That Fateful Four Thou

Paul Robbins, Vice President
Castool Tooling Solutions
Scarborough, Ontario, Canada

Four thousandths of an inch. This miniscule but critical
distance should be indelibly etched in the mind of every
light metal die caster. It is the optimum gap between the
plunger tip and the shot sleeve during the casting process.
If at any time during the shot, the gap exceeds .004, the
alloy is likely to penetrate the space, and flash or blowby
will occur. This will inevitably cause excessive wear.

If the gap becomes much less than .004, there is a con-
stant danger of interference and inconsistent shot velocity.
Scrap will result. It is essential, therefore, that a gap of
very close to .004” be maintained at all times during the
casting cycle.

The Problem

When metal is heated, it expands. If both the shot sleeve
and the plunger remained at a constant temperature,
maintaining a consistent gap would be no problem.
However, when molten alloy at about 1300°F is poured
into the shot sleeve, then pushed out the other end,
unless effectively controlled, the temperature of both the
plunger tip and the shot sleeve will increase considerably,
and they will expand.

If the ID of the shot sleeve is no greater than about three
inches, the potential problem is minimal, and can likely be
ignored. The coefficient of thermal expansion, however, is
a constant. The same increase in temperature of a six-inch
shot sleeve, for example, will cause it to expand twice as
much as a three-inch sleeve. The market for larger light
metal castings is increasing. Shot sleeves are getting bigger,
but whatever the size of the sleeve, that critical gap of .004
of an inch unfortunately remains unchanged.

Cooling the Plunger Tip

Controlling the gap between the plunger tip and the shot
sleeve is complicated by the fact that the plunger tip is usu-
ally made of copper, for better conductivity, while the shot
sleeve is made of steel. The coefficient of thermal expan-
sion for copper is about 50 percent greater than for steel.
This means that if the temperature of both plunger tip and
shot sleeve increases by the same amount, the plunger will
expand much more than the shot sleeve. In a large machine,
if the plunger tip is not adequately cooled, the gap between
plunger and shot sleeve can easily disappear.

Die casters usually reduce the temperature of their
plunger tips with water. The most common cause of
excessive plunger tip expansion is insufficient coolant.
Even experienced die casters often neglect this.

Rate of flow is easily determined, and should be moni-
tored constantly. Maintaining an adequate flow of water
is vital to controlling plunger tip expansion.
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There are some proprietary cooling-intensive plunger
tips available that utilize the cooling water much more
effectively than conventional tips.
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Fig. | = Shot sleeve cooling jacket.

The unique plunger tip illustrated above is of forged
beryllium copper. This facilitates the heat transfer from
the body of the plunger to the coolant. The stainless steel
holder is in full contact with the face of the plunger, and
absorbs the total pressure of the shot. The face can then
be quite thin, for improved heat exchange.

The water flow is from the center of the shot rod,
through the holder and directly to the inside face of the
plunger tip. It is then distributed through four channels
to the circular external coolant channel. These channels
are designed to create a turbulent flow, which makes for
maximum heat transfer.

Fig. 2 - Qil regulated shot sleeve.

Controlling Shot Sleeve Temperature

Nearly all die casters cool their plunger tips. Effectively
controlling shot sleeve temperatures, however, is a more
difficult challenge. The most common method of water cool-
ing shot sleeves, is with a pattern of cooling ducts which are
an integral part of the sleeve.

The pour end of the shot sleeve is where the temperature
is highest. This is obviously where cooling is most neces-
sary. Accordingly, another method of temperature control
is the pour end cooling jacket. This effective and economical
device puts shot sleeve cooling where it is needed most,
directly below the pour spout. The cooling jacket can also
be re-used when the sleeve is replaced.

www.diecasting.org/dce



Versa Ram System

N
st 3 o 8

@

Frees seized plunger tips.
Facilitates removal of stuck
castings. Powerful magnetic
inserts hold base and rams
in position. Reduces
downtime to just minutes.
A one operator solution.

c\umP*" Heel, Step, U and all purpose

designs. High strength austempered
ductile iron. Full range of sizes.

VOS

Lod\e Cups

Vers@ Die

Universal mounting
bracket for right or left
use. Reusable.
Patented. Quarter inch
thick ductile iron,
smooth-pour design.
For Toshiba, Rimrock,
Snair, Advance and UBE
machines. Specials
available.

VERSA IRON & MACHINE IMMEDIATE DELIVERY:
827 Forest Street 651-778-3370

St. Paul, Minnesota 55106

651-778-3370 Fax: 651-771-1292 © versa 2001
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VULKAN

woukan| Blast Shot Technology

Division of VULKAN HAREX Steelfiber (North America) Inc.

Supplier of:
VULKAN CHRONITAL

A high quality cast stainless steel shot media used for cleaning,
deburring, descaling and surface finishing of a wide variety
of aluminum and other non ferrous alloy castings. Ferrous

contamination is avoided with a single step blast cleaning process.

Particle sizes from .005 to 0.1 inch are readily available.

VULKAN'S Trademark is high quality, strong technical support
and efficient service at a very competitive price.

~ all 1-800-263-7674 (Canada and US,) ~

Vulkan Blast Shot Technology

P.O. Box 2052, 10 Plant Farm Blvd, Unit 2
Brantford, Ontario N3T 5W5
Tel: 519-753-2226 - Fax: 519-759-8472 ¢

E mail: vulkan@worldchat.com
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Fig. 3 = Simulaton of shot sleeve, without temperature control.

The Advantages Of Using Oil For Container
Temperature Control

A common misconception is that the amount of thermal
expansion of a shot sleeve is simply a factor of its diameter
and its maximum temperature. If this were the case, tem-
perature control would simply depend on cooling.

This is incorrect.

The amount of thermal expansion or contraction depends
on the ID of the sleeve, and the amount of temperature
change, up or down, not on the maximum temperature.
This temperature differential, usually known as AT, will cause
exactly the same amount of expansion at any point on the

temperature scale.
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Fig.4 - Simulation of shot sleeve, with temperature controlled
by oil.

The maximum temperature in a shot sleeve occurs at the
bottom, under the pour hole. If the shot sleeve has been
preheated by circulating hot oil at 400°F, for example, AT
will be reduced and consequently the amount of expan-
sion. Also, all temperatures greater than 400°F as the
pour continues, will also be reduced, as the oil then acts
as a coolant.

A major advantage to preheating the shot sleeve is that
start-up scrap is eliminated. When using more expensive
alloys, this saving can be significant, as well as additional
savings in costly production time.

When oil is used to control shot sleeve temperature,
start-up scrap is eliminated, temperature variation both top
to bottom and back to front very closely controlled and
expansion minimized. The .004 gap can be maintained.
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Fig.5 Cooling-intensive plunger tip.

Fig. 6 = Simulation standard plunger tip.

For large casting machines, controlling the amount of tem-
perature change in the shot sleeve during the casting cycle
is essential to a productive and profitable operation. This is
clearly apparent in the 3-D computer simulations made by
the R&D department. These compare the predicted tem-
perature change in a shot sleeve with and without effective
temperature control.

Numerical Simulations

If heat is applied to a particular point on a metal object, due
to thermal conductivity the temperature will also increase
at any other nearby point, but to a lesser extent. The closer
these points are together, the more closely the temperature
of the second point will be to that of the first. Also, if the
heat is applied intermittently, but often enough that cooling
is limited, the temperature at any location will soon stabilize,
and remain fairly constant.

In preparing these numerical simulations, Castool basically
used the law of conservation of energy, and a computational
technique known as “The Finite Volume Method.”

Using this method, you assume that the 3-D model of the
object you are studying is broken down into a great number of
very small discrete volumes, each of which surrounds a single
point. For each of these points, the computer resolves the
equation that predicts the effect that a slight change in tem-
perature at that point will have on the next closest point.

The vast quantity of equations to be processed makes the
Finite Volume Method practical only with the help of a spe-
cially designed computer program. Each of the simulations
shown here required more than 2 million calculations.
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Fig. 7 = Simulation cooling-intensive plunger tip.

In the simulations shown, where temperatures are rep-
resented by changing colors, there is a considerable margin
of error due to inconsistencies in transmitting and printing
exact shades of colors. Absolute temperatures therefore
cannot be assumed. Relative values, however, are quite valid.
The purpose of these simulations was merely to graphi-
cally demonstrate the need for temperature control in large
shot sleeves. That is, the difference between controlled and
uncontrolled temperatures.

Parameters
Shot sleeve: Length - 48” ID - 6.5”
Material: HI3 steel
Coefficient of thermal expansion: 0.0000061/°F
Alloy being cast: magnesium (AM60B)
Alloy temp. while pouring: 1324°F
Dwell time (die closed onto biscuit): 20 seconds.
Total casting cycle time: 85 seconds.
Oil temp.: 400°F
Rate of oil flow: 6 USgpm.

Note: The simulations shown were with the plunger in contact
with the biscuit, after 25 casting cycles, when the temperatures
within the shot sleeve were virtually stabilized.

Observations

With no temperature control, (see figure 2,) the tempera-
ture inside the shot sleeve, just below the pour hole is about
650°F. The temperature then reduces gradually throughout
most of its length until it reaches about 430°F. Near the die
end, it increases rapidly to more than 600°F.

Using the coefficient of thermal expansion of HI3, if the
temperature of a 6.5” tube changes by 200°F degrees, the
ID will change by about 0.008". The need for effective tem-
perature control is obvious.

Consider now the pattern of the temperature change in a
shot sleeve with its temperature controlled by oil entering
the sleeve at 400°F, and a flow of 6 USgpm. (see figure 3).

You will note that the temperature beneath the pour hole
is now about 430°F. The temperature soon drops to about
400°F, and remains fairly unchanged until close to the die
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end when it jumps to about 520°F. Only at the very end of
the stroke, with the plunger tip in contact with the biscuit,
does the temperature approach 570°F.

The Imperatives of Temperature Management

With no temperature management, the amount of expansion
and contraction of a large shot sleeve is unacceptable.

When the temperature of the shot sleeve is regulated by
preheated oil at about 400°F, its temperature before the
pour is already about 400°F. The temperature differential,
AT, throughout the shot sleeve, from beginning to end of the
casting cycle, is quite small. The expansion and contraction
is therefore limited.

If the temperature of a large shot sleeve is uncontrolled, par-
ticularly at the pour end, when partially filled with hot molten
alloy, the shot sleeve will not only expand by an unacceptable
amount, the vertical temperature variance will cause unequal
thermal expansion. This will not only result in a considerable
amount of ovality, but also some axial bowing. The inevitable wear
will shorten the life of both shot sleeve and plunger tip. More
importantly, it may interfere with the smooth and regular move-
ment of the plunger. If this occurs, scrap will surely follow.

And in Conclusion ...

At a time when the overall market for light metal castings
is shrinking, but the automotive industry is increasing its
demand for larger castings, for some die casters, survival
may depend on improved productivity

Effective temperature control of both shot sleeve and
plunger tip is essential to efficient extrusion. It will a55|st
you in preserving that critical gap of 0.004", s
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VISIT THE WEB SITE AT www.kestrelcompass.com/NADCA

The kestrelCOMPASS™
makes designing

and implementing an
Environmental
Management System
(EMS) easy. The
kestrelCOMPASS™ uses the NADCA “Blueprint
to ISO 14001” allowing you to quickly design
and document your ISO 14001 EMS through

a series of yes/no questions.

The system acts as a navigator, allowing you
to use your existing EMS documents-without
converting them to new formats. And, the
kestrelCOMPASS™ is never out of date.
Updates made by your selected administrators
are instantly available via the web to all staff.

With the easy-to-use, web-based
kestrel COMPASS™, your EMS will become
daily practice as employees can easily find
policies, procedures and forms, and perform
documentation tasks, all from within the
kestrelCOMPASS™.
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