring
ladle is essential in the production of sound aluminum castings. Means of
controlling the temperature of the melt was discussed in preceding sections.
Typically, the temperature of the molten aluminum is controlled by taking
frequent measurements of the melt temperature with an immersion-type pyro-
meter. When the pyrometer indicates that the pouring temperature has
cooled from the furnace tapping temperature to the pouring temperature, the

ladle is moved to the mold pouring basin.
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d. Pouring Techniques

The mold pouring basin is described as being a cavity on top of the
cope section of the mold into which metal is poured before it enters the
sprue. The design of the pouring basin may range from a tapered, cone-
shaped cavity located directly over the sprue to an offset basin with a dam
or elevation between it and the sprue. Each pouring basin design offers
distinct advantages. A tapered, cone-shaped pouring basin is easy to con-
struct and is satisfactory for molds requiring relatively small amounts of
metal. A dam-type pouring basin is preferred for molds that require large
amounts of metal and is efficient in separating any slag that enters the
pouring basin from entering the sprue. With any type of pouring basin, the
most important factor is to keep the basin full of metal so that the slag
or dross on the surface of the metal will not enter the sprue and contamin-
ate the casting. The size of the pouring basin is typically regulated by
the size of the sprue it must feed. In cases where the metal flows into
the sprue faster than the pouring basin can fill, measures can be taken to
restrict the flow into the sprue until filling of the basin is complete. A
typical method of stopping off the flow into the sprue is by using a gra-
phite or bonded sand plug at the sprue opening. When the level of the
metal in the pouring basin has reached the desired height, the plug is
removed and the metal is allowed to enter the sprue. The pouring of molten
metal into the basin continues until the mold cavity and risers are full
and then the pouring ladle is removed. During the transfer of metal from
the ladle to the pouring basin, it is important that the height between the

two be kept to a minimum to minimize turbulence.
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e. Screening

Oxides, slag, dirt, or dross that enter the mold gating system may be
kept from entering the mold cavity by using strainer screens at ingate and
riser openings. Screening and filtering techniques were evaluated on parts
cast in the configuration of Figures 18 and 19. Screening materials that
were evaluated include perforated tin-plated steel, fiberglass cloth, and
steel wool. Iron contamination of the molten aluminum by steel wool screen-
ing material is not considered to be a problem since (1) the mass of the
steel wool with respect to the mass of molten aluminum is negligible, and
(2) the steel wool is in contact with the molten aluminum for a short time.
The tin-plated steel screens and the fiberglass cloth screens were position-
ed at the entrance of the mold runner and the steel wool was located in the
pouring well. The positioning of the screens and the steel wool is depicted
in Figure 7. The design of the screens was such that 50% of the metal flow
was restricted. Parts were cast with and without screens and steel wool in
the gating system and were inspected by radiographic techniques.

Inspection of the cast parts disclosed a reduction in oxide, slag,
dirt, and dross inclusions in the molds using screens and steel wool. No
significant difference was noted between the filtering effects of tin-plated
steel screen and fiberglass cloth. However, due to the cost of material
and ease of fabrication, the fiberglass cloth screens are preferred.

The effect of screening the molten metal prior to entering the mold
cavity was also evaluated. Mechanical property specimens were made from
the parts cast of the configurations shown in Figure 8 with various screen-
ing materials. However, because of shrinkage defects in the castings due
to a large riser-to-chill distance, accurate mechanical property data could

not be obtained.
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f.  Summary

In summary, we can conclude from this investigation that good melting
and pouring techniques must include (1) good material control and storage
procedures, (2) use of handling and skimming equipment that will not con-
taminate the melt, (3) proper control of inetal temperature in the furnace
and pouring ladle, (4) good pouring basin design to permit only clean metal
to enter the sprue and mold gating system, (5) good pouring techniques, and
(6) the use of screens and/or filters in the gating system to minimize i

dross or slag defects in the casting. |

6. DEGASSING |
N *

Hydrogen dissolution and oxide formation in molten aluminum alloys can |
cause degradation of mechanical properties of the casting. (As shown in
Figure 20, temperature exerts a profound effect on the so]ubi]ity of hydro-
gen in aluminum. When the melt cools to the melting point, a rapid decrease
in solubility occurs that subsequently will cause porosity defects in the
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