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In addition to knowing what products we
make and how they perform, you should
know something about HOW we make them.
This is important for two reasons:

1. Upon cccasion, a customer may wish
to know some detail of how we pro-
pose to produce the material he wants
{e.g., the fact that we intend fo use a
Sendzimir mill may be of interest to
him}, or he may wish to know what
alternate fechnique is available (e.g.,
he might want to know what atmos-
pheres are available for heattreat-
ing}. Note: In some cases processing
information may be proprietarysobe
carefui to check withthe plantbefore
divulging information that could be
confidential to our process,

2. We actively solicit conversion busi-
ness . . . where we take starting ma-
terial (arc melting electrodes) or a
semi~finished form {ingots or biilets)
as furnished by the customer and
convert it to the desired final form
(forgings, sheet, strip, foil, bar, wire,
ete.).

This Section of the Metals Course is de~
voted to the PRODUCTION FACILITIES
used at the Metals Plant and the CONVER-
SION SERVICES avatilable toour customers,
We are engaged in four basic types of
products,

1. alloy/mill products (also commonly
called "wrought" products)

2. investment cast products
3. shell molded products

4, compacted and sintered products

Each type shall be discussed separately on
the following pages.

ALLOY/MILL PRODUCTS

Qur largest activity is in the primary pro-
duction of alloy mill products using wrought
practices. Here, we start with the raw ma-
terial and end up with an alloy product in
some final mill shape ready for the cus-
tomer to use in his manufacturing activity,
Let's start with a look at the over-all
process and then discuss each step individ-
ually.
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The flow diagram shown in Figure H-1 is
only typical. There are many practical
combinations of the varioug operations and
thus it would be impossible to show them all.
However, the flow pattern shown here is
fairly typical and will suffice for the purpose
of providing a general picture of the integra-
tion of the various operations.

A typical sequence of wrought manufacturing
operations is as follows:

1. All the required raw materials are
assembled and carefully weighed to
make-up a furnace load {the CHARGE).

2. The CHARGE is placed in a furnace
where it is melied intc a specific
composition (the MELT or the HEATY),
The resultant molten metal is cast
into and allowed fo cool in one of a
number of molds (INGOT MOLDS).
The final mass of solid metal (INGOT)
is then removed from the mold
(STRIPPED) for further processing.

Z2a, At this point the composition of the
final ingot may be tested (ANALYZED)
and surface defects removed by var-
ious CONDITIONING techniques.

3. Because of its as-cast structure the
ingot cannot be used as a structural
material. In order to refine that
structure it is rcheated and worked
to a smaller size (BILLET or SLAB)
in a forging hammer or a forging
press. (Special materials aresome-~
times extruded to final or infer-
mediate shape}. In some cases, this
icrging operation is used to form the
material into a more complex shape
that is shippeddirect tothe customer.

Ja, Further conditioning can be per-
formed here.

4, If the billet or slab is to be converied
to strip, sheet, or bar, it is again
heated and fed through a HOT (baror
strip) ROLLING MiLL where it is
reduced to a smaller diameter or
thickness., In some cases, thig is

the product shipped to the customer,
(Ifot rolled bar or hot rolled strip).

5. The last forming operation in the
manufacture of wrought product is
done in a COLD ROLLING MILL
where the material is reduced to its
final thickness or shape.

6. HEAT TREATING, to make the ma~
terial harder, stronger, more ductile,
etc., may beperformed several times
during processing and afterthe proc~
essing is completed,

7. Final STRIP PROCESSING consists
of such operations as leveling, slit-
ting, deburring and cleaning where the
surface of the material is prepared
for the next operation or the customer.

Now, with this over-all flowpatterninmind,
let's examine each step in greater detail.
kKeepn in mind that the sequence of steps is
not always the same , .. they are varied
to suit the particular end product desired.

Raw Material

Most of the raw materials used by the
Metals Plant are in the form of high purity
elements or ferroalloys. Our basic raw
material for most alloys is low carbonhigh
purity Armeco Iron,

Typical other raw materials that we pur-
chase include:

Nickel {electrolytic grade -- 99.9% pure}
Cobalt (electrolytic grade -- 99.5% pure)

Ferrochrome (low carbon grade ~- 707
chromium)

Manganese (electrolytic grade -~ 99.99
pure)

One of the major raw materials we use is
SCRAP, No, not junkyardscrap . . . rather,
high-grade material that we have salvaged
from our own operations, (edge trimmings,
quantity overages, discards, ete,). This is
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an obvious economy that is practiced by all
metals producers. However,tomaintainthe
necessary high~quality standards, we prac-
tice a strict scrap control program . .. all
serap i carefully marked and segregated
for reuse. When scrap is going to be used
in a melt, the laboratory analysis of the melt
from which the scrap originated is used in
calculating its contribution to the new melt,

In most cases, the raw material for a melt
is not all scrap, The balance of material
required to meet the composition require-
ments of the new melt is made up of the
selected elemental materials and/or ferro-
alloys mentioned above. In some cases, no
scrap is used ... the entire CHARGE (the
composite of all materials used to make
any given melt or heat composition) is made
up of purchased elemental materials and
ferroalioys,

Although most of the raw materiais are
placed in the furnace at the start, small
quantities of minor alloying elements are
held out and added during the progress of
the melt, These additives can be adjusted
in quantity up to the last minute tomeet the
particular composition that is desired.

Air Indection Melting

This is one of the primary melting tech-
niques utilized by the Metals Plant and is
based on the induction principal where an
induction coil is used to convert electrical
epergy into heat energy.

The charge is held in a large ceramic
CRUCIBLE {melting pot) which is located
inside a helically-wound coil of hollow
copper tubing. When a very high a-c cur-
rent (in the range 0f10,000-20,000 amperes}
is fed to the coil, the resultant alternating
magnetic field intersects the metal charge
causing an electrical potential to be estab-
lished in the charge whichproduces heat due
to the I4R losses. The heat thus produced
is sufficiently high to melt the materials in
the crucible.

Naturally, the copper coil heats up also.
Therefore, to keep it from melting, wateris

continuously circulated through the hollow
copper fubing, Electric power is provided
by a motor-generator set whichis connected
to the coil by bus duct and pressure-type
contacts,

p—

Figure H-2. Schematic Cross-sections of Typical
Inducting Melting Furnace.

The sequence of steps for induction melting
are;

1. Selected scrap and/or raw materials
are charged into the crucible,

2. Power is applied causing the charge
to melt,

3. Alloying materials are added to adjust
the composition as needed.

4. The finigshed heat is poured.

Although it is a separate operation, the
pouring and casting of the molten product
is an integral part of the melting operation.
To attain maximum cleanliness, the molten
metal is first poured from the induction
furnace into a refractory lined LADLE
(transfer vessel}. (See Fig, H-3)

The molten metal is held in the iadle for
several minutes allowing any non-metallic
impurities to rise to the fop. It is then
TEEMED (drained) through a small hele in
the bottom of the ladle into ingot molds
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Figure H-3. An Induction Furnace Heal Being
Poured into a Ladle.

{see Figure H-4) where it is allowed fo
solidify and cool,

The ingot molds are made from cast steel
with tapered sides so that the ingot can be
stripped from the mold affer it has solidified,

Figure H-4. Molten Metal Being Teemed from Ladle
into an Ingot Mold.

Ingot molds are of many types, shapes and
sizes , . . the particular size and shape used
for any given heat is generally dependent
upon the final application of the ingot:

slab~shaped ingots are used {or the pro-
duction of sheet and strip

square-shaped ingots are used for rods
and bars

round-shaped ingots are used as elec~
trodes in the vacuum-arc melting process

THE METALS PLANT HAS INTEGRATED
AIR INDUCTION MELTING FACILITIES
CAPABLE OF CASTING INGOTS RANG-
ING IN SIZE FROM 1600 TO 10,000
POUNDS.

Vacuum Induction Melting

This fechnique utilizes the same equipment
and methods just discusgedfor air induction
melting with the added feature of performing
the total operation under vacuum. To ac-
complish this, the entire furnace mechanism
and ingot molds are located in a large
vacuum-tight enclosure that ig fitted with
the pumps and other accessories necessary
to develop and hold a high vacuum (see Fig-
ure H-5),
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Figure H-5. Basic Components of a Vacuum
Induction Melting Fumace,
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The primary advantage of VACUUM INDUC-
TION MELTING over regular AIR INDUC-
TION MELTING is the purifying effect of
the vacuum. Melting ina vacuum causes the
non-metallic impurities to be volitalized and
drawn off through the pumping system. The
result is a cleaner melt and improved
properties in the final product, Because of
the extra eguipment and longer melt times
involved, vacuum induction melted material
usually carries a price premium over that
of air induction melted material.

THE METALS PLANT FACILITIES FOR
VACUUM INDUCTION MELTING CONBISTS
OF ONE UNIT WITH A PRACTICAL CA-
PACITY OF 300 POUNDS PER HEAT.

Vacuum Arc Melting

in general practice, this process requires
some preliminary preparations of the raw
material so that it is delivered to the fur-
nace in a long, cylindrical form (referred
to as an ELECTRODE). This electrode may
be the product of another melting process,
it may be produced via thepressedpowder—
sintering process, or il may be built~up by
welding chunks of metal together into an
electrode form.

The furnace itself consists of:
1. 2 large, water cocled copper mold

2. a means of supporting the raw mate-
rial electrode and gradually feeding it
into the copper mold

3. a vacuum tight enclosure to contain
the above apparatus

4, the necessary equipment to developa
high vacuum within the enclosure

5. a source of high-ampere current

This melting process is somewhat similar
to the conventional arc welding process in
that an arc is struck and moltenmetal drips
off the end of the electrode.Inpreparingfor
a melt, the electrode is attached to its lower-
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Figure H-6. Schemalic Sketch of a Vacuam Arc
Meliing Fumace.

ing mechanism and hangs down inside the
water-cooled copper mold. A startingpad of
the same composition as the electrode mate~
rial is placed in the botiom of the copper
mold. The furnace enclosure is broughttoa
state of high vacuum and thenahighampere
current is fed to the electrode. The electrode
iz lowered into the copper mold until it
comes close enough to the pad topermitthe
striking of an arc between the two. The re-
sultant arc melts the end of the electrode
and the molten metal is deposited in the
bottom of the copper mold. As the electrode
iz consumed, the automatic feeding equip-
ment keeps the working end of the electrode
the proper distance from the surface of the
molten mefal to sustain the arc continuously.
After the melting has been completed, the
molten metal is allowed to cool and solidify
after which the ingot is stripped from the
mold,

The basic function of the vacuum arc melting
process is to remelt the base electrode un-
der vacuum conditions that refine the mate-
rial by gasifying impurities and castitintoa
homogeneous ingot. One of its special ad-
vantages is that by careful control it can
eliminate the loss caused by uncontrolied
solidification shrinkage inair melted ingots,
This increased yield of saleable material
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helps to offsetl the additional cost ol vacuum
meilting,

THE S TALS ANT HAS FOUR VAC-
jhs VRO FURNACES | . MAKIMUM FIX
ISHED INGOT SIZE IS 20-INCH DIAM
ETER -~ 80 INCH LENGTH~-- 80080
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and cductility characterigvics, I 18
‘ ry that the as~-cast structure be hot
worked to refine it {thug tmproving physical
properties) and to get it into a shape for
further processing, The structural refine-
ment achieved by a combination of hot
forging and hot rolling operations,

in HAMMER FORGING, the hotingot i sub-
iected to a series of staccato-type blows that
reduce ils cross-ssction while refining the
structure {(see Figurs H-T7),

Figure H-7. A 106,000 Pound Forging Hammer at the
Metals Plant.

A& FORGING PRESS subjects the metal to a
sgueezing-type action where the force is
applied slowly and held for a short time,
Here, the force penstration ig deep, provid-
ing a working of the grain structure a&l the

way to the ceniter of ‘Ehﬂﬂpzﬂ‘es in general, a
forging press is usedtowork thelavgersize
mgotsg

{sec Figure H-B},

Figure H-8. A Typical Forging Preas.

Ingot forging operations are geperaliy per-
formed while the piece isatahightempera-
ture. In most cases, the totalforging cannot
bhe completed before the plece cools to a point
below ita working temperature range, Thus,
a series of heating and forging cycles are
often required.

The handling of large, heavy ingois in and
out of the furnace andduring the actual forg-
ing operation is no small task, The answer
is a large four-whseled vehicle called a
MANIPULATOR, This machine is about the
size of a small army tank and is fitted with
a mammoth pair of tongs that extend cut the
front in a general horizontal position. An
operator gits on top of the manipulator at a
control console that is equipped witha maze
of hydraulic operating levers, As its name
indicates, this machine is capable of "ma-
nipulating” the ingot through all the various
forging operations {see Figure H-9}.
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Figure H-9, Ingot Being Removed from Heating
Furnace by a Manipulator, (This
Machine has a Capacity of 6000 Lbs.}

It is generally desirable toremove any sur-
face defects (scale, cracks, holes, imbedded
foreign particles) from the piece following
the forging operation. If so, this surface
CONDITIONING isperformed affer the piece
has been worked and before it is re-heated
for the next cperation. We shall discussthe
details of conditioning a little later.

In many cases, the forgingoperationisused
fo produce contoured paris (e.g., turbine
blades, rotor discs, etc.). Here, theforgeis
fitted with a set of dies whose work area is
the shape of the desired part. A piece of
heated metal is placed inor held between the
dies which repeatedly hammer it until the
piece is formed to the desired shape by the
repeated blows. In scme cases, only one set
of dies are required ... in other cases, a
series of progressive dies are needed to
gradually shape the part through a sequence
of steps.

THE METALS PLANT HAS FOUR FORGE
HAMMERS RATED AT 800 TO 180600
POUNDS AND ONE FORGE PRESS RATED
AT 1000 TONS, IN COMBINATION WITH
THE AVAILABLE MANIPULATORS THESE
UNITS CAN HANDLE SINGLE INGOTSs UP
TO ABOUT 6000 POUNDS.

TURN TO WORKBOOK AND COM-
PLETE CHECK~POINT ONE

Hot Roiling

When further processing steps are required,
the output of the forge iseitheraSLAB or a
BILLET. A 8LAB isalways oblong incross-
section while a BILLET has a generally
square crosgs-section,

Further working and shaping of the piecelis
performed by HOT ROLLING. Here, the slab
or billet is again heated and then fed back
and forth between a pair of large steel rolls
that sqgueeze the plece to a gmaller cross
section dimension on each pass through
them. As the thickness or diameter is de-
oreased, the length increases, Sheet, strip
and plale are processed on a STRIP MILL
.« « bar and rod are processed on a BAR
MILL,

The HOT STRIP MILL atthe MetalsPlantis
of the single stand REVERSING type. In
other words, the direction of rotation ofthe
work rolls can be reversed sothafthe mate-
rial can be reduced while traveling ineither
direction. For example, starting with a slab,
the gap between the rolls is adjustedtogive
the desired reduction and the bottom roll
rotated inaclockwise direction . . . the slab
passes between the rolls from left to right.
At the end of the pass, the roll setiing is
changed to the next setting inthe pass sched~
ule and the direction of rotationis reversed
so that the bottom roll is turaing counter-
clockwise . . ., now the slab passes from
right to left. The sequence isthen repeated.
Naturally, the actual roll settings vary with
the job at hand.

As with forging, this particular type of roll-
ing operation is performed while the mate~
rial is hot, Periodic re-heating inafurnace
is required for some materials while cthers
can be finished in one heat.

The Metals Plant's hot reversing strip mill
has a special feature in the form of a fur-
nace mounted coiling mandrel located on
each side of the mainmill stand. As soon as
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Figore H-10. Hor Reversing Strip Mili Showing Operstor’s Console in Foreground,

the plece gets long enough, it is coiled on
one of these mandrels after each pass .. .
the furnace arcund the coller helpsiomain-
tain the material at a working temperature
thus minimizing edge cracking and allowing
more work to e done without re-heating.

THE METALS PLANT'S HOT ROLLING
MILL HAS A MAXIMUMSTARTING THICK-
NESS OF 8 INCHES AND CAN HOLL DOWN
TO 080 INCHES . MAXIMUM FINAL
WIDTH ©OF MATERIAL IS5 20 INCHES,
(NOTE THAT FINISH WIDTH VARIES WITH
THE EGGE CRACKING TENDENCY OF THE
MATERIAL.)

A BAR MILL is also a iype of hot rolling
mill, However, here the rolisare made with
a series of grooves and each setl oigrooves
is somewhat smaller than the set just pre-
ceding it, The distance between center
lines of two adjacent rolls remains fixed,
{see Figure H~11}.

The original sguare cross-section billet is
fed into the first set of grooves which
sgueeres the billet to a smaller cross-sec-
ticn, Once this pass is completed, the modi-

Figure H-11. A 16" Two High Bar Mill in Operation.

fied billet is moved over and passed through
the second groove. This procedure is re-
peated until the piece has been passed
through all the grooves, As many as ten dif-
ferent grooves can he usedfor this process,
The actual number and shape of these
grooves vary with the end preduct desired.
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THE METALS PLANT HAS TWO BAR
MILLS CAPABLE OF PRODUCING HOT
MILL ROUND BARS FROM 9/16 INCH TO
3~1/2 INCHES IN DIAMETER.

All hot working operations cause an oxide
scale to form on the surface of the metal
being processed. This scale is undesirable
and must be removed. The process used is
referred to as PICKLING. In its simplest
form, pickling consists of immersing the
scaled product in a bath of dilute acid which
is maintained at a predetermined tempera-
ture, The resultant chemical action removes
the scale, leaving a clean, bright surface
suitable for further processing.

Cold Rolling

Cold rolling is somewhat similar to the hot
rolling process just discussed except the
material is worked at or near room temper-
ature. The cold rolling mill closely resem-~
bles the hot rolling mill except that it is
much cleaner and has smaller work rolls.

The primary purposes of cold rolling are:

1. to reduce thickness
2. to produce a smooth surface

3. to develop controlled properties

The starting point is a coil of the material
produced on a hot strip mill, Descalingand
any other necesgary conditioning operations
have been performed. The coil is placed on
an uncoiling device at one end of the mill,
the lead end is fed through the main rolls
and onto a coiling device at the other end of
the mill, Both single~direction and revers-
ing mills are used for this process.,

Due to the factthat the materialis worked in
the cold state, it becomes considerably
harder and less ductile than when going
through the hot rolling mill, Thus roll pres-
sures must be much greater. However, it
has been found that the smaller the roll
diameter the less the pressure required {o
produce a given reductioninthickness ofthe
material. This combinaiion of small diam-
eter and very high pressure can raise the

problem of the roll bending in the middle if
pressure is applied onlyatthe rollends. To
compensate for this, some cold rolling mills
use an extra set of rolls tobackup the con-
tact rolls, This typeofmillis referredto as
a 4-HIGH MILIL . .. (seeFigureH-12).

Figure H-12. A 4-High Cold Rolling Mill in Operation.

Conventional cold rolling mills can handle
finished gages down to about .010 inch,
Beyond that point they are not very practical,
The Metals Plant has a SENDZIMIR MILL
(Fig. H-13), that is specially designed fo
handle very thingages . .. .001t0.050inch.
The operating principle of this mill is much
the gsame as the conventional cold rolling
mill, the main difference being inthe details
of construction, In addition to beingcapable
of rolling very thin strip and sheet, the
Sendzimir mill can hold much closertoler-
ances and provide a superior surface finish.

THE METALS PLANT COLD ROLLING
FACILITIES INCLUDE A FOURHIGH COLD
ROLLING MILL WITH CAPABILITIES OF
ROLLING STRIP AND SHEET UP TO 20
INCHES WIDE AND THICKNESS DOWN TO
ABOUT 010 INCH, THE SENDZIMIR MILL
CAN HANDLE WIDTHS UP TO 16-3/4
INCHES AND THICKNESSES DOWN TGO 0061,
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Figure H-13. The Sendzimir Mill Rolling a Strip of
Alfoy Metal.. the Uncoiler 1s Shown In
the Lelt Foreground.

Heat Treating

The general subject of heating treating was
covered in Section A starting on page 12, A
quick review of this material may be helpful
to you at this time. There areover 30 heat
treating furnaces at the MetalsPlant . . . of
all sizes, shapes and kinds. Let's take a
brief look at a few of them.

Figure H-14. Vacuum Annealing Fumace.

Some of our heat treatment is performed
under vacuum hecause of the nature of the
material. The 33~inch diameter vacuum
annealing furnace shown in Figure H-14 is
used for large coil annealing up to 2250°F.

Figure H-15. Solution Treating Fumace.

All our large-batch heat-and-quench treat-
ments {solution treatment} areperformedin
the 5 foot by 3 foot by 18 foot gas-fired fur-
nace shown in Figure H-15. The operator is

Figure H-16. One of Eleven Electrically-heated Bell

Type Atmosphere Fumaces.,
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lowering a batch of parts into one of the
guench tanks , .. both water and oil tanks
are available. A number of billets arebeing
moved into the {urnace proper on the large
charging car.

Figure H~16 shows one of our Bell-type
furnaces with the furnace bell being lowered
over the inner cover, A portion of theelec-
trical heating element is visible onthe inside
of the enclosure. The pipe located on the
right~hand side is used for the introduction
of the circulating Amogas (dissociated am-~
monia), atmosphere under which the furnace
operates. The use of an atmosphere in
annealing allows us fo heat the strip tohigh
temperatures without oxidizing it, This is
commonly known as BRIGHT ANNEALING.

The Metals Plant is currently planning the
installation of a commercial continuous
annealing furnace. This unit will reduce
costs and improve the quality of our strip
product,

Figure H-17. Tube and Box-type Fumaces.

A fewof our small, laboratory-type furnaces
are shown in Figure H-17, In most cases,
the use of these furnaces are confined to
research and testing projects,

Strip Processing

This activity encompasses all the auxiliary
operations needed to give the material the
finishing touches before delivery tothe cus-
tomer. It includes: surfacegrinding, level-
ing, shearing, slitting, deburring, and clean-
ing. The following photographs will give you
an idea of what is involved in some of these
operations.

Figure H-18. Continucus Strip Grinder Used to
Condition the Surface of Semi-finished
Strip Before Final Cold Rolling.

Figure H-19. Both Leveling and Edge Trimming are
Performed m One Operation on this
Machine., The Windup Coil {5 in the
Foteground.

Figure H-20. Here a Coil of Cold Rolled Strip is
Being Levelled and Cut fo Specific
Lengths., Each Piece 1s Carefully
Separated by Paper to Prevent
Damage to the Surface Finish.



Section H - page 12

FACTS BOOK

Figure H-21. A Typical Slitting Operation. Circular
Cutting Blades Can Be Adjusted in
Number and Spacing.

Note that the Metals Plant is currently plan-
ning an improved strip conditioning line.
This equipment will reduce costs and pro-
vide a broader range of surface finishes.

Conditioning

Many times throughout the manufacturing
procesg it is necessary to CONDITION the
surface of the material to remove imperfec-
tions and imbedded particles. One of the
primary tools for this operation is the
SWING~-FRAME GRINDER (see Figure
H-22), The grinding wheel is mounted on &

Figure H-22. Operator Conditioning a Surface with
a Swing-frame Grinder.

counter-balanced frame that can be swung
about by the operator to any position he
desires. The actual operation merely con-
sists of grinding away the undesirable por-
tions of the surface,

Shotblasting is another important surtface
conditioning technique. Here, & continuous
gtream of metal shot is blown athigh veloc-
ity against the surface of the material, The
end result is a surface with millions ofuni-
formly dispersed minute pits ... the ap-
pearance is muchsimilartothatofanetched
surface., Shotblasting is often used between
cold rolling operations.

Sawing ig considered one of the conditioning
operations because the ragged end of billets
and other large pieces must be discarded,
Both power hack saws and abrasive cutofl
sawsg are used for this purpose.

COMPLETE CHECK-POINT TWO ON
WORKBOOK PAGE 1I

INVESTMENT CASTING

INVESTMENT CASTING is often referred
to as PRECISION CASTING or the LOST
WAX PROCESS, All three terms refer to
the same process which basically is a
technique for the mass production of small
intricate parts whose tolerances must be
held very closely. The technigue may also
be used for parts that are to be made in
an alloy that cannot be readily shaped me~
chanically and hence must be cast to shape.

There are five basic steps:

1. A permanent metal die is used to
make an accurate wax paitern {rep-
tica) of the desired pari

2. The wax pattern is used (invested)
as part of an expendable one~piece
mold.

3., The wax iz melted out of the mold,

4. Molten metal is poured into the mold
and allowed to cool.
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5, The mold is broken apart, leaving
the finighed part.

Let's examine each step in some detail,

The Wax Pattern

The master die is very similar fo a con-
ventional die used in other metal casting
processes such as die casting, I usually
is a two-piece unit with about one-half of
the total cavity shape in each part of the
die {(see Figure H-23), The two halves of

the die are clamped together in a special
machine and hot liguid wax is injected into
the cavity under 500~800 psi pressure, The

Figure H-23. Die maker putting the finishing touches
on a master die,

Z

Figure H-24. Die being opened and wax pattern being
removed.

wax solidifies almost instantly and when
the die is opened, we have a perfect wax
replica of the desired part (see Figure
H-24),

The Mold

The first step in making an investment mold
is the assembly of a group of wax patterns
onto a common base or MOUNT which is
made of the same wax, The necessary
RISERS and GATES are also assembled
on the mount at this time (see Figure H-25),

Individual wax patterns being
assembled on mount.

Figure H-23.

The complete assembly is dip coated with
a refractory powder and placedinanalumi-
nized steel FLASK. The flask is thenfilled
with an investment mix called a SLURRY, , .
a mixture of various sandsg and a chemical
hardening sodium silicate binder (see Fig-
ure H-26). The filled flask is vibrated to
gettle the solids, After chemical hardening,
the excess mold is cut off,

To give us the hollow mold we need, the
encapsulated wax must now be removed,
This is accomplished by placing the mold
upside down on a mold conveyor which
travels through a heat-lamp bank that gets
progressively hotter causing the wax fto
melt and drain out of the mold, The mold
then moves directly into a gas~fired pre~
heated furnace and its temperature is
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brought up to about 1000°C. This cycle
requires about 24 hoursg and serves to de-
wax the mold and prepare it for the cagting
operation {see Figure H-27),

Figure H-26. Slurry being poured inte {lask
containing wax patterns.

Figure H-27. Mold dewaxing and baking furnace.

Casting the Mold

The metal to be cast is prepared by melting
prealioyed metal shot in small indirect arc
furnaces whose capacity is designed to cast
one mold at a time, As shown in Figure
H-28, each furnace is mounted on a center
trunnion to facilitate inverting,. When the
molten metal is ready to be cast, the pre~
heated mold is clamped on top of the fur-
nace with its opening over the furnace cast-
ing hole, When the total assemblyis turned

upside down, the molten metal flows into
the mold under gravity and air pressure,
The amouni of metal shot charged into the
furnace crucible iscarefully weighed sothat
there will be just enough to fill the mold,

Figure H-28. Range of casting furnaces on each side
of mold cooling hood.

After solidification, the mold is removed
from the casting furnace and held on a
rack until it cools to room temperature,
The metal flask and investment mix are
then broken away from the finished cast-
ing, During finishing operations, the gates
are cut-off, imperfections are removed by
belt grinding and the casting is shot blasted
or -gsand blasted,

Shell Mold Casting

Shell molding is somewhat similar to con-
ventional sand casting. . .the main excep-
tion being the way the mold is made, As
for the end result, shell molding has a
decided advantage in that the surface finish
of the cast part is considerably smoother
and in many cases better tolerances are
possible,
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Figure H-29.

A two section shell mold master
pattern.

Starting with a master pattern made up
of the various parts that are to be cast
in one mold, the first step is to prepare

the SHELL,

The sequence of steps are

shown in the following photos,

Figure H-30.

The pattern is heated and then clamped
in the right hall of the shell making

machine as shown. The dump box on
the left side of the machine contains
the zircon sand mixed with a resin
binder from which the shell will be
made. The operator 15 spraying the
pattern with a silicone compound fo
prevent the mold material from sticking.

Figure H-31.

Figure H-32.

The right half of the machine containing
the master pattem 1s shown flopped
over the dump box. The two units are
clamped together. (The spring and rod
assemblies shown are STRIPPING PINS
that will be used later o remove the
completed shell.)

I

The two halves of the machine asre
flopped 1807 so that the supply of
sand-resin mix will come m contact
with the heated pattern.
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Figure H-33. The sand contains a binder that is heat
responsive. Thus when the sand and
pattern come in contact, the heat from
the paftemn 1s sufficient to bond & thin

layer of sand to 1t as shown here. A Figure H-35, Here are the twao halves of the shell.
flame torch 1s then used {o provide the The operator is placing the necessary
additional heat needed to harden the CORES (mold inserts that will produce
sand layer completely. holes and similar cavities within the

final part}.

Figure H-34. As the right half of the shell machine
1s returned to its place, the stripper
pins are depressed causing them to
push up agains! the hardened shell and
strip it away from the pattern. The
shell is then removed from the machine
and placed on an adjacent work table,
Each machine cycle produces both Figure H-36. Here the operator clamps the mold
halves of a shell which when glued halves in the glue press to permanently
together will make a complete mold. bond them into a complete shell mold.
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Figure H-37. This is the actual casting operation.
The molten metal is poured from the
furnace into a small ladle held by two
men who then carry it to the various
shell molds and pour each full of
molten metal.

As the metal solidifies and cools, its heat
causes the resin binder to deteriorate and
the mold practically falls apart. Thus, it
is a simple matter to remove thecastparts
from the mold, In the final cleanup stage,
gates are removed, general touchups are
made and then the parts are either shot
blasted or tumbled to remove burrs.

THE METALS PLANT UTILIZES THE
SHELL MOLDING TECHNIQUE PRI-
MARILY FOR THE PRODUCTION OF
PERMANENT MAGNETS,
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POWDER METALLURGY

Powder metaliurgyis a manufacturing proc-
ess that uiilizeg metal in a powder form
for ‘the production of end-use parts of a
particular size and shape, It is a process
that permits economical guantity production
and offers many technological advantages
such as the attainment of compositions and
properties that are beyond the scope of the
conventional methods of meiting or casting.

The bhasic process was discussed under the
subject of "Sintering"” in the Refractory
Section of this course {gee Section G, page
12}, This discussion covered the use of
powder metallurgy as one means of pro-
ducing mill forms of refractory metals,

The main difference between the process
used for mill forms and that used for the
production of parts having a peculiar con-
figuration is in the PRESSING operation. In
the case of end~use parts, the perforated
metal cage must be the same shape as the
desired product. Thus, its configuration ig
more compiex than the cages used for mill
forms. Although not included in the Metals
Plant facilities, some powder metallurgy
procesges utilize metal dies to perform the
pressing operation.

Following are a few typical parts produced
at the Metals Plant by means of the powder
metallurgy process:

Fig. H-38 Sintered molybdenum shapes formed by
powder metallurdy techniques.

Fig. H-39 Sinfered tungsten forging billets formed by
powder metallurgy technigues.

Fig. H-40 Large sintered tungsten forging billet for
an aerospace application.

Fig. H-41 A display of typical powder metallurgy
paris that were made by mechanically
pressing in cavity dies.
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Metals Plant capabilities range from 17 4
rods to massive rounds up to 8" in diam~
eter x 500%4 weight in tungsten, and 8" in di~
ameter x 900# weight for moly., Preforms
(hollow structures) with holes ranging from
1/4% 4 as 2 mintmum to 5" das a minimum
and outer diameters to 8" can be made in
either metal, Various alloys of both metals
are capable of being made by premixing the
elements and forming into electrodes for
melting,

Eiectrodes are used for arc melting and are
ordinarily made in sizes 1-1/2" g0 4" 8 %
127 to 20" long for tungsten, and from

1-1/2" ¢ to 8" ¢ and one foot to four feet in
tength, The Metals Plant can produce most
elecirode size and alloy reguirements,

Often slabg or squares for rollingor forging
are needed and here, too, the Melals Plant
can supply a wide range of thicknesses,
widths, and lengihs in sintered bar needed
for further processing by rolling, forging,
extruding, otle,

COMPLETE CHECK-POINT THREE IN
THE WORKRBOOK,







Metals

Cour
CONVERSION SERVICES AND FACILITIES ¢
work book Section H

Pagel

CHECK-POINT H-1

A, What is meant by the term "conversion P,

business"?

Why ig a ladie teemed from the bottom?

O

O

{see check-point answer #11})

B, What ig the differencebetween an "ingot

(see check=-point angwer #24)

What shape ingots are used for the
production of rods and bars?

mold" and an "ingot"?

(see check-point answer #21)

What size air induction melting heats
can the Metals Plant produce?

O

(see check-point answer #6)

C. Why is scrap used whenever possible
in the production of new melts?

(see check=-point angwer #12)

What ig fthe basic difference between
air induction meiting and vacuum in-
duction meltting?

Q

O

(see check-point answer #19)

D, What is used other than scrap to make J.
up the total furnace charge?

O

{see check-point answer #10)

What is the difference between vacuum
induction melting and vacuumarc cast-

ing?
O

{see check-point answer #26)

E. What is the range of a-c current used
for air induction melting?

Q

(see check-point answer #16)

What are the two basic functions per-
formed by forging?

(seec check-point answer #5}

{see chack-point answer #8)

WESTINGHOUSE ELECTRIC CORPORATION
Maoteriels Manufacturing Divisien

Metals Plant Bloirsville, Pao.

printed in U.S.A.

File No. H-2
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L, What type of equipmentisusedtohandle M., What is the purpose of condifioning?
the ingots during the forging operation?

O O

(see check-point angwer #20) {see check-point answer #23)
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CHECK-POINT H-2

G.

What is the purpose of back-uprollson
a cold-roliing mill?

Q

{gsee check-point angwer #13)

What eguipment is utilized when the
desired thickness of material is less
than the normal 5 mil Hmitation of a
standard cold roll mill?

@)

(see check-point answer #1}

What iz the maximum width of sheet
or strip that can be cold rolled at the
Metalg Plant?

O

(see check-point answer #18}

Why do we perform annealing in an
Amogas atmosphere?

O

A, What is the general shape of a billet?
(see check-point answer #15)
B, What is a reversing mill?
{see check-point answer #25)
C, To what thickness can materials be
rolled on the Metals Plant hot~rolling
miiil?
{see check-point answer #17)
[y, What size round bars can be produced
at the Metals Plant?
(see check~point answer #9
E. What is the purpose of the pickling
operation?
(see check-point angwer #30)
¥, What are the three primary purpcses

of cold relling?

O

{(see check-point answer #27)

What is the term used to describe the
removal of surface imperfections and
imbedded particles?

O

(see check-point answer #7)

{see check~-point answer #2}
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CHECK-POINT H-3

What are two other terms used for
investment casting?

{see check-point answer #22)

What is a shurry?

O

(see check-point answer #29)

How is the wax pattern removed from
the mold in investment casting?

(see check~-point answer #14)

What are the advantages of shell mold~
ing over sand casting?

@)

E,

How are the two halves of a shell mold
held together?

Q

¥,

(see check~point answer #31)

What type of products are made at the
Metals Piant using the shell molding
technique?

O

(see check-point answer #3)

What type of producis are made at the
Metals Plant using the powder metal~
lurgy technigue?

O

(see check~point answer #28)

(see check-point answer #4)
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10,

11

12,

13,

14,

15.

CHECK-POINT ANSWERS

Sendzimir mill or cluster mill
Conditioning
Permanent magnets

Moliybdenum and tungsten sintered
shapes, some iron magnet parts, and
silver-tungsten contacts

16,000-29,000 amperes

An ingot mold is the vessel into which
the molten material from a furnace is
poured . . . an ingot is the mass of so~
lidified metal formed in an ingot mold

To reduce thickness - produce a smooth
surface - develop controlled mechanical
properties

Reduce cross-section - refine structure
1/2 to 4 inches in diameter

In vacuum induction melting, the entire
melting operation is performed under
vacuum

Jobs we get in which the customer fur-
nishes the material in some semi-fin-
ished form and we convert it to the de~-
gsired final form

100 to 10,800 pounds

To prevent the contact rolls frombend-
ing

It is melted out

Its cross-section is generally square-
shaped

16,

17.

18,

19.

20,

21,
22.
23,

24,

25,

26.

27.

28,
29,

30.

31.

In vacuum induction melting, heat is
produced by an induction coil. .. in
vacuum arc casting, heat is produced
by an arc between the electrode andthe
molien metal

Down fo .090 inches thick

22 inches wide
To keep down cost of raw material

A manipulator

Square-shaped ingots
Precision casting - lost wax process
To remove surface defects

The non-metallic impurities and slag
have risen to the top

A rolling mill in which the piece being
processed can be fed through the rolls
in either direction

Selected elemental materials and/or
ferroalloys

To prevent oxidation of the surface of
the maferial

Smoother surface - closer tolerances
A mixture of sand and sodium silicate

To remove the oxide scale formeddur-
ing hot rolling

Glued






