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Abstract 
 
The effects of filling the core box cavity and sand compaction in processes of core production by blowing methods (blowing, shooting) 
depend on several main factors. The most important are: geometrical parameters of cavity and complexity of its shape, number, 
distribution and shape of blowing holes feeding sands as well as the venting of a technological cavity. Values of individual parameters are 
selected according to various criteria, but mostly they should be adjusted to properties of the applied core sand.  
Various methods developed by several researchers, including the authors own attempts, allow to assess core sands properties on the basis 
of special technological tests projecting the process into a laboratory scale. The developed criteria defining a degree or a filling ability 
factor provide a better possibility of assessing the core sand behaviour during flowing and core box filling,   which indicate the value and 
structure of the obtained compacting decisive – after hardening – for strength and permeability. The mentioned above aspects are analysed 
– on the basis of authors’ own examinations - in the hereby paper. 
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1. Introduction 
 
The analysis of parameters of a sand-air stream during core 

production, by means of blowing methods, which aerodynamic 
properties are determined by a solid phase fraction in an air 
stream is difficult, since there is either the necessity of parallel 
measurements of flow intensities of both phases or using dynamic 
stream properties determined by [1]: 
− solid phase outflow intensity, 
− dynamic force value of a two-phase stream.  

As it was shown in papers [2-3], for the practical needs, it can 
be assumed that the mentioned quantities influence the core sand 
compaction and its structure in the core-box as well as the real 
time of filling the mould cavity. Quantities, which are here called 
the auxiliary ones and which represent other parameters of the 
stream of the air-solid phase mixture, analysed as a pneumatic 
transport are: 

− density of the two-phase stream or quantities directly related 
to density (concentration or a solid phase volume or mass 
fraction, porosity), 

− averaged speed of both phases of the sand-air stream, 
− solid phase rubbing speed and mutual speed ratio of a solid 

and gas phase in the stream outflowing from the blowing 
chamber to the core-box. 

To determine quality of a core compaction performed by 
blowing and shooting method, Boenisch and Knauf  [4] proposed 
a complex analysis of several factors. They have introduced two 
notions, according to which the assessment of a sand compaction 
ability in a core box is being made. Those are [2]: 
− maximum core box filling ratio obtained by shooting, 
− maximum degree of a sand matrix compaction. 

The technological tests, together with the special method for 
assessing the core box filling ratio as well as the equipment 
suitable for the realisation of this method, were developed. The 
physical meaning is expressed by Equation: 



14 

FG

whe
FG –
Mr –
Mma
ρpm 
Vc –
ρpma
vibr

base
expr

Kzr

whe
Mst 
ρst –
sam
ram

(1) d
in pu

ρpm 

zK

and 

zrK

2. T
me
 

in T
pape
Exp
capa
a ca
equi
a pr
a co
pres
nozz
dens
perf
dete
cylin
or sh
 
 

%100
M
M

max

r ==

ere: 
– filling ratio, %
– core sand mas
ax – maximum c
– average dens

– core volume, m
ax – apparent d
ration, kg/m3. 
The Author’s 
ed on the anal
ressed by Equat

%100
M
M

st

r
r =

ere: 
= Vc ·ρst – appa
– apparent den

mple after ramm
mer, kg/m3. 

The questi
developed by B
ublications of th

Compariso
brings the follo

stzr FG ⋅=ρ⋅

st

pmak
r FG

ρ
ρ
⋅=

 
 

Testing st
ethods 
Examinations o

Table 1 – were c
ers [2-3].   

perimental core
acity of 3-5 dm
apacity of 0.8 –
ipped with an
ressure recordin
ore box. Experi
ssure range pr 
zles d1=15–25 
sity and/or the 
formed for the 
ermined accord
ndrical samples
hot into a cylind

A R C H I V E S

%100
V
V

maxpc

pmc

ρ⋅
ρ⋅

=

% 
ss obtained at th
core sand mass 
sity of core sand
m3, 

density of the st

way of assess
lysis of the fil
tion: 

100
V
V

st

pm

c

c

ρ
ρ
⋅=

arent core sand 
nsity of a core
ming performe

on, concerning
Boenisch and K
the authors of th
n of Equations
owing: 

pmaksρ⋅   

ks KFG; =

tand and 

of shooting core
carried on acco

e shooting m
m3 and perpendic

–1.5 dm3 were
n automatic co
ng device both
iments shown b
r = 0.4–0.7 M
 mm. Measure
density in the 
given shootin

ding to the Po
s of ф50 x 50 m
drical sleeve of

S  o f  F O U N

%100%
maxp

pm

ρ
ρ

=

he given condit
(standard), kg, 

d compacted by

tandard core sa

sment of comp
lling ability fa

100%0
st

pm

ρ
ρ

=

weight, kg/m3, 
e sand obtained
ed three times 

g the relation b
Knauf and Equa
he hereby paper
s (1) and (2) in

 

pmaks

st
zrK

ρ
ρ

⋅       

examinat

e sands – of a c
rding to the me

machines of c
cular or cylindr
e used. Shootin
ontrol of a sh
h in a shooting
below encompa

MPa and diame
ements of the 
selected region
g parameters. 
lish Standard 

mm compacted 
f the same inter

D R Y  E N G I

%  (1) 

tions, kg, 

y shooting, kg/m

and compacted 

paction quality 
ctor of sand K

%0  (2) 

d in a cylindri
by the standa

between Equati
tion (2) present
r, arises. 
n consideration 

 (3) 

 (4) 

tion 

composition giv
ethod presented

charge chamb
rical core boxes
ng machines we
hooting time a
g chamber and 
ass an operation
eters of shooti
apparent avera

n of the core we
Permeability w
- 80/H-11072 
in a standard w
nal dimensions

N E E R I N G  

m3, 

by 

y is 
Kzr, 

ical 
ard 

ion 
ted 

of  

ven 
d in 

ers 
s of 
ere 
and  

in  
nal 
ing 
age 
ere 

was 
on 

way 
s. 

Table
Comp
exami

 
 

3. T
 

D
some 
scale 
core b
exami

Pe
the s
depen
perme
mutua
should
perme
of no
sand 
diame

U
and d
diame
sand 
takes 
4a). 
prolon
two o
decrea
a relat

 

V o l u m e  1 5

1. 
position and p
inations 

The obta
ata of Boenisc
selected kinds 
(filling ratio F
box filling abil
inations, marke
erformed inves
and core kind

ndences of a 
eability (expon
al presentation i
d be emphasise
eability and por
rmalised dimen
into a sleeve 

eters of the shoo
Unevenness of co

epends both on
eter (see Figure
compaction – f
place in long, 
The smallest 

ngation of the s
or more holes 
ase the comp
tively better per

5 ,  S p e c i a l  

properties of s

ined res
h and Knauf a
of sand cores a
G) are presente
lity factor Kzr 
d by symbols O

stigations exhib
d, there is a 

porosity (line
nential depend
in the form of a
ed, that examin
rosity were det
nsions compac
of ф50 x 50 m
oting hole. 
ompacting occu
n the shooting p
e 4). The most
from the point 
horizontal cor
sand permea

shooting hole a
in the shooti

paction uneve
rmeability in th

 I s s u e  2 / 2

sands used in

sults 
as well as of au
at the applicati
ed in Figure 1 
r for three sand
Ol, SW and B. 
bit the fact tha
continuation o

ear dependence
dence), which 
a synthetic grap
nations of an ap
termined on cor
cted by shootin
mm at various

urs for each kin
pressure and th

st unfavourable
t of view of its
res shot by a s
ability occurs 
axis. Substitutin
ing head (Fig 

enness, creatin
he core central p

0 1 5 ,  1 3 - 1 6

n authors’ own

 

uthors’ own, fo
on of a uniform
to illustrate th

ds used in own

at, regardless o
of the obtained
e), as well a

justifies thei
ph in Figure 3. I
pparent density
re sand sample
ng of the given
s pressures and

nd of core sands
he shooting hol
e distribution o
s permeability 
ingle hole (Fig

there at th
ng one outlet by

4b) allows to
ng a zone o
part. 

6  

n 

or 
m 
e 
n 

of 
d 

as 
ir 
It 
y, 
es 
n 
d 

s, 
e 

of 
- 

g. 
e 
y 
o 

of  



A R

F
c
l

CB
ho

a

 

Fig

1

1

1

1

1

1

1

1

1

A
pp

ar
en

t d
en

si
ty

, g
/c

m
3

Pe
rm

ab
ili

ty
cm

4 /G
m

in

C H I V E S  o f

ig. 1 Influence 
core sands accor
lines) and autho
B–cold-box san
ot-box sand - ph

Fig. 2 Depe
and permeabilit

g. 3 Interpolatio
apparent d

.00

.10

.20

.30

.40

.50

.60

.70

.80

0.2 0.3

Apparen
Apparen
Permabi

0

200

400

600

800

1000

1200

1.25 1.3 1.

Pe
rm

ab
ili

ty
, c

m
4 /G

m
in

San

f  F O U N D R

of pressure on 
rding to Boenis
ors’ own results
nd, HB/F –  hot-
henol resin, Ol,

endence of the 
ty on the shooti

of sa

on of data illust
density on its pe

for the exam

0.4 0.5
Pressure,

nt density - sand B
nt density - sand Ż
lity - sand SW

y = -3
R

.35 1.4 1.45 1
Apparent de

nd B

Y  E N G I N E

the filling ratio
sch and Knauf [
s (broken lines 
-box sand - fura
, SW, B - sands

average appare
ing pressure for
ands 

trating the influ
ermeability and 
mined sands 

5 0.6
 MPa

Apparent density - 
Permability - sand 
Permability - sand Ż

y

38.153x + 99.556
R² = 0.9993

.5 1.55 1.6 1
ensity, g/cm3

Sand SW Sand

E R I N G  V o

 
 FG for various
[3] (continuous 
[2]). Marking: 
an resin, HB/P –
s like in Table 1

nt density  
r various kinds 

uence of the san
porosity,  

0

200

400

600

800

1000

1200

0.7 0.8

4

sand SW
B
Ż

y = 192968e-4.175x

R² = 0.9654

0

10

20

30

40

50

60

.65 1.7 1.75

Po
ro

si
ty

, %

d Ol and Ż 

l u m e  1 5 ,  S

s 

 
– 

1 

 

 

 
nd 

a) 

b) 

Fig. 4
th

of 0.6
SW

 
 

4. V
 
A

camer
own 
a 300
the fro
polym
mosai
box fi
black 
equal 
and eq
- sh
- sh
- tim
- ex
- co

A
that t
flowa
near t

Pe
rm

ab
ili

ty
, c

m
4 /G

m
in

0

100

200

300

400

500

600

700

800

900

C
or

e 
pe

rm
ea

bi
lit

y 
Pw

, c
m

4 /G
m

in

75

100

125

150

175

200

Pe
rm

ab
ili

ty
, P

W
, c

m
4 /G

m
in

S p e c i a l  I s s

4 Distribution o
he length of the 
65 MPa: a) by a

W, Ż, b) by using

Visualisati
Analogue filmin

ras is still an im
investigations 
0 frames for se
ont wall of the 

methacrylate, w
ic  was applied 
illing the sand 
and white). T
volume in the

quipment param
hooting pressure
hooting hole dia
me of the shoot
xperimental cor
ore sand with lin

Analysing the re
the ‘simulated
bility similar to
the shooting h

0

0

0

0

0

0

0

0

0

0

20 40 60

Sand B

Sand B

20 40 6

A

P

s u e  2 / 2 0 1 5

of the apparent d
core made by s

a single shooting
g two shooting h

mm-sand 

ion of filli
ng of fast-chang
mportant way of

[2], the proce
econd was appli

core-box was 
while the backg

on the back wa
of contrasting c
he sand was lo

e shooting cham
meters were app
e: 0.6 MPa, 
ameter: – 15 mm
ting valve openi
re-box: 140x85x
nseed oil varnis
sults from the n
’ pathways ar
o liquid. As the 
hole is being f

80 100
Core width, 

Sand SW

Sand SW

Appare

Perma

shooting ho
axis

60 80 1
Core length, m

Apparent density

Permability

shooting ho
axis

5 ,  1 3 - 1 6  

density and per
sand shooting a
g hole of 15 mm
holes of diamet
„Ol” 

ing the co
ging processes 
f performing do
ess filming by 
lied. In order to
made from tran

ground of the b
all. For the anal
colours was us
oaded alternate
mber.  The fol
plied: 

m,  
ning: 1.0 s. 
x48 mm, 
sh. 
numerical simu
re characterise
e result a part of
filled as the la

120 140
mm

Sand Ż S

Sand Ż S

ent density

bility

ole

00 120 14
mm

shooting hole 3
Shooting hole 2
Shooting hole 1
Shooting hole 3
Shooting hole 2
Shooting hole 1

ole

15

rmeability along
at a pressure  
m, sands: Ol, B
ters 15, 20, 30 

ore-box 
by speed opti

ocumentation. In
the camera o

o be able to film
nsparent methy
black and whit
ysis of the core
ed (in this case
ely by layers o
llowing proces

ulations it seem
d by too high
f the core, being
ast one and it

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

160 180

C
or

e 
ap

pa
re

nt
 d

en
si

ty
, g

/c
m

3

Sand Ol

Sand Ol

1.6

1.64

1.68

1.72

1.76

1.8

40 160

C
or

e 
ap

pa
re

nt
 d

en
si

ty
, g

/c
m

3

30 mm
20 mm
15 mm
30 mm
20 mm
15 mm

5

 

 
g 

, 

c 
n 

of  
m 
yl 
e 

e-
e: 
of 
ss 

ms 
h 
g 
ts 



16 

com
dive
cond
com
resu
the 
para
 
a) 

 
b) 

a) R
o

 
 

5. 
 

para
was 
poro
depe

form
calc
and 
grow
 

mpaction – on 
ersification in 
ditions in the 

mpaction of core
ult from the lac

data character
ameters of the c

Fig. 5 Experim
Recorded by the
of the ProCast s

Summary

It has been sh
ameter values a

obtained ther
osity (linear d
endence) on the
The results of 

mulation of the
culations. Such 

equipment pa
wing in the co

A R C H I V E S

the bases of 
relation to th
vicinity of t

es is obtained. T
ck of introducin
rising the cor

core sand [5-7]. 

  

 
mental core-box
e speed camera
oftware. Time f
side); 0.140 se

y 

hown that regar
at which the giv
re is a contin

dependence) as
e obtained appa
the performed

e problem is v
formulation, re

arameters (shoo
ld-box, shootin

S  o f  F O U N

calculations –
he remaining 
the shooting h
The reason of s
ng into the cal

re sand proper

x filling with th
, b) Results calc
for both cases: 

ec. (right side) 

rdless of the k
ven value of the
nuation of the
s well as perm
arent density. 
d investigations
ery important 

egardless of the
oting pressure 
ng hole diamet

D R Y  E N G I

– does not sho
part. Under r
hole the high
such situation c
lculating progra
rties and moti

he core sand, 
culated by mea
0.065 sec. (left 

kind of sands a
e apparent dens
e time-history 
meability (pow

 indicate that t
in the simulati

e shooting proce
and a rate of 

ter, venting are

N E E R I N G  

ow 
real 
hest 
can 
am 
ion 

 

 

ans 
t 

and 
sity 

of 
wer 

the 
ion 
ess 
its 

ea), 

should
physic
applie
of the
box f
degree
applie
respec
behav
 
 
Ack
 
The 
No.11
 
 

Ref
 
[1] A

fo
[2] D

o
A

[3] D
an
th
Fo

[4] B
un
ke

[5] R
v
s

[6] W
M
M

[7] W
M
I

 

V o l u m e  1 5

d accurately ta
cal and mechan
ed binder and th
e shooting proc
filling and sand
e, on the bind
ed in the mod
ct of the menti
viour during the

knowledgem

study was 
1.11.170.318, ta

ferences 
Aksjonow, P.N.
oundry machine
Dańko, J., Zych
of technologic
Archives of Met
ańko, J. (1992)
nd moulds by m
heory. Kraków
oundry no.145.
oenisch, D.
ntersuchungen 
ernbindern. Gie
Reek, R. (2005)
von Giesserei
strömungsvorgä
Walker, M., Pal
Modeling Sand 
Modern Casting
Winartomo, B.,
M. (2006). Mul
International Jo

5 ,  S p e c i a l  

ake into accou
nical properties 
he core geometr
ess, being of th

d motion within
der rheologica
del investigati
ioned propertie
e core-box fillin

ments 

performed w
ask. 2 

. (1965). Sele
es. Katowice: „Ś
h & J., Dańko, R
al properties 

tallurgy and Ma
). Process of m

means of blowin
: AGH Scien

& Knauf, 
mit neuartigen 

esserei. 18, 640-
). Optimierung 
sandkernen d

änge. Giessereif
lczenski, S., Sn
Core Blowing:

g. April, 41-43. 
Vroomen, U., 

ltiphase modell
ournal of Cast M

 I s s u e  2 / 2

unt also factors
 of the core san
ry. For the assu
he forcing char
n this box dep

al properties. T
ions differed 
es and therefore
ng was observed

within the 

ected problems
Śląsk” Publishin
R. (2009). Diag

and casting 
aterials. 54(2), 

manufacturing o
ng methods. Inv
ntific Letters M

M. (1991). 
prufkorpern u

-646. 
des füll-und ha

durch 3-D S
forschung. 57(3

nider D. & Will
: Simulation’s N

Buhrig-Polacz
ling od core sh
Metals Researc

0 1 5 ,  1 3 - 1 6

s characterising
nd related to th

umed parameter
racter, the core

pends, to a high
The core sand
significantly in
e their differen
d. 

‘AGH Projec

s of theory of
ng House. 
gnostic method

cores quality
381-392. 

of foundry core
vestigations and
Metallurgy and

Kernschiessen
nd verschiessen

artungsvorgang
Simulation de
3), 2-14. 
liams K. (2002)
Next Challenge

zek, A. & Pelze
hooting process
h. 18(1), 13-20

6  

g 
e 

rs 
e-
h 

ds 
n 

nt 

ct 

of 

ds 
y. 

es 
d 
d 

n-
n 

gs 
er 

). 
e. 

er 
s. 
. 


