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Master 18

Schematic illustration of three cast
structures of metals solidified in a
square mold

Figure 10.1 (page 267)
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Figure 10.3 (page 268) Schematic illustration of alloy solidification Master 19
and temperature distribution in the solidifying
metal
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Figure 10.4 (page 269)
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(b) Solidification of carbon steels in sand

(a) Solidification patterns for gray cast iron
and chill (metal) molds.

in a 180-mm (7-in.) square casting.

Master 20
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Casting Terminology:

Pattern: An approximal

e duplicate of the final casting.

Flask: the box containing the aggregate.

If the mold is a two part
The bottom part of any

Core: a sand shape that
for water cooling).

mold, the cope is the top part f the péttem, flask, mold and core.
of these features»is called the drag.

is inserted into the mold to produce internal features (holes or passages

Core Print: Region added to the pattern, core or mold to locate and support the core within the

mold.
Mold Cavity: mold mat
. Riser: Extra void creatg
metal that can flow into

voids should occur here]

Gating System: A netw
mold cavity.

Pouring Cup: Receives

It then flows down the s
gates into the cavity.

erial + core form the void where the metal is poured.
d that will be filled with molten metal, it provides a reserve of molten
the cavity to compensate for any shrinkage during solification. Shrinkage

not in the final casting.

rork of channels used to deliver the mtal from outside the mold to the

the molten metal from the pouring vessel.

prue, along the horizontal channels (runners) and finally through the

Parting line: the interface that separates the cope and drag halves of the mold, flask, or pattern,

and the halves of the co1

Draft: taper on a patter]

Core box: the mold or ¢

e.
n that lets it be withdrawn from the mold.

jie used to make the core.




Master 22 Schematic iflustration of a sand mold Figure 11.3 (page 292)
showing various features
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Top riser {open-type)

(a)

Mold cavity

Side riser (blind-type)
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FIGURE 14-1  Sequential steps in making a sand casting. (a) A pattern board is
placed between the boltom (drag) and top (cope) halves of a flask, with the
bottom sidle up. (b) Sand is then packed into the drag half of the mold. (A
bottom board is positioned on top of the packed sand, and the mold is turned
over, showing the top (cope) half of pattern with sprue and riser pins in place. (d)
The cope half of the mold is then packed with sand. (e) The mold is opened, the
paltern board is drawn (removed), and the runner and gate are cut into the
surface of the sand. (e) The parting surface of the cope half of the mold is shown
with the pattern and pins removed. () The mold is reassembled with the pattern
board rempved, and molten melal is poured through the sprue. (g) The contents
are shaken|from the flask and the metal segment is separated from the sand, ready
for further|processing.
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Manufacturing Processes & Materials Chapter 8: Metal Casting Expendable Molds

Most metals and alloys shrink when they solidify. Therefore, all members of the parts should be designed to
increase in dimension progressively to one or more suitable locations where feeder heads can be placed to
offset liquid shrinkage. All of the rules set forth here have been proven in practice.

. Feeder
SR O rser R0
N N .

ANNNNNNNY OO

. Shrink
Shrink \

defect \ % defect
AN AN

Incorrec Correct Incorrect Correct
Heavy section Light section at top
cannot be fed prevents feeding

Replace sharp angles and corners with radii

Local structural Local shrink Shrink
/ weakness weakness defect
®

Example 1 Example 2 ) Example 3 »,

Poor design

Example 4 Example 5
Improved design

Stregs
concentiation
and “hot|spot” d

Example 6 Example 7

Incorrect Correct

Figure 8-35. Rules for the design of castings.
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Manufacturing Processes & Materials

Chapter 8: Metal Casting Expendable Molds

A cool

Solidification o
penetrate into

mechanical we

curves are made
plotted as shown

Mg

uniform cooling and greatest freedom from mechanical weakness. When tw!

Example a Example b Example ¢ Example d
Solidifies in 3 min Solid in Sohdlm Sohd'm Solid in Solid in
A simple section that 3 min 5 min 3 min . 9 min
cools|freely from all 7 min
surfaces. in Example b, adding o second  When two sections cross, as in Example ¢, only  Adding fillets that
section creates “hot spots.” The material outside the circle represents true are too large
area inside circle cools at the properties. Area inside the circle solidifies at aggravates defect.
rote of a section 50% larger. the rate of a bar twice its cross-sectional area.

To portray the serious casting problems involved in the joining of

together and |avoids acute angles.

ingd surface should always be presented. Sharp angles and corners should be avoided.

. ) Hot spots are the most T
Simple section common defect in
casting design

Conjoining secfions

Rounding corners avoids local structural weakness

Metal structure is affected by shape of casting section
f molten metal always proceeds from the mold face, forming unbalanced crystal grains that
he mass at right angles to the plane of the cooling surface. A simple section presents

o or more sections conjoin,
akness is induced at the junction and free cooling is inferrupted, creating a “hot spot.”

The minimum number of sections should be brought together

Cooling curves showing rates of solidification

L
e 1,149 .
! Cooling curves
%{ (2,100) at center of:
9_:’, 1. Bar number 1
S 2. Single right-angle section
g 3. Double right-angle section
€ l ) . 4. Fillets too large
= 5 10 15 20

Time element, min

an excessive number of members, cooling
by inserfing thermocouples at the adjoining sections. The results of these measurements are
in the graph above. A well-designed casting brings the minimum number of sections

Figure 8-35. (copnt.)
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Manufacturing Processes & Materials Chapter 8: Metal Casting Expendable Molds

All sections should be designed as nearly uniform in thickness as possible

Cylinder with lugs

rous patch in bore, Porous spots, Correct
incorrect design weak foot design

Design on left caused defects shown. Correct design shown on right. All sections should be designed as
uniform in thickness as poss|ble. Failing this, all heavy sections should be accessible for feeding.

Dimensions of inner wall should be correctly proportioned
Inner sections of castings, resulting from complex cores, cool much slower than outer sections and cause
variations in strength properties. A good rule is to reduce inner sections to 9/10ths of the thickness of the
outer wall. Rapid section changes and sharp angles should be avoided. Wherever complex cores must be :
used, the design for the sectjon should be uniform to avoid locally heavy masses of metal. : S

Incorrect Correct

Cylinders and bushings
The inside diameter of cylinders should exceed the wall thickness of the casting.

Ring riser
Example 1

Correct

When the inside diameter of|the cylinder is less than the wall thickness of the casting, as shown in Example 2,
it is better to cast solid. Holes can be produced by cheaper and safer methods than by coring.

Core Example 2

Incorrect

Figure 8-35. (cont.)




