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Preparation of moulding sand is a key process, determining the final quality of casting products. Special require-
ments are imposed at stabilising and optimising the parameters of the moulding sand so that it should maintain its
properties required for moulding. These requirements can be satisfied as long as specialised mixing systems are used
to prepare and control the sand mixing processes. The key elements of the system include sand mixers supported
by dedicated measuring equipment operating in accordance with the approved control methods. Methods employed to
determine the key properties of sand mix include the methods applied in on-line mixing control systems. The author’s
research to date has led to the development of a method whereby the sand quality indicator is defined by a dynamic power
demand signal from the mixer system. This study provides the selected measurement data, showing power consumption
by the driving units in a prototype turbine mixer, used in laboratory conditions. The experimental programme utilises
a state-of-the-art microprocessor system for measuring the parameters having relevance to power consumption by the
mixer drive. Measurement signals of power demand by a paddle stirrer and a rotor are analysed. Testing was done for
variable moisture content in moulding sands containing different kind of bentonite and for variable mixer pan loads. The
methodology is supported by measurements of sand properties by conventional methods. The complete set of data and
interrelations holding between them is utilised to describe the investigated processes in terms of dynamic systems, in
accordance with the rules of automation. Attention is given to practical applications of the power measurement method
in the analysis of mixing dynamics, in control of water-feeding system and in evaluation of energy demand for the
process. The proposed methodology enables the comprehensive evaluation and selection of constructional parameters
of devices of sand preparation systems.

Keywords: foundry processes, preparing of moulding sand, dynamic power measurement of mixer’s drive systems

Istotnym procesem w technologii wykonania odlewéw, decydujacym o ich jakosci, jest sporzadzanie masy for-
mierskiej. Szczegdlne wymagania dotycza stabilizacji i optymalizacji parametréw masy, okreslajacych jej wiasciwosci
i przydatno$¢ do wykonania form odlewniczych. Spelnienie tych wymagan zalezy od zastosowanych systeméw spo-
rzadzania i sterowania procesem mieszania sktadnikéw masy oraz konstrukcji zastosowanych mieszarek. Podstawowym
uktadem w systemie sa mieszarki mas oraz wspodlpracujace oprzyrzadowanie pomiarowe, dzialajgce wedlug okreslo-
nych metod badawczych. Sposréd metod stuzacych do okreSlania istotnych wilasciwos$ci mas formierskich, wyréznia
si¢ metody stosowane w ukladach sterowania on-line zasadniczym procesem mieszania mas. Na podstawie autorskich
badan zdefiniowano metode, w ktérej miernikiem oceny jakosci masy jest dynamiczny sygnal poboru mocy przez
uklady mieszajagce mas¢. W artykule przedstawiono wybrane wyniki pomiaru poboru mocy przez zespoly napedu
prototypowej, laboratoryjnej mieszarki wirnikowej. W badaniach wykorzystano nowoczesny mikroprocesorowy system
do pomiaréw zbioréw parametréw charakteryzujacych pobér mocy przez naped mieszarki. Przeprowadzono analize uzy-
skanych sygnaléw pomiaru mocy napedu mieszadia fopatkowego oraz wirnika. Badania wykonano przy zmianie stopnia
nawilzenia mieszanych mas formierskich z bentonitem (r6zne gatunki) oraz przy zmiennym napelnieniu misy mieszarki.
Dopelnieniem metodyki badawczej byly pomiary wlasciwosci masy metodami klasycznymi. Pelny zbiér danych i ich
wzajemnych zaleznos$ci postuzyt do opisu badanych proceséw w ujeciu systeméw dynamicznych zgodnie z regutami
automatyki. Zwrécono uwage na praktyczne mozliwosci wykorzystania sygnatu poboru mocy: w analizie dynamiki
procesu mieszania, w sterowaniu procesem dozowania wody do masy formierskiej oraz w ocenie energochtonnosci
procesu. Zaproponowana metodyka umozliwia takze kompleksowa oceng¢ i dobdr parametréw konstrukcyjnych urzadzen
systemow sporzadzania masy.
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1. Introduction

Most systems used in control of sand prepa-
ration processes are based on the relationships be-
tween sand parameters and its moisture content.
Moisture measurements are taken with various types
of sensors placed inside the mixer or also at selected
points of the sand preparation line [2, 3, 4, 5, 9, 17,
21]. Besides, there are automatic systems for mea-
suring the sand’s technological parameters used for
online monitoring of the sand being prepared and
for process control (online updating of the amounts
of ingredients to be fed). An example here is the
Multicontroller system SMC-PRO [21].

The concept of measuring the selected parame-
ters of power demand during the mixing process is
not entirely new. The method was already described
in earlier source materials [8, 20, 22], yet recent
development of microprocessor systems offers new
opportunities in this field [3, 7, 14]. Older publi-
cations lack the profound analysis of measurement
data, chiefly because of limited accuracy levels and
long response times of measurement devices used
previously. Applications of the measurement signals
of the mixer drive’s power components to the as-
sessment of the sand condition and to the control of
sand preparation processes were explored in previ-
ous publications by the authors [e.g. 7, 12, 13, 14],
which present the newly-designed original micro-
processor system for implementation of such mea-
surements and explore the basic relationships asso-
ciated with power demand parameters to be handled
by the dedicated software [14]. Power measurements
of the mixer’s drive are given below, tests were run
on a turbine mixer based on a paddle mixer MS 75

[16], used in laboratory applications. The test rig is
intended for testing the system for measurements of
power components. One has to bear in mind, howev-
er, that each measurement method has its advantages
and limitations [2, 4, 9,12, 14]. Combining several
methods may improve the accuracy of sand quali-
ty assessment and help in monitoring of the sand
preparation system. This study shows the measured
power demand parameters of the drive unit in a lab-
oratory mixer incorporating a paddle stirrer MS 75
[16]. The experimental setup was designed to test
the measurement system. Besides, detailed analysis
of previously collected data [7, 11, 12, 13], support-
ed by new experimental results enables the identifi-
cation of processes involved in moulding sand mix-
ing.

2. Evaluation of selected parameters of sand
preparation processes basing on dynamic power
measurements

The tested mixer was engineered by providing
a paddle mixer MS 75 [16] with a rotor and drive
and with a water feeding system. The design of the
rotor’s drive allows for varying the inclination angle
of the rotor axis and the rotor can be replaced by that
having a different shape. In terms of its functional
features, this mixer is an equivalent of the turbine
mixer WM, manufactured by Kunkel Wagner [20].
Variations of the rpm speed of the paddle stirrer’s
drive and of the rotor are made possible by the use
of frequency converters. The diagram of the mea-
surement and control system is shown in Fig. 1.
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Fig. 1. General block diagram of control and measuring system of prototype laboratory mixer drives parameters



In the early stage of the test procedure, the char-
acteristics are explored between the rpm speed of the
rotor and stirrer in the function preset accordingly on
the frequency converter. Measurements were taken
with an optical speed meter Testo 460. It is found
out that the degree of the mixer’s charging has little
bearing on the rpm speed of the mixer in stable- state
conditions. Selected results are shown in Fig. 2.
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Fig. 2. Rotational speed of rotor — a) and paddle stirrer —
b) versus set point of frequency

The novel feature is introduced by a prototype
microprocessor system which enables the record-
ing of several parameters associated with power de-
mand. The dedicated software allows for graphic
representation of registered data and for data transfer
to other programs or spreadsheets (Excel).

For comparison, the measurement procedure us-
es also the power quality analyser KEW 6310, man-
ufactured by Kyoritsu, enabling the simultaneous
recording of selected power demand parameters of
the drives in the rotor and paddle stirrer.

The purpose of this testing program was to eval-
uate how the variations of sand parameters associ-
ated with moisture content should affect the power
demand by the mixer’s drive throughout its duty cy-
cle.
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Synthetic sand used during the tests contained
bentonite, designated as M1 (silica sand- 100 parts
by weight, bentonite — 8 parts by weight) and sand
mix (M2) from the foundry, containing bentonite
and a lustrous coal carrier. Figure 3 shows the vital
properties of sand mix M1 and M2 in the function
of moisture content.
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Fig. 3. Basic parameters of moulding sand — M1 prepared in
laboratory roller mixer and moulding sand — M2 (each points
represent mean value for series of measurements)

The window in Fig. 4 shows data registered dur-
ing the power measurements of the mixer’s rotor in
laboratory conditions during the experimental pro-
gram.

The plot of the registered signal of instanta-
neous power (an active components) reveals that
the instantaneous values tend to oscillate round the
mean value in a lesser degree during the early stages
of mixing in relation to the final stage (Figs. 4, 5).
When interpreting the plots, variations of rheologi-
cal properties and associated technological parame-
ters (moisture content) of moulding sand are of par-
ticular importance [4, 13, 15]. The apparent density
of moulding sand changes considerably from low
moisture content (of the order or 1%) to about 2%.
It is well apparent (see Fig. 3) that the moisture con-
tent of the tested sand mix M1 is associated with the
compression strength R nearing the maximal value.

Variations of apparent density of the moulding
sand during the mixing process had an effect on
position of its free surface and hence the level of ro-
tor’s immersion in the moulding sand. In the conse-
quence, the registered power signals changed, too. A
thorough analysis reveals periodic changes of power
consumption in the system, associated with cyclic
displacements of the paddle stirrer underneath the
rotor. Each passage of one of its two arms causes
the local elevation of the sand level, so the rotor was
immersed more deeply, leading to increased mixing
resistance.
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Fig. 4. Exemplary view of windows in

Pulsating power signals correspond to the fre-
quency associated with the stirrer’s arm passing un-
der the rotor, related to the rpm speed of the stirrer.

A sine function with frequency associated with
the rpm speed of a two-armed stirrer is superim-
posed on the selected time sections in the plot of
the power signal. Selected time sections correspond
to the period of mixing sand with low moisture con-
tent — power pulsation is decidedly smaller (Fig. 5a),
and after moistening in the final stage of the mixing
cycle (Fig. 5b). Enhanced power pulsation at that
time might be attributable to cyclic, intensive motion
of moistened sand in the radial direction (towards
the mixer’s axis). This kind of sand circulation is
associated with the presence of vertical strips on
the pan’s side surfaces in the paddle mixer MS 75
[1, 6, 16]. Intensity of motion is closely associated
with the moisture content of the moulding sand. Fre-
quency of power signal pulsation throughout the en-
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a program of recording of selected power parameters values during mixing period

tire measurement cycle changes very slightly whilst
major variations of amplitudes of power pulses are
revealed during the final stage, as explained above
(Fig. 9).

In order to better capture the trends in variations
of active power consumed by the rotor drive due to
impulsive water dosing, the effective parameters of
the signal were computed (by the trapezoids method)
during the time periods associated with the obtained
frequency of signal pulsation. Results are shown in
Fig. 6. Measurement and computation data collect-
ed within the first 10 seconds after switching the
mixer’s drive are neglected, assuming it to be the
start-up period. Besides, Fig. 6 shows an approxi-
mated flow rate of water dosed into the system (in
the shape of square pulse).
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Fig. 5. Variations of active power demand of mixer rotor in
different period of mixing time; a) near after the end of water
dosing, b) in the period of stabilization of average value of
power signal; moulding sand M1

When the process is treated as dynamic, it can
be described in the simplest terms by a SISO (Single
Input-Single Output) model. Taking into account the
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object’s response to the present excitation, the trans-
mittance function governing the model is given as

[7]:

_Y(s) k-e s
X)) s (Ty-s+D)(Th-s+1)

G(s) (1)

The model of the process is proposed in the
form of the series connection of the integrating el-
ement and II order inertial element with time delay
(model II in Fig. 6). The exciting signal x(7) is the
flow rate of the flux of dosed water, and the response
y(7) is the increment of the effective active power
of the rotor’s drive.

Alternatively, the transmittance function can be
given as:

k-e™?
s-(T-s+1)"

In this case the process is modelled by the serial
connection of an integrating element and n inertial
elements of the I order and the delaying element
(model III in Fig. 6).

The response patterns were obtained for both
transmittance functions by the following methods:
e graphical method for the model governed by Eq

(D
e graphical — analytical method developed by V.

Strejc, for the model governed by Eq (2)
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M1, pan load- L = 30 kg



958

The time delay readily apparent in Figs. 6 and
7 might be attributable to the operation of the water
dosing system and intensity of the mixing process
(delay in transport). In the presented series mea-
surements the value of 7 falls in the interval be-
tween 30 and 40s (Fig. 6). Inertial terms present in
the transmittance function are associated with the
reaction of the binding agent to moisture, with pa-
rameters of the mixing process and constructional
parameters of the mixer and its drive (for instance
time constants present in the transmittance of the
motor). In the case of Eq (1) and (2), impulse ex-
citations lasting for a comparatively short time in
relation to the whole process can be treated as a
product of ideal excitation signal (Dirac impulse)
and a constant, when such signal passes through the
integrating element, a step signal is obtained at the
output. The form of the final response after the sig-
nal’s passing through further transmittance compo-
nents is typical of inertial plants of the higher order.
In Fig. 6 time response lines are indicated for the
two models described above, determined by widely
employed methods of the theory of control. A slight-
ly better agreement between the experimental and
predicted data is achieved when the second method
is employed as the transmittance involves an inertial
object of the III order, treated as a serial connection
of three identical inertial elements of the I order for
n=3. The model III is indicated with continuous line
on the plot in Fig. 6.

It has to be emphasised that knowing the equa-
tion of static characteristic:

AP = f(AV) (3)

where:

AP — increment of the drive’s effective power

AV — the amount of water fed to the given
quantity of moulding sand (mass) as well as the
time response equation, one can easily control the
water dosing process basing on power signal mea-
surements.

Due to disturbances in industrial processes of
sand preparation, such as deviations of the sand tem-
perature [18, 20, 22] and to the fact that other in-
gredients are fed as well, the model of the mixing
process has to be more complex [10, 11, 14].

Effective solution to such an intricate problem
requires that all processes involved in sand prepa-
ration in turbine mixers should be identified [7,10,
14].

A similar plot of the power signal is obtained for
the paddle stirrer’s drive. In this case the measure-
ment are taken with the KEW 6310 analyser while
water is dosed in an impulse manner. Measurements
of the active power signals are registered with the
sampling time 2 s. The increase the pulsation of

the active power signal (Fig. 7) with the increase in
moisture content is explained above. Figure 8 shows
the results of similar measurements (sampling time
— 1 s) taken during the mixing (with water addition)
of the moulding sand M2.
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The plot shows an idealised pattern of water jet
flow rate in the form of an square pulse. The longer
duration time of that pulse in relation to that shown
in Fig. 6 is associated with the altered construction
of the water dosing tank. Instead of absolute power
values (Fig. 7), on the ordinate axis in Fig. 8 we
get increment of measured power data with respect
to the mean value computed for the period before
signal variations caused by water dosing. That is
why we get negative values of the signal, too. The
stirrer’s power signal shown in Fig. 7 and 8 follow
a similar pattern, which is explained above. Like
variations of rotor’s power signal, the variations of
stirrer’s power signal are governed by Eq (1) or (2).



When compared to Fig. 8, it appears that the
results correspond well with those shown in Fig. 9a,
revealing the variations of basic properties of sand
mix samples collected during the mixing process.
The first four samples were collected with the time
interval of 30s. The first sample was collected after
30s from the moment the water dosing was ended.
Plots in Fig. 9a reveal a slight increase, correspond-
ing to the pattern of the mean value of the active
power increment signal. To better capture the period
of intensive power increase, the sampling interval
ought to be shortened, which would be difficult as
the samples have to be collected manually. Fig. 9b
summarises similar measurement data obtained for
variable initial moisture content whilst the amount
of dosed water remained the same. The plots of
investigated parameters are similar to those shown
in Fig. 9a, though the compressive strength of the
moulding sand is slightly lower. Given the measure-
ment accuracy, these variations are too insignificant
to demonstrate a decidedly falling trend.

Measurements taken in accordance with the
proposed methodology confirm the relatively fast
(of the order of 30-40s) change of sand mix pa-
rameters during the mixing process in the rotor
mixer and the fact that they are well correlat-
ed with dynamic measurements of drive power.
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Apart from sand mix properties, the pan load is
another major factor affecting the power consump-
tion by the mixer drive [12, 13, 14]. The pan load
curve is obtained for the sand mix M2 with the mois-
ture content 1.7%. Fig. 10 shows the measurement
results of the paddle stirrer’s active power for vari-
ous pan loads. The effective power P,, is indicated
with continuous line, expressing the pan load com-
puted over the time interval of 50s and taking into
account the standard deviation s, expressed in per-
centage points (standard deviation computed in rela-
tion to the constant effective value over the interval
50s).
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Fig. 10. Variations of active power of paddle drive — P, for
different pan load — L; P,, — average values of power over time
interval — A7 = 50s, s- standard deviations; moulding sand M2,
moisture W = 1.7%

These results indicate that power demand tends
to increase with increased pan loads. Only when the
pan load 20 kg is applied, the standard deviation
of measured active power increases in relation to
the effective value (over the given time interval),
which is probably associated with the beginnings of
the rotor’s operation under the applied loading. One
has to bear in mind, however, that deviations from
the effective value also involve the uncertainty of
measurements, associated with the accuracy of the
measurement system (of the order or 1.5%). That
applies also to data given in Figs. 6-7.

Recalling the quoted data and the power demand
factor C,y [14], we get:

P-Py
L

Cpa = “4)
where:

C,a — coeflicient of mixing power demand,
W/kg

P — active power of the mixer, W

Py — idle run power of he mixer, W
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L — load of the mixer pan, kg of moulding sand
Accordingly, the plot is graphed in Fig. 11.
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Fig. 11. Active power of moulding sand mixing for paddle drive
— AP=P-P, and coefficient of mixing power demand — C,, ver-
sus load of mixer pan — L; moulding sand M2, moisture content
W= 1.7%

The product of C,; and the time interval enables
us to compute the unit energy demand over the giv-
en time interval. Summing up the values obtained
for particular mixer’s drives over the specified time
intervals associated with the mixer’s duty cycle we
get the total unit energy demand (J/kg of moulding
sand), specific to the mixer’s construction and its
duty cycle.

For pan load ranging from 20 to 40kg, the re-
lationship between the power demand and pan load
might be treated as linear (the correlation factor in
excess of 0.9), which implies power increase pro-
portional to the load increase. That observation is
confirmed by dynamic power measurement data rep-
resenting the power signal response to the sand flux
signal in the form of a square pulse.

Measurement data are compiled in Fig. 12.
Throughout the test program the initial pan load was
varied (m,) whilst the amount of dosed sand mix
remained the same = 10kg (m;=m,+10kg) over the
time period of 1s. All registered time patterns are
shifted to the point representing the time instant (7 =
50s) when the power demand begins to change. Sim-
ilar to Fig. 8, Fig. 12 shows the increment of mea-
sured signal in relation to the steady effective value
computed before the intensive increase of the pow-
er signal, that is why the plot reveals some points
where the ordinate values are negative.

When the power increment signal is treated as
the response to impulse excitations (rapid change of
pan loading), the process can be described in terms
of automatics by the transmittance formula given by
(2). The initial values of involved factors are: 79=0
and n=1 (transmittance of a real, integrating object,
with no delay) and the approximate time response
of the object is indicated with continuous line in
Fig. 12.

The process description is adequate (in terms
of mean values of signals). In measurements taken
on industrial plants equipped with automatic sand
dosing systems the time patterns of the input sig-
nal (the flux of sand mix to be fed) can be pre-
cisely determined making the process identification
more accurate. Determining the response parameters
would be more accurate if the KEW analyser were
replaced by a prototype measurement system, shown
in Fig. 1. The vital point is that the equivalent time
constant used in the description of the sand dosing
process is decidedly smaller than the time constant
in the process of power change associated with sand
moisturising (Fig. 6).
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Fig. 12. Time run of increment of active power of moulding sand
mixing for paddle drive — AP for different initial load of mixer
pan at impulse dosing of 10 kg of moulding sand; moulding
sand M2, moisture content W~1.7%

3. Summing up

The methodology of measurements of power
consumption by the mixer’s drive is outlined. In
the light of treatment and interpretation of measure-
ment data, further work is merited to develop the
system to effectively monitor the power consump-
tion in control of sand preparation processes. Test
results reveal major variations in the mixer’s drive’s
loading in the consequence of water feeding. Vari-
ations of power demand during the mixing process
due to changes in sand parameters are considerable.
At that stage further research works are underway,
involving the application of more advanced identifi-
cation algorithms and development of the dedicated
software to enable the analysis of a vast body of
measurement data obtained even from a single pro-
cedure. The form of thus obtained time responses
confirms that the time of the mixer’s duty cycle can
be controlled basing on measurements of parameters
of power uptake by the mixer’s drive. That applies
to the drives of both the rotor and the paddle stirrer.
Results can be utilised to investigate the individual



processes during the mixing operation, which are
influenced by the mixer’s design and technological
parameters. It is reasonable to apply this measure-
ment methodology to optimisation of turbine mix-
er’s design and selection of their operating parame-
ters. Measurements based on the proposed method-
ology enable the evaluation of the mixer’s perfor-
mance in the context of energy efficiency. Systems
based on the proposed principles can well support
the existing systems of sand monitoring and mixer
control.
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