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Porosity defect

Porosity is the presence of holes, spaces, or gaps inside a solid Two main sources of porosity during casting
are shrinkage and gas porosity
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Porosity defect

The first of these occurs due to the volume contraction between solid and liquid during solidification;
if additional liquid is not supplied to compensate, then porosity will appear in the castlng
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Shrinkage
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Porosity defect
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The most obvious porosity defects are caused by the entrapment of
gases within the molten solution. Typically, hydrogen precipitates

into melt by contact with the atmosphere or when there is too
much moisture in the flux
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Porosity defect
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Since hydrogen is highly soluble in molten metal, it is best to avoid
superheating metals beyond their melting temperature and to

avoid holding the material in a molten state any longer than is
required
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Porosity defect
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i Gases can be scavenged from the molten metal
- by introducing an inert gas such as argon or
o, nitrogen and bubbling it through the metal. To
reduce the absorption of gases from the
et gas i atmosphere, leaving any slag or dross, cover the
molten metal until just prior to pouring it into
the mold
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Porosity defect
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Porosity is detrimental to the ductility of a casting and its surface finish, making it permeable
and thus affecting the pressure tightness of a cast pressure vessel
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Porosity defect
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Cavities Defects
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Pinholes

Open holes Blowholes

AN

Cavities consist of rounded or
rough internal or exposed cavities,
including blowholes, pinholes, and
shrinkage cavities
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Cavities Defects
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Possible causes:

¢ Dissolved gases are released during solidification.

e Excessive moisture in molds or cores.

e Excessive amounts of additives containing hydrocarbons.

¢ |nsufficient evacuation of air and gas from the mold cavity.
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Cavities Defects
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Remedies:

¢ Increasing permeability of mold and cores.|5
e Avoiding improper gating systems.
¢ Increasing metal pouring temperature.
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Discontinuities Defects
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Hot tear Cold Shut

Hot tear

Discontinuities include cracks, cold or hot tearing, and cold shuts.
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Discontinuities Defects

Possible causes:
e Damage to the casting while hot, due to rough handling or
excessive temperature at shakeout.
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Discontinuities Defects

Remedies:

e Care in shakeout and in
handling the casting while it is
still hot.

e Sufficient cooling of the casting
in the mold.

" Cala el
aind g dlal) ) ) W 3l Aliall @
LAl Jp Y iy cuall = bzl
Lallal) 2 —all ‘?j\ﬁ\ Ll e



Surface Defectives
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Defective surfaces are ones that have folds, laps, scars, adhering sand layers, or oxide scale

luslrous carbondefect regions




Surface Defectives
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¢ Oxide films that lodge at the surface, partially marking the paths of metal flow through the mold.
e Metal, flask or both being too hot.
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Surface Defectives

Remedies:

¢ Increasing mold temperature.
* Lowering the pouring temperature. [
e Modifying gate size and location. |
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Incomplete Casting Defectives
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Misrun

Misruns

Incomplete casting, such as misruns due to premature
solidification insufficient volume of metal poured, and
runout due to loss of metal from mold after pouring
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Incomplete Casting Defectives
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Possible causes:

¢ Insufficient quantity of liquid metal in the ladle.
¢ Premature interruption of pouring due to
workman’s error.

e Metal too cold when cast.

e Mold too cold when cast.

Misrun

Mold
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Inclusion Defectives
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Inclusions form during melting, solidification, and Slag Inclusion
molding. Generally nonmetallic, they are regarded as
harmful because they act as stress raisers and reduce
the strength of the casting. They can be filtered out
during processing of the molten metal. Inclusions
may form during melting because of reaction of the
molten metal with the environment (usually oxygen)
or the crucible material.
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Possible causes:

e Combinations formed as intermetallics between
the melt and metallic impurities foreign
impurities.

e Charge materials or alloy additions that have
not completely dissolved in the melt.

e Contaminants in wax pattern.
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Slag Inclusions
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Inclusion Defectives
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Inclusion Defectives
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Remedies:

¢ Assuring that charge materials are clean and eliminating foreign metals.

¢ Using small pieces of alloying material and master alloys in making up the charge.
¢ Being sure that the bath is hot enough when making the additions.

¢ Not making additions too near to the time of pouring.
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Personnel Reqguirements for NDT
Inspection:

Qualifications:
- Personnel carrying out NDT are to be qualified and certified to at least Level |1 of

a recognized certification scheme such as EN 473, 1ISO 9712 or ASNT-TC-1A/
ISNT.

- Personnel responsible for the NDT activity including approval of procedures are
to be qualified and certified to Level 111 of ISNT/ASNT.



Examination Procedures

5.1 Visual Inspection
5.2 Surface Crack Detection

5.3 Volumetric Inspection




Acceptance Criteria

Visual Inspection: All castings are to be free of cracks, crack-like
indications, hot tears, cold shuts or other injurious indications. Thickness of
the remains of sprues or risers is to be within the casting dimensional
tolerance.

Additional magnetic particle, dye penetrant or ultrasonic testing may be
required for a more detailed evaluation of surface irregularities at the
request of the Surveyor

5.2 Surface Crack Detection: Surface Crack Detection The following
definitions relevant to indications apply: Linear indication - Non-linear
indication - Aligned indication - Open indication - Non-open indication
Relevant indication

5.3 Volumetric Inspection: Acceptance criteria for ultrasonic testing are
identified in Table 2 as UT1 and UT2




Table 2 : Ultrasonic acceptance criteria for steel castings

Quality Level Allowable disc sha];e Max. number of Allowable length of
according to DGS ) indications to be linear indications
[mml] registered 2) [mml] 3
UT1 =6 0 0
UT2 12-15 5 50
=135 0 0
Notes:

1) DGS : distance-gain-size
2) Grouped in an area measuring 300 x 300 [mm]
3) Measured on the scanning surface.




ASME B16.34-2013

Table I-1 Acceptance Criteria for Thickness per Table I-3 Acceptance Criteria for Thickness per
Para. I1-2.1 Para. I-2.3
Acceptable Acceptable
Comparative Plate Comparative Plate

Discontinuity Type Category ASTM E446 Discontinuity Type Category ASTM E280
Gas A A2 Gas porosity A A3
Sand B B3 Sand and slag inclusions B B3
Shrink, Type 1 C CA2 Shrink, Type 1 C CA3
Shrink, Type 2 C CB3 Shrink, Type 2 g (B3
Shrink, Type 3 C cC3 Shrink, Type 3 C cc3
Shrink, Type 4 C CD3 Crack D None
Hot tears and cracks D&E None Hot tear E None
Inserts (chills, chaplets) F None Insert F None
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Types of casting
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Expendable mold Nonexpendable mold

Sand casting Permanent casting

Investment casting
Centrifugal casting
Slell casting

Continuous casting

plaster casting



Sand casting

Sand casting is a metal-forming process in which a molten metal compound is poured
into a sand mold to produce a workpiece’s desired shape.

Gothall JSEY ZUN ey B L jgaaiall Gaal) qua dples 2 Ja ) qua



Sand Casting

Advantages Disadvantages

v Quick Turnaround — Minimum wall is 3/16” + draft required
v" Low tooling dollars — 250-400 RMS finish

v Low to high volume capable — Limited definition of features and details
v Many vendors available — Loose tolerances often require secondary
v Easy to revise tooling machining.

v" Process/Equipment is easily scalable to

large parts



Plaster casting

Plaster mold casting is a metalworking casting process similar to sand casting except the
molding material is plaster of Paris instead of sand.
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Plaster Mold Casting

Advantages Disadvantages

v' Low Tooling Cost. — Unit prices are higher than sand

v Good for prototyping of diecastings ansl -V- Proce-ss: -
v Vendors typically “agile” to leadtime and ~ Daily output limited to low quantities

revisions. — Poor plating and pressure tightness
due to gas porosity.



shell casting

G gllaall JSA) U @il g Jall (e daadd (Gaadad (e Lo L) a3 ) jaad) 488 5 5 8 (e 3 e I (8



Advantages and Disadvantages

* Advantages of shell molding:

— Smoother cavity surface permits easier flow of
molten metal and better surface finish

— Good dimensional accuracy - machining often not
required

— Mold collapsibility minimizes cracks in casting
— Can be mechanized for mass production

* Disadvantages:

— More expensive metal pattern
— Difficult to justify for small quantities



Investment casting

Moid to make pattern

R B

1. Injection wax or 3. Pattern
plastic pattern assembly (tree)
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Investment Casting

Advantages Disadvantages

v Thin wall — Highest casting unit price

v" Unlimited design freedom — Not shortest leadtime for production
v Accurate, fine details tool and parts

v' Smooth surface finish (125 RMS) — Not appropriate for most large parts
v" Relatively low tooling costs. (>167)

v" SLA and 3d Printer output can be used
as patterns for Rapid Prototypes.



Sand Casting
el Sl




Sand casting

Rammer

Split Pattem
with Core Pnnlts

Parting Powder added Mouiding Sand Excess sand
1o help avoid mould added and Rammed Strickied OH
sticking to pattern around the Pattern



Sand casting
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Sand casting

: Molding <!
i gasalll A1) aie g pattern gagall) Joa QI (e Ciual JS A Jal) Al Gk (o el QN JuSds 400N 8 ghdl) Jiam
.Cores M&J‘M‘J‘M*C"ﬂ‘ dan) gy Lol oSay ¥ cuall 4uti)8 e 95\ cqual) JSinw (5l iy gail)




Sand casting

: pouring =l
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Sand casting

: cooling 4!
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Sand casting

: Sand removal & Ja 1 413
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Sand casting
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Sand casting

Basically, sand casting consists of six production steps:

Pattern. Preparing and placing a pattern having the shape of the desired workpiece.
Molding. Making a mold and incorporating a gating system using a molding machine.
Pouring. Pouring the molten compound metal into the mold.

Cooling. Cooling and solidifying the metal in the mold to form a desired shape.

Sand removal. Removing sand and scales from the surface of a separated workpiece, and
removal of risers and gates.

Inspection. Performing in-process inspection in accordance with standards.
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