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Abstract

Abstract

By improving the gating technology in traditionahtong systems it is possible to
reduce the amount of metal to be re-melted, andéhesduce the energy consumption
for melting in foundries.

Traditional gating systems are known for a straigipered down runner a well base
and 90° bends in the runner system. In the streachlgating systems there are no
sharp changes in direction and a large effort i'edo confine and control the flow of

the molten metal during mould filling.

Experiments in real production lines have proveat thsing streamlined gating
systems improves yield by decreasing the pouredjiwetompared to traditional
layouts. In a layout for casting of valve housingsa vertically parted mould the
weight of the gating system was reduced by 1,1kighvis a 20% weight reduction for
the gating system. In a layout for horizontallytpdrmoulds the weight of the gating
system has been reduced by 3,7kg which is a weaghiction of 60% for the gating
system.

The experiments casting valve housings in duatile also proved that it is possible to

lower the pouring temperature from 1400°C to 1308f@Gout the risk of cold runs.

Glass plate fronted moulds have been used to shelylow of melt during mould
filling. These experiments have also been usedsfoedying the flow pattern when
ceramic filters are used. The thorough study ofuse of filters revealed that the metal
passing through the filter is divided into a numbesmall jets. This proves that filters
do not have the claimed positive effect on the flolwmetal. The volumes necessary
on either side of the filter are not filled tilll@ackpressure is build up and results in

formation of pressure shocks when backfilled. Thesssure shocks result in more
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turbulence inside the casting than the same gatystem with no filter. Not using
filters can mean a reduction in poured weight 6kQ,

To examine if the experiments using glass plataté® moulds give representative
results of how the melt flows in a real mould aieserof experiments have been
conducted using the x-ray facilities at the Metgluand Materials department at the
University of Birmingham. The results proved thhae tglass plate do not have any
large effect on the flow pattern during mould fifli. It was also found that using fan
gates only 1mm thick holds back slag and in thig warks as a filter.

A complete set of guidelines for designing streaedi gating systems have been made
in this project. Using these guidelines and conmgnstandard geometries and the
presented spreadsheet makes it possible for fasdo use streamlined gating

systems in practice.
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Ved at forbedre indlgbsteknikken i traditionelledlimbssystemer er det muligt at
reducere meengden af metal, der skal gensmeltedervgd reducere energiforbruget
til smeltning i stgberierne.

Traditionelle indlgbssystemer er kendt for at hawveretlinjet konisk stgbe tap, en
brend og 90° bgjninger i indlgbssystemet. | stre@de indlgbssystemer er der ikke
nogen skarpe retningsaendringer, og en stor indsatgort for at kunne styre og

kontrollere stramningen af det flydende metal uridenfyldningen.

Eksperimenter udfegrt under produktionsforhold havist at brugen af stramlinede
indlgbs-systemer forbedrer udbyttet ved at reducesegten af indlgbssystemet
sammenlignet med de traditionelle layouts. | etoldytil stgbning af ventilhuse i
vertikalt delte forme blev veegten af indlgbssysteraduceret med 1,1kg, hvilket er
en 20 % veegtreduktion for indlgbs-systemet. | goui til horisontalt delte forme er
veegten af indlgbssystemet blevet reduceret mekig3 fvilket er en veegtreduktion pa

60 % for indlgbssystemet.

Eksperimenterne med stgbning af ventilhuse i SGfewviste ogsa, at det er muligt at
saenke stgbetemperaturen fra 1400 °C til 1300 °@ wsi&o for koldigbninger.

Glaspladeforsgg er blevet brugt til at studere nstiagen af smelte under
formfyldning. Disse eksperimenter er ogsa blevegbtil at studere stramningen, nar
keramiske filtre bliver brugt. Det grundige stucaé brugen af filtre afslgrede, at
metallet, der passerer gennem filteret, bliver dglti et antal sma stramme. Dette
beviser, at filtre ikke har den pastaede positidvirkning pa stramningen af metallet.
De volumener, der er ngdvendige pa begge sideittiat,f er ikke fyldt, far et vist

modtryk er opbygget, og nar disse volumener fyldksnes der et tryk-chok, som
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resulterer i mere turbulens inde i emnet end meédaimme indlgbssystem uden filter.

Ved ikke at bruge filtre kan den samlede veegt nedbs med 0,6kg.

For at undersgge om glaspladeforsgg giver repragsentresultater af, hvordan
smelten flyder i rigtige forme, er en serie af ekapenter blevet udfert ved brug af
rantgen-faciliteterne hos instituttet Metallurgy darMaterials pa University of
Birmingham. Resultaterne beviste, glaspladerne likenogen starre indflydelse pa
stramningsmgnstret under formfyldningen. Det sasapat vifteindlgb med blot

1mm'’s tykkelse holder slagger tilbage og virkedeane made som et filter.

Et komplet saet af retningslinjer for design af sitigede indlgbssystemer er blevet
udarbejdet i dette projekt. Ved at bruge disseimgsiinjer og kombinere standard
geometrier med det preesenterede regneark er degtnial stgberier at bruge

stramlinede indlgbs-systemer i praksis.
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1 Introduction

1 Introduction

In foundries all over the world a lot of effort done to minimize costs in the
production to increase their competitiveness. &tghme time the foundries must live
up to the increased demands for high quality cgsti®ne way of dealing with these
requirements for lower costs is to try to minimibe amount of molten metal being
poured into each mould without reducing the quality do this a large effort is being
done to minimize the size of feeders by for exampsing different kinds of

insulating- or exothermic sleeves.

Another area of research in which large savingshmmade is in the design of the
gating system. Previous work has shown that thditibaal way of designing gating
systems creates high inconsistency in flow patteuring filling. This inconsistency
can be seen in the way that three moulds made unelexact same conditions with a
traditional layout will not necessarily give thensa result. Per Larsen presents a
number of guidelines for confining and controllittge melt using streamlined gating

systems for the purpose of producing thin-wallestiogs. [Ref. 1-1]

This project is based on these results, principled recommendations. The aim for
this project is somewhat different in the way tlila¢ focus is not primarily on

designing gating systems for only thin walled aagi but more general for use with
also heavier castings. The main objective in tinggeget is to use the principles in the
streamlined gating systems to reduce the weighhefgating system relative to the
traditional layouts. At the same time the consisyein the flow patterns during filling

from one mould to the next are to be improved, #igain reduces the scrap rate. This
project is also meant to help and make it easierfdandries in general to use the
streamlined gating system on an everyday basi® ghis is how the largest savings

are achieved.
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1 Introduction

1.1 Purpose

The purpose of the project is to minimize the epargnsumption for re-melting in

foundries.

1.2 Goal

The goal for the project is to find and describeeav set of design rules for designing
of streamlined gating systems for use on an evasy lhsis in foundries. By using
streamlined gating systems instead of more traditiggating systems the poured
weight is to be reduced hence reducing the amdumietal to be re-melted and in this

way fulfilling the purpose of the project.

1.3 Partners in this project

A brief presentation of the three project partraesgiven here.

1.3.1 Dania A/S

Dania A/S was established in 1947 and is an inddgr@nron foundry producing high
guality castings in both gray iron and ductile ir@ania A/S also offers all kinds of

machining of the castings. [Ref. 1-2]

1.3.2  Frese Metal- and Steel Foundry A/S

The foundry has more than 50 years of experienceaimd casting in corrosion
resistant material as bronze, aluminium bronzestaithless steel. Mould sizes up to a
maximum of 3000mm x 3000mm x 2000mm floor mouldM@-bake process. [Ref.
1-3]

1.3.3  DISA Industries A/S

DISA Industries is a complete supplier to the faynddustry and offers a wide range
of foundry systems, equipment, technical experéind service support. [Ref. 1-4]
DISA is probably best known for the automatic mauddmachine for vertically parted

moulds, the Disamatic.

14
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2 Theory in gating technology

2 Theory in gating technology

The purpose of, and the most important reason &winlg and designing the gating
system is obviously to transport the molten met&bd the mould cavity. At first this
sounds fairly simple however at the same time #teng system must fulfil a series of
other demands as well. One of the first demandsaisthe gating system must ensure
that the flow of the melt should be as calm andeceht as possible without being so
slow that the melt solidifies before the mouldiledl. The gating system should also
be designed in a way that reduces jets, formatiairgockets and vena contracta as
much as possible. Very often a poorly designedngasystem can cause oxide
formation and gas entrapment which reduces thatguadlthe casting. Beside this, a
beneficial heat distribution in the castings isiEsto ease the need for feeding and
improve the efficiency of the feeders. At the satimee the gating system should
weigh as little as possible to improve the ratiowdight of castings produced to

weight of metal poured better known as “yield”.

In this project only gravity driven mould fillingnisand moulds is concerned. To ease
the understanding when discussing gating systemsetiin 'casting’ will be used for

the combined actual part to be cast and the fee@iresgating system has to be able to
fill both the parts and the feeders so there igaason to distinguish between them

here.

2.1 Case study

A valve-housing for automatic balancing valves wa®sen for a case study. The
reason for this choice was that the valve houssgpibe cast in ductile iron on a
Disamatic, and bronze and perhaps stainless stdwrizontally parted moulds. This
means that the same geometry has the interedttbfed partners in the project. Using
the valve housing as a case study also meansrtliat ifollowing the valve housing
will be used as example for the explanations argtrgaions. A three dimensional

representation of the valve housing is seen inrei@ul.
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- Side bar

Centre flange

Figure 2-1 To the left: A three dimensional represetation of the valve housing. To the
right: The valve housing cut vertically.

The actual valve is to be positioned on the cefiémrege. There is a side bar on the
valve housing that might cause problems regardasgling and shrinkage porosities

especially by the centre flange.

2.2 Governing equations for the gating system

When designing gating systems it is necessarydéanethematical descriptions of the
fluid flow of the molten metal to be able to prddiltow patterns during the mould
filling. The full description can be found using Wer-Stokes equation. [Ref. 2-1]
However from a practical point of view when designigating systems some more
simple equations is necessary and the full or tbeemprecise description can then be

used in computer simulations for the mould fillimgbe simulated.

When designing the gating system the first patbéaconsidered is the down runner.
The reason is that the height of the down runnet e fall of the molten metal
determine the velocity of the melt. There are twifecknt approaches to find the
expression for the velocity. Both of these are Haee the principle of energy

conservation. In the down runner the melt is fgllas just mentioned, meaning that
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the velocity can be found from the change in paaéntand kinetic energy. The

equation is seen in Eq. 2-1.

Kinetic energy= Potentiaenerg
Eq. 2-1 Y%[M V> =M [y [h

v=,/2[g[h

Where:
M : Mass
v: Velocity

g: Gravity acceleration

h: Height of down runner

A different way of expressing the velocity is tceuBernoulli’'s equation seen in Eq.

2-2. Bernoulli's equation expresses that in any pents 1 and 2 the total energy is

the same.

p L P
Eq. 2-2 p,+poyh + - =p,+plglh, + >
Where:

p: Pressurein point 1 and 2
p . Density of the melt

h: Heightin point 1 and 2
v: Velocity in point 1 and 2

Using Eqg. 2-2 for designing a down runner in vatétl moulds the pressure at both of
the two points is the atmospheric pressure. Thecitglin the first point is considered
to be zero. Using the height in one of the two {®oias zero level the Bernoulli

equation boils down to Eq. 2-3 [Ref. 2-2] whiclthe same expression as in Eq. 2-1.
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Eq. 2-3 v=,/2[g[h

Where:

h: Height of down runner

To achieve a more realistic result calculating tredocity a loss factor h’ is

necessary. This factor can be seen as represah@ngercentage of loss in velocity
due to friction between melt and mould wall and daepressure drop. The new
expression for the velocity is then seen in Eq. ZHde value for the loss factor is
based upon experience, but the value 0,5 is noyraa#ld. The expression in Eq. 2-4 is

also known as Torricelli’s law.

Eq. 2-4 v=>1-m Q2 h
The amount of molten met& [kg] passing a certain cross section with the atea

per timet is given by Eq. 2-5.

Eqg. 2-5

%=,0D5\@/

Hence, expressing the velocity using Eq. 2-4.

%: pALL-m)y/2Cg Th
g

G
Eqg. 2-6 A=
a t Cp(L-m),/2y Ch
Where:

G: Weight of casting and runner after the chosesse®ction

t:  Filling time for the casting and runner after tf@sen cross section
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Eq. 2-6 is normally used for defining the arealtd governing cross section in the
gating system. This means that this cross sediosed as reference for defining of all
other necessary cross sections. There are many efalysding the filling time but
often the filling time is chosen based on expememc the individual foundry.
However in literature there are simple empiricabdzh formulas for estimating an

optimal filling time. [Ref. 2-5]

The relation between the areas in two cross sexciand y in the down runner can be
found if the principle of continuity [Ref. 2-2] iRqg. 2-7 is used in combination with
Eq. 2-4 giving Eq. 2-8.

Eq. 2-7 AN, =AL,

Eq. 2-8 A/=AK\/2—7X

A graphically representation of the result fromngsiEq. 2-8 to calculate the
theoretically correct cross sectional areas forhalghts in the down runner can be
seen in Figure 2-2. The two graphs ‘Traditionalabd ‘Traditional 2’ also seen in
Figure 2-2 represents two very common ways of ad@sigthe down runner in the
traditional gating system. These geometries are usdhe attempt to resemble the

correct shape using a straight tapered geometry.

In both traditional and in streamlined gating sysdat is common to use the exit of the
down runner named ‘Ain Figure 2-2 as the governing area for the gasgstem and
will hence be the same in both types of layoutgshindesign called ‘Traditional 1’ the
top of the down runner is dimensioned using theesdimensions as found using the
theoretically correct dimensions. The graphs shwat in this design the down runner
ends up having cross sectional areas larger thaat thle stream of molten metal

possibly can keep filled. A design like ‘Traditidn therefore creates a gap of air
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leading to gas entrapment in the melt. The gap mofl be filled until sufficient

backpressure is built up in the remaining layout.

Symmetry line

0 Z
'\ Pouring cup; /-
\\ Theoretically
correct shape
-100 - 5
Traditional 1
E |
£ :
= -200 1 .
< 1
2 ! .
2 Traditional 2
-300 - !
i / -
-400 E

-600 -200 ' 200 600

Cross sectional area [mm?]

Figure 2-2 Graphical representation of height ploted against cross sectional area in the
down runner. The curves ‘Traditional 1' and ‘Tradit ional 2’ represent two designs of
straight tapered down runners.

The graph ‘Traditional 2’° show how it traditionalbften is attempted to avoid these
problems by increasing the cross sectional arg¢heofop of the down runner 20% to

25%. Both of these solutions for designing the dowmer are compromises leading
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to an unnecessary increase in the poured weigtg.iddn in the streamlined gating
systems is to avoid these compromises and in alsinvpy achieve the desired
geometries of all cross sections in the down rurmegce avoid gas entrapment and

reduce the poured weight as much as possible.

2.3 Principles in the traditional gating system

An example of a traditional layout for a gatingteys can be seen in Figure 2-3. This
layout represents the original layout for castihg valve housing in the case study

using a Disamatic automatic moulding machine.

Figure 2-3 The traditional gating system.
2.3.1  Dimensioning of the runners

It was mentioned in the previous section that tyyscal to use the cross sectional area
A as the governing area. This means tAatis used as a basis to define all the

remaining cross sectional areas. Other placeseig#ting system can be used for the
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governing cross section instead, but the exit ef down runner is very commonly

used. The area for the cross sectinis found using equation Eq. 2-8 following one

of the prior described principles ‘Traditional I ‘Graditional 2'.

The cross sectional areas andA,in the horizontal runners seen in Figure 2-3 are

normally found by multiplying the area at the basehe down runnei by a factor
between two and six depending on the alloy andreqpee in the foundry. [Ref. 2-3]

2.3.2  The pouring cup

The size and shape of the pouring cup is meantdcoramodate the way the melt is
being poured. In many foundries the pouring is doa@ually from a ladle in a crane.
In these cases melt is poured from one side angddbeng cup is designed to reduce
splashing of melt when poured and to make it ay éasthe operator to pour as

directly and precisely in every mould as possible.

Using an automatic pouring device sets differemurments to the shape and
dimension of the pouring cup. Most automatic pagiritevices use a stopper and the
melt is hence being poured directly from abovepbering cup and not from the side
as was the case for the manual pouring. The powupgs the only part of the gating
system that can actually be seen when the mouhbs®d. Therefore the pouring cup
is often used to sense the position of the moultbwing the exact position of the
mould the automatic pouring device positions it setrectly above the mould. Often
the automatic positioning and the pouring from tighove the mould mean that the

size of the pouring cup can be smaller than fomtla@ual pouring improving yield.

The layout in Figure 2-3 is an example of the tatiéhe pouring cup is specially
designed for the positioning of the specific autbenpouring device correctly above

the mould.
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There are many recommendations as to how a pouwumy should be designed
however most of these designs do not prevent venaacta in the upper part of the
down runner. The problem for most pouring cup desig that a large effort is done to
try and decrease the velocity by preventing thet neebe poured directly down the
down runner. The pouring cup in Figure 2-3 is aamegle of this. The flow pattern in
this pouring cup is investigated more thoroughlytive chapter ‘Filtration’. An
additional often recommended example of a pouring aesign is seen in Figure 2-4.
This design is claimed to ensure that the filliagerwill be controlled by the running
system and not the pouring of the melt under thalition that the basin is maintained
full. [Ref. 2-4]

The problem in the design of the pouring cup inuFgg2-4 is that when reaching the
height in the basin where the melt can flow todben runner it will. The volume of
this initial melt to reach the down runner will wrdho circumstance be sufficient to
fill the cross section of the down runner. So usliéss possible to pour fast enough to
completely fill the entire geometry shown in Fig@< instantaneously it will not be
possible to keep the down runner full. To pour ith@ten metal in this way must be
considered to be extremely difficult. This is espltg because the pouring must be
slowed down just as instantaneously as it was hetjuime pouring is not slowed
down to the exact same flow rate as the gatingesyss designed for, the melt will
just flow all over the top of the mould having almeady full pouring cup. If the
pouring is slowed down too much and the level olt inethe pouring cup drops below
the top of the bend, the down runner will no longerkept full. Hence it is highly
unlikely that it is possible to keep the down runfhdl from the beginning to the end

of pouring using the pouring cup shown.

Designing a pouring cup that fulfils all the dediygoperties is not easy and therefore
a wide range and very individually designed pourings are also seen used in the
foundries.
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Figure 2-4 [Ref. 2-4] The figure show a pouring cupften recommended.
2.3.3  Further characteristics in the traditional layout

The 90° bends in the running system is anotherackenistic in the traditional gating
systems. These bends are known to cause the formaitivena contracta resulting in
air entrapment and oxide formation. A well baséhatbottom of the down runner can
help to avoid some of these problems, but it isaleiays sufficient and the problem

might still occur. [Ref. 2-4]

It is common to use dead-ends in the horizontateumm the traditional gating systems
in an additional attempt to reduce the velocityhef melt. It has been shown that this
approach does not work very well. When the melchea the dead ends in the
horizontal runner, a pressure shock upwards irgartkgates is formed. [Ref. 2-5] In
the traditional layout here the pressure shockliesu a jet of melt into the feeders.
This result can be seen in the results from thaulgsitions as will be described and

presented in the chapter ‘Simulations’.

One characteristic connected to the traditionahgatystems is that flow patterns are
never identical even though experiments are caoigdinder identical circumstances.
[Ref. 2-5] [Ref. 2-6]
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2.4 Principles in the streamlined gating system

In the previous sections some of the downsidef®ftiaditional gating system were
pointed out. In order to avoid these problems aergireamlined approach in the
gating design is needed. An example of a streadhlgeting system can be seen in
Figure 2-5. It should be mentioned that the valveding here has also been optimized
compared to the castings in the traditional layand therefore the need for feeding
has been reduced. The redesign of the valve housirdpscribed in the chapter

‘Simulations’.

Filter

Figure 2-5 The streamlined gating system

The basic idea behind the streamlined gating systeim use the surface tension and

boundary layer friction of the molten metal to kebp front of the flowing molten
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metal coherent during the mould filling. This isngoprimarily by keeping the runner
width as small as possible. In addition to this 98P bends are avoided and more soft
curves are used instead. In this way it has beewrshhat it is possible to keep the

runner system filled at all times. [Ref. 2-5]

When using Eq. 2-6 one of the basic assumptiottzaisthe gating system is kept full
at all times. Mostly however using the traditiofejout this is not the case often due
to vena contracta that creates an artificial chdikes often means that the pouring
time becomes longer than anticipated leading ta cahs, air entrapments, oxide
formation and other defects. Often it means that gblution to the problem is to

enlarge the down runner leading to an increaskedrpbured weight.

When designing the down runner the same equationsised as for the traditional

layout. The area, is found using Eqg. 2-6. But when designing the céshe down

runner Eq. 2-8 is used with much smaller steps frgonto exit. Like it was explained
previously the aim is to achieve a down runner wggpmetries as close to the
theoretically correct shape as possible. How ttreect shape is achieved in practice
using standard geometries is explained in the ehnafuidelines for designing a

streamlined gating-system’.

Calculating the velocity using Eq. 2-4 the losstdags very important. Normally the
value of the loss factor is chosen based on expegibut often a value of 0,5 is used.
In this way there is no difference between theastlened- and the traditional gating
system. However it is important to bear in mind th#&s an average value for the loss
through the entire gating system. It has been fahatthe loss factor is between 0,1-
0,2 in the down runner and the loss factor in fateg can be up to 0,6-0,8. In this way
the velocity of the melt is decreased just befareereng the mould cavity. It has been
found through these experiments that a good estimhian average value for loss
factor is 0,5. [Ref. 2-8]
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The in-gates in the streamlined gating systemsdastgned in the same way as fan
gates used in high pressure die casting. Thess ©pm-gates are being used in the
streamlined gating systems because they have ployesficial in two ways. First of
all the loss factor is increased as just descriBedgondly the fan gates gives uniform
melt velocities over the cross sections and thetfod the flowing molten metal is kept
coherent. [Ref. 2-5] [Ref. 2-9]

As mentioned in the description of the traditiogating system the placement of the
filter here creates a lot of splashing and turbcgern the streamlined gating system
this has been decreased by pouring directly ingofilker. The use of filters and the
flow patterns around filters are investigated aedaiibed in the chapter ‘Filtration’.
More important is the part of the gating systent hedow the filter. In order to keep
the down runner filled at all times during fillingis necessary to be sure the cross
section at the very top is filled. If this is nbetcase it is not possible to keep the rest
of the down runner filled. By using some of thenpiples once again from the design
of fan gates in the design of a funnel a full domamner is achieved as will be

described in the following.

However it is important to emphasise that no maitieat principles are used for the
design of the gating system and pouring cup itaspossible to maintain the down
runner full through out the mould filling if theitral melt is not sufficient to fill the

top cross section of the down runner and keepsteason full.

2.5 The different parts of the streamlined gating systems
In the following a description of the different parand their purpose needed to

construct an entire streamlined gating systemusdo

2.5.1  The fan gates

The design and use of fan gates originates frorh pirgssure die casting. The design

of the fan gate is more complex than the remaipags of the gating system in the
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streamlined gating system. First of all the faredas to be connected to the casting in
a way that gives a beneficial heat distributiorthe casting after mould filling. In this
way mechanical properties and feeding can be erldaisezcondly it should be kept in
mind that the cross-sectional area throughoutdheghte should be either the same or
increased relatively to the top cross-section ef thend under the casting’. At the
same time the connection to the casting should so¢hia as possible. These two
parameters will both help to decrease the veladitthe melt. Thirdly the connection
between the fan gate and the casting should bevimyathat makes it as easy as
possible to remove the gating system from the mgsti

When designing a fan gate the geometry is norndilhided into six sections. Each

section is defined by a length or a height, a deptha width. A general representation
of the six sections can be seen in Figure 2-6.
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Figure 2-6 [Ref. 2-10] The six sections that defisehe geometry of a fan gate.
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The size and geometry of ‘section 1’ is found frdme top of the bend under the
casting and ‘section 6’ depends on consideratioastioned above. In this way the
areas, depth and width are known and can be usebkfine the remaining cross
sections. In this way the design of fan gates tGisedtreamlined gating systems differ
from the fan gates used in high pressure die cashNiormally a ratio ‘r would be

chosen for defining the depth of the fan gate, foutthe purpose here the depth is

based on the geometry of the runners.

The areas of the sections

The area of section 3 is found using Eq. 2-9:

Eq. 2-9 Aoy = P51 T Aes . A

The area of section 2 is found using Eg. 2-10:

Eq. 2-10 A, :%

The area of section 4 is found using Eg. 2-11:

Eq. 2-11 Ae., =%

The area of section 5 is found using Eqg. 2-12:

Eq. 2-12 A :w

The depth of the sections
The depth of the sections is found using almoststimee equations as for the areas.

The only difference is that the calculations aredaaon the depth of section 1 and

section 6 instead of the areas. This procedureresghat the depths in combination
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forms a straight line hence a flat surface. This ba seen in the example shown in

Figure 2-7.

Front view Side view

Depths form a
straight line

A
v

+—>
Width Depth

Figure 2-7 Example of a fan gate. The side view shs that the depths form a straight
line.

The width of the sections

For each of the sections the width is found divgdihe area of the section by the depth

of the section as shown in Eq. 2-13.

Area

Eq. 2-13 Width =
Depth

2.5.2  The bend under the casting

The purpose of this bend is to create a smootlsitran from the horizontal runner to
the fan gate. Also in this part of the gating sysia theory it is possible to increase
the cross-sectional area because now not onlyahtnacity equation and the friction
loss due to the bend, but also the gravity startsetp decrease the velocity. It should
of course be mentioned that the Bernoulli equatiomeality is only valid for flow

along a streamline. [Ref. 2-5] Also in this caskei@her experimental study is needed
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in order to quantize exactly how much the crossisecan be increased before a

breakdown of the melt front occurs.

2.5.3 The horizontal runner

In the horizontal runner the melt is no longerifg/land therefore the velocity is no
longer increasing as in the down runner and thel @xiow the down runner. This
means that at least in theory, using the continegyation Eq. 2-7 it is possible to
decrease the velocity by increasing the crosseswtiarea throughout the horizontal
runner. Further experimental studies needs to e do quantize exactly how much
the cross-sectional area can be increased whil&kséping the melt front coherent

depending on velocity, the initial size of the rars) and so forth.

2.5.4 The bend below the down runner

When designing the bend below the down runnernersessary to see this bend as an
extension of the down runner. What is meant is #ted this part of the gating system
is designed using Eq. 2-8. This is due to the tfaait the melt can be considered as free
falling and the velocity has not yet been reduddte bends takes up more space on
the pattern plate than a sharp 90° bend does. fbnerexperiments using glass plate
fronted moulds have been done to investigate theeince of the radius on the flow
pattern. A layout was made in which the bend urkderdown runner could easily be

changed. Figure 2-8 shows the final frame from ed¢he bends.

The three radii investigated were 75mm, 50mm anehr@5 The results showed no
problems in any of the experiments in keeping thentf of the melt coherent.

Differences in the flow patterns in the castingaasesult the difference in the bends
were not seen either [Ref. 2-8] These experimentsygal that using softer bends

instead of 90° bends do not necessarily take umtoch space on the pattern plate.
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Figure 2-8 To the left: Radius 75mm. In the middleRadius 50mm. To the right: Radius
25mm.

The cross-sectional area and geometry of the tdpeobend need to be the same as
the cross-section at the base of the down runnere@s the cross-sectional area of the
bottom of the bend is found using Eq. 2-8. The getoynfor the base cross-section
does not have to be exactly the same as used topgh&f the bend. An example could

be that the width can be decreased as long asdbke sectional area is correct.

2.5.5 The down runner

When designing a down runner it is very importdnat the cross sectional area at all
heights is as close to the result of Eq. 2-8 asiples By doing this it is possible to
keep the down runner full. If the down runner ifl the velocity of the melt is also
decreased. This is because the friction betweemisié and the mould is slowing

down the melt.

2.5.6 The funnel

The purpose of the funnel is to guide especialey tbry first melt poured in such a
way that the cross section of the top of the dowmer is filled from the beginning to
the end of the mould filling. If the top of the dowunner is not filled at all times it is

not possible to keep the rest of the down runnkrefther. This will lead to a highly
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turbulent flow and gas entrapment in the remairgaging system. Therefore it is
important to design the funnel correctly and aighiatapered design is not sufficient.
A funnel that eliminates the problem of vena coctahas been developed. The

principles in this funnel are described in thedwaling.

Depths form
a straight line

< > Risk of vena
Depth of down runner contracta

Figure 2-9 Schematic representation of a funnel d&ged in-correctly. The resulting
geometry if the design principles for fan gates ar@sed for a funnel in which the depth
of the down runner is smaller than the depth of theipper part of the funnel.

Fan gates have proven to result in uniform melbeiées over the cross section of the
exit as mentioned earlier. Therefore the principteshe design of the fan gates are
also used in the design of the funnel. In the desigthe funnel there is an exception
from the principles in the design of fan gates anvithe width of the cross sections is
calculated. This is because a problem occurs inattempt to achieve the desired
shape of the funnel in the case when the deptheofdp of the down runner is smaller
than the depth required in the top of the funndie Tresulting geometry if no

precautions are taken is seen in Figure 2-9.

As indicated the geometry in Figure 2-9 will notedit the flow of molten metal
vertically downwards. This will result in vena craatta in the top of the down runner

creating an artificial choke and it will not be pide to keep the down runner full. A
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schematic representation of a correctly designethdliis seen in Figure 2-10. This

geometry also resembles the geometry suggesteddnrieh Nielsen. [Ref. 2-7]

Risk of vena
contracta
reduced
considerably

»

d
<

Depth of down runner'

Figure 2-10 Schematic representation of a funnel degned correctly.

The precautions necessary to achieve the correctlesired shape of the funnel in all

cases are described in the following.

The size and geometry of section 1 and 6 of the dgare is determined by the
geometries that the fan gate ties together. Irséimee way the size and geometry of the
top- and base sections of the funnel is determinethe base of the pouring cup and
the top of the down runner. In both the fan gated the funnel the depths of the
sections form a straight line and the areas ok#wtions in the funnel are found using

the same equations as used for the fan gates.

The only difference in the designs is found wheleudating the width of the sections.
The desired shape of the funnel can only be foarttie case that the depth of the top
of the down runner is larger than the depth oflihse of the pouring cup. However,

this is not always the case. To avoid this problems necessary to introduce two
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artificial dimensions. The following is only usearfcalculating the width of the cross

sections and has no influence on the already @atildimensions of the depths.

First an artificial depth of the top of the dowmner larger than the depth of the base
of the pouring cup is introduced. Along with thidifecial depth, an artificial cross
sectional area is calculated based on the reahwatithe top of the down runner and

the artificial depth.

The artificial area of the top of the down runnsrtihen used in Eq. 2-9 a&
together with the real cross sectional area ofbse of the pouring cup As,. On

this basis artificial cross sectional areas forréraaining sections are found using Eq.
2-10, Eq. 2-11 and Eq. 2-12.

The artificial depth of the top of the down runaed the real depth of the base of the
pouring cup is used for calculating artificial depfor the sections. This is done in the
exact same way as the depths are calculated fdathgates. A representation of the

artificial depths is seen to the right in Figuré& 2-

The artificial areas and artificial depths are tlsed for calculating what is going to
be the real widths of each section. This is domegusq. 2-13.

These approaches in designing the funnel corresptmdissuming a necessity for
distributing the melt across a section much dedpemce larger than in reality, and

then only use part of the geometry.
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Avrtificial funnel used
in the design phase of
the real funnel

Real funnel

«— < >
Real depth Artificial depth (two times the depth of the top)

Figure 2-11 To the left: The real funnel with the orrect depths. To the right: The funnel
using the artificial depths used in the design pha&sfor achieving the widths for the
correct shape of the real funnel.

In the spread sheet later presented in the chd@eidelines for designing a
streamlined gating system’ this approach for desgythe funnel is used in all cases
when the depth of down runner is less than twieedépth of the top of the funnel.
Doing this and keeping the geometry of the bast@®fpouring cup constant together
with a constant width of the down runner makes#gible to use a standard geometry
when manufacturing the funnel. This is due to #et that for all layouts in which the
depth of the down runner is less than twice thdtdepthe base of the pouring cup the
width of each section will be the same. In this wlag only dimension that changes
from one layout to another is the depth meaning i@ right side in Figure 2-11 is

machined to resemble the left side.

The use of a standard geometry for the funnel lbéll described later. However a
schematic view of how only the depth of the funiseio be changed to accommodate
down runners of different depths is seen in Figi##2. In all cases the same pouring

cup is used.
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A
Height Pouring
cup seen
from the
side
[ Funnels machined
NN to accommodate
the different down
NN runners
_____________ 1’:__________\7.______\_‘7
Top of three down
1, 2/ 3, runners of different
; p depths seen from the
side
Depth'
Figure 2-12 The figure shows schematically how théepth of the funnel is modified to

accommodate down runners of different dept but alwgs with the same pouring cup

2.5.7
necessarily mean that the design of the actualippwup needs to be revisited. As

previously mentioned the pouring cup is often destgto accommodate the specific

The pouring cup
Changing from the traditional layout to the streaed gating system does not
circumstances in the foundry. There is one majdiedince however between the

ways the pouring cup is designed in the two tygddaymut. In the streamlined gating
system a funnel ensures that the melt is pourestitijr down the down runner. This
approach completely contradicts the traditionahidehind designing a pouring cup
described earlier. However the idea in using tlasigh is that no vena contracta is
formed and the down runner really is maintained flmtoughout the filling of the

mould. When the down runner is not kept full theltn® subjected to a free fall
whereas if the down runner is full the friction Wwetn the melt and the mould will

help reducing the velocity.
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2 Theory in gating technology

The use of the funnel means a large change inlthe gattern in the pouring cup
which again means that the traditional design efgburing cup might no longer be
the most beneficial. In many cases a re-desigmefoburing cup can mean a further

reduction in the poured weight of the layout.

2.5.8 Dimensioning the streamlined gating system in praxis

From the descriptions of the streamlined gatingesys here it is clear that it takes
some more calculations for finding all the corréichensions. Obviously it takes more
time to do all these calculations than to do thegaratively very few calculations for
the traditional gating system. However in the follog chapter ‘Guidelines for
designing a streamlined gating system’ a sprea@tsaed a number of standard
geometries are presented, that makes the dimengioand the design of the

streamlined gating system easy to use on an eagrpasis in the foundries.
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3 Guidelines for designing a streamlined gating system

To make it easier for foundries in practice to Berfeom the advantages of using
streamlined gating systems it is necessary to sdtgave a number of tools and
guidelines. It is important to underline that thestcfor changing from using the
traditional layouts to the streamlined layouts @yebe kept at a minimum. In the
following it will be described more precisely whatnhecessary in order to design the

layout, and to make the patterns for the streamilgaing systems.

3.1 The general guidelines

In the previous chapter ‘Theory in gating techngldgere are a number of guidelines
for the design of a streamlined gating system. Hartsgeneral terms these are as

follows:

- Use a funnel to guide the molten metal down therdoymner
- Avoid sharp bends in the runner system
- Keep the width of the runners as small as possible

- Use fan gates to decrease velocity and contrdlalaeduring filling

3.2 Spreadsheet for designing a streamlined gating system

To help designing the streamlined gating systemspraadsheet has been made that
gives the precise positions and geometries and $arethe different cross-sections.
This makes it a lot easier to design a good strieachlgating system in which the
general guidelines presented are fulfilled. Theeagsheet is made for a gating system
for a layout with only one casting, but it is simb use the spreadsheet in the design
process for more complicated layouts. How to mak#esign for more castings is

explained as well.
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3.21  Sheet 1- Geometry

This sheet shows a picture of the basic gatingesysthich can be designed using the
spreadsheet. This sheet can be seen in Figurét 3tiould be mentioned, though it is
not shown in Figure 3-1, in case it is desireddweha filter in the layout it is assumed
to be placed on top of the funnel meaning betwierpburing cup and the funnel. In
this way the filter is used as the base of the ipgucup so that the melt is poured
directly into the filter. Neither the pouring cuprthe filter is shown. The reason for
this is that a filter is not always needed andpbaring cup is often designed by the
individual foundry as described in the passage ‘Pl@ring cup’ in the chapter
‘Theory in gating technology’.

Design of layouts for vertically parted moulds

The geometry of the layout is seen below:

A

Funnel Geometry of cross section

Parting line

o
c
c
2
c
£ 3
K= [a)
()
T
Fan gate
Bend
Bend below : below casting
down runner Horizontal runner

v

Length
Figure 3-1 Sheet 1 — Geometry
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3.2.2  Sheet 2 —Data

The first part of the Data-sheet is for typing ihtlae parameters needed for the design
of a gating system. These parameters include #eeadithe mould, the density of the
melt and the radii of the different bends. A scetem of this part of the sheet can be
seen in Figure 3-2. If space to place a filtereeded, then the height needed for the
filter-print is typed in together with the dimensiof the outlet of the filter-print used.
This means that ‘depth’ and ‘width’ of the filtes not the actual size of the filter but
the size of the cross-section for the melt to #het filter. The reason for this perhaps
slightly confusing way of describing the filter isat the filter prints also might vary
from one foundry to the other. Therefore the geoyneft the outlet of the filter-print is

used and not the actual size of the filter.

In the remaining part of ‘Sheet 2 — Data’ the chlted geometries for the gating
system is found. The here found values describgebenetries and the exact positions
of all the necessary cross-sections. These cardieia Figure 3-3 to Figure 3-6. In
the columns ‘Height’ one should bear in mind tln values presented are the heights

measured from the very base of the mould.
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Design of streamlined gatingsystem

Vertical moulding

[DATA |
Casting:
Name of the casting
Mould Height 500{mm
Width 600|mm
Pouring cup Height 80|mm
Depth 80|mm
Width 80|mm
Filter Height 25|mm
Depth 50|mm
Width 50{mm
Funnel Height mm
Slip angle 3|°
Maximum runner width 10fmm
Rounding of bend below down sprue 25|mm
Rounding of bend below casting 25|mm
Expansion of crosssectional area in rounding below casting (only pos) 0[%
Height from base of mould to base of runner mm
Length of horizontal runner 150|mm
Expansion of crosssectional area in horizontal runner 0]%
Number of mm between measrurements in horizontal runner 50{mm
Fan gate Height 40|mm
Expansion in crosssectional area 20]|%
Connection with casting Width 206|mm
Depth 1lmm
Weight of casting and feeders 5]kg
Wallthickness of casting 5|mm
Height of casting 250lmm
Width of casting 250|mm
Estimated weight of runners 1lkg
Loss factor in runner system m 0,5
Density of the molten metal p 7000{kg/m3
Suggestions for pouring times Castiron 33s
Bronze 51s
Aluminium 16,4 s
Steel 4.4 s
Chosen pouring time t | 3,3|sec
[Governing area (Base of down runner) 177 mm? |

Figure 3-2 Sheet 2 — Data
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Measurement for cross sections:

Down runner and first bend

[Place |Height [Area [width [Depth  sp [Depth PP |
Top of pouring cup 500 mm 6400 mm?2 80,0 mm 80,0 mm
Base of pouring cup 420 mm 6400 mm?2 50,0 mm 50,0 mm
Base of filter 395 mm 2500 mm?2 50,0 mm 50,0 mm
385 mm 1952 mm?2 34,0 mm 47,1 mm
375 mm 1404 mm?2 23,3 mm 44,3 mm
365 mm 856 mm?2 15,7 mm 41,4 mm
360 mm 582 mm?2 12,7 mm 40,0 mm
Top of down runner 355 mm 308 mm? 10,0 mm 38,6 mm
335 mm 289 mm?2 10,0 mm 35,4 mm
315 mm 273 mm?2 10,0 mm 32,9 mm
275 mm 247 mm?2 10,0 mm 29,2 mm
235 mm 228 mm?2 10,0 mm 26,4 mm
195 mm 212 mm?2 10,0 mm 24,3 mm
155 mm 200 mm?2 10,0 mm 22,6 mm
115 mm 189 mm?2 10,0 mm 21,3 mm
75 mm 180 mm?2 10,0 mm 20,1 mm
Base of down runner 60 mm 177 mm?2 10,0 mm 19,7 mm
Base of bend 35 mm 172 mm?2 10,0 mm 19,1 mm

Figure 3-3 Sheet 2 — Data. Positions and measurenteffor all parts of the funnel, down
runner and the bend below the down runner
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Measurement for cross sections:

Horizontal runner

[Place |Length |Area |Width [Depth  sp [Depth PP |
Start of horizontal runner 0 mm 172 mm?2 10,0 mm2 19,1 mm
50 mm 172 mmz2 10,0 mmz2 19,1 mm
100 mm 172 mmz2 10,0 mmz2 19,1 mm
End of horizontal runner 150 mm 172 mm?2 10,0 mm2 19,12 mm

Figure 3-4 Sheet 2 — Data. Positions and measurentgrfor all parts of the horizontal
runner
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Measurement for cross sections:

Bend below casting and fan gate - Fan gate: sides are kept as straight lines

[Place |Height |Area [Width [Depth  sp |Depth PP |
Start of bend below casting 35 mm 172 mm?2 10,0 mm 19,1 mm
End of bend below casting 60 mm 172 mm?2 10,0 mm 19,1 mm
70 mm 180 mm? 59,1 mm 3,1 mm
80 mm 189 mm? 108,1 mm 1,8 mm
90 mm 198 mm? 157,2 mm 1,3 mm
95 mm 202 mm?2 181,7 mm 1,1 mm
Connection to casting 100 mm 206 mm?2 206,3 mm 1,0 mm

Figure 3-5 Sheet 2 — Data. Positions and measurenterior all parts of the bend below
the casting and the fan gate. Here the sides of tif@n gate are kept as straight lines.
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Measurement for cross sections:

Bend below casting and fan gate - Fan gate: depth is kept as a straight line

[Place [Height |Area [width [Depth  sp |Dybde PP |
Start of bend below casting 35 mm 172 mm?2 10,0 mm 19,1 mm
End of bend below casting 60 mm 172 mm?2 10,0 mm 19,1 mm
70 mm 180 mm?2 13,1 mm 14,6 mm
80 mm 189 mm?2 19,3 mm 10,1 mm
90 mm 198 mm?2 36,1 mm 5,5 mm
95 mm 202 mm?2 62,1 mm 3,3 mm
Connection to casting 100 mm 206 mm?2 206,3 mm 1,0 mm

Figure 3-6 Sheet 2 — Data. Positions and measurenterior all parts of the bend below
the casting and the fan gate. Here the depth of tHan gate is kept as a straight line.
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As can be seen in the above figures the geométnied| cross-sections are defined by
six parameters. The first column indicates wheréhan gating system the section is.
The second column indicates the exact positionhhedy lengthwise of the cross-

section being in consideration. The third coluniistthe area of the cross-section in
square millimetres. The fourth column tells the tief the cross-section as it is
defined in Figure 3-1. The last two columns show tlepth of the cross-section on
either of the two pattern plates. Most pattern whdps prefer that the gating system
is all on one pattern plate. However having a aemaaximum runner width and a

fixed draft angle means, that it is not always ptglyy possible to have the desired
area on one plate. This is taken into account &sried in the following. The

spreadsheet is designed in a way so that if aioesize for the governing area in the
base of the down runner means that the cross-sattawea in the top of the down
runner becomes larger than what is possible; halfgating system is placed on the
other pattern plate. When for instance half thengasystem is placed on the other
pattern plate this does not include the pouringang the possible filter. The funnel is
modified as will be described later in this chapser that the molten metal is still

guided to fill the entire cross-section of the tdgghe down runner.

In the design of the down runner the spreadshkestmto account that the changes in
the cross-sectional area according to Eq. 2-8 hee largest from the top and

approximately one third down. The spreadsheet thexealculates the cross-sections
in this part of the down runner with 20mm intervaisthe rest of the down runner the

cross-sections are calculated with 40mm intervals.

In the first part of ‘Sheet 2 — Data’ the users&ed to type in the length of horizontal
runner, the expansion of the cross-sectional amethe horizontal runner and the
distance between measurements. The reason fowibeinst of these parameters
should be fairly obvious but the third might not B&e parameter is used in case the
pattern workshop needs to know the measurements places along the runner. If

these measurements are not needed, one can jtise setlue for this third parameter
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to a value larger than the length of the horizontaher. In this way only the positions

and measurements for the two ends of the runnegiaee.

3.2.3  Sheet 3 — Fan gates

The sheet called ‘Fan gates’ are meant to be a \Wwhkn designing fan gates for
specific purposes. In case the spreadsheet is fosatksigning gating systems with
more than one casting it is often necessary to ntakse special designs. In other
cases where a round fan gate is needed for thetldélyis sheet will also be used. The

sheet is seen in Figure 3-7 and Figure 3-8.
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Normal fan gate

Design of fan gate

Height 40|mm
Draft angle 3f°

Connection towards runner
Depth 19)mm
Width 10Jmm

Connection towards casting
Expansion of cross sectional area 19,8|%

Depth 1lmm
Width 205|mm
Height Area Depth Width

Section 6 40 mm 204,9 mm?2 1,0 mm 205,0 mm
Section 5 35 mm 200,7 mm?2 3,3 mm 61,8 mm
Section 4 30 mm 196,5 mm?2 55 mm 35,7 mm
Section 3 20 mm 188,0 mm?2 10,0 mm 18,8 mm
Section 2 10 mm 179,5 mmz 14,5 mm 12,4 mm
Section 1 0 mm 171,1 mmz 19,0 mm 10,0 mm

Figure 3-7 Sheet 3 — Fan gates. The sheet is used designing a fan gate for special
cases.
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Round fan gate

Design of round fan gate

Height 40|mm
Inner radii 37|mm

Connection towards runner

Depth 8,2lmm
Area 133|mm?2
Inner radii 37|mm
Outer radii 45,2

Connection towards casting

Expansion of cross sectional arg 50,4|%

Depth 2lmm

Inner radii 37|mm

Outer radii 39]mm

Height Area Depth Width in Half the width

degrees in degrees

Section 6 40 mm 200,0 mm?2 2,0 mm 150,8 °© 75,4 °
Section 5 35 mm 191,7 mm? 2,8 mm 103,1 ° 51,5°
Section 4 30 mm 183,3 mm2 3,6 mm 76,3 °© 38,1°
Section 3 20 mm 166,5 mm? 51 mm 47,3 ° 23,7°
Section 2 10 mm 149,8 mm2 6,7 mm 320° 16,0 °
Section 1 0 mm 133,0 mm2 8,2 mm 22,6 °© 11,3°

Figure 3-8 Sheet 3 — Fan gates. This part of the et is used for designing a round fan
gate. This type of fan gate can be useful for fiig of a cylinder shaped casting.
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3.24 Sheet 4 — Calculations

The fourth sheet is not necessary for the userotwsider. This sheet is used for

calculating all the dimensions, which is preseriteithe above mentioned sheets.

3.3 Designing layouts with more than one casting

To improve yield the gating system is as often @ssjble designed for more than one
casting. An example of this was seen in the previobhapter ‘Theory in gating
technology’ Figure 2-5. In this example three cagiare placed on the pattern plate.
As mentioned earlier the spreadsheet only calailatgating system for one casting
but it can of course also be used for designinghofe complex gating systems with

more castings.

When using the spreadsheet for designing a streathfjating system like the one in
Figure 2-5 with three castings it is necessarytaot ®ut by considering how to cast
just one casting. This means that all data is typddr a layout with only one casting.
In this way the dimensions for fan gates and fa llends under the castings are
found. These geometries are the same for all tbasengs. The cross-sectional areas
for the horizontal runners needed for each cassnglso used when designing the
runners. To make sure that all castings are fdedultaneously it is very important
that the cross-sectional areas in the horizontaheéu everywhere in total are exactly
the same. An example of this is seen in Figure BR@& melt will be coming from the

left side in the figure. The two bends are the Isamtbler the castings.

When the cross-sectional area in total everywlsethda same, it means that the cross-
sectional area of the runner is gradually decredasefl0% when passing the bend
under the first casting. Assuming the runner syssenfiar is kept full this will make
sure that half the melt is directed upwards tofitts¢ casting while the other half of the
melt will continue through the runner to the lassting. The velocity of the melt
continuing to the last casting will be higher thiwe velocity of the melt directed

upwards to the first casting. This helps to makee ghat the melt reaches the last
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casting at approximately the same time as the imethe first casting. In this way the

castings will be filled simultaneously.

| == = 10
10 e ‘ o
| ! |
| |
_| |

_ L]

— i i i
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14.38 - 10.59 L g8.89

— 10

Figure 3-9. Example of horizontal runner. The meltis meant to come from the left. Here
the cross-sectional areas in total are the same @t positions.

The horizontal runner for the third casting showde the same dimensions as the part
of the runner to the right in Figure 3-9. In thiayvall three castings are going to be

filled simultaneously.

Having designed the horizontal runner, the dowmeurand funnel are to be designed.
This is done by using the spreadsheet once agaw. tNe data for casting all three
castings are typed in. In this case it means famgte tripling the weight of the
casting or one can get the same results by reddl@glling time to only one third.
To make sure the down runner is being designedecityrone can see if the cross
sectional area of the end of the bend under thendowner is exactly three times the

size found necessary for the same position afterfitist time the spreadsheet was
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used. The bends below the down runner are designdis case to tie the down

runner and the horizontal runners together.

So by using the spreadsheet two times it is pasdiblfind all dimensions for the
streamlined gating system with three castings.hi éxample used here round fan

gates are used. These are of course designed'Shiegt 3 — Fan gates'.

3.4 Standard geometries for the pattern plate

The pattern workshop in the foundry is often a vbusy place. Every time new
castings are to be produced the pattern workshamtadhe geometry on the pattern
plate together with the patterns for the feederd fom the gating system. For the
traditional layout it is very common to have a sestandard geometries for runners.
Often these standard runners are named with a rnufiig system makes it very easy
for the designer of the gating system to make drgsvifor the pattern workshop, and
at the same time it is very fast for the pattermksbop to find the correct geometry to
mount on the pattern plate. Of course it is notsfiids only to use standard geometries
therefore some machining is still necessary fomgda to achieve the correct filling

time.

In this section it is described how one can usendstal geometries to design
streamlined gating systems. To give an idea of lowdesign a set of standard
geometries an example is given below. This exangilews a set of standard
geometries that can be used in for example an foandry using vertically parted

moulds. As previously described most foundries rempeuring cup specially designed
for their pouring device. Therefore no details v given here on how to design the
pouring cup — even though, as mentioned earlienay be economically beneficial to
have a closer look at the design of the pouringaftgr having implemented the use of

streamlined gating systems.
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To make a set of standard geometries it is necessatecide on a standard width for
the gating system. For cast iron it is recommentdekieep the width no wider than

10mm if possible. Therefore a standard width of &Owill be used for this example.

Another decision is the draft angle. For green sawdlds normally a draft angle of

three degrees is used. The basic idea behind alktindard geometries is that it
should only be necessary to machine the geomadriesne side to use them on the
pattern plate. Unfortunately it is not really pddsito design a standard geometry for
fan gates. The reason is that there are too mamgbles in the design of a fan gate.
First of all the width and depth of the connectimnthe casting depends on the
geometry of the casting. But also the connectiaiméorunner varies. Finally the height
of the fan gate may also vary depending also onsiaee available on the pattern

plate.

341 The funnel

The first standard geometry needed is the funnbleMdtesigning the top of the funnel
it is necessary to know the geometry of the basbepouring cup. In the case a filter
is positioned as the base of the pouring cup tloengéry of the outlet of the filter is
necessary to know. Finally the height of the funneéds to be decided. The final
standard geometry for the funnel could then lo&k khe left side in Figure 3-10. In
this case the top geometry is kept constant atimks and the depth of the base
geometry is modified according to the depth of ting of the down runner. Also as
described earlier if a maximum runner width of 10rarkept and a draft angle is
needed, it also means that there is a limit tosihe of the cross sectional area. This
means that it might be necessary to have half thendunner on the one pattern plate
and half on the other. In this case it is also agagy to have the funnel on both pattern
plates but in a way so that a pouring cup is neted on both plates since this would
increase the pouring weight considerably. The rigide of Figure 3-10 shows the
standard geometry to be used in this case togetiterthe funnel in the left side of
Figure 3-10.

58



3 Guidelines for designing a streamlined gatindesys

L

h 4

Figure 3-10 Standard geometry for the funnel. To tb left is the standard geometry for
under the pouring cup. To the right is the standardgeometry for the other pattern plate.

3.4.2 The down runner

To design a standard geometry for the down runmergeometry of the base cross-
section of the funnel is used. This results inube simple geometry which is shown
to the left in Figure 3-11. This standard geometay be used for all runners both
vertically and horizontally. Of course this stardlageometry should be made
sufficiently long for all purposes. To the right igure 3-11 an example of a down
runner is seen. This example shows how a down rusmed look if it was made from

the standard geometry. As can be seen only oneo$ittee standard geometry needs

machining.
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il

Figure 3-11 To the left: Standard geometry for dowrrunner and horizontal runner. To
the right an example of a finished down runner if i was made from the standard

geometry to the left.

34.3 The bends

For making the bends yet another standard geonsetrgeded. This can be seen to the
left in Figure 3-12. To the right in Figure 3-12 example of the bend after machining
is seen. More bends all with different radius carvery useful to have to choose from
when designing the gating system. These standarthgfeies can of course be used

both under the down runner and under the casting.

The geometry shown here can also be used in tlgevdasn it is necessary to split the
melt to either side at the base of the down runfieis is done by simply combining
two of the standard geometries. An example of hiseen in Figure 3-13. The figure
also shows that a small radius is put in betweeno bends to avoid sand erosion.
This radius should of course be as little as ptsdt exactly how small this radius
can be depends on the sand quality in the indiViuandry and the height of the
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mould, but a radius of no more than 5mm has prévdse large enough in most green
sand moulds. It is important when placing a radlkesthat to remember that by doing
this the cross-sectional area is increased whichlead to small air entrapments
during filling in the inside of the two bends. # possible to compensate for this by

narrowing the bends a little in this area.

Figure 3-12 To the left: Standard geometry for thébends. The example shown here has a
radius of 40mm. To have more options to choose fromeometries with different radius
can be made. To the right: Bend after machining.

Radius to avoid
sand erosic

- -

4
Y

= .

Figure 3-13 The figure shows an example of how theombination of to standard
geometries for bends can be used for guiding the hheo either side under the down
runner. Between the two bends a small radius is pub avoid sand erosion.
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3.4.4 Using the standard geometries in the design of the layout

In many foundries it is common practise when déesmthe casting layout to start out
with a drawing of the pattern plate scaled 1:1.rTldeawings of the castings are
printed, cut out, and placed also on the drawinthefpattern plate to see exactly how
many castings there is room for on the patterrepMthen the castings are positioned
the gating system is designed. In this way it Byeend not very time consuming to get

a good overview of how the layout should be made.

When standard geometries are as presented in thwe dbis easy to have these
geometries printed and used in combination withpiheted castings also. In this way
it is easy to try for example different bends aimdl fout exactly how sharp the bends
should be. The data from this work can then be usd¢le spreadsheet to get all the

final dimensions.
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4 Simulations

The trend in the castings is that the complexityh& geometry and requirements in
mechanical properties are increasing. Due to teielbpment the need for computer
simulations to design and optimize the part to && bas increased. At the same time
the need for computer simulations to design feedars the gating system has also

increased.

4.1 Integrated modelling

The way to achieve the most optimal solution isige integrated modelling. The idea
behind integrated modelling is to use computer &trans to analyse all parts of the
process chain as well as how the part performssm The process in integrated

modelling is seen schematically in Figure 4-1.

Standard
CAE

Casting Process Simulation

Oxide-
inclusions

Figure 4-1 Schematic illustration of integrated moelling. [Ref. 4-1]

To use integrated modelling for a part to be daist mecessary first to simulate mould

filling. The result from here is then used as aiddsr the simulation of the
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solidification simulation. The resulting residudtesses are then used for simulating
the heat treatment which again is used for sirngatie machining of the part. Finally

these results are used for simulating the loadstieof the part in use.

4.2 Design optimization of the valve housing

In the case study of the valve housing simulatiosmge been done to try to optimize
the part to make it easier and cheaper to castioTall of the simulations in integrated
modelling of course take some time and the fuliro@iation process regarding the

case study has not been done in this project.

Original design of . | Load analysis of
valve-housing " | original design of

l valve-housing

v

Load analysis of Re-design of
original design of centre flange
valve-housing 7 7

l Load analysis of Solidification simulation

the re-designed of the re-designed valvet

Original design of valve-housing housing
feeders !

l Re-design of

feeders
Original design ¢
of gating system
Design of streamlined

gating system

v

Simulation of filling
and solidification

v

Improved and cheaper produgt

Figure 4-2 Schematically representation of the optnization process. To the left: the
process leading to the traditional layout. To the ight: the process leading to the
streamlined layout.
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The valve-housing used as case study in the prbpsthowever been analyzed. The
process in the analysis and optimization is sed®matically in Figure 4-2 and a

closer description is given in the following.

In the original design of the valve housing onlynsidlerations regarding the
mechanical properties were taken. Simulations wewee to see if the part as
originally designed had the mechanically properfesthe purpose. The result of
these simulations showed that with an assumptionndbrm material properties the
mechanical properties lived up to the specificaidiRef. 4-2] Since there is no real
requirement regarding the weight of the part in nseoptimization based on the

results from the simulations were done.

A three-dimensional representation of the valvesimy cut through vertically is seen
in Figure 4-3. It is seen that the centre flangevasy thick compared to the wall
thickness of the rest of the housing.

The centre flange is going to carry
the load of the valve and is therefore
7y critical for the casting.

The thickness of the centre flange
creates a hot spot and makes it
necessary to have large feeders
though.

| b |
Figure 4-3 Three dimensional representation of thevalve housing cut through. The
possibility of reducing the thickness of the centréange is considered.

65



4 Simulations

In use the centre flange is going to carry the loathe valve and therefore porosities
in this area should be avoided. However the laifferdnce in modulus between the
wall of the valve housing and centre flange creadsot spot in which the centre
flange will work as a feeder for the wall. This agacreases the need for having a
feeder for the centre flange. To decrease this feefdeding stress-simulations were
done to examine how much the load in the worstiptessase will affect the centre

flange.

The valve housing is for a balancing valve. Thisangethat the worst case scenario is
if the valve completely blocks the flow of fluid rbugh, and the entire maximum
pressure is exerted on the closed valve. To thereFigure 4-4 results from these
stress simulations are seen. In the pictures amdyquarter of the centre flange is seen

and the valve is represented by a plate, alsoisgée picture.

StressZ

[MPa] StressZ

[MPa]
Empty

+30.00
+22.86
+15.71
+ 8.57
+ 1.43

Emply

+35.00
+27.14
+19.29
+11.43
| ¥ 357
- 4.29
-12.14
-20.00
-27.86
-35.71
- 43.57
-51.43
-59.29
-67.14
-75.00

Z

Figure 4-4 Results from the stress simulations. Tthe left: the original flange. To the
right: the new flange. The gray area represents thpart of the flange removed. [Ref. 4-3]

The conclusion of these simulations was that thereeflange in the original design
was heavily over-dimensioned and the flange cah nat problems be reduced to only
half the size. [Ref. 4-3] This conclusion was usedthe design of the streamlined
gating system as seen in the chapter ‘Theory imgaechnology’. The reduction in

size of the flange means that the size of the fseci®uld be reduced and the position
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of the feeders changed for the streamlined gatystem. The diameters of the feeders
are kept constant but the height is reduced. Itnaeen investigated if the flange

could be reduced even more but results indicatdatthauld be an option.
4.3 Setting up filling simulations

4.3.1 The Solver

All simulations in this project have been done gsithe commercial software
Magmasoft. There are a few critical parametersetoniore aware of when setting up
filling simulations for streamlined gating systemsMagmasoft. The first and most
important is that to achieve the most reliable ltesimulating streamlined gating
systems having a lot of smooth bends it is crittoalise Solver 5. The reason is that
using Solver 4 results in the problem seen in FEQHS. It is clearly seen how the
mesh influences the flow pattern. The effect frome stairs in the mesh means
effectively a narrowing of the runner system in bend. The velocities are very low

close to the mould but much higher in the centre.

Velocity
[cmifs ]

350
325

Very low velocities close to 300
the mould and increased 275

velocities in the centre. This :-‘212

is all due to the influence o000
from the mesh when using 175
Solver 4 150
125
100

75

50

25

0

Figure 4-5 Velocities in a bend under a down runneusing solver 4. The Influence of the
mesh on the flow path in the bend is clearly seen.
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The reason is that Solver 4 sees a volume as aitbetd or cavity. Using solver 5
means an elimination of problems like these. Thenmeason for this is that Solver 5
uses so called porosity factors. This means thagnvesoft for the volumes that
supposedly represent both mould and cavity for esd of each volume determines
the percentage of area that is mould and the pexgerthat is cavity. In this way
Solver 5 can see a volume as both mould and cawilyhence no longer as only the
one. [Ref. 4-4]. For a deeper explanation of how&o5 works the Magmasoft

Version 4.4 Online Help function is referred to.

Using Solver 5 is more time consuming than Solvetdd@dwever using Solver 5 means
that a much coarser mesh can be used again redbermalculation time. Experience
shows using solver 5 and a more coarse mesh daareaise the calculation time. The
results achieved from using Solver 5 are more cotfeugh than results from using

Solver 4.

4.3.2  Filling definitions

pressure definitions
pressure f{t)
g 5% 0.000 10.0000  [E
| 0.250 40,000
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1.500 10. 000
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e 1 new value pair:
= | e L S
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=
[k I W -
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= insert I
replace I
A= delete I
[ ¥ I % I i I i I ¥ 1
(1] 2 4 & 8 10
time [s] delete all I
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Figure 4-6 Pressure definitions used for the moul@lling simulations in this project.
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When setting the filling definitions there are thr@ifferent boundary conditions that
can be imposed. These are Time, Pouring rate, eegsfre. When simulating mould-
filling determined by gravity either Pouring rate Bressure should be used. In this
way it is possible to describe approximately thaditons seen in reality. In all the
simulations in this project a pressure definiti@s fbeen used. The pressure curve used
is seen in Figure 4-6.

4.3.3 Overflow

It is of great importance when doing filling simtians that the pouring cup is the very
last part to be filled. The reason is that Magmiasah not simulate what happens if
the melt is poured too fast and the melt thensféotwing over the top of the mould as
it would in reality. Instead Magmasoft simply agslithe full pressure on the melt at
the time the pouring cup is full leading to anfani@l pressure wave. This will result
in severe turbulence not to be expected in realitiere is more than one way of
avoiding this. First of all the simulations can toenmed to avoid the problem for
example by changing the filling definitions or sducing the diameter of the inlet in
the pre-processor. Doing this can be very time womsg and difficult and if for
example the inlet becomes too small it might notabegood a representation of the
reality as it could be. In general the area ofitthet should be slightly larger than the
cross sectional area of the top of the down runBaet.even having this guideline it

can still be difficult to avoid that the pouringgis filled prematurely.

Instead of using time on fine tuning the simulatibocan be easier to simply put in an
overflow in the pre-processor. An example of tlisseen in Figure 4-7. The idea
behind the over flow is to prevent the pouring dupm being filled too early by

simply adding a volume that could be seen as aaresipn of the pouring cup. The
overflow is added without interfering with the flopattern in the pouring cup. The
overflow can be assigned its own material numbekimgait possible to give the

overflow a very coarse mesh. In this way the calwoih time is not prolonged too

much and it is also possible to leave out the doerin the presentation of the results.
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Figure 4-7 The picture shows the principle in havig an over flow. The over flow
prevents the pressure wave that occurs if the pourg cup is filled prematurely.

4.4 Filling simulations and comparison of the two layouts

Simulations have been done for both the traditiamal the streamlined gating systems
described in ‘Theory in gating technology’. Selecgarts of the results from these
simulations are presented in the following. Thel &ets of results are found in
Appendix 1 — 14.1.2 and 14.1.3. Comparing the tedubm the traditional and the
streamlined layout it is important to notice thla¢ tvolumes of the castings, feeders
and gating systems are not the same. This meain8%hélled in the traditional layout
Is not the same as 6% filled in the streamlineduldyso the percentages filled can not

be compared directly. The temperature scale is isegppendix 1 — 14.1.1.
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The traditional gating system
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Filled: 92% Filled: 94% Filled: 96%
Figure 4-8 Simulation results — The traditional layut

The results from the simulation reveal many proldemthe flow pattern. First of all
clearly it is not possible to keep the down runfioér The down runner backfills and is
actually not full till 22% filled. At approximatelthis time two jets are also seen inside
the feeders. These jets could be seen as a rdsthe aisappearance of the vena
contracta in the down runner, but also as a comsempu of the dead ends in the
horizontal runner are filled. At 30% filled the gehave calmed down and the melt

starts to flow into the castings.

The feeder necks are attached to the centre flarlgeh means the first melt that
enters the castings will drop half the height o ttasting. This will again cause
turbulence and air entrapment. Normally for duatiten a drop of this height will not
be considered a problem. Once the level of metthesthe height of the feeder necks

the remaining part of the filling is very calm.

The flow pattern during the filling leaves some yelistinct temperature gradients
which will cause non-uniform material propertiestive casting. Normally to achieve

better and uniform mechanical properties the cgstwmould be heat treated.
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The streamlined gating system
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Figure 4-9 Simulation results — The streamlined lagut

The simulation results from the streamlined layshuw that the down runner is not
completely filled until 22% filled. But it is alsgeen that the reason for this is the filter
placed under the pouring cup. The filter simplyuaek the flow rate and thus prevents
the filling of down runner until a certain back gsere is build up. The flow pattern of
the first melt to enter the castings is very caid & is clearly seen how the fan gates
help to spread out the flow of melt around the cdfee remaining of the filling is just

as calm and it is seen that the melt enters traefseanot simultaneously but almost.

The temperature in the feeders at the end of tivegfis seen in the traditional layout
to be around 1380°C whereas the temperature iattbamlined layout is found to be
around 1340°C. So the difference in temperatutberfeeders is only of around 40°C
even though the feeders in the traditional layoetleot and in the streamlined cold.
The reason why the feeders are not any colderanstteamlined layout is the high
flow rate reducing the loss of heat during moulbinfy. The temperatures in the final
results from the filling reveal a much more evemperature distribution in the

castings than what was seen in the traditionaluay®his is due to the flow pattern
during filling which gives a more beneficial heastdbution and hence more uniform
material property in the castings.
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The results from the solidification simulation seerrigure 4-10 reveal a tendency for
small porosities in the centre flange. These shbel@éxamined in the real castings to

see if they will lead to rejection of the castings.
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Figure 4-10 Porosities found in the simulation of lte solidification. The simulation is
based on the results from the simulation of the mdd filling.

4.5 Runner width

In one of the later chapters called ‘Runner widdhfull description of a series of
experiments that have been conducted is found.pHssage here is to describe the
problems that were encountered when simulatinglaigeut. As it is also described
later in detail the streamlined layout results ifilieng time three and a half times
shorter than what is normally recommended for diticmal gating system. This
means that the ability to control the melt flowtbé fan gate is tested. Selected parts
of the results of the simulations are seen in tiwWwing. The full set of results is
found in Appendix 1 — 14.1.4.The temperature stalthe same as before, seen in
Appendix 1 —14.1.1.
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The simulation shows that the down runner is keptuntil 20% is filled. Then the
simulation from 22% filled till 42% filled revealsmall problems in keeping the
horizontal runner full. By comparing the simulaticgsults with the results from the
glass plate experiments in the chapter ‘Runnerhwitlis seen, that from the result at
44% filled the simulation does no longer represghat is observed in reality. The
simulation predicts that the front of the melt disgrates and the melt splashes all the
way to the top of the mould at 50% filled. From rithéhere is no longer any real
tendencies or flow patterns in the mould fillingherl reason for the problems in
simulating the actual mould filling is that it i®thyet possible to take surface tension
into account. In reality it is the surface tensadrthe melt that helps keeping the front
of the melt coherent in the streamlined gatingesyst the way it is seen in the glass

plate experiments.

4.6 Conclusions

The conclusion regarding simulation of mould fiinsing streamlined gating systems
Is that Magmasoft gives very reliable results fog flow through the runners but there
are problems regarding the fan gates. The simulstieveal that the problems occur
when the flow rate increases too much in the faegeelative to what is normally

recommended for the flow rate for in-gates in tiadal layouts. Due to these

problems in simulating the flow through the fanegatsimulations have not been used
for the remaining layouts in this project. Aftel, ahost of the layouts here give these

very high flow rates.

The reason for the error in the simulations is nli&sty that it is not possible to take
the surface tension of the molten metal into act@urMagmasoft. It is possible in
other commercial software packages to put the sarfansion into the calculations.
However the computational time is very long wheimdahis in slightly complicated
geometries like the cases here. At the same tingeailso very difficult to find good

data for the surface tension that can be used.
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5 Experimental facilities

Throughout the project experiments have been choig in different places. First of
all a number of experiments have been carried dbuhe experimental foundry at
DTU. Furthermore experiments concerning castingraal production have been
carried out at both Dania A/S and Frese Metal- &btekel Foundry A/S. Finally
experiments using real-time X-ray radiography weegried out at University of

Birmingham.

5.1 PFacilities at DTU

In the beginning of this project the majority ofetlioundry was renovated. This
included installation of a new sand plant, new &wes for melting, and a new
platform to make an easy access from the furnacethé Disamatic automatic

moulding machine. In the following a descriptionsoime of the parts will be found.

5.1.1  Module pattern plates

Often when making laboratory test-castings manysgaom other pattern plates could
be reused. This could be either to try differengates for the same casting or to see
how the design of the pouring cup or down runnBu@mce the flow pattern in the rest
of the filling. Therefore it is convenient to hasesystem where it is easy to replace
parts of the gating system and reuse the remapanig. By doing this a lot of time in
the pattern workshop is saved and it is easy teure that as many parameters as
possible are kept constant from one experimenhéoother. The solution is a system

build up in easy replaceable modules for mounting dase pattern plate.

The base pattern plates are in reality normal alium pattern plates for the automatic
moulding machine the Disamatic 2110, which is dbscr in the following passage.
The base pattern plates have a number of pregmalyioned holes for mounting the
different modules that in combination makes up ¢nére layout. The base pattern

plates can be seen in Figure 5-1 below.
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Figure 5-1 The base pattern plate. To the left: Thé&ont. To the right: The back side.

The modules are made by mounting the differentspaftthe gating system on to
10mm thick aluminium plates. A layout consistingtiofee modules is seen to the left
in Figure 5-2. The modules in this example are |grand reach from top to base of
the base pattern plate. As for example this makeasy to try different down runners.

The layout could of course have been divided diffdly for other purposes.

Figure 5-2 To the left: A layout consisting of thre modules each going from the top to
the bottom of the base plate. To the right: a closep of a module seen from the bottom.
From left a part of the runner is seen. In the midde the 10mm module plate and to the
right the lower part of the guide pin is seen.
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For mounting the modules the guide pin seen inr€idi+3 had to be designed and
manufactured. The guide pin is 15mm long and tbhenadium plates for the modules
are 10mm thick. This means that the guide pin dgbesugh the module plates. This
can be seen to the right in Figure 5-2. The guidefydfils two purposes. First of all
the guide pin is used for positioning the modulescizely. Secondly the guide pin is
used for mounting the modules on to the base pisiteg a bolt from the backside of
the base pattern plate. As can be seen in theeBgoere this means that the modules

are easy to replace and the guide pins leavedectigrsmooth surface of the moulds.

Figure 5-3 Guide pin designed for mounting the indiidual modules on to the base
pattern plate. The length of the pin is 15mm.

5.1.2 Sand Plant

The heart of the sand plant for greensand is ofseothe sand mixer placed in the
basement of the foundry. The mixer is an EIRICH Rifiger with a capacity of 120kg

at a mixing time of around 40s. The total capaisit®,5tons per hour.

The rest of the sand plant has been built espgdail the size of the test foundry,
meaning that it was not possible to build up thedgalant as small as necessary using
normal commercially produced parts. Normally theaxdsas moved around using
conveyer belts but in the sand plant here the ssandoved primarily using screw

conveyers.
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5.1.3 Automatic moulding machine

Moulds were made on a Disamatic 2110. The Disanpaitbiduces flaskless vertically
parted moulds. The Disamatic 2110 produces mouldke size of 400 mm in height
and 500 mm in width and with a thickness betwedhrhfn and 315 mm.

5.1.4  Melting Furnaces

For melting new furnaces from Inductotherm werdalhsd as part of the renovation
of the foundry. The furnaces have a 125 kW VIP ReWwek power supply. In this

project the tilt furnace with a capacity of 150dfgron have been used.

5.1.55 Magnesium treatment ladle

Due to the fact that the new furnace for meltirmnihas a larger capacity than the old
furnace a new magnesium treatment ladle had tebmyged and constructed. With a
capacity of 90 kg of molten iron the old treatmdale used the tundish cover
principle, which has proven to give very consistesiults. It was therefore decided to
design the new ladle according to the same priesipin use the old ladle did have
some problems that should be overcome if possiblthé new design. One of the
problems was a high loss of heat due to first bfhed small amount of melt but also
the insulating capacity of the old lining. Therefa new material for the lining was
used. The material is called ‘Kaltek iso 16 s’ am@roduced by Foseco. The material
is easy to use and gives a good insulation bec#usevery porous compared to

alternative materials.

Another problem that has been experienced usinglthi&adle was getting the tundish
cover on and off the ladle. To move the tundishecdtre problem was that the ladle
has a mechanism to lift the entire cover before iossible to swing it to the side. The
problem is that the mechanism is very sensitivéhto heat of the melt in the ladle
which can make it very difficult to operate. Thewntadle is designed so that no

mechanism for lifting the tundish cover is needBake tundish cover can simply slide
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in place, which eliminates the previous problem. tAé same time the cover is

supported when closed minimizing the stress orstispension.

According to the capacity of the new furnace foiltmg iron the new treatment ladle
has a capacity of a 150 kg of molten iron. A pietof the new treatment ladle can be

seen in Figure 5-4. A picture showing the insid¢éhefladle is also seen here.

Figure 5-4 To the left: The new magnesium treatmendle designed for 150kgof mol‘t'en
iron. To the right: the inside of the ladle.

5.1.6  Spectrometer

The foundry is equipped with a spectrometer fotingsof chemical compositions in
alloys. The spectrometer is a Spectromax from $pedhe foundry has a range of

references including for cast iron.
5.2 Facilities at Dania A/S

5.21 Pattern making

Dania A/S has its own workshop for pattern makiNgrmally this workshop only

constructs the gating system. The rest is doneibycentractors.
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5.2.2  Core shop

The foundry has its own core shop producing cores iwide range of qualities

regarding sand and binder systems.

5.2.3 Moulding machine

The moulds used at Dania are all made from greed. Sthe moulding machine used
for the experiments at Dania A/S is a Disamatic2MK5. The size of the moulds is
600mm in width and 480mm in height.

5.2.4  Pouring device

The moulding machine is fitted with an automatiaipog device. A laser is used to
position the pouring device precisely over the pwucup. After positioning a pouring

time is typed in for the first mould and the pogritime is then adjusted if needed for
the next mould. In this way a correct poring tilmefound during the first couple of

moulds. The melt for the pouring device comes diydocom the magnesium treatment
ladle as soon as the treatment is over. The rengamolten iron is not used if the time
from when the magnesium treatment is performedh®& gouring into the moulds

exceeds 20 minutes.

5.2.5 Machining the castings

Dania has its own fully equipped factory for madahgnthe castings.
5.3 Facilities at Frese Metal- and Steel Foundry A/S

5.3.1  Core shop

The foundry produces cores using both cold boxlsid-set processes. Besides, cores

are also made in furan sand.

5.3.2 Mould making

Moulds are made from furan sand. Moulds are prodl@ther on the floor or using

the fast loop moulding machine.
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5.3.3 Furnaces for melting

Induction furnaces are used for melting.

5.34 Pouring

The pouring is done from a ladle in a crane. Ttamerand ladle are operated by two

employees.
5.4 Facilities at University of Birmingham

541 Mould making

The moulds are made using grade 60 sand (grainosiaeound 0,34mm) and a ‘pep

set’ binder system from Ashland. All moulds are mag hand.

5.4.2  Furnace for melting

- . "

Figure 5-5 The furnace for melting

For melting, a small crucible is placed in an inthut furnace. The crucible contains
approximately 8kg of molten iron. A picture showiting furnace can be seen in Figure
5-5. When the metal is ready and at the right teaipee, the crucible is moved from

the furnace to the pouring device. This is donavoid transferring the molten metal
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from the crucible in the furnace to another muchdeo crucible then being in the
pouring device. This procedure would cause a censidle heat loss even if it had

been possible to preheat the second crucible.

5.4.3 Pouring device

The mould is placed inside the x-ray chamber aedotburing is done while the x-ray
IS on, so it is not possible to pour manually. Bfiere a pouring device that can be

operated from the control room is necessary. Thaipg device can be controlled

manually or it can be programmed.

Figure 5-6 Pouring device being outside the x-rayhamber. The x-ray chamber is seen
to the left.

A good way to achieve consistency in how the n®fiaured every time is to do the
first pour manually while recording all of the mawents of the crucible. For the rest

of the pours the recorded data can then be uspbgvam the pouring device. In this
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way the pouring will become as consistent as ptessibery time. A picture showing

the pouring device outside the x-ray chamber caselea in Figure 5-6.

5.4.4  X-ray chamber

Inside the x-ray chamber there is an x-ray sowgeen to the left in Figure 5-7, and an
x-ray detection system is seen to the right. Thellthes then placed in-between the

two.

X-ray
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Figure 5-7 Inside of the x-ray chamber. To the leftthe x-ray source. To the right: the x-
ray detection system.

5.4.5 Control room

Once the crucible is placed in the pouring devioe riest of the pouring process is
controlled from the control room. The control roman be seen in Figure 5-8. The

following is a short description of the inside bétcontrol room seen in Figure 5-8.
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Figure 5-8 Control room with all the different computers for monitor\fhg, filming, and
recording of data.

At the very top of the picture a television showbials eye perspective of what is
going on inside the x-ray chamber. This is not réed but only used for monitoring.
At the desk to the very left a screen shows thedinates for the placement of the
automatic pouring device. This is also where theentents of the pouring device are
programmed. The second screen from the left is evltee recording of the x-ray
images are controlled. The software is also usedefaewing the results at different

frames per second.

Two windows with leaded glass looking into the y-chamber are seen in the wall
behind all the computer screens. Below the windowhe right the actual control

panel is found. From here the pouring device cammbged; the doors to the x-ray
chamber can be opened and closed; the placemehe of-ray source and detection
can be adjusted, and the pneumatic arm for use avétopper can be activated. The

only thing not controlled from here is whether @t rthe x-ray is on or off. The
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computer screen just above and a little to thesledtws only what is seen by the x-ray.
The screen in the foreground of the picture tortgbkt is where the movement of the
pouring device is recorded. These data can be tospgram the pouring device for
the following pours. Figure 5-9 shows the cabidsb anside the control room from

which the x-ray is controlled. Here it is possibibeadjust the voltage (in kV) and the

ampere (in mA) depending on the geometry and dlgg cast.

Figure 5-9 Cabinet from which the x-ray is controled. This is where the kV and the mA
for the x-ray are set. These parameters need to kadjusted considering the geometry
and the alloy being cast.
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6 Casting of a valve housing

A valve-housing has been cast in order to tesptbgiously presented guidelines for
design of a streamlined gating system. Prior ts fimoject the valve housing was
already being cast using the traditional gatingesyspresented in the chapter ‘Theory
in gating technology’. A new streamlined gating teys was designed to make it
possible to compare the two ways of designing gagiystems. The streamlined gating
system is also presented in the chapter ‘Theorgating technology’. The mould
filling of the two layouts has been compared in dations using the commercial
software package Magmasoft as it is presentedamptBvious chapter ‘Simulation’.
To achieve an even better comparison of the twautsy experiments have been

conducted where castings were made with both Iayout

The castings were first of all done using the potidn facilities at Dania A/S. The

reason for doing the experiments in a real produaciine was to see how the
streamlined gating system performs compared tortbee traditional gating system

when used in a real production. This is importare tb the fact that many things are
easy to do in an experimental foundry like the fiynat DTU but there are a lot of
other parameters to consider when operating withinproduction line. These

parameters could be the actual making of the pafitate, how well the pattern plate
performs in use, the pouring time must not excéedtime it takes for the automatic
moulding machine to make a mould, the handlinchefdastings when taken from the
moulds, and finally the machining of the castingéso process parameters, like

temperature of the melt, and homogeneity of thel $&ve to be considered.

The details for castings using the traditional l#y@re taken from the normal
production of the valve housings. The melt is pdurat a temperature of
approximately 1400 °C. The pouring time for thigdat was found from the automatic
pouring device to be 6.5 seconds. The castingalareade in ductile iron grade EN-
GJS 400-15.
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6.1 Experimental casting using the streamlined layout

The streamlined gating system was tested in the saay as if it was used in the real
production with one exception. In series of five timoulds were made either with or
without filter. This means that in the first fiveomds a pressed filter was used, but the
next five moulds were poured without a filter, thegain the next five were poured
with a filter and so forth. The reason for usinggsed filters and not foam filters was
that the traditional layout was normally being casing pressed filters. Just like the
traditional layout the castings are all done intdeigGron grade EN-GJS 400-15. The
production facilities at Dania A/S are presentethim previous chapter ‘Experimental
facilities’. In the chapter ‘Simulations’ it was @hin that the thickness of the centre
flange can be reduced by 50%. To do this in praciciew core box had to be made.

The difference between the cores can be seen urd-iy1. Also a core made for the

experiments using glass plate fronted moulds is.see

Figure 6-1 To the left: A core for the traditional layout. In the Middle: A core for the
streamlined gating system. To the right: half a cag used for experiments using glass
plate fronted moulds.
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The automatic pouring device was filled with a ngavtion of molten iron, enough for
about 50 moulds. The time from the magnesium treatrof the melt and to the last
mould was poured was 18 minutes which is just betbesr 20 minutes which is
normally allowed in the foundry. If more time iseastoo much magnesium evaporates
from the melt and the microstructure of the castingjl not be approved. To be sure
that the melt lived up to the requirements, samplese taken for analysis. First a
sample for analysis of the mechanical properties e@st. The results from this can be
seen in Table 6-1.

Other samples were taken in order to analyse timeposition of the melt and the
microstructure to see if too much magnesium hapaated. One of each sample was
taken along with the first mould, the ®®ould and the last mould. The results from
the composition analysis can be seen in Table 6dether with the pouring
temperature. The results from the microstructurapdas can be seen in Figure 6-2.

All of the samples lived up to the normal requiremse The mould filling time was

found to be 4.1 seconds for all moulds both wittl asthout filter.

Figure 6-2 Microstructures from the three samples ast along with the castings. There is
no scale on the pictures since the purpose is jugd make sure that not too much
magnesium has evaporated. Left picture: start. Midée picture: 25" mould. Right
picture: end.
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Tensile Strength: 624 N/mfm
0,2 Tension: 408 N/mf
Elongation: 12%
Brinell Hardness: 179

Table 6-1 Mechanical properties for the first sampg poured

Pouring
Sample C: Si: Mn: Cu: Mg: S: temperature
201-Start 3,64 2,54 0,31 0,30 0,05 0,01 1385 °C
201-Middle | 3,65 2,56 0,30 0,30 0,05 0,01 1312 °C
201-End 3,62 2,55 0,30 0,30 0,04 0,01 1268 °C
Table 6-2 Composition and pouring temperature of te melt found from the samples
cast along with the experiments

6.2 Comparison of the traditional- and the streamlined layout

6.2.1 Reduction in pouring time

The traditional layout has a pouring time of 6,3sweas the streamlined layout has a
pouring time of only 4,1s. Often the pouring tingedritical when using automatic
moulding machines like for example the Disamatiedus these experiments. If the
pouring time is too long it will slow down the mdirhg machine reducing the overall
production capacity in the foundry. Therefore tlusgbility of reducing the pouring
time considerably by using streamlined gating systavithout reducing the quality of

the castings can be of great economical valueaddhndry.

6.2.2 Reduced minimum pouring temperature

Normally it is desired in most iron foundries tovbaa pouring temperature of around
1400°C. As can be seen in Table 6-2 the pouringéeature for the experiments using
the streamlined gating system starts at 1385°C. fBason for this rather low
temperature was that the magnesium treatment laatlenot been used prior on the
day of the experiments and the temperature of dd&e lwas low. The time it takes
from the magnesium treatment to the last mouldoisred is 18 minutes. In this time
the temperature in the automatic pouring deviceadses to 1268°C. This temperature
would normally be considered as much too low anldl cons would definitely be

expected. The experiments proved however thatwhis not the case. No cold runs
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were found, and in fact it was not possible aftedsdo tell the difference between the

castings from the beginning and the end of the rx@ats.

6.2.3 Reduction in poured weight

Results from the layouts can be seen as cast urd-ig-3. The weight reductions are

summarized in Table 6-3.

Traditional layout Streamlined layout  Weight retioic

Total poured weight 19,7kg 15,5kg 4,2kg

Weight of gating system 5,6kg 4,5kg 1,1kg

Table 6-3 Weight reductions

It was found that the poured weight of the tradiéiblayout is 19,7kg and the poured
weight of the streamlined layout is 15,5kg. Thisam® a total reduction in poured
weight of 4,2kg. The weight of the gating system&aning the layouts without the
castings and the feeders was found to be 5,6kthéotraditional layouts and 4,5kg for

the streamlined layouts. So the weight reductiorttfe gating systems is 1,1kg.

Figure 6-3 Picture to the left: castings with the faditio
castings with the streamlined layout.

6.2.4 Handling of the as-cast layouts

A parameter in the evaluation of how well a laypatforms in the production is how

easy it is to remove the feeders and the gatintesy$rom the casting. In the case
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study here when the traditional layout is beingt ¢he gating system it self is easily
removed. Often but not always the gating systeseen to break off in the shake out.
If the gating system do not break off it obviousikes an additional operation. The
removal of the feeders is more difficult. The feedeeds to be cut off and they are
positioned on a round surface making them morecditfto remove without damaging

the valve housing than if it had been on a flatase.

In this case study removing gating system and f®sadehe streamlined gating system
iIs a bit more complicated. The use of round faregditas the effect that the gating
system do not break off and hence needs to beftutle removal of the feeders is
more or less the same as for the traditional lay®atin total in this example the cost
of using the streamlined gating system is that ssite operation of breaking off the
gating system has been replaced by the operatiautting off the gating system.
Beside this the cost should be the same for thdayamuts. Had the fan gates been flat
it would also have been possible to simply braké tbé gating system in the

streamlined gating system as well.

6.2.5 Machining of the castings

Normally with the traditional gating system theteags would be heat treated prior to
machining. This is done to achieve more uniform amal properties so that the
difference in especially the hardness of the matéinot too large. This is important
for reducing the tooling cost at the machining vebidp. In this project the aim is to
design gating systems so that the temperatureifidlte castings after mould filling is
more uniform than with the traditional gating systeln this way the material
properties will be more uniform and it will not Inecessary to have the castings heat
treated. To see if this was the case the castimys the streamlined gating system
were machined with no heat treatment at the wonksktoDania for evaluation. The
following was reported from the workshop: During tilurning process of the two ends
the wear on the tooling was increased by 15-20%nlgathe same operation time

compared with the traditional heat treated castihgghe milling process of the centre
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flange no additional wear on the tooling was reged and it also had the same

operation time compared with the traditional heaatied castings. [Ref. 6-1]

The conclusion for this part of the experiments wed using the streamlined gating
system heat treatment is no longer necessary. Xina eost from the increase tool
wear during the turning process is much less tharcost of heat treatment and hence

do not make the heat treatment economical viable.

6.2.6  Microstructure analysis of the centre flange

Leaving out the heat treatment of the castings afrge has an influence on the
microstructure. To evaluate the difference in nstmacture in the centre flange
between castings from the traditional layout afiher heat treatment and castings from
the streamlined gating system samples were takam the flange for analysis in

optical microscope. The centre flanges for theyamnsls seen in Figure 6-4.

L

A >

Figure 6-4 The picture shows the two centre flangeand the numbers indicates the
numbering and the positions of the samples. To théeft: Centre flange from the
streamlined layout. To the right: Centre flange fran the traditional layout.

The samples from the traditional layout are seeRigure 6-5 and the samples from

the streamlined layout are seen in Figure 6-6.0Althe polished samples have been
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etched using a 2% Nital solution. The position fé the traditional layout is where

the feeder is attached.

The effect of the position of the feeder in theliianal layout is seen in both the
polished samples but also in the nodule count iblef&-4. The position 0 in the

traditional layout clearly has a lower number oflules than the positions 3 and 6.

The microstructures in the four different positiofts the centre flange from the
streamlined gating system are very similar. Thefonmity of microstructures here

proves the point that the heat distribution in ¢hasting from the mould filling is very

uniform and beneficial for the casting. This casodbe seen in Table 6-5.
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The microstructure from the streamlined layout Istightly less ferrite than the

microstructures from the traditional layout. Thesprobably because the casting from
the streamlined layout has not been heat treateel.nigher content of pearlite in the
casting from the streamlined layout is benefic@l the mechanical properties of the

casting.

The effect of the side bar in position 9 is seerbath layouts in the nodule count.
When comparing the four positions it is seen how ltbtspot at the sidebar reduces
the number of nodules. At the same time the amotigraphite is the same in all
positions. The hotspot prolongs the solidificattone meaning that the nodules have

more time to grow while reducing the number of dedu
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_ Traditional O Traditional 3 Traditional 6 Traditial 9
[C;rrae‘:;/';]e 8,0 7.9 8,2 7.8
[FAerrerz‘;)] 31,9 40,2 41,5 42,1
[F)Aerzgiot/‘j] 60,1 51,9 50,3 50,1
gol%‘:l'ri]coum 147 190 184 156

Table 6-4 Microstructure analysis of the samples tim the traditional layout.

_ Streamlined 0 Streamlined 3 Streamlined € StrewdlP
[C;rrae‘;r;/'(f]e 8,3 7.5 7.8 8,3
[FAerrerz‘;)] 26,9 20,6 27,0 24,0
[F)Aerigiot/‘j] 64,8 71,9 65,2 67,7
gol%‘:l'ri]coum 208 103 203 152

Table 6-5 Microstructure analysis of the samples trm the streamlined layout.
6.3 Porosities

In the chapter ‘Simulations’ the results indicatetbndency for shrinkage porosities in
the centre flange in the streamlined layout. Thelémcy is due to the considerably
smaller feeders that are also positioned highercadting has been cut vertically
through the sidebar to see if porosities are ptesEme most likely place to find
porosities is in the centre flange in the side whee thick side bar also is. In Figure
6-7 the casting that has been cut through is SHenpicture shows a small porosity in
the centre flange right in the centre of the hatgpat occurs by the combination of
the centre flange and the sidebar. This is als@diséion ‘9’ seen to the left in

Figure 6-4.

When cutting the casting some material is obviousiyioved meaning that it is likely
that a part of the porosity has disappeared. Thezef is difficult to be sure that the
porosity is not more severe than first noticedshould be mentioned that no sign of

the porosity was found on the other half of theings
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Figure 6-7 To the left: Casting from the streamlind gating system that has been cut
through vertically. The right side of the casting $ middle of the thick bar on the side of
the casting. A small porosity is seen here. To thigght: A close up of the small porosity.

The fact that porosities are seen proves that ¢ledimg is insufficient. However it

should be investigated if the size of the porosiag the effect that the mechanical
properties of the casting no longer lives up to tbéguirements. Many castings are
accepted even though porosities can be found @sderthe size and position of the
porosities do not compromise the use. Feeding astya of feeders are not the focus

in this project so no work has been done to try@pttmize the feeders.

6.4 Experiments with glass plate fronted moulds

To get a clearer picture of the flow patterns duyitime mould filling, experiments were
carried out with glass plate fronted moulds. Theaids that the one half of the mould
is replaced by glass. In this way it is possiblélto the mould filling. A picture of the

mould can be seen in Figure 6-8. The streamlingth@aystem is symmetric at the
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parting line so there should be very little or nffedence in the flow patterns between
the experiments with half a mould and an entire Icholio be able to mount the glass
plates on the mould special, halved cores were madeexample of these cores is

seen to the right in Figure 6-1. In Figure 6-8 toees are seen when placed in the

mould. The pressed filter is seen at the top,gbstve the funnel.

Figure 6-8 In the picture a mould used for the expgments using glass plate fronted
moulds is seen.

6.4.1 Results

Part of the results from one of the glass plateittd moulds can be seen in the
following. The full set of frames can be seen inpApdix 2 — 14.2.1. The films from

all the experiments can be seen on the DVD.
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Streamlined gating system — Pressed filter

Time 0,04s Time 0,08s Time 0,12s

Time 0,16s Time 0,20s Time 0,24s

|

Time 0,28s Time 0,32s Time 0,36s

1 1

Time 0,40s Time 0,44s Time 0,48s

Time 0,52s Time 0,56s Time 0,60s
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Time 0,64s Time 0,68s Time 0,72s

Time 2,20s Time 2,24s Time 2,28s

Time 2,32s Time 2,36s Time 2,40s

Time 3,765 Time 3,80s Time 3,84s

Time 3,88s Time 3,925 Time 3,96s
Figure 6-9 Streamlined gating system. A pressedtir is used.
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6.4.2 Flow pattern

The mould filling time in these experiments wasrfduo be between 4 and 6 seconds.
This corresponds very well with the pouring timedof seconds for the entire mould.
It should be taken into account that some of tlasgplates break during the filling so

that some of the melt is spilled which of courselgmg the filling time.

In the results presented here for the streamlirsithg system using a pressed filter it

Is observed that the filter is preventing the flofvmetal to an extend that the down

runner and the funnel is not kept full until thené of 2,32s. The filter also prevents

having a coherent melt front under the filter. Bxperiments have been repeated but
this time without the use of filters. The beginnimigone of these experiments can be
seen in Figure 6-10. The full set of results carséen in Appendix 2 — 14.2.2. The

results with no filter show that the melt has resathhe centre flange in all three

castings after 1,20s. In the experiments usingptiessed filter it takes 2,32s for the

melt to reach the same level. This is at the same &s the down runner and funnel is
back filled as mentioned earlier.

The fact that a difference in pouring time is sgethe glass plate experiments and not
in the experiments in the production line can haee than one explanation. The first
and most obvious is that the melt has been less dler the glass plate experiments.
Obviously this can not be ruled out completely heere the capacity of the filter
should be more than sufficient. Normally it woule lecommended to have a surface
area between 3 and 5 times that of the system chiBle. 6-2] In the streamlined
layout the choke has an area of 400mm? and ther filsed has a size of 60mm by
60mm having an effective area for filtration of PB@m?2. So the effective surface area
for filtration is 6,25 times the cross sectionaapf the system choke hence more than
the upper recommendation. The use of filters walllboked at in more detail in the

later chapter ‘Filtration’.
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Another explanation for not seeing a differenceniould filling time in the production
line could be that the automatic pouring deviceasitioned higher above the mould
than the pouring basin is in these experiments. tOuhis the momentum of the melt
is much higher reducing the influence of the filter the flow of metal. The overall
difference in mould filling time between the twoaemples shown here is only around
1,6s. Taking into account that it seems like tresglbreaks earlier in the experiment
using a filter, than in the experiment not usiniijtar, the real time difference is even

smaller and probably not even noticeable in thelpcton line.

Streamlined Gating system — Without filter

Time 0,04s Time 0,08s Time 0,12s

Time 0,16s Time 0,20s Time 0,24s

Time 0,28s Time 0,32s Time 0,36s
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Time 0,40s Time 0,44s Time 0,48s

Time 0,52s Time 0,56s Time 0,60s

Time 0,64s Time 0,68s Time 0,72s

Time 0,76s Time 0,80s Time 0,84s

Time 0,88s Time 0,92s Time 0,96s
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Time 1,00s Time 1,04s Time 1,08s

Time 1,12s Time 1,16s Time 1,20s
Figure 6-10 Streamlined gating system. No filter isised

In the glass plate experiment using a pressed filtes seen that the filling of the
castings is very calm and the melt seen on eithée ®f the core fills up
simultaneously. In the case of the experiment winerdilter is used a jet of molten
metal is seen on the side of the casting wheréatingate is. The splash seems to reach
its maximum at 0,44s and then it drops slightlyiluadt of the castings is filled calm
and simultaneously from 0,76s. The reason for ifferdnce in the flow patterns in
the castings between the two experiments is tHerdiice in momentum of the melt.
The backfilling of the down runner and the funnélen a filter is used means that the
momentum of the melt is a lot less than in the @@sen no filter is used in which the

gating system is kept full at all times.

6.4.3 Velocities — using a pressed filter

From the experiments using a pressed filter thecsts of the front of the molten
metal have been measured. This means that forfemole the distance that the very
front of the melt has travelled is measured ancettugy with the time difference
between the individual frames the velocity is foufithe results are divided into a

graph for each of the three castings. The castimay® been numbered from left to
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right. The velocities can be seen in Graph 6-1,pGré-2 and Graph 6-3. The

maximum velocity for the castings is found justdrefthe melt reaches the governing

cross section called in the chapter ‘Theory in gating technology’. Ohwsty till this

point, the graphs are the same for all three ogstiim the graph of casting 2 very low

velocities are seen just before the fan gate. Thesgs represent the frames where the

initial melt is seen passing to casting 1.
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RN Time: 0,48
@ 2,0
E / '_\’\ \ Core
> 15 Time: 0,6(s
‘S \/ \4 :
§ 1,0 \\‘. /
Filter \ /
057 Time: 0,C8¢ \3'
0,0 T T T T T T T
05 ) 100 200 300 400 500 600 700 800 900

Graph 6-1 Pressed filter - Velocities for Casting Ithe very left in the layout)
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Graph 6-2 Pressed filter - Velocities for Casting 2the middle in the layout)
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Graph 6-3 Pressed filter - Casting 3 (the very righin the layout)

For all three castings the velocity of the melt whieaching the fan gate is between
0,6m/s for casting 3 and 1m/s for casting 1. WHea inelt reaches the core the
velocity is between 0,13m/s for casting 2 and 0/88for casting 1. This means that
for casting 1 where the highest velocities werenthudrom the time it reaches the fan
gate and till it reaches the core, the velocityhef melt has been reduced by 72%. All
three graphs reveal that the velocities of the mvkn reaching the actual casting in
all cases are less than 0,5m/s. For easier coropanisthe three velocity profiles they

are all plotted together in Graph 6-4.

To give a better impression of how evenly the thrastings are actually filled, the
distance the melt has moved in the three castiagsbieen plotted against time in
Graph 6-5. In the graph it is seen that the oveeddl of the filling is very similar for

the three castings. The mean velocity for the tlceestings from the time the melt has

reached the core is seen in Table 6-6.

Casting 1 Casting 2 Casting 3

| Mean velocity 0,048m/s 0,050m/s 0,056m/s
Table 6-6 Pressed filter - Mean velocities in thehtee castings from when the melt
reaches the core
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3,5

3,0 Before A
25 L] Time: 0,28

L \ —»

s \

1,0 ) -—a

Velocity [m/s]

0,5

0,0 T T T T T
0 100 200 300 400 500 600 700 800 900

-0,5

Distance [mm]

‘—O—Casting 1 —®—Casting2 —4— Casting 3 ‘

Graph 6-4 Pressed filter - The results of all threeastings in the same graph
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Graph 6-5 Pressed filter - The distance the front fothe melt has moved plotted against
the time
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6.4.4 Velocities — no filter

Graphs from the results of the experiments wherdilters were used are presented
below. In these experiments the glass starts takbvery early. The flow pattern is
obviously interfered by this resulting in deviatsofrom the expected. One of these
deviations occurs because the glass starts to laféde0,64s and the melt therefore
starts to fill casting 2 from the side directly rinathe down runner. After 0,88s the
glass brakes under casting 3 letting a small amob@mhelt out under the core. In
combination these two incidents result in a fasting of casting 2 than casting 3.
This is seen later in Graph 6-10. Due to the edmgking of the glass the
measurements of the front of the melt is not cobepldo the same extend as the

results from the experiments using a filter.
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Graph 6-6 Without filter - Velocities for Casting 1 (the very left in the layout)
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Graph 6-7 Without filter - Velocities for Casting 2 (the middle in the layout)
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Graph 6-8 Without filter - Casting 3 (the very right in the layout)
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Graph 6-9 Without filter - The results of all three castings in the same graph

In the experiments using a filter the maximum valowas found to be 2,2m/s just
before the melt passes the governing aredn the results presented here the

maximum velocity is found to be 2,7m/s but heresitight after the bends under the
down runner. The reason for this difference in dyaghere the maximum velocity is
found is, as it has been mentioned earlier thegiffce in momentum of the melt. The
effect of this difference in momentum is also seethe initial jets for the first melt
that enters the castings. The effect of the jetsesn in Graph 6-6, Graph 6-7 and
Graph 6-8 as negative values for the velocity fi@hen the initial melt drops after the
initial jet. The effect is perhaps more clear irar 6-10 where especially for casting
1 and casting 3 a drop in the distance is seemdrthe time of 0,4s. From when the
melt has reached the core and onwards the meaaitietoof the melt is seen in Table
6-7. These velocities are slightly higher than mnean velocities for the experiment
using a filter. The high velocity of the melt instimg 2 is seen partly as a result of the
earlier mentioned glass breaking. The overall lomeran velocities for the experiment

using a filter is once again due to the back fliof the down runner. Having a full
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6 Casting of a valve housing

gating system as in the case without a filter meahgher pressure from the melt in

the down runner hence an increased driving forcélfimg the mould.
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Graph 6-10 Without filter - The distance the frontof the melt has moved plotted against
the time

Casting 1 Casting 2 Casting 3

Mean velocity 0,062m/s 0,085m/s 0,062m/s

Table 6-7 Without filter - Mean velocities in the tree castings from when the melt
reaches the core

6.5 Conclusions

The experiments proved first of all that by makangmall redesign of the casting the
overall poured weight can be reduced drasticallyl[2kg. However, an investigation
should be done of whether or not the problem canegrfeeding of the centre flange
in the position of the side bar is severe enougiméke a redesign of the feeders
necessary. Taking this into account it is moree@sentative to compare the weight of
the gating systems meaning the total poured weigtitout the feeders and parts.
Doing this a weight reduction of the gating systeas found to be 1,1kg. The layout

being for a Disamatic moulding machine producinguad 350 moulds an hour means
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6 Casting of a valve housing

a total saving of 385kg of iron per hour addingto®,08ton of iron per 8-hour work

day.

A down side to the use of streamlined gating systewmpared to the traditional

layout was found when considering the removal efdgating system and the feeders.
The change from having warm feeders to having ¢eétlers means an additional
operation. The reason is that the round fan gatesotl easily break off in the shake-

out. If it had been possible to use flat fan g#tesproblem would have been reduced.

The streamlined gating system also gives a muckerbéieat distribution in the

castings after mould filling that eliminates theeddor heat treating the casting. The
resulting microstructures in the four positionstbé centre flange investigated are
found to be more similar than the microstructu@sntl in the same way in the heat
treated casting. The fact that a heat treatmem isnger necessary obviously means a

large decrease in the energy needed for produb@gdlve-housings.

The pouring time for the streamlined layout wasnibto be 4,1s whereas the pouring
time of the traditional layout is 6,5s. The pouritigne is an important factor in a
production line simply because if the pouring timéoo long the automatic moulding
machine has to be slowed down reducing the ovpralluction capacity. This is the
reason why it is important that it is proven hdratit is possible to reduce the pouring

time relative to the traditional gating systems.

A further benefit from the faster mould filling tise possibility of lowering the pouring
temperature. The final castings in these experisnemrtre cast at a temperature of only
1268°C. Normally cold runs would be expected irs thase however the resulting
castings did not show any sign of tendencies féd conning. The different ways of
taking advantage of this is discussed in furtheailen the chapter ‘Potential energy

savings’'.
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6 Casting of a valve housing

The experiments using glass plate fronted mouldealed an overall calm flow
pattern with or without the use of a filter in tegeamlined gating system. Using a
pressed filter revealed the impossibility of kegpihe gating system full resulting in a
reduced momentum of the initial melt entering thsting. The result was only small
jets of the melt entering the castings however dherall mean velocities was also
reduced relative to the experiments without arfifde resulting flow pattern from not
using a filter revealed larger jets from the initlaelt entering the castings, but the
gating system was kept full at all times leavingpussibility for air entrapment and
oxide formation. For both sets of experiments teéoeity of the melt entering the
casting beside the very initial jets was well bel@dsm/s as normally recommended.
All experiments here were done using ductile irdmal is not normally considered
very sensitive to the effects of splashes. Thass seen from the traditional layout in

which the melt is allowed to drop from the heightle centre flange.
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7 Runner width

When casting ductile iron the general recommendafiar the runner width in
streamlined gating systems is 10mm. [Ref. 7-1] Hamwethis runner width in
combination with the draft angle sets a limit t@ thize of the cross sectional area
achievable. This limit was the main reason for hgvihe gating system on either
pattern plate in the streamlined gating systememtesl in the chapter ‘Casting of a
valve housing’. The problem is then what to donifearen larger cross sectional area is

needed so that it is not enough just to have thagyaystem on either pattern plates.

One way of solving the problem could be to have entiran one down runner.

However first of all this takes up a lot more spaoehe pattern plates which could be
a problem. Second of all it would be a problem égign a pouring cup that makes it
possible to keep more than one down runner fullllatimes without any problems

with vena contracta. Instead of going into thedetgms, experiments were done in
which all the principles in the streamlined gatsystems were used but the runner
width was increased. The idea is to see if it issgie to exceed the recommended

10mm limit in runner width and how the resultingvil pattern will be.

7.1 Designing the layout

To be sure that the runner width is the governiingction for keeping the front of the
melt coherent and not the runner depth, the rudepth in the governing area were
chosen to be 50% larger than the runner width is ¢hoss section. It was chosen to
try to increase the runner width to 14mm instead@hm in these experiments. This
means that the geometry of the governing areabegill4mm in width and 21mm in
depth. The module pattern plates were used foexperiments to make it easier to try
different gating systems if necessary. A plate-sdageometry is used as the part to be
cast. The dimensions of the casting are seen ineTald.These dimensions were
chosen so that the casting, fan gate, and the leder the casting could all be within

one module in the module system. The remainingrpaiars used for designing the
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gating system are seen in Table 7-1. In this layloerte is no intention of using filter.
Therefore the height of the filter is set to zeFbe parameters ‘width’ and ‘depth’ of
the filter is only used for dimensioning the toptbé funnel. In the fan gate a small
expansion in cross sectional area of 9,5% is puhamnly to slow down the melt a
little without exceeding the dimensional width dietcasting. The layout is seen in

Figure 7-1.

The suggested pouring time for cast iron is catedldy the spreadsheet to 5,3s. The
chosen pouring time however is set to only 1,5bstH® pouring time in this layout
should have been three and a half time more to iieeinormally recommended
pouring time with the traditional gating system,igththe suggested pouring time in
the spread sheet is based on. The pouring timéhasen to achieve the desired
geometry for the governing area. It also means tthede experiments really can be
used also to test how the fan gate can controlgamdie the melt while having very
high flow rates. Actually the dimensions for thesuking gating system would be as
recommended if the casting had weighed around 28Kgwith a wall thickness of
10mm and a recommended pouring time of 12,5s. Hadcasting been that much
bigger, then a much wider fan gate would also HBaen possible hence giving a much

larger cross sectional area and a lower velocithenfan gate.
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Design of stremlined gatingsystem

Vertical moulding

[DATA
Casting:
Runner width 14mm
Mould Height 400|mm
Width 500|mm
Pouring cup Height 70{mm
Depth 55{mm
Width 80Jmm
Filter Height Ojmm
Depth 50{mm
Width 50|mm
Funnel Height mm
Draft angle 3J°
Maximum runner width 14/mm
Rounding of bend below down sprue 40{mm
Rounding of bend below casting 40{mm
Expansion of crosssectional area in rounding below casting (only pos) 0]|%
Height from base of mould to base of runner mm
Length of horizontal runner 180/mm
Expansion of crosssectional area in horizontal runner 0]|%
Number of mm between measrurements in horizontal runner 50|mm
Fan gate Height 40{mm
Expansion in crosssectional area 9,5|%
Connection with casting Width 140/mm
Depth 2|lmm
Weight of casting and feeders 2,6]kg
Wallthickness of casting 10/mm
Height of casting 250|mm
Width of casting 145/mm
Estimated weight of runners 1lkg
Loss factor in runner system m 0,5
Density of the molten metal p 7000|kg/m3
Suggestions for pouring times Cast iron 53s
Bronze 83s
Aluminium 26,7 s
Steel 34s
Chosen pouring time t | 1,51]sec
[Governing area (Base of down runner) 271 mm? |

Table 7-1 The parameters used for designing the layt
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Figure 7-1 Drawing of the layout
7.2 Results from glass plate experiments

Computer simulations have been done with this laydbhe results of which were
presented in the chapter ‘Simulations’. These samuhs showed however that it is
very difficult to achieve reliable simulation rewulusing fan gates. However the
following results from the experiments using glatate fronted moulds can help in
understanding the flow pattern of the melt throdgh gates. Only part of the frames
from the experiment is shown here. The full seframes can be seen in Appendix 3 —

14.3. The films from all the experiments can bensaethe DVD.
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Time 0,04s Time 0,08s Time 0,12s

Time 0,16s Time 0,20s Time 0,24s

Time 0,36s

Time 0,28s Time 0,32s

Time 0,40s Time 0,44s Time 0,48s

Time 0,52s Time 0,56s Time 0,60s
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Time 1,00s Time 1,04s Time 1,08s

The results show that there is no problem in keggne front of the melt coherent in
the down runner. However in the horizontal runrtegré are indications that it is
difficult to keep the runner full at all times. Bhis seen in the enlarged frame in Figure
7-2. The melt is kept coherent but the first malesl not fill the runner completely.
However the problem is not large enough to caugepamblems for the quality of the
melt. The results show that having a runner width4mm it is still possible to keep

the front of the melt coherent.

Figure 7-2 The frame shows the front of the melt inthe horizontal runner. The time for
the frame is 0,28s.

As mentioned the gating system used in these ewpets results in a very short
pouring time for the 10mm plate. This means also ithis tested how well the fan gate

is at confining and controlling the melt flow. Thesults show that the very first melt
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to enter the casting forms a thin jet foil in thatiee width of the fan gate. Then the

remaining melt fills the casting behind this thiatp of metal from the initial jet.

3,5
3,0 - Start fan gate
Time: 0,36s
2,5 -
. 2.0 / Splash
> 15 : Time: 0,48s
g & First bend
3 1,0 - Time: 0,24s /
>
0,5 -
0,0 T T T T T T T T T
05 ) 100 200 300 400 500 600 700 800 900 1000
Distance [mm]

Graph 7-1 The graph show the measured velocitiestbugh out the mould filling

Graph 7-1 shows the velocities throughout the mailidg. As it would be expected
the melt accelerates through the down runner. Alfterfirst bend the melt is no longer
accelerated and a maximum velocity of around 3sifeached in the first part of the
horizontal runner. The largest deceleration ofrtiedt happens in the fan gate. Passing
through the fan gate the melt decelerates from 2onG55m/s. After the initial jet the

velocity is only in average 0,083m/s for the renmagrof the filling.

7.3 Conclusions

The results from these glass plate experiments shatnit is possible to have a larger
runner width than the 10mm recommended. Only stealdlencies of problems are
seen in these experiments due to a runner widi4 ohm. The front of the melt is still
coherent in all of the gating system but theresanall difficulties in keeping the cross
section of the runner completely full at the metint. Further studies need to be done
to see if more severe problems will occur if thaners are made even wider. One

should bear in mind that the problems of havingraer width limited to 10 mm most
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likely occur in the very top of the down runner.eTtesults here show that there is no
problem in keeping the down runner full having amer width of 14mm. Therefore, in
case a runner width of 10mm is not enough for the daf the down runner it is
recommendable that the runner width should be dserk passing from the down

runner to the horizontal runner.

130



7 Runner width

References

[Ref. 7-1] Larsen, Per — Iron Melt Flow in Thin Walled Sections Cast in Vertically
Parted Green Sand Moulds. Technical University of Bhmark 2004

131



7 Runner width

132



8 Filtration

8 Filtration

8.1 The reasons for discussions

When designing the layout of gating systems onth@fmajor subjects for discussion
is filtration. The reason for this discussion iatthot everyone agrees on the benefits
of using ceramic filters and on whether or noefit should be used in the first place.
The first and most obvious reason for using filieror filtration of the molten metal.
This means that filters are to be used as earpoasible in the gating system in order
to remove slag and dross from the molten metal. SHwnd major reason is that the
filters help to achieve a controlled and calm rji of the casting. The filter is
supposed to not only help avoiding inclusions ie tasting but also reduce the
velocity of the melt and, give a coherent flow otltrand hence a calm filling of the
casting. This means that the filter should be plaae late as possible in the gating
system. Because of this disagreement on the vesig lhar the use of filters further
related discussions often erupt as well. Thereddferent kinds of filters so there is a
discussion on which type is the best. Another dismn is about exactly how the filter
should be placed in the mould, and especiallyaffther should be placed at the top or

at the lower part of the mould.

The solutions on how to place a filter have onaghn common. An expansion of the
gating system is necessary on either side of tker.fiExamples of this are shown
below in the passage ‘Filter prints’. In this walagng a filter in the mould also
increases the poured weight. Since the goal inghogect is to try to minimize the
amount of metal to be re-melted a closer studyiltration has been done to see if
savings are possible. This study can also help emsgvmany of the above described

questions concerning filters.
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8.2 The different kinds of filters

There are different kinds of ceramic filters butyothhe two most predominantly used
by the foundry partners in this project are studrethe following. These are pressed
filters and foam filters as shown in Figure 8-1| #thle experiments in this study have
been done using ductile iron and the filters haeenbchosen according to the

recommendations from the filter producers.

Figure 8-1 Ceramic filters. To the left: a pressedliltr, size: 50mm x 50mm, diameter of
the holes: 2,4mm. To the right: a foam filter, size50mm x 50mm, porosity: 10ppi (pores
per inch)

8.3 Mechanisms in filtration

The filtration of the melt using pressed and extdidilters works involving three
mechanisms. The first mechanism is ‘Sieving’ in ebhiall particles too large are
mechanically prevented from passing through therfilThe second filtrations is ‘Cake
filtration’ in which particles build on the surfacé the ceramic filter becoming a filter
in itself. The third mechanism is ‘Deep bed filioat in which the very small particles
having very high surface energies are attracteédgonside surfaces of the filter and a
sintering action occurs. [Ref. 8-1] [Ref. 8-2] Tmechanisms are illustrated in Figure
8-2.
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Sieving
Direction
of Flow

Filter Cake

Figure 8-2 [Ref. 8-1] Mechanisms in filtration

Figure 8-3 illustrates the filtration effect of tHdter cake. The figure shows a
micrograph of the entrance face of a filter in dadron. The hole in the filter has a
diameter of 2,3mm. The filter cake is clearly se@snmicro inclusions from mainly

MgO and MgS form a bridge across the hole in therfi[Ref. 8-3]

Filter
Wall
'\..‘.

Figure 8-3 [Ref. 83] Micrograph of an inclusion brdge

That the micro inclusions stopped by the filter mhgiare MgO and MgS particles is
not necessarily positive. The reason is that eaffgc¢hese particles act as nucleation

sites for graphite nodules in ductile iron. Thisamg that the filter actually might
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decrease the inoculation of the melt in the castingng solidification. [Ref. 8-4]

Cake filtration is a filtration function that bugdup gradually so the first melt and
thereby the first particle that reaches the filban pass the filter relatively easy.
Therefore cake filtration is not a guarantee thisgraaller inclusions are stopped in the

filter.

The mechanism in filtration is different in foanitdrs. The mechanisms ‘Sieving’ and
‘Cake filtration” are similar. The further desciignt of the mechanism isFbam filters
rely upon specific density differences between inclusions and the metal as well as
hydrodynamic effects such as eddy currents to increase the likelihood of particles
smaller than the pore size remaining in the filter.’[Ref. 8-1] An illustration of the

mechanisms in the foam filters is seen in Figure 8-

@ N
(C2S @O\” “:‘O<

Figure 8-4 - [Ref. 8-1] Mechanlsms in filtration ugng foam filters
8.4 Filter prints

The producers of filters have a series of filtengsrfor the pattern plate for placing the
filters in the mould. These are made to make ieedsr foundries to position and use
the filters according to the recommended guidelindsese filter prints are often
changed slightly though and individualized for gpecific foundry. For the study of

flow through filters three such filter prints halveen tested. These filter prints are seen
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in Figure 8-5 and Figure 8-6. All of the filter pts are designed to be used with a

50mm by 50mm foam filter as seen in Figure 8-1.

Figure 8-5 Replica of a filter print for horizontal moulding.

Figure 8-6 Filter prints for vertical moulding. To the left: Filter print as seen in the
traditional layout presented in ‘Theory in gating technology’. To the right: Replica of a
filter print.
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A filter print for horizontal moulding is seen ingtre 8-5. The basic idea behind this
layout is that the filter is placed vertically ihet horizontal runner. The filter print
should be placed so that the flow comes in frorhttetight. The cross-sectional area
of the entrance surface is much larger than thesesectional area of the exit surface.
The meaning is in this way to try to benefit fronat in foam filters the melt flows
perpendicular but also parallel to the filter. Thigoposedly gives a better filtration of

the melt and an even more controlled flow fromdki surface.

In the pressed filters the melt obviously only flowerpendicular to the filter. The
filter print seen to the right in Figure 8-6 is fase in the down runner in a vertically
parted mould. Also in this filter print the crossetional area of the exit surface is a lot
less than the area at the entrance surface. Thegiint to the left in Figure 8-6 is the
one used in the traditional layout as describedhm chapter ‘Theory in gating
technology’. This filter print can be used for bétam filters and pressed filters since

the entrance area of the filter is the same asxtharea.

When using filters it is important to remember tias$ difficult for the manufacturers
of filters to produce especially foam filters toetexact specified dimensions. This
means that foam filters always are smaller thay gteould be in order to fit in the
mould on all occasions. At the same time the fifients are always made slightly
larger than the specified filter. Combined this ne#hat there may be gab of at least
2-3 millimetres in total between the filter and theuld. Filter prints are by necessity
always made with a draft angle but the filtersr@oe This means a further increase in
the gab between the mould and the filter lettingtegcumvent the filter. Even
though it means that filters can be placed the gneay it is still a recommendation to
produce the filters with the same draft angle asfilker prints if not all filters then at

least for the larger filters.
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8.5 Glass plate experiments

To investigate the flow of molten metal throughefit using the different filter prints
presented above a series of glass plate experirhents been conducted. The filter
prints have all been modified slightly so that thgout is on only one pattern plate.

This is necessary for the glass plate experimémsexample of these modifications is

seen in Figure 8-7.

Figure 8-7 The picture shows an example of hoW thiglter prints have been slightly
modified to do the glass plate experiments. In theriginal use of the filter print shown
here the parting line would have been perpendiculato how it is used here.

8.5.1  The different layouts

The three filter prints have been tested agairstlalgout with no filter used in the
chapter ‘Runner width’. For all of the four differelayouts the module pattern plates
described in the passage ‘Experimental facilitigsaeilities at DTU’ was used. This
means that the module with the plate shaped castieggan gate and the bend under
the casting are used for all layouts. The remaimng modules for the pattern plate
are changed for the different layouts and filtengst The gating systems have all been

designed to resemble the type of gating systemtkigfilter prints are designed for.
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Figure 8-8 shows a frame from the end of the fijllirom all four layouts. In this way
the differences in the layouts can be seen. Indpeut ‘Vertical 1’ in Figure 8-8 a
small 4 mm thick glass plate is positioned in tasting 4mm above the fan gate. This
was done to see the effect of the flow patterrhefrhelt in the casting and especially

the effect on the initial thin jet of melt seentle experiments regarding runner width.

3 No filter | Vertical 1

Figure 8-8 The four different layouts. Top left: layout with no filter. Top right: layout
with the filter print from the traditional layout p resented in the chapter ‘Theory in
gating technology’. This layout is called ‘Vertical 1'. Lower left: Filter print for
vertically parted moulds. This layout is called ‘Vetical 2'. Lower right: Filter print for
horizontally parted moulds. This layout is called Horizontal'.

8.6 Results from the glass plate experiments

The investigation of the results is divided intootwFirst the flow patterns for the
mould fillings are examined and then the first mitpass through the filter is

examined. The films from all the experiments carsé&en on the DVD.
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8.6.1 Investigation of the mould filling

The results from the glass plate experiments feddlgout without filter was presented
in the chapter ‘Runner width’. Parts of the resdiftsm the remaining layouts with
filters are seen in the following. The full setsfmes from the experiments are seen
in Appendix 4 — 14.4.1, 14.4.2 and 14.4.3. In appeximents here foam filters were

used.

Vertical 1 (a foam filter is used)

Time 0,04s Time 0,08s Time 0,12s

Time 0,16s Time 0,20s Time 0,24s

Time 0,28s

Time 0,32s

Time 0,36s
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Time 0,40s Time 0,44s Time 0,48s

Time 0,525 Time 0,565 Time 0,60s

Time 0,64s Time 0,68s Time 0,72s

Time 0,80s Time 0,84s

Time 0,765

N ~

Time 0,92s

Time 0,96s

Time 0,88s

A

Time 1,00s

Time 1,04s Time 1,08s
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The pouring cup here is filled after 0,16s andrtiedt in a jet reaches the opposite side
of the filter leaving a vena contracta just abdwefilter in the side of the pouring cup.
This vena contracta is there till 0,40s. The varst fmelt to pass the filter at 0,20s
seems to be circumventing the filter and does lost through the filter. Whether this
Is the case or not is difficult to say from thespeximents only but it is a possible
scenario if the filter is smaller than specifieRef. 8-5] After the first melt has passed
the filter a jet forms towards the right side oétdown runner. This leaves a vena
contracta in the right side underneath the filidris part of the gating system is not
filled till after 0,96s when the down runner is kalited. By then the first melt has
reached the casting with only a small amount cdisihg compared to the layout with
no filter. The reason for this calmer initial filly of the casting is partly the small glass

plate mentioned earlier but mainly the backfillimigthe down runner.

The fact that the down runner is not back filldtithe time after the first melt has
entered the casting decreases the momentum ahitigd melt. One difference worth
mentioning is the difference in the time for thelime reach the fan gate. In the
streamlined gating system with no filter the mekliches the fan gate after only 0,36s
whereas in the layout ‘Vertical 1’ with a foam éftthe melt reaches the fan gate in
0,88s. It takes more than twice the time for thédt neereach the mould cavity with
only a little less splashing inside the castingWwith a much more turbulent flow and

with gas entrapment in the runner system.

The result of the turbulent mould filling is alsees in Graph 8-1. The graph shows
the velocity of the front of the molten metal thgbuout the mould filling. It is seen
that the maximum velocity is lower in the layoutdi¢han in the layout with no filter.
The results also show that even though the veéscdf the melt when reaching the fan
gate is a lot higher in the layout with no filteetvelocities for the melt when entering
the casting is practically the same. The graphsvghat the initial jet of the first melt

entering the casting is very similar.
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Graph 8-1 The graph show the measured velocities ibugh out the mould filling

Velocity [m/s]

Distance [mm]

Vertical 2 (a foam filter is used)
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Time 0,64s Time 0,68s Time 0,72s

The layout here is very similar to the layout with filter. The only difference is the
expansion of the down runner to make room for ther fprint. It is seen that the first
melt to reach the front of the filter passes thioegsily and the front of the metal
continues. The down runner backfills because ofrtbeeased volume around the filter
and filter print. The down runner is full after 0% At the same time the melt reaches
the casting. The back filling of the down runneeates a pressure shock in the melt
and because this shockwave is created at the saraettie initial melt reaches the
casting, it means a large initial jet of melt i tbasting occurs. Due to the shock wave
the jet is larger than seen in the results fromlélyeut ‘Vertical 1'.The time it takes
for the melt to reach the fan gate in this layeud,52s which is only 0,16s more than
seen in the layout with no filter. The explanattorthis very small time difference is

found in the increased poured weight of the gasiygtem. It takes longer time to fill
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the bigger volume of the gating system. The remgirilling of the mould resembles
the layout with no filter. Graph 8-2 shows the gty profile of the layout ‘Vertical

2'. As seen for the layout ‘Vertical 1’ the velocilecreases at the filter. This means a
lower maximum velocity. But even with a much loweaximum velocity the jet of
the initial melt is a lot more severe. Having tlaamg fan gate in either layouts the
reason for this difference is the much more tunbuféling of the remaining part of

the gating system.

3,5 {
30 First bend
Time: 0,32s Fan gate
2,5 \ Time: 0,52s Splash
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Graph 8-2 The graph shows the measured velocitiesrough out the mould filling

Horizontal (a foam filter is used)

Time 0,04s Time 0,08s Time 0,12s
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Time 0,16s Time 0,20s Time 0,24s
A

Time 0,28s Time 0,32s Time 0,36s

Time 0,40s Time 0,44s Time 0,48s

Time 0,52s Time 0,56s Time 0,60s

Time 0,64s Time 0,68s Time 0,72s
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Time 0,76s Time 0,80s Time 0,84s

Time 0,88s Time 0,92s Time 0,96s

The first part of the gating system, before thenamis a replica of gating systems
often seen in horizontal moulding. It could be aduhat the decrease in cross
sectional area in the transition from the filtempand to the bend under the casting
accelerates the melt. The response to this ighleatiown runner is an exact replica of
the down runner used in the layout with no filtEhis means that the flow rate is the
same. The bend under the casting and the fan gathei same as in the other
experiments and should give the best possible fatom for the comparison of flow

patterns.

When asking manufacturers of filters for the optfirfileer position the response is as
low as possible. [Ref. 8-6] This means that thyeld, Vertical 2, should be preferable
to the two layouts previously looked at. This ig tie case though. When comparing
how the metal enters the mould cavity the layout hmuses the most violent and
turbulent flow pattern. In the previous experimehis melt enters the casting cavity in
a thin jet across the entire fan gate. In a fevesase or two small droplets of melt are
seen. In the experiments here the melt entersawiéyanore violently and a lot more

than a few small droplets are observed. Part ofd¢hson for this highly turbulent flow

pattern is that the vena contracta that is fourstl gdter the base of the down runner
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disappears completely after 0,72s possibly creatingressure wave. But then the
reason for placing the filter in the horizontal men is among other parameters to
minimize this exact problem [Ref. 8-6] [Ref. 8-7].

The time for the melt to reach the fan gate is §,dhese 0,24s prolonged filling time
relative to the layout with no filter correspondslvwith the additional volume of the

gating system.

As just mentioned the filling of the vena contractdnt after the down runner creates a
pressure wave in the melt. This pressure wavess sen in the velocities of the front
of the melt during filling. Graph 8-3 shows how tinelt reaches the fan gate at a very
low velocity and then actually two jets are sedrstfa very small jet at a time of 0,64s
in the filling is seen. Then the velocity dropgyklly before the second jet. The first
small jet is expected as it was seen in all théezagxperiments. The second much

larger jet is due to the mentioned pressure wave.

3,5

i
3,0 After the filter
\ >\ Time: 0,28s Fan gate

2o f Time: 0,60
o \ / \ / ime: 0,60s
15 el / \ / / Splashes
Lo _I:_orizogt;érunner \ / / /Qx>< 1:?:8;3245
) ime: 0,20s 10,72
0,5 “im

0,0 T T T T T T
0 100 200 300 400 500 600

Velocity [m/s]

900

-0,5

Distance [mm]

Graph 8-3 The graph shows the measured velocitiesrough out the mould filling

The reason why two pressure waves are seen heneoamal the remaining layouts in

which vena contracta was also observed is a mafttet what time the pressure wave
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reaches the front of the flowing metal. In the expent with the layout ‘Horizontal’

this happens at a time when the effect of the faisis declining. This means that the
second jet is not covered by the first as was #se presented for ‘Vertical 2’. To do a
closer study of effects like these it is necessafim with more frames per second as

has been used in these experiments.

8.6.2  The first melt passing through the filters

One of the purposes using filters is to reduce cmlobut also to achieve a less
turbulent flow pattern after the filter. To getlearer picture and see if this is actually
what happens when using a filter a closer investigas necessary. Frames from each
of the layouts here and a single frame from theglaate experiments in the chapter
‘Casting of a valve housing’ with a filter showitige melt passing through the filters
are shown in Figure 8-9, Figure 8-10 and Figurel8Tlhe frames in Figure 8-9 are
with pressed filters while the frames in Figure @dnd Figure 8-11 are with foam

filters. The frame to the left in Figure 8-9 is rarhe from when most of the gating

system is already filled.

Figure 8-9 The two frames show how the melt is diged into smaller streams when
using pressed filters.
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Figure 8-10 Frames from the glass plate experimentshowing the initial melt passing
through the foam filters. The frames show that themelt does not exit the filter in a
coherent stream.

Figure 8-11 Frame from the glass plgte experimentshowing the initial melt passing
through the foam filter. The frame shows that the relt does not exit the filter in a
coherent stream.

151



8 Filtration

When looking at the two frames in Figure 8-10 is&en that the first melt to exit the
foam filters is highly turbulent. The melt leavitite filter is divided into a lot of very
small streams of melt leaving in slightly differatitections. In many ways this flow
pattern resembles the flow patterns seen using@uefdters in Figure 8-9. These flow
patterns promote oxidation of the melt forming @sdthat the filter was meant to
prevent. In addition to this, the small streamsnetal promote gas entrapment leading
to an increase in gas porosities in the castingeMboking at the frame in Figure
8-11 it is found that even though it is normallggexmended to place the filter in the
horizontal runner and not in the down runner tlwvflpattern is still the same. In
Figure 8-11 it is seen very clearly that even thotige majority of the melt is stopped
by the filter still some melt continues directlydligh forming small jets on the exit
surface. It is often believed that the filter ersuthat the runner system prior to the
filter is filled before the metal starts to go fust. [Ref. 8-8] The results presented here

prove that this is wrong.

Often water-analogy studies are used to explain d@ghonstrate the benefits in
controlling the flow of the molten metal making thmuld filling less turbulent. [Ref.

8-9] The experimental results presented here slew alearly that these experiments
do not represent how the flow of metal is throulgé tilter when used in the mould.
The reason is the difference in density of watet amolten metal. The momentum of

the molten metal is much higher having a densitgrotind seven times that of water.

8.7 Recommendations regarding the use of filters

The experiments have shown that using pressedsfittefoam filters in the way they
are normally set in the mould the result in an eéased turbulence during mould
filling. It is often claimed that filters decreas@® turbulence and promotes a calmer
filling [Ref. 8-6]. In all cases it is found thahé filter splits the metal into smaller
streams or jets generating oxides and gas entrapméme melt. In addition the filter
prints generates areas with vena contracta onresttie of the filter again resulting in

gas entrapment and pressure shockwaves. Thesewsh@sgenerated during filling
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have been proven to actually give much more turlméleand gas entrapment than is

the case in the streamlined gating system withltey.f
No filter o Vertical 1
Weight: 26509 : Weight: 3000g

Bk dace 8

Vertical 2 : Horizontal
Weight: 32509 e Weight: 35209

Figure 8-12 The pictures show the different layougas cast but without the plate shaped
casting. Along with the pictures the weight is foud. The filter print that has been
modified the least and therefore gives the best cquarison is ‘Vertical 2’.

Having compared a streamlined layout with no fikkad three layouts with different
filter prints the general recommendation must bavoid the use of filters if possible.
The use of filters should have the purpose of rangpunwanted particles in the melt
only rather than as a sort of flow control. A fusthrecommendation therefore is to

have a clean melt before even pouring. Insteadryohg to avoid problems with
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inclusions at the time just before the melt entlis actual mould cavity emphasis
should be put on removing the unwanted particleshmaarlier. Batch filtration could

be one way of removing these unwanted particlest. [R5]

A further benefit of not having the filter in theoodd is a reduction in the poured
weight improving vyield. Since the filter prints hlavbeen modified for these
experiments the actual saving in poured weight as easy to compare. A clear
indication can be given though. All of the moditioas have led to a reduction in the
volume of the filter prints. In Figure 8-12 the fogating systems are seen and their
weight is found as well. The layout that is mostitar with the layout with no filter is
the layout called ‘Vertical 2'. This layout is alsiee one in which the filter print has
been modified the least. Therefore to compare W&’ and the layout with no filter
gives the best indication of saving in pouring virtigt can be seen that a saving of

6009 in poured weight is achieved in this casesmh mould.

The filter print in the layout ‘Vertical 2’ is degmed for use in vertically parted moulds
in for example a DISAMATIC moulding machine. A mauwh like this produces
around 350 moulds an hour when filters and coresnaeded and in every mould 600g
of metal is saved by not having the filter. Thigladip to a total saving of 210kg of
molten iron per hour and 1680kg each eight hourkday. This example shows that
huge improvements in yield can be achieved in coatimn with a less turbulent flow

pattern and less gas entrapment during moulddillin
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9 Experiments using X-Ray

9 Experiments using X-Ray

Many experiments have been conducted as menticaréidreusing glass plate fronted
moulds. However it has not yet been investigated hmuch the glass plate affects the
flow pattern during mould filling. One concern abdhe glass plate is the cooling rate
of the melt against the glass plate compared vighcboling rate of the melt against
the sand mould. Another concern is whether the fk@affected due to the difference
in surface roughness between the sand mould angldke plates. To investigate this,
a series of experiments were conducted at the Megsland Materials department at
the University of Birmingham. The facilities aresgebed in the previous chapter

‘Experimental facilities’.

9.1 The layout and the pattern plates

A layout was designed for the casting of two plaash with a thickness of 10 mm.
To be sure that there would be room enough in theyxchamber there were certain

restrictions to the size of the mould. The layaurt be seen in Figure 9-1.

The right upper corner is cut off to make sure that CNC guided pouring ladle can

get close enough to pour without risking that @dié collides with the mould.

It is possible to have a 4mm thick core located 4amove the fan gate. The reason is
to make it possible to investigate how the flovaffected if the melt when entering the
mould cavity is guided directly into a core. An argement like this is often

recommended in high pressure die casting. [Ref. 9-1
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Figure 9-1 The layout for the x-ray experiments. Almeasurements are in millimetres.

The pattern plates and a set of moulds can beisdégure 9-2. The fan gate in this

layout is only one millimetre thick just before tbastings.
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Figure 9-2 Top left: Pattern plate with the casting. Top right: Pattern plate with the
‘cores’. Bottom left: Sand mould with the castingsBottom right: Sand mould with the
core to the left removed and the core to the righihtact.

9.2 Experimental procedure

9.2.1 The mould

After the mould is put together a pouring basimglised on top of the mould. Figure
9-3 shows the fully assembled mould ready to begulan the X-Ray chamber. As can
be seen the mould is held together using five latid three pieces of steel on each

side.

When pouring it is very important from the very beung to pour fast enough. If
pouring is not fast enough the runner system witl loe filled properly. Every cross
section in the runner system is calculated with dssumption that the rest of the

runner system is full. Therefore if this is not tbase it is not possible to see the
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correct flow pattern. The preliminary experimenowsied that using only the pouring
device it did not give a sufficiently fast pour the very start. In this way the

experiments showed the necessity of having a stoppe

Figure 9-3 To the left: The fully assembled mould eady to be placed in the X-Ray

chamber. To the right: Preheated stopper being plaed in the pouring basin

A stopper was therefore made from graphite. Thpp&pis seen in Figure 9-3. The
stopper had a square cross section with a flat. haghis way the stopper was easily
placed correctly every time and it covered therentdbp of the funnel in the sand
mould. A piece of iron (the cylindrical part seenHigure 9-3) was placed on top of
the graphite stopper. This was done to add wemptévent the stopper from floating

when metal is poured into the basin.

The stopper was preheated to a temperature of 866f@e being placed in the
pouring basin. The stopper cooled down to approtaipeb00°C before the pouring.
The preheating of the stopper was done to minirthizeheat loss of the melt when in

contact with the stopper.
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Via a chain the stopper was connected to a pneamaatn which was activated by
pressing a button in the control room. In this wlag stopper could be pulled up after

the first melt had been poured from the ladle th®basin.

9.2.2 Magnesium treatment

As described in the chapter ‘Experimental faciitithe melting was done in the same
crucible as was used for placing in the pouringiceVvT his was done to minimize the
heat loss that would be expected when melting & eited amount of metal. The
magnesium treatment was likewise done in the samngbte while the crucible was
still placed in the furnace. In this way the magmestreatment could be done at a
temperature of around 1400°C and the melt couldhmtly re-heated in order to
obtain the desired pouring temperature. The achzgnesium treatment was done by
placing the treatment alloy (5,5% MgSiFe) on toptleé melt and then with a tool

pressing the treatment alloy to the bottom of tledt.m

9.2.3 Recording using X-Ray

The flow of metal is recorded for these experimday$0 frames per second. To get a
good recording and representation of the flow oftemoiron through the fan gate and

into the 10mm thick plate the x-ray was set to 22&kd 6mA.

9.3 Experimental results

To find all the correct parameters and settinggtiercasting of iron a test casting with
gray iron was done as a preliminary experimentsTdasting was done without a

stopper and is numbered ‘Gray iron 1'.

For the actual experiments with cast iron 8 mowldse cast in total. All 8 were cast
using a stopper. Four were cast with gray iron ol were cast with ductile iron.
Two of each alloy were cast with the cores intaxt awo of each alloy were cast with
the cores removed. For the moulds where a magnesiatment was performed,

mould one and three were cast with the cores imtadtmould two and four were cast
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with the core removed. For the gray iron castimgsdore was left intact in mould two
and five and the core was removed in mould threkfaor. The table below shows

this more schematically.

Ductile iron 1 Ductile iron 2 Ductile iron 3 Duatiliron 4
With cores No cores With cores No cores
Gray iron 2 Gray iron 3 Gray iron 4 Gray iron 5
With cores No cores No cores With cores

Table 9-1 The table shows the order in which the séings were done

The results for three of the castings are preseimtetthe following. These results
consist of the frames from the films and a graphefach showing the velocity of the
melt plotted against the distance the melt has ©hoVke frames are presented here in
three columns so that the differences in flow patteare more easily seen. The results
are also found in Appendix 5 — 14.5.1, 14.5.2, &A4cb.3. All of the films from the

experiments are also found on the DVD.

Ductile iton 3 Ductile iron 4

Ductile iron 1

Time 0,016s

Time 0,033s
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Ductile iron 1 Ductile iton 3

Time 0,050s

Time 0,067s

Time 0,083 s

Time 0,100s

Time 0,117s

Ductile iron 4
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Ductile iron 1 Ductile iton 3 Ductile iron 4

Time 0,133s

Time 0,150s

Time 0,167s

Time 0,183s

Time 0,200s
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Ductile iron 1 Ductile iton 3

Time 0,217s

Time 0,233s

Time0,250s

Time 0,267s

Time 0,283s

Ductile iron 4
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Ductile iron 1 Ductile iton 3 Ductile iron 4

Time 0,300s

Time 0,317s

Time 0,333s

Time 0,350s

Time 0,367s
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Ductile iron 1 Ductile iton 3 Ductile iron 4

Time 0,383s

Time 0,400s

Time 0,417s

Time 0,433s

Time 0,450s
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Ductile iron 1 Ductile iton 3 Ductile iron 4

Time 0,467s

Time 0,483s

Time 0,500s

Time 0,517s

Time 0,533s
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Ductile iron 1 Ductile iton 3 Ductile iron 4

Time 0,550s

Time 0,567s

Time 0,583s

Time 0,600s
Figure 9-4 The figure shows the frames from threefdhe castings.

9.3.1 The effect of how the melt is poured

The experiments showed that even with a stoppearit be difficult with the setup
presented to pull the stopper at the exact righe tiThis is illustrated by different flow

patterns at the time when the melt enters the bctaald cavity.
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As can be seen from the results of ‘Ductile ironahd ‘Ductile iron 3’ presented in
Figure 9-4 there is a large difference in how mtleh molten metal splashes when
leaving the fan gate and entering the actual ggstimhe reason for this difference is
how well the melt is poured. In the frames from @ie iron 1’ it is seen that the melt
enters the casting calmly. At the same time it I® aseen that the down runner
backfills and the part of the down runner seerhanftames is not full till the time of
0,383s. When looking at the frames from ‘Ductilenii3’ it is seen how the melt enters
the castings with a lot more splashes which aghoulsl be seen as a result of the
pouring. In ‘Ductile iron 3’ the pour is relativeyood and the down runner is full after
only 0,183s. This comparatively early filling ofetldown runner means that the first
melt to enter the casting has a much larger momenithe mass of molten metal
behind the very first melt to enter the castingDactile iron 1’ is simply smaller than
the mass behind the first melt to enter the caste@en in ‘Ductile iron 3'. At the same
time in ‘Ductile iron 3’ because the down runnefu#i the molten metal is forced to
enter the casting whereas in ‘Ductile iron 1’ pafrthe melt is used for backfilling the

down runner and only the remaining melt is usedifiong the casting.

A different way of seeing the effect of how the tnisl poured is to compare the
velocities of the melt. In the graphs below (Gr&h and Graph 9-2) the velocities
have been plotted against the distance which the lmas travelled. The two graphs
show that in the case of ‘Ductile iron 3’ where tlewn runner is kept full, the
maximum velocity which is reached at the base efdbwn runner is around 2,4m/s
whereas the velocity at the same place in ‘Dudtde 1’ the velocity is 2,9m/s. The
reason for this 0,5m/s lower velocity seen witluhdown runner in ‘Ductile iron 3’is
due to the fact that the loss factor due to fricémd surface tension is increased when
the cross section of the gating system is full. Wtree down runner is not maintained

full the molten metal is merely subjected to a fiae
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From Graph 9-1 and Graph 9-2 it is also seen thatvelocity of the melt when

reaching the fan gate is 0,2m/s higher in ‘Duatiten 3’ than in ‘Ductile iron 1’. As

described above this is due to the difference imemtum of the melt.

One further benefit from keeping the runner systelirby pouring well is that a much

higher flow rate is achieved while reducing the maxm velocity. By comparing the

frames from ‘Ductile iron 1’ and ‘Ductile iron 3'tdahe time 0,600s it is easily seen

that more melt has entered the casting in ‘Duatda 3’ than in ‘Ductile iron 1’. The

same is seen in Graph 9-3. In the graph the distargch the front of the melt has

moved is plotted against the time. The graph undesithat ‘Ductile iron 3’ is filled

the fastest. In this way the risk of cold runnia@iso minimized.

3,5
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2,5 1
2,0 1

1,5
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Graph 9-1 Ductile iron 1 - Velocity of the front of the molten metal plotted against the
distance travelled
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Graph 9-2 Ductile iron 3 - Velocity of the front ofthe molten metal plotted against the
distance travelled
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Graph 9-3 The distance which the front of the melhas moved plotted against the time
for the experiments with ductile iron. Here ‘Ductile iron 1’ is called ‘SG 1’ for
convenience.
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9.3.2  The effect of directing the flow of metal towards a core

The purpose of placing a core just above the féaa gas to see how this would have
an effect on the splashing of the initial melt.

Earlier experiments using glass plate fronted malidwed that the initial melt on
entering the casting after it leaves the fan galiefevm a thin plate which is then re-
melted during the remaining filling. This is comnhprseen in high pressure die
casting. A core was then placed to try to avoidftmenation of this very thin plate. In
‘Ductile iron 1’ and ‘Ductile iron 3’ the core isfact. The results from ‘Ductile iron 4’

with no core are presented for comparison in Figude

It is seen that the down runner back fills andakets 0,350s for it to fill. In ‘Ductile
iron 4’ there is lot turbulence in the casting d@hd turbulence lasts for a very long
time compared to ‘Ductile iron 3'. The last bubblds not leave the melt till after
0,583s in ‘Ductile iron 4’ whereas in ‘Ductile iro® the last bubbles leave after
0,417s. Part of the reason for this differenceoig;e again, due to the quality of the

pouring of the molten metal.

3,5

3011 A . > Fan gate

25 | [_Time: 0.067 Time: 0,150s
T 2,0 /N /
£ \ //I \ / Down runner
% 15 \ back filled
§ 1,0 1 Second bend Time: 0,350s

05 | Time: 0,117s

0,0 T T T T

) 50 100 150 200
-0,5

Distance [mm]

Graph 9-4 Ductile iron 4 - Velocity of the front ofthe molten metal plotted against the
distance travelled
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From Graph 9-4 it is seen how the velocity chargyete drastically between positive
and negative right after the down runner is fulhisTis due to the increase in

momentum of the melt when the down runner is filsdt is also described earlier.

Due to the difference in how the melt is pouredsitdifficult to make precise

conclusions on how much the core affects the flBlowever when comparing the
three sets of results regarding the amount of Bplgsand how full the castings are at
the time of 0,600s it does seem like the core hpss#tive effect. The splashing and

turbulent filling stop much earlier when the melguided over a core.

9.3.3 Comparing the flow of ductile iron and gray iron

Previously it has been described that both a sexpériments using ductile iron and a

set of experiments using gray iron were carried out

400

350 -

e

3 =t
- g

300 - o R
250 -

200

Distance [mm]
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0,0 0,2 0,4 0,6 0,8 1,0 1,2 14 1,6
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Graph 9-5 The distance which the front of the melhas moved plotted against the time
for the experiments with gray iron. Here ‘Gray iron 2’ is called ‘GG 2’, ‘Gray iron 3’ is
called ‘GG 3*Gray iron 4’ is called ‘GG 4’ and ‘Gray iron 5’ is called ‘GG 5’ for
convenience.
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The reason for this was to see if it is possibladtually see a difference in the flow
patterns between the two alloys. In Graph 9-5 tiseadce the front of the melt has

moved is plotted against the time for the experitm@sing gray iron.

When comparing Graph 9-3 and Graph 9-5 no distiifeérence is seen. The results
actually show that how the pouring is done has elmbarger impact on the filling than

the difference in alloy.

9.3.4  Using the in-gate for filtration

The layout used for all the experiments using xasyresented above has a very thin
fan gate. The fan gate is as mentioned only onkmmeilre thick, which is only half the
thickness, tested in earlier experiments using sglpkte fronted moulds. The
experiments using x-ray showed in all cases veearty how slag and dross was
stopped in the fan gates. Obviously particles b&mgsmall are seen passing through
the fan gates with no problems but the remainingjgd@s are caught without seriously

affecting the flow. An example is seen in Figurb.9-

To estimate the filtration capabilities of the fgate it is necessary to have a closer
look at the pore diameter of commercially usedefit When considering pressed
filters used for ductile iron the pore diameterdidsy the project partners, following
the general recommendations, is 2,5mm. As desciabede the thickness of the fan
gate in these experiments is only 1mm thereforernoust expect that the fan gate can

be equally good if not better for filtration as mydilters used.

Normally the lower limit of the thickness of the-gate is not determined by the
pressure height but more likely the accuracy of Ilshauaking. When having a very
thin in-gate the room for variations in for examgie mould making process becomes
very small. A very thin in-gate increases the dentsi to low plasticity in for example

green sand moulds. Low plasticity means an incressmsdency to “springback” [Ref.
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9-2] which again means that the in-gate might gmdbeing thinner than designed and

calculated and hence end up being too thin.

Figure 9-5_'":|5ra;rﬁ_é' 42 from Gfé& iron 2 — particles (&g and dross) are clearly seen as
brighter areas in the top of the fan gates just undr the casting. The arrow indicates a
small particle that did pass through.

One benefit of using a thin in-gate for filterirggthat the melt is not unnecessarily split
into smaller streams as the case when using ceréltes. When inclusions are

caught in the fan gate it will not split the mett smaller streams simply because
inclusions are already surrounded by the melt. fleehanism can be compared with

the flow through a conventional filter after prirgin

9.3.5 Comparison with results from glass plate fronted moulds

One of the purposes with the experiments usingyxwas to validate how well the
experiments using glass plate fronted moulds dgtuapresents the flow of molten

metal during mould filling. Therefore a number obuids using the same pattern plate
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as seen at the top left in Figure 9-2 have beerembldese moulds were then fitted

with glass plates and a pouring basin with a stoppgure 9-6 shows one of these

moulds.

Figure 9-6 Sand mould fitted with glass plates andouring-basin with a stopper.

The frames in Figure 9-7 seen below are all fromftting of one of the glass plate

fronted moulds. The mould has been fitted with i@ecoade from glass. The glass core
is glued on to the glass plate. In this way theglalate resembles the other half of the
mould the most. Ductile iron is used for the expemts. The entire set of frames is
seen in Appendix 5 — 14.5.4. The films from all #eperiments using glass plate

fronted moulds can be seen on the DVD.
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9 Experiments using X-Ray

Glass plate experiments — mould 1

Time 0,04s Time 0,08s Time 0,12s

il

Time 0,16s Time 0,20s Time 0,24s

Time 0,28s Time 0,32s

ely _els

Time 0,36s

Time 0,40s Time 0,44s Time 0,48s

Time 1,24s Time 1,28s Time 1,32s
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Time 1,36s Time 1,40s Time 1,44s
Figure 9-7 The figure shows frames from the glasdate experiments.

The time for each frame cannot be compared direwtlly the frames with the same
time markings from ‘Ductile iron 1’ and ‘Ductilean 3'. This is due to the fact that in
the x-ray experiments the entire down runner car®tseen as it can in the

experiments using glass plate fronted moulds.

It is seen from the first six frames from the glpkde experiment that the down runner
is completely full after 0,20s and is also kept tul the melt reaches the fan gates
after 0,24s. This shows how well the pouring wadgemed. The difference in the

pouring in the glass plate experiments here arttlérx-ray experiments is that in the
X-ray experiments the pouring basin was not bigughao contain all of the melt and

the stopper. This meant that the pouring was stamtel the stopper was pulled while
the last melt was poured. In the glass plate erparis the pouring basin was filled

with the amount of metal needed and then the stopas pulled.

The good pouring means that the results resembleetults from ‘Ductile iron 3’ the
most. When comparing the two sets of frames ieenghat in both sets the fan gates
actually are a little too good at guiding the flofvmetal to the sides. This means that
when the metal reaches the left and right sideb@fan gates the melt jets upwards.
These jets then form two waves that meet in thadlaidf the plate. From the colours
hence temperature in the glass plate experimenits seen that the filling of the
castings continue in this way meaning that theimgstare filled mostly from the sides

and not the centre. In both experiments it is dbahthe very first melt to enter the
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mould cavity forms a very thin layer of metal irs@nall jet and the remaining of the

filling is very calm.

The velocity of the front of the melt is seen ira@h 9-6 and the distance the melt has
moved plotted against time is seen in Graph 9-mg@aring the velocities found here
with the velocities presented for the x-ray expenis it is clear that there is very
good agreement. The maximum velocity is in gooceagrent; the velocities by the
core and for the initial small jet of metal arecai® good accordance. Only the
velocity at the fan gate seems very high for thesglplate experiments. In the x-ray
experiments two very small vena contracta is olexeim the bends under the down
runner. The reason for these two vena contractheissmall radii between the two
bends. In the layout this expansion in cross seali@rea is not compensated for.
When these volumes are filled a small pressure waf@med adding to the velocity.
In the glass plate experiments these are filleéti@time the melt reaches the fan gate.

The vena contracta and the radii are seen in Fign&e

3,5

Fan gate
30{ | A \ N
Time: 0,12 / Time: 0,2s
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0,0 ‘ ‘ ‘ ‘
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Graph 9-6 Velocities in the two plates in the glagslate experiment

180



9 Experiments using X-Ray

700

600 -

500 -
400 ;
300

200 -

Distance [mm]

100 -

0 1 1 1 1 1 T T T T T T
00 02 04 06 08 10 12 14 16 18 20 22 24
Time [s]

‘—0— Left plate —#— Right plate ‘

Graph 9-7 The distance which the front of the melhas moved plotted against the time
for the experiment with glass plate fronted mould.

Vena contracta

Radii causing the|
vena contracta |

Figure 9-8 Frame showing the small vena contractabserved in the X-ray experiments.
The reason for the vena contracta is the small radibetween the two bends not
compensated for.
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9.4 Conclusions

The experiments clearly demonstrate how importaistthat the melt is poured so that
the top of the down runner is maintained full frtime very beginning to the very end
of the mould filling. If this is not the case it ®t possible to keep the rest of the
gating system full and back filling occurs. The mmaxm velocities are also lowered

when the down runner is full because the loss fantthis way is increased.

The experiments also revealed that the small rdateen the two bends under the
down runner is enough to cause vena contracta @nntier side of the bends. The
radius between the two bends is to avoid erosiosanid. Having this radius it is
necessary to compensate on the inner side of thdsb® avoid the problem. This
problem underlines the importance of being sureé #ilacross sectional areas are
dimensioned correctly, but also that any sudderaesions in the runner system will

cause problems.

Experiments were conducted for both ductile irom gmay iron to investigate the
difference in flow properties between the two adloldowever it was found that how
well the pouring was done has a much larger impacthe mould filling than the

difference in alloys.

In the layout for these experiments the fan gatetee in a thickness of only one
millimetre. The experiments revealed that this véig section works as a filter. In all
of the experiments it was clearly seen how slag dnods was caught in the fan gate

just before entering the casting.

A comparison of experiments using Xx-ray and theedrpents using glass-plate
fronted moulds was done. This comparison proved gtass plate fronted moulds

resemble the actual flow pattern in a complete chaery well. The difference in heat
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conductivity and surface roughness between thes glizde and a sand mould does not

have a significant influence on the flow patterbserved.
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10 Streamlined gating systems in horizontal moulding

In all the experiments previously described in thisject only layouts for vertically
parted moulds have been considered. It is of gngadrtance to investigate how to use
the principles in horizontally parted moulds. Aday for a valve-housing very similar
to the case study has been made for this purpdseoiily difference between the two
valve-housings is the diameter of the housing. diner diameter of the case study is
100mm whereas the outer diameter of the valve-hgusi these experiments is
131mm. The same type and size of valve is usedtim dases. The valve-housing here
has not been optimized the way the valve-housirthencase study was. The material
for the castings in these experiments is a brofleg-aThe facilities for these
experiments are described in the chapter ‘Experiahéacilities’ - ‘Facilities at Frese
Metal- and Steel Foundry A/S’.

10.1 The layouts

10.1.1 The traditional layout

A schematic representation of the traditional layewseen in Figure 10-1. One part of
the geometry shown here is not completely accuiidte.feeder is in reality shaped by

an insulating sleeve.

In the traditional layout the filter is placed haontally in the drag at the base of the
down runner. A small expansion of the cross-seati@mnea in the lower part of the
down runner is used to accommodate the filter. Beloe filter a large well is seen
leading to a short horizontal runner in the coplee horizontal runner leads to the

warm feeder, which is feeding both valve-housings.
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Feeder

Down runner

+— Well

Parting-line

Figure 10-1 The traditional layout for two valve-haisings cast in bronze.
10.1.2 The streamlined layout

The streamlined layout is seen schematically inufeglO-2. The feeder has been re-
used from the traditional layout in the streamlifaglout. This means that also in
Figure 10-2 the shape of the feeder is not accufdte remaining part of the gating

system is accurate however.
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Feeder

Pouring cup

Down runner

Filter

Parting-line

Figure 10-2 The streamlined layout for two valve-hasings cast in bronze.

The major differences between the traditional laymnd the streamlined gating system
are the use of a bend below the down runner rafgaihe well in the traditional

layout combined with the new placement of the ffilie the streamlined layout the
melt flows underneath the filter and then up intwoaizontal runner in the cope before
entering the feeder. The dimensions of the streeuligating system are seen in

Figure 10-3 without the feeder.
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Base for
the feeder

Parting line

Filter

7

Figure 10-3The figure shows drawings and dimensiors the streamlined gating system.

10.2 The moulds

Moulds have been made using the streamlined layégure 10-4 shows the drag
from one of the moulds prior to the assembly. Fegli0-5 shows the drag after the

cores and the filter are positioned.

5 Ve

. e |
sS. To the left:

Figure 10-4 The two pictures show one of the mould®r the experiment
the drag. To the right: the cope.
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Figure 10-5 The picture is showing the drag prior & assembly. The cores and the filter
are positioned.

10.3 Results

Five moulds were cast in total. Three of the mowl@se fully cast and two of the
moulds ended up as cold-runs. The two cold runsseaes in Figure 10-6. It is seen

that the filling in the two cases stopped at alntlbstsame place in the gating system.

The reason for the cold runs was that it provefiadilt in practice to line up the ladle
in the crane precisely for pouring in the smallipgrcup. Due to this, the top of the
down runner was in two occasions not maintaineldduting the pouring resulting in
the cold runs. The remaining three moulds werey falist. An example is seen in
Figure 10-7.
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Figure 10-6 The picture shows the two cold runs frm the experiments

Figure 10-7 An example from one of the fully cast wulds.
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10.3.1 Reduction in the poured weight

As it was described the feeder in the traditioagblt was reused in the streamlined
layout. Due to this the change in the poured weightnly found in the remaining

gating system. The weight of the two layouts isngaelable 10-1.

>

Traditional layout: weight of gating system  Stregr@dl layout: weight of gating syster

6,2kg 2,5kg

Table 10-1 Poured weight of the gating systems.
The reduction in the poured weight is found to p&@§.

10.4 Conclusions

The experiments proved that it is possible to U grinciples in the streamlined
gating systems for horizontal moulding. It was gisoven that using the streamlined
gating system even for relatively small castingarge reduction in the poured weight

of 3,7kg is achieved.

The problem of cold runs can be avoided if the sizthe pouring cup is increased. In
this way it is easier to pour the melt correcthyisTunderlines, as earlier described,
that the design of the pouring cup should accommeotlee facilities and practice in

the individual foundry.
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11 Potential energy savings

The main purpose of this project is to develop rgasystems that can reduce the
amount of metal to be re-melted so that the ovemamount of energy needed in
foundries is reduced. One way of finding out ifstigoal has been achieved is to weigh
a traditional and a streamlined layout and seevisight difference. However this does
not give the full picture of the potential energywisgs found in this work. A more full

description is found in the following.

11.1 Reduction in the poured weight

In the chapter ‘Casting of a valve housing’ twodais were compared. Here it was
found that when comparing the weight of the gatsygtem meaning the poured
weight without the castings and the feeders 1,1kas vgaved. In the chapter
‘Streamlined gating systems in horizontal mouldingvas found in the same way that
3,7kg was saved. This is a 60% decrease in thehiveiythe gating system. The
energy consumption for melting one kg of metalasrsin Table 11-1. The value for
bronze is based on the assumption that the yielD%. The actual energy saving

based on the values in Table 11-1 is seen in TEb2.

Iron Bronze
| Energy consumption in tota 1,194 kWh/kg 6,800 kigh/
Table 11-1 [Ref. 11-1] Energy consumption per kg nfted.

Vertical layout Horizontal layout

| Energy saved per mould 1,31 kWh 25,16 kWh
Table 11-2 The energy saved for melting in the twtayouts only considering the gating
systems.

To get a better idea of what these energy savirggnnn a production line the layout
for the vertically parted moulds is looked at. Tlagout is for a Disamatic that can
produce around 350 moulds an hour for castings wotles. This means reduction in

the energy consumption of 460kWh per hour and 3@80ker eight hour work day.
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It should be mentioned that in Denmark in 2006 firies in total produced 78565
tons of iron castings and 813 tons of bronze alldgsthis perspective the energy
savings seen in Table 11-2 shows a very large patdor energy savings. The real
potential for the individual foundry depends heawh a whole range of parameters
especially the size of the castings and the demtmmdbe mechanical properties. This
means that the potential shown here might be higiear what many foundries will

achieve.

It is impossible to say an exact decrease in thegubweight when changing from the
traditional to the streamlined gating system inegah But a few obvious savings
should be mentioned. The streamlined gating sydtas no dead ends like the
traditional layout often does and also the weighttlee well are saved in the
streamlined layout. By using bends with radii agéaas possible in the layout the
runners will be shorter than in the traditionaldal having 90 degree bends also
leading to savings. Often in traditional layoutse tleross-sectional area in the
horizontal runners are much larger than the gowgrarea in the down runner. In the
streamlined gating system no cross sections agerlahan necessary hence saving

metal.

One part of the traditional gating system whergdareductions in the poured weight
can be obtained is in the use of filters and fifiants. In the chapter ‘Filtration’ it was

shown that ceramic filters should only be usedfiftration and not for controlling the

flow of metal. This means that if it is not possilbb clean the melt before pouring, a
filter should be placed above the funnel in theatmlined gating system. The reason
for this is that it is the only place in the gatisgstem the filter can be placed without
the use of large unnecessary volumes for filtentprilt has been shown that by not

having filter prints around 600g of metal can eals@é saved in every mould.
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11.2 Reduction in scrap rate

When using the traditional gating systems the fioattern during mould filling is
highly inconsistent meaning that the flow patteharmges from one mould to the other.

[Ref. 11-2] This can lead to unexplainable problemd is not easy to simulate either.

The glass plate experiments in this project hawsvshthat streamlined gating systems
give very consistent flow patterns during mouldirfg. This means also that it is much
easier to reduce the scrap rate. When having astensflow pattern during filling it
is also more likely that the problems occurringdmes more consistent, and hence
making it easier to pinpoint the exact reason fer problem, and based on this find
the right solution to solve it. A problem could thet a feeder dimensioned according
to theory is sometimes large enough and some tmoésvhen using a traditional
layout even with a consistent pouring temperatiany foundries would solve this
problem by simply increase the size of the feedbis obviously increases the weight
poured and reduces yield. The flow pattern durirauieh filling has an effect on the
temperature of the feeder but obviously also aecefbn the temperature of the
casting. This means that the need for feeding sare the efficiency of the feeder
varies as well. Using the streamlined gating systétin a much higher consistency in
the flow pattern this kind of problem is not liketp occur. Either the feeder is
sufficient or it is not. This also means that ipisssible for the foundry to reduce the

safety margin when designing feeders hence impgoyield.

11.3 Potentially no heat treatment

Using streamlined gating systems with fan gategite a beneficial heat distribution
in the castings may be an efficient tool to elinknthe need for heat treatment. In the
experiments described in the chapter ‘Casting wdlae housing’ the change in gating
system from the traditional layout to the streamdiiayout removed the need for heat
treatment. This obviously means a huge energy gawinthe foundry. The energy
consumption for heat treatment of iron has beenddo be 0,489kWh/kg. [Ref. 11-1]

The valve housing in the case study weighs 3kgservihe need for heat treatment is
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removed around 1,5kWh is saved per casting. Aloitly the reduction in energy used
the foundry also save the cost of handling theimgstfor the heat treatment and the

production time is reduced considerable.

11.4 Lower pouring temperature

In most iron foundries a pouring temperature ofuatb1400°C is desired. Lowering
the pouring temperature normally means problem# wdld runs. In the chapter
‘Casting of a valve housing’ it was shown thatsifpossible to cast the valve housing
with a predominant wall thickness of 5mm at a pogiiemperature of 1268°C. There
are many very different benefits if this potentsmalised. Some of these are mentioned
here:

- Energy saving for melting.

- Energy saving for holding furnace (if a holdingrface is used)

- Reduced potential for loss of heat during transimm and pouring.

- Reduced evaporation of carbon.

- Reduced evaporation of magnesium.

- Reduced need for feeding.

- Reduced cooling time hence reducing the need fay tmoling strings.

- Reduced wear on refractory lining in furnaces,dadind pouring device.

11.4.1 Energy savings

To get an indication of how much electrical enetiggt potentially can be saved by
reducing the pouring temperature by 100°C the Wotg example based on energy
values from literature may be useful. Earlier expents have shown that in a one
tonne full induction furnace the energy requireddise the temperature from 1400°C
to 1500°C is 54,6 kwWh at 750kW and 42,2 kWh at SU0kRef. 11-4] These results

give an approximation of the amount of electridityat can be saved. However the
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potential for energy saving may be even largersT$idue to the fact that the higher

the temperature is the more energy is lost. Théaaggion follows here:

The reduction in temperature will help save enetigpughout the entire casting

process. In the calculation above the energy sdeinmelting was looked at but apart
from energy used for melting less energy will bedusor holding and transporting.

The reason is that the temperature is the drivamgef for the heat loss or energy loss.
The equation for the conduction of heat in its derm is seen in Eq. 11-1 [Ref.

11-3].

Eq. 11-1 q= —kA‘Z—T (Fourier’s law)
X

Where

g is the heat flux [W]

A is the area of the surface [m?]

k is the thermal conductivity [W/(mK)]
T is the temperature [°C]

X is the descriptive space parameter perpendiculdet surface [m]

Normally the thermal conductivity may be considewshstant within a reasonable
temperature interval. From the equation it is dieseen that the temperature being the
only variable has the major influence on the amadirgnergy lost per time. The time
it takes for the melt to come from the furnace smthe actual pouring will obviously
be the same and therefore because the energydossne is less the overall energy
loss becomes comparatively less as well. This m#aatsn theory to have a pouring
temperature of 1400°C requires a larger superlgediran to have a pouring
temperature of only 1300°C. In other words there ipotential for lowering the
superheat by more than just 100°C when loweringddséred pouring temperature by

100°C. However in practice many parameters havafluence so it is difficult to say
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exactly how much energy that can be saved in adiquibut the potential is

substantial.

11.4.2 Further benefits

A reduced pouring temperature will lower the paantor the evaporation of both
carbon and for ductile iron also magnesium from riingdt. This means that it takes
longer for a certain amount of carbon and espgcialbgnesium to evaporate.
Combined, this means easier control of the comiposdf the melt before pouring. It
also means that the holding time from magnesiu@tirent to pouring is increased.
Normally if for some reason a delay occurs andkes too long from the time of the
magnesium treatment and till the time of pouring nauch magnesium evaporates and
it is necessary to empty the pouring unit. The metHl then be returned to the
furnace. By prolonging the time the melt can hold &amount of metal to be re-melted

is reduced.

The need for feeding also becomes slightly smallgr reducing the pouring
temperature. The thermal contraction of the moltegtal is not always seen as a
problem because it is easy to compensate for. [Hek] However this is only the case
if there is still access to the gating system ofeader is present. The thermal
contraction of molten gray- or ductile iron canamporoximately 1,7% per 100°C. [Ref.
11-6] In this perspective the need for feedingcsially reduced by 1,7% by lowering
the pouring temperature by 100°C.

In many foundries the space for keeping the mowldsn cooling after the pouring is
an issue. Lowering the pouring temperature redubes time for cooling and

solidification and will therefore also be benefldiare.

Finally a lower temperature will reduce the weartbe refractory linings in both

furnaces and ladles hence prolonging the lifetirhéhese. Changing especially the
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refractory linings in the furnaces is both time s@ming and expensive so to reduce

the wear here will be an economical benefit.

11.5 Possibility for foundries to offer more thin walled castings

In the previous all the benefits and energy savihgs lowering the pouring
temperature were mentioned. However the potendalcasting at a much lower
temperature can also be used in a very different Whe fact that it is possible using
streamlined gating systems to lower the pouringpenature or avoid problems with
cold runs also makes the foundry capable of ofermmuch more thin walled castings
to their customers. Many foundries have a loweitltmhow thin walled castings they
are willing to attempt to cast for their customet#ewever by using the streamlined
gating systems it is possible to lower this linttspecially the automotive industry
continuously asks for lighter castings so thera Imige potential market for a foundry
specialized in thin walled castings. It could beaued that the streamlined gating
systems in this way can help reducing the energguwmption in cars hence reducing
the over all use of energy.
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12 Discussion

12.1 First melt entering the casting

In all of the experiments using streamlined gasygtems a jet of the initial melt is
seen to enter the casting. The jet is seen asm aohierent layer of melt that enters the
mould and then drops again. In some of the expaftisnasing glass plate fronted
moulds the thin jet is seen to solidify against gi@ss. Whether the melt drops or
solidifies depends on how severe the jet is. Ifjthes large the risk of it solidifying is
also larger than if the jet is smaller. Obviousigre is also a risk of oxide formation

associated with a jet like this.

The extent of the jet depends on the momentum efntklt. If a streamlined gating
system is used and the pouring is done so thagrtiee gating system is maintained
full the melt has the full momentum at all timesaivhen entering the casting. This
means that a jet is seen right away but from threthe mould is filled calmly. A very
different flow pattern is seen when using a gasiggtem, which is not kept full. If the
down runner and/or horizontal runner backfills tlesult is a very small jet for the
initial melt. This jet is followed by another jeteated when the gating system is
finally back filled creating a pressure wave. Ire tbase that the gating system is
backfilled simultaneously with the first melt entgy the casting the resulting jet is

intensified. These effects were seen in the exparimregarding filtration.

The experimental results that show these influencethe flow pattern from pressures
that build up instantaneously underlines the imrgureé of avoiding geometries in the
gating system that creates such pressures. Thiéidnadl gating systems are full of

such geometries. Examples are sudden increasesss-sectional areas and having a
dead-end in runners. The sudden increase in ceat®#sal areas is often seen in the
transition from the down runner to the horizontahmer. Designs like this ensure

sudden pressures forming when the runners arelyfiridled. Dead-ends in the
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horizontal runner result in a build-up in presswigen filled, forming a jet into the
mould cavity.

In previous chapters the shape and behaviour ofnikial jet in streamlined gating
systems were described. Earlier experimental wa proven in more traditional
gating systems that the jet of first melt that emtdhe casting has the shape of a
mushroom. [Ref. 12-1] The height and the shapéhes¢ mushroom-shaped jets are
seen in Figure 12-1. The results show that thehh@ifjthe jet is approximately five to
fifteen centimetres.

20
@ Exp. nodular
® Exp. high §
- + Exp. AL-Si
E ] ¥ Sim, nodular
2 - % Sim. AI-SI
5 R
® o e
g
Q 10 sl i e i e e e e e e e e
1}
£ wphy
y— X
Q Q o
=
o an =
o
@
X
0 1 1 1 ] I |
o] i 2 3
Time {s)

Figure 12-1 [Ref. 12-1] To the left: Graph showinghe height of the initial jet of melt in
traditional gating systems observed in experimentand in simulations. To the right:
Typical stage during mould filling.

The largest jet observed in all of the experimevtiere plate shaped geometries were
cast, was seen in the experiments in the chaptanri® width’. In the results
presented in this chapter the jet is found to haeight of 8,1cm. This result is seen
to be well within the range of the values of thadttional gating system. It is
important to remember however that the gating systethe chapter ‘Runner width’
is designed for a much shorter pouring time thaimmadly recommended. As it was
mentioned the pouring time should have been thndeaghalf times longer considering

size and wall thickness of the casting. In the e@rpents using x-ray the jet in ‘Ductile
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iron 3’ was found to be 3,8cm and for ‘Ductile irdh3,4cm. These values are well
below any of the values seen in Figure 12-1. This iclear indication that using
streamlined gating systems decrease the jets abalénce of the initial melt entering

the casting compared with the traditional gatingtems.

12.2 Velocities during mould filling

Most of the experiments in this project have beenedwith ductile iron or grey iron.
These alloys are not known to be especially semsiib oxide formation and gas
entrapment relative to other alloys like aluminibnenze. The reason is the graphite
in cast iron that has a very low strength when cameg with the ferrite and pearlite.
The tendency for oxide formation in ductile ironaiso very limited due to the carbon
content. The carbon reacts instead of iron withgexyand thereby prevents other
oxide formation. Smaller spherical gas porositiesductile iron can be seen as
graphite nodules and therefore do not decreasendiobanical properties considerably.
This is not the case for castings in other alloyses@ the mechanical properties are
closely linked with the soundness and the amoumixafes in the material. A general
guideline for these more sensitive alloys is that ¥elocity should not exceed 0,5m/s
in the in-gates. [Ref. 12-2] However if it is hauhto the melt to exceed 0,5m/s inside
the casting it must be just as harmful if the neglteeds 0,5m/s in the gating system or
anywhere else. In this perspective this rule cavende fulfilled. The maximum
velocity of the melt is determined by gravity arsdfound at the base of the down
runner. Using the equations presented in the chafteory in gating technology’ the

maximum height the molten metal is allowed to €alh be calculated using Eq. 12-2.

Eq. 12-1

Eq. 12-2 v: _ (05m/s)?

20y 20P82m/s’

=0,013m=13mm

If the general guideline is to be followed the mdt only allowed to fall 13

millimetres. For iron and dense alloys the criticalocity is only 0,4m/s leading to a
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maximum height of only 8 millimetres. [Ref. 12-2b@ously from a practical point of
view this can never be fulfilled. The pouring frdhe ladle into the pouring cup alone
results in a fall higher than 13 millimetres. Irethase of casting slightly complex
geometries the melt might have to fall more thas thside the casting during the
filling. As it was just discussed the initial jef melt in the casting iIs many times
higher than these 13 millimetres. Still it is ptdsito produce high quality castings
using principles from the traditional gating sysseimcluding filter prints and straight
tapered down runners and 90° bends in the runmstersy When including all of the
non-beneficial effects these types of gating systeave been proven to have on the

flow pattern this should not be possible.

In all, this means that these alloys perhaps are guite as sensitive to oxide
formations and gas entrapments as commonly belidvedso means that using the
principles of the streamlined gating system foistéhalloys can be very beneficial for
the quality of the castings. After all it has bgamoven that the streamlined gating
systems reduce turbulence, vena contracta, aneérgespment in the gating system.
Also the initial jets have been proven to be |dasally the mean velocity during

mould filling, not taking the initial jet in to aoant, is only around 0,09m/s in the
experiments in the chapter ‘Runner width’. Thisoo#ly is only one fifth of the

recommended velocity even when having a pouring timee and a half times shorter

than recommended.

12.3 Changing to the streamlined gating systems

In this project a complete set of guidelines aspradsheet for the use of streamlined
gating systems have been presented. Along withgthdelines, a set of standard
geometries for the streamlined gating system hdse laeen presented. With these
tools in hand it should be a lot less complicateda foundry to use the streamlined
gating systems, and hence profit from all the bé&neHowever there are still

considerations to do before all the benefits caadbgeved.

204



12 Discussion

12.3.1 Pouring cup and funnel

To start using the streamlined gating systems iteisessary to make a set of new
standard geometries. Considerations in this regavolve whether the existing

pouring cup from the traditional gating system rseeztlesign, and how the shape and
size of the pouring cup influence the dimensionstfe standard geometry of the

funnel.

It has been reported that the use of the funnetargs the pressure height relative to
using the filter print seen in the traditional layan the chapter ‘Theory in gating
technology’. This means that for a vertically pdrteould it is possible to position the
castings higher on the pattern plates. This is maob to remember when the casting
is either close to the maximum size for the patg@aie, or when it is necessary to

position the castings high to make room for a thgng system below the casting.

12.3.2 Lowering of the pouring temperature

One of the major benefits using the streamlinedngasystems is the possibility of
lowering the pouring temperature. To do this inecessary that all the layouts used
for the batch of melt is made using the streamligating systems. If this is not the
case cold runs would be expected for all castirggsguthe traditional gating systems.
Foundries having a large amount of different ségsattern plates will therefore find it
difficult to lower the pouring temperature till East a number of layouts or layouts
used for long series have been done using thendiresl gating systems. One way of
achieving this number of layouts is by replacingeadly existing and functioning
traditional gating systems. This solution is obglyuvery cost extensive and can in
most cases not be recommended. Another solutida isse the streamlined gating
systems for all new layouts and then in time thy@Ul#s most commonly used will all
have streamlined gating systems. In this way iesalime but eventually it will be
possible to lower the pouring temperature. In treamtime the use of streamlined

gating system will mean a considerable reductiothérisk of cold runs. In foundries
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producing very long series and hence only usingnaléyouts the cost of replacing the

gating systems is a lot less than the savings aetiie

In the cases where the pouring temperature is kavigris also possible to reduce the
size of the feeders accordingly. In this regars itmportant to remember the results
regarding the temperatures in the feeders founthénchapter ‘Simulations’. The

results here showed that the temperature in thenvi@eders in the traditional layout is
only 40°C higher than the temperature in the ceketlérs in the streamlined layout.
This small temperature difference shows that theaaihge of having a warm feeder

instead of a cold feeder is minimized.

12.4 Filtration

In the chapter regarding filtration it was recomuheth to remove the unwanted
particles in the melt before pouring the melt inke mould. The reason for this
recommendation was the fact that the experimemigepr that the use of filters do not
improve the flow pattern during mould filling theaw it is often claimed to do.

Actually the use of filters did the exact opposit¢hen using sand moulds, it may be
argued that some of the unwanted inclusions istasand particles from the mould it

self and therefore it is necessary to have therfift the mould to stop these patrticles.

The sand particles the filter is supposed to sésplt from erosion of the mould during
the filling of the gating system. However when piosiing the filter in the mould the
filter is squeezed lightly into the filter print tnake sure that the filter stays in position
during the mould filling. The result of squeezirg ffilter into the correct position is
that sand particles are scraped off. These looge&lpa will be carried with the melt
and end up in the casting. So even though the filiey prevent some sand particles
from entering the casting the positioning of théefialso loosen new sand particles
and the result will be the same. In this way thedbi¢ of the use of a filter can be seen

as a balance between the number of sand particlegexi and the number loosened.
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A different approach to avoid sand inclusions isatid or at least to minimize the
amount of loose sand patrticle in the first pladee Tirst parameter in the minimization
of sand inclusions is to have the correct qualftyhe moulding sand. In a greensand
mould for example it is important to have the correomposition of the sand. If the
composition of the sand is wrong, sand grains leahegher tendency to loosen. The
second parameter is to avoid erosion in the gatysjem during mould filling. Not

much work has been done to investigate the conseqaein this mechanism. It is
believed however, that the main problem regardnogien in the gating system occurs
when a jet of melt having high momentum splashgitan angle into a surface. Using
streamlined gating systems and maintaining theatsfull at all times reduce the risk
of this occurring. At the same time it means tihat traditional gating system is more

prone to develop erosion than the streamlined gatystem.

12.4.1 Misinterpretation of surface defects

Often in foundries when evaluating the effectiveneta filter it is done on the basis
of the appearance of the surface of the as-castggsystem. If the surface is full of
small recesses the conclusion is that these ar¢odslag and dross that has floated to
the top before solidification and has fallen outidg shake out, leaving these small
recesses. An example of such surface defectsmsiséagure 12-2. The surface defect

can be much more severe than what is seen here.

One of the major reasons for this conclusion i tiase kinds of surface-defects most
often occur in the so called slag-traps or in therfprint just before the filter. In this
way it is shown that these arrangements are dowgryaimportant job. A conclusion
like this relies more on one wish to make this dasion than on the actual process

forming these recesses.

In the experiments using glass plate fronted motlds seen that the areas where
these surface defects are found, are the exact aari®se where pressure-shocks are

formed when the last part of the gating systemaiskblled. This means that these
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surface defects occur where a vena contracta wasetb during mould filling, or

simpler in the parts of the layout where the gapged could not escape at the same

rate as the backfilling happened.

Atk it-lllf‘ t Q‘M"M,vﬂ‘.& &M‘H‘-m‘ Vil M‘:f Vi

e R R A P by

Figure 12-2

In all of the experiments presented in the chafidiration’ it was found that the
pressure shock is formed when the gating systdmaakfilled all the way to the filter.

An example is seen in Figure 12-3.
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Slag-trap
Vena
contracta

Figure 12-3 The picture is an example from the chapr ‘Filtration’, Horizontal at time
0,52s.

In Figure 12-3 it is seen that neither the slag trar the filter print, is filled. However,
the down runner is completely filled so at the tithe gating system backfills there is
nowhere for the gas to escape to trapped in thegp®ekets. The backfilling happens
so fast that the gas cannot flow through the maeuide there is no venting in these
areas the way there is in the top of the mouldHercastings. This means that it is the

gas that forms the often observed recesses irutfeece and not slag.

It could also be agued that if it were slag thabfed these recesses in the surface, then
how is it possible for particles to fall out so ias the shake out. During the filling
the particles are completely enclosed by the mattwhen the particles supposedly
float to the top of the runner all of the particlae free to simply fall from the
recesses. This in it self sound very unlikely efedifferences in surface energy and

wetting is taken into account. Any shape of anusidn that float to the top, but due to
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the mould not on the top of the melt, will still Bemewhat enclosed and hence will

not be able to simply fall out of the recess.

12.5 Ways of investigating flow patterns

In general when comparing the experimental redubis the x-ray experiments and
the results from the experiments using glass piiaieted moulds using the same
layout there are only minor differences. A largedfé from the x-ray experiments is
the complexity of the geometry which can be exanhite the experiments using glass
plate fronted moulds only the flow in the partingel can be examined. This also
means that it is often difficult to examine thewld for example not all of the gating
system is placed on the one pattern plate. Thisoisa problem using the x-ray
equipment. A further benefit in the x-ray experitgers that there is no glass that
brakes due to thermal shock. In the experimentsgusie glass plate fronted moulds
there is always a concern about when the glassebralkhen that happens there is a

risk that the mould is emptied again.

A benefit of using the glass plate fronted mouki¢hat there are only a few limits to
the size of the area that can be examined. In {teg/ xexperiments there is a limit to
how big an area that can be seen. The limit istdulkee angle of view of the x-ray tube
and the size of the x-ray chamber. Another limatatin the x-ray experiments is the
amount of metal which can be poured. The limitat®set by the size of crucible the
automatic pouring device can handle. Using glaategtonted moulds there is no such
limitation but then there may be a limitation ire tweight of metal that the glass plates
can support. This problem can be helped by addmngdalitional glass plate which is
normally done for larger moulds or when a largetasise between the clamps is
necessary. When examining the flow of molten irtasg plate experiments also give

an idea of temperature differences which x-ray arpents do not.

One down side using the x-ray equipment is the @bstaintenance. The cost of glass

plate experiments is relatively very low. The caisgbn and recommendation on
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which type of experiment to conduct are thereftis bne have to consider all of the
above mentioned up- and downsides. In short thesesiderations regard the
complexity of the geometries, or if the gating systcrosses the parting line using x-
ray is to prefer. For less complicated geometriessgyplate experiments can give
equally as good information about the flow of mettalis important to state that the

two ways of investigating flow patterns are supm@eating each other well.

12.5.1 Using the results from these experiments

The results from either type of experiments arendpeused for achieving better
mathematical models and descriptions of how moitetals flow leading to even

more reliable computer simulations.

The experimental results should also be appliechalp the users of simulation
software to achieve a better understanding of hoetal® flow. Through this
knowledge the user will gain a better basis foenptetation and understanding of the
simulation results. The necessity of such an umtaedsng was seen in the simulations
of the mould filling of the layout for the chapt&unner width’. Having knowledge of
approximately how the flow pattern should look Ikelped to see that the results from

the simulations were incorrect.

In the simulations for the layout in the chapteuriRer width’ it was found that the
incorrect results are due to the fact that surfansion is not taken into account in the
numerical models. This is theoretically possiblaltg but for practical reasons this is
not done because it will give unreasonably longualtion times. This is not always
the reason for achieving unlikely results from dimtions. To day Incorrect results
from computer simulations are most often due tonldany conditions incorrectly set.
Having an idea of the correct flow pattern can hedp user to find out which

parameter should be changed for more reliable sithoul results.
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12.6 Considerations regarding design

In this project it has been shown that there areemaays of saving energy, material,
and production time when producing a certain p#rthas been proven that a
streamlined gating system improves yield compaoettié traditional gating system. It
has also been proved that the use of fan gatdseigating system can improve the
heat distribution in the casting giving more unifomaterial properties and decrease
the need for heat treatment. At the same time doimmonly known that a correct
design of feeders has a huge influence on yieldhEusavings can be done if already
in the design phase considerations are made regahdiwv to ease the casting of the

part.

In this project it was proven that large savinggewvachieved throughout the entire
production line after the valve housing was re-giesd considering the feeding during
solidification. Together with a redesign of the iggtsystem and the feeders this
finally led to a much cheaper product with a shodeerall production time. This

illustrates how important it is that early in thestyn phase of the product designers

are in dialog with production people.

212



12 Discussion

References

[Ref. 12-1] Xu, Z.A., Mampaey, F. — Computer Simulaons of Mould Filling for
Horizontal Castings and Its Experimental Validation, European Journal of Mechanical
Engineering, Vol. 40, 1995

[Ref. 12-2] Campbell, J. — Castings Practice The 1Qules of casting. Elsevier
Butterworth-Heinemann, 2004

213



12 Discussion

214



13 Conclusions

13 Conclusions

The main purpose of the project has been to iryatstithe possibilities for reducing
the energy consumptions in foundries by reducimgaimount of metal to be re-melted

by using streamlined gating systems instead ofrdtbtional gating systems.

A gating system for a valve-housing was designaaguihe principles for streamlined
gating systems and the result was investigated amdpared to the result of a
traditional gating system. It was proven that treaght of the gating system excluding
feeders was reduced from 5,6kg to 4,5kg. This réolman poured weight of the
gating system of 1,1kg indicates the amount ofrédictions in poured weight that
can be expected in other similar examples. Onegjdatie weight reduction is due to
the difference in the placement of the ceramierfifrom the traditional layout to the
streamlined layout but the major part is due to weght reduction in the runner
system it self. The experiments also proved pdggisi of reducing the pouring
temperature by 100°C and of avoiding the need dit hieeating the castings.
Experiments were also conducted for horizontal whogl using the principles of the
streamlined gating systems for two valve housifigge results showed that the weight
of the gating system was reduced by 3,7kg whiclals® 60% compared to the

traditional layout.

The energy saved per mould in both the vertical thiedhorizontal layout is seen in
Table 13-1. For both layouts only the weight rethnd in the gating systems are used.
The value for the heat treatment is based on adletlvalve housings in the layout

being heat treated.

Vertical layout Horizontal layout
Energy saved for melting 1,31 kWh 25,16 kWh
Energy saved for heat treatment 4,40 kWh
Energy saved in total 5,71 kWh 25,16 kWh

Table 13-1 The Energy saved for the two layouts penould
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When the moulds for the vertical layout is produocada Disamatic that produces 350
moulds an hour the total energy saved per houb&bih melting and heat treatment
becomes 1999kWh and per eight hour work day 15988k8¢en in this perspective

the potential for saving energy in the foundriesubstantial.

It has been shown that re-designing a casting gakhe casting process into
consideration can improve the quality of the fipedduct and at the same time lower

the cost and production time.

The experiments casting the valve-housing raisgdestion of how the flow in the
streamlined gating system would be affected if riteximum runner width of 20mm
was increased. Experiments revealed that increasiagrunner width to 14mm is
possible in cast iron with only small tendencies ppbblems in maintaining the

horizontal runner full. It is therefore likely thaimm in runner width is the limit.

The use of ceramic filters has been investigatededes of experiments using glass
plate fronted moulds were conducted. For these rearpats commercially

recommended filters and filter-prints for corretg@ment of the filters were used. All
of the results proved that the use of filters wheihis pressed- or foam filters do not
improve the flow pattern as often claimed. Filtersll of the experiments divided the
molten metal into a number of smaller streams @ ffmm the exit surface and hence
did not provide the calm and coherent flow of meslffilters often are claimed to do.
The experiments also proved that the large volumekpansions of the gating system
in the filter prints generates large pressure skhagken backfilled. These pressure
shocks generate a highly turbulent flow patterre fdcommendation from the study
of flow through filters is that filters should onhe used for the purpose of filtration,
and if possible the use of filters should be avoidé was proven that the poured

weight is easily reduced by 0,6kg by not usingefgt
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A series of experiments were conducted using treyXacilities at the Metallurgy and
Materials department at the University of Birminghalhese experiments underlined
the importance of pouring in such a way that they ¥ep cross section is maintained
full at all times. The experiments also proved rabfficult this can be in practice. The
flow pattern and the maximum velocity during mofiling were proven to depend
heavily on this parameter. In addition the expentagroved that very thin fan gates
have a high filtration capability. Finally, from ghexperiments using x-ray it was
proven that results from experiments using glaateplfronted moulds gives

representative and reliable results.

A number of tools and standard geometries have limreloped to ease the
implementation and use of streamlined gating systenfoundries. These are already
now being used by the foundries in the project tiey are under implementation by

foundries all over the world.

13.1 Recommendations for future work

The results regarding filtration and the use ohuogc filters proved that filters should
only be used for filtration and preferably not ls=d at all. Therefore new methods of
cleaning the molten metal should be developed. Arestigation of the existing
methods for bulk filtration should be carried ontlaf necessary these methods should
be improved. One way to filter the molten metallddoe to place a filter right under
the pouring device. By doing this the filter mighlso be reused and time is saved

when producing moulds for coreless castings.

In the work presented here only cold feeders haenlused. It is recommended that a
thorough study of how to use the streamlined gasiygtems in combination with

warm feeders is carried out.
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One of the basic recommendations using streamfiya¢éidg systems is to use bottom-
filling. However investigations should be doneitwfgood methods in case the size of

the casting and the size of the pattern plate ddeaoe room for this.

The majority of the experiments carried out soudaing glass plate fronted moulds
have been with ductile iron. To give good recomnagioths regarding different alloys
and metals experiments are needed that describadiftarences in flow patterns and

surface tensions from one metal to another.

The use and design of fan gates for various monegptoated geometries should be
investigated. This should also be done to develogelines and recommendations for
how to cast complex geometries with varying sedtidmaving differences in

thicknesses and requirements of mechanical pregerti
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14.1 Appendix 1 — Simulation

1411 Temperature scale for the simulation results

Temperature
IIC]

Empty

1400
1380
1360
1340
1320
1300

1280
1260
1240
1220
1200
1180
1160
1140
1120
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14.1.2 The traditional gating system
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14.1.3 The streamlined gating system
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14.1.4 Runner width
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14.2 Appendix 2 - Casting of a valve housing

14.2.1 Streamlined gating system — Pressed filter
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14.2.2 Streamlined Gating system — Without filter
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14.3 Appendix 3 — Runner width
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14.4 Appendix 4 — Filtration

14.4.1 Vertical 1 (a foam filter is used)
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14.4.2 Vertical 2 (a foam filter is used)
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14.4.3 Horizontal (a foam filter is used)
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14.5 Appendix 5 — Experiments using X-Ray

14.5.1 Ductile iron 1
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14.5.2 Ductile iron 3
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14.5.3 Ductile iron 4
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14.5.4 Glass plate experiments — mould 1
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