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COMIP'UTER AIDED ANALYSIS AND DESIGN OF RISERS
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ABSTRACT

A sound Casting depends on the best selection 2nd design of risers and gaung
system. Ome of the most important goals of computenizmg is to have the same results for the
same situation with each user in spite of bis experience. Using empirical rules can not
‘achieve that, because there are a lot of coefficients in any equation that must be chosen, they
have a wide range to suit different problems. The objective of this work is to present a
mathematical analysis of risers, especially side imsulated nsers. Formulas will be driven
theoretically for calculating the dser volume, depending on exact caleulation of solidification
time of both castmg and riser. An exact and best solution hive been made for this problem
which was always treated by empirical forruas. Two case studies have been made with
great satisfaction, *
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1L INTRODUCTION

OF all the enginecrmg phases mvolved in masufsctunng 8 quality casting, the least
appreciated and most important is the mechanism by which metal freezes. The techniques for
melting and handling the metal and prepasing the mold are fairly well understood, and are
ﬂmumwﬂh‘muﬂhwm#w.Alhmnhn.,hmm,nmnm
metal (ills the mold, control ends, and solidification proceeds sccordmg to the whims of
nature; and element of mystery enters the metal castng process. Solidification of metals was,
indeed, o mystery, whech has an boporant relstion with the riser and gating system design.

Risers are added reservons designed 1o feed hguid metal to the solidifiing casting as
o means of compensatmg [or solidifying shrinkage [1], To perfonm this function, the risers
must solidify afier the caqting. In this way, the nser can continuously feed molien metal and
will compensate for the solidification shrinkage of the entire mold cavity. This leads the
dengner to the fact, that, risers chould be designed 1o conserve meral which is the mam
obyctrve behmd this work . Vs .

The use of computer wded desgn technigues m casting processes had begun since
1960s. Oume of these processes is the riser design Some ressarches concenuated on riser
volumwe  calkulation using knowe empirical rues [2,3,4). Most of these work concerned only
the desgn of simple rsers (e risers without chills or msulators). Others, worked on
determming the best location of riser [5].

One of the most impomant goals of computersnng is to have the same results for the
same sitcanon with each user in spite of his experience Usmg empinical rules can not
achizve that because there ase a lot of coefficients in any equation that must be chosen by the
user. The coefficienls have & wide ranpe to suite different problems. Dafferent choices wall
lead certamly to wvery different results. In this work formules will be driven theoretically for
calgulating the riser volume, dependmg on exact calculation of solidification time of both the
casting and the riser, A computer software called “CASTING® , which bas been recently
described [6] , was developed 1o computerize the process of pattern and mold desipn. This
software consists of eight modules. Ove of these modules is the riser design module which is
described in details in this paper.

I THERMAL AMALYSIS OF RISERS
The earliest known quastilative nsering analysis is that of Choverinov (7] Chovormov

showed that
v 2
l-l[;] )
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Where = Frewzing tume V = Casiing wolume, A = Surfoce area of caxiing
K = Consiant thet depends mainly on mold ond caxting material

Attenmpts have heen made to calculate riser ( usimg Chvorinov's rule ) by considering the
riser and casting as two separate castmg, and determine a niser size such that

R o

Such sttempts have not been successful however, because Chvorinov's rule takes so
sccount of solidification shrinkage Adams and Taylor bave developed a rule for designing
simple nsers (blind risers with no chills or msulating matenal ) based on thermal unalysis of
the mald [7,8] The rule is as follows

o (2)
g A

by = SO}V (3)
Ve= Vi S(Vr* Vo) (4)

This equation depends oa the fact that the riser may be conmdered as 2 sumple castmg, For
more complicated risers It is necessary to calculate the solidiication time for both nser and

casting

2-1 Solidification Time For Casting
The amount of beat in the casting is divided imto rwo quantities; the super beat and the latent
heat. The casting solidification time is given by the following formuls, [8] .

1 2,2, - 2.2 2
e ol ¥i(r, Tm 2 xiiply

C, =
" 4atapc

3 et ER ®
& G aatrpc, (1, - R

The first term i the right band side of equation "5" stands for the time requared for the metal
to lose its superbest, whereas the second term stands for the ume required for changing the
phase of the metal from liquid to solid.

2-1 Solidification Time for Casting with Chills
The heat absorbed by the chill depends on its heat capacity, thermal conductivity, density
and volume.
Qon™ Con Kia Porit Viea (6)
Naote : The thermal conductivity of the chill material is considered to be >> that of the
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casting sand ( Thermal conauctivity of the silica sand equals io about 0.5 w/m.k whereas
that of the stee! varies between 46 and 56 wim.k ) s0 we can meglect the heat tronsferred
through the moid before the chill saturadion,

Four cases for the chill are as following :
1= Qcp < Qqp i@
I - ¥ . —
B A K04 Gy (T - T, P L
®(Qn-0,7
LT KOC(Tpy -2 ®
m
fJ'ﬂ :‘i-.tpc’rr- -T}J: {9)
Cop= s+ iy * i) {10y
3-Qch = Qs
] E; I]
O | e T
O AT K oor Con (T - T i
- 0,
=
b 4A%hpC, (1, -1, 2 an
Ca=ten+1 (13)
3- Qsh < Qch < (Qsh + Qs)
; "%
il PR — Tom TP (14)
= (0.5 ‘ﬂn}z
tchz = . 1
$A4% KohPeh Con (Tom - T e
w (0, +Cyp-04)
i =
T akpcC, (T, -1, R (16)
Cot = tehi * ch2 * Ish 17

4-Qch > (Qsh +Qy)
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u 'ﬂ;‘,"
$4ee KenPerCer (T~ T 1
Coa=lont * kha (20)

(19)

ek =

2-3 Solidification Time for Open Riser

In blind riser the heat is transferred oaly through conduction te the mold where m
open riser the heat is transferred through coaduction to the mold and through convection

and radiation to the air,
By = by % sy 1)
The superheat transferred from the niser (Qgp) equals to :
Fl ﬂﬂ'ﬁl"ﬂ-'ﬁr'f#-ml {!I}
The beat transferred from the riser during time " t * Is equal to
Q=@ Coon* Qr (23)
0= T [T (Tpe-7,11% @4
Coon = Atoph (Tom=TiJ t (29)
& =AgpealTy -7 (26)

Serting equations (22) & (23) equal we get :

2
Com *Pm " VR Ty~ T ) = ‘.E‘ VEPCp { Tpmy - Ty 10+ Aigph T =T gy +
4
hap T T4 an

The solidification beat transferred from the riser equals to ( Qg )
| O =t omly a9
Setting equations (23 ) & ( 28 ) equal we get

By'ae *Vg = EE— JEoCp ( Tppy =T, 105 ¢ M b Ty =Ty )1+
‘*llﬂ;-ﬁ‘lf" (29)
mumm‘mwmmm‘%&%t
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24 Top Insulated Risers

It wall be assumed that the msulstion 153 perfect one So the best mansferred by
convection and uﬂuk#ﬂhnﬁlﬂiﬁhw(ﬂ}ﬂlﬂjﬂ
be reduced to its first past oaly.

2-5 Side Insulated Riser

Hest conduction through composite media arises frequently in engmeering
applications; the problem of side insulated riser is a good example. There are practical
formulas 1o dea! with this problem.
I- Theoretical Formulation

The system may be reduced ito a two layer cylinder as illustrated m Fig 1. The
system contains an inner region Ry < r < Ry and an outer region Ry < r< R3 . K1 and K2
are the thermal conductivities , @l and a2 are the thermal diffusivities of the mner and outer
regions, respectively. :

Fig. 1 Representation of & Side Insulated Riser

Two conditions are assumed :

i The nwo regions are in perfect thermal contact (Le. there no thermal resistance between
them)

ii. The mold is considered semi-infinite in extent

01 Governing equation and boundary conditions

The governmg equation in the iy, layer of this composite may be written as

r

2T (r,1) 1@ f{rﬂ ar,{r.:]
a; T B —

Where
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- n -
a, o L= L2

and Tj (r,t) = The temperature in region (i), st a distance (r) from the conyposite center, at
time (t).

Subject to the followmg boundary conditions :

* The metal temperature bemg constant through the solidification time and equal to the
melting temperature - denoted by g - implies that -

Ty(rt) = 8¢ str=R;, >0 (31a)
* The continuity of temperature or perfect thermal contact at the interface between the two
layers implies that

Tien) = Ta () sr=Rz, t>0 (31 b)
» Smce the system s considered semi-infinte (Le. B3 is very large ) :
Talrt) =T, atr=R3, >0 (31¢)

* The heat flux being continuous at the mierface implies Wt :

KIETNI.I} _ l;a@‘Tg[r.t]

- mr=R t>0 1
s a5 2 (314d)
and the miial condition
sTi(rA) =T, 0<r<Ry (1e)

The temperature distribution m each region is obtamed by simultaneously solving the
sbove system of partial differential equations subject to the displayed conditions. The exact
solution of the system of differcntial equation given by equation (30) , subject to boundary
conditions (31) is obtained by employmg the finite integral transform technique [9].
which yields that -

. Yia(n) i L
Lm't) ,?:'.. N(ha) _[u'm i L ’-n_D =

Where . "
L] 1.
f - J] + r- I r)
Wialr) = 4, f?::r r) + By I (33)

_:,.-‘_;;-_ -J—n,ri'-u are the Bessel functions of order zero of the first and second
] i .
kind respectively.
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4 A Ry ) +Ba Tl J]n
L= K3 Ry [-l:.-f;fr:ﬂﬂ Byt ﬁ;‘l -

i i
I { Ry)
ﬂ;ﬁ[ 1 - Ry) =BT, t 1/ | Es

kg is given by the following equtiaon
J-f&rlu r.r;:_‘ &) 0 0
¥
A . T2 Ry)
X Pt Ra) .ri- #;) =5
-0
3 Ay [ T K, " Ky y o2 p
e B Fogn e
o g —J.rii- R -r.ri': &)
(41)
— ﬂ!ﬂl (42)
Qe 1 Agide o oo,
Then equation (27) & (29) will be in the form -
¢F."p.'l’g'rr,-?'.}- f;dl‘- ﬂ:.-u *
lef'rp-r.ijl"* +dw¢dfr‘m 'T“}lﬂ tﬂj
aT(r,1
He®*om* VR = K Ags o *
=R,
Atop (Tom “Ti oy * Ao €0 (T pp - T )ty (49)

Notes ¢
|- For top insulated nsers only the first term in the right hand side of equations (43)& (44) is eust
2- For blind nsers sons (43) & (44) are but Aside 15 Aside + Arsp
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3 RISER DESIGN MODULE

Help Module

== ]

o e o

Wakime and Surface
Araa Eatimation Module
I I

¥ ¥ R
Gating Systam Flask Estimaton Risar Dnsgn Cors Prnts
Dasign Modids Mol Modide Estimation Moduse

¥ v v y

_—

Fig. 2 System modules

Figure 2 shows the developed software which consists of eight modules. The Riser
Design Module seeds information from the CASTCAD module -or the Volume and Surface
Area Desgn Module- such #s the casting volume and surface area. It also needs the fiask
dimensions which is calculated through the Flask Estimation Module. The cores total area is
calculated by the Core Prints Estimation Module. The Help Module offers the required help
for the user [6]. The program is written in Basic “Visual Basic version 3 professional edition
was used °, therefore, it must be nm under “Wmdows". To run the program with its
facilities, the computer mmst be -at least- 386 SX, with 4MB ram, a hard disk loaded with
Windows and AutoCAD V, 12 software, a mouse and a coprocessor,

The Riser Design Module contams a large variety of riser situatioss. It can deal wath
cases of opea risers, blind risers, top wsulated risers, side msulated risers, risers for chilled
castings, and any combination of these cases Figure 3 shows the flowchart of this module.
The procedure is as follows;

I- Simple riser. If the riser is simple (hlind rser , with no chills, and no msulatar )
then its volume (Vg Jwill be calculated directly from equations (2) 1o (4).

2- Casting solidification time. The program calculstes the casting solidification
time using equation (5) for non chilled castmgs, and equations (7) to (20) for chilled
Castmgs.
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3- Riser solidification time. Riser solidification equations are solved numencally
usmg Newton Raphson method. It 1s assumed that the riser 1s mfimitely long, so one can get
the mmimum riser dismeter and use it as the initial value for riser diameter (Dy).

4 Riser volume. If the riser solidification time (Rg) 2 1 1(Cyy) then the fmal riser
volume (Vgy) is calculated from equation (3) Ifnot the riser diameter is increased by 10%
and calculations are repeated again.

3-1 Editing Riser Conditions

Choosing Riser command from the Edit meou will open the riser editing screea, Fig. 4
This screen contains :

1- Leogth to diameter ratio. This is the ratio between the height of the metal in the
riser and its dismeter. The default value is 1, but the user can change it according to his
epeniece. To change this ratio, the new value is written in the text box mstead of the old
omé.

2- Open or Blind Riser, There are two radio buttons to choose one from them. The
first ooe - which is the default one - means that the riser is open, whereas the second means
that the riser is blind. The user can change this choice by clicking the required choice by the
mouse pomter,

3- Top insulstion. To add top msulstion the user marks the shown check box The
default choice is no top msulation ( i.e. the check box is unmarked).

4 Adding chills. To add chills the user presses the Chilly button and the view
changes to Fig. 5 . The new view cootains s frame to define the chill characteristics. There
are two radio burtons to choose between external chill and mternal chills Internal c*Tls will
be from the same material as the casting. Choosing external chills radio button will give a list
of materials to choose from them. Also the user writes the chill volume aad its contact
surface with the casting i the text boxes.

* Adding side insulation, To add side insulation the user presses the Side
Insulation bution and the view chaoges to Fig. 6 = The new view contains a frame to defme
the chill cbaructeristics. There are 4 radio buttons to choose the insulation material Three
materials are defmed to the program. If the user is to use another material, he has to enter s
thermal conductivity in the shown text box. Also the program needs the insulation thickness.

4 CONCLUSIONS

An extensive work have been done on the thermal analysis of risers. The problem of
msulated riser solidification was modeled as a heal conduction problem and the exact
solution was reached The developed solution will be used instead of the empincal formulas
which need a lot of expenence to estimate its variables,

A comprehensive foundry CAD system has been developed to assist the casting
engmeer in the design of  riser for ferrous and non-ferrous metals providing low cost, fast
and sccurate method Most of sophisticated geometrical shapes can be treated through this
progmm. The system has the flexibility to change ome or more of the casting process
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vanables (ie adding chills, chewgsg gating position ecc. ) and makes it very easy for the
desgmer m cose of modifyieg / changing or using a new altemative the sysem operated by
the users regardless their skulls and expeoeuces and retneve data and AutoCAD drawings.

¥y -Mmmrﬂqhwmrq‘i.

¥c = Casting Volume = |
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