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Abstract—Inspection of the gas-exhaust system at arc furnaces of capacity 3–10 t in the casting shops of man-
ufacturing enterprises reveals problems responsible for copious gas and dust emissions in the production
buildings, with degradation of the air quality. This is mainly associated with structural shortcomings of the
systems for gas and dust evacuation from the furnace chamber through the exhaust channel, working window,
and gaps between the housing and roof and also between the edges of the holes in the upper section and the
electrodes within the holes. In particular, the moving joints between the rotary hoods and the gas-exhaust
lines in such systems do not ensure reliable sealing. Accordingly, an improved design of the hood-rotation
mechanisms has been proposed, with two sand barriers preventing the atmospheric emission of harmful
emissions between the moving components. In the design of an industrial prototype, a method is developed
for calculating the energy parameters of the drive in the improved system. A 1:10 scale model of the system is
built to check the design and the theoretical equations. By means of a measuring system consisting of a ten-
soresistive converter, an ac amplifier, an analog–digital converter, and a computer, the load on the model’s
drive on switching from the working position to the rest position and back is determined, for two cases: with
and without sand barriers to seal the mobile components. The drag in the two sand barriers on rotation of the
moving element amounts to 20–26% of the total load on the drive, depending on the angular velocity of the
cantilever with the hood. According to the theoretical formulas, this figure is 17–23% for hood-rotation
mechanisms in arc furnaces of capacity 3–10 t. Video recordings of the smoke fluxes from the model through
the gaps between its housing and the roof during simulations of steel production confirm the reliability of the
sand barriers, which ensure complete sealing of joints in the hood-rotation mechanism. Practical use of the
proposed design improves gas–dust evacuation from the working zone of smelting furnaces used in
the foundry.

Keywords: arc furnace, gas-exhaust system, sand barriers, physical model, drive, drag torque, atmospheric
emissions, air quality
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In the development of new technologies and equip-
ment, it is of great importance to minimize environ-
mental pollution. For arc furnaces in the casting shops
of manufacturing enterprises, the gas-exhaust system
must be improved because the level of toxic emissions
within the production buildings exceeds the specifica-
tions in environmental standards [1–15]. This is asso-
ciated with the use of aging and out-of-date equip-
ment [16–21].

As we know, the systems used for the evacuation of
gas and dust emissions from arc furnaces of capacity
3–10 t in foundries include trapping hoods, an exhaust
line, a fabric filter, an exhaust pump, and a vertical
smokestack [22–25].

Inspection of the gas-exhaust systems at various
Russian and Ukrainian manufacturing enterprises

shows that the air pollution in the production build-
ings is mainly due to structural shortcomings of the
rotary hood above the smelting furnace, which com-
pletely covers its roof. In particular, the mobile joint
between its housing and the input of the gas-exhaust
line is unsatisfactory. The moving joint is not reliably
solved by means a f lexible sleeve made of thermally
stable fabric or a metallic sleeve supporting the hollow
cantilever with the hood, which permits rotation rela-
tive to the vertical pipe of the exhaust line. That mark-
edly decreases the operational efficiency [26–29].

Accordingly, in the present work, we improve the
rotary hood by introducing special gates that prevent
the atmospheric emission of the gas–dust mixture at
the mobile joints.
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The proposed system for the rotary hood (Fig. 1) is
based on design experience for such devices [30–32].
It includes dome 16, which is coaxially positioned
above furnace 17 and attached to hollow cantilever 10.
The dome is able to rotate around the axis of support-
ing column 6. A crank system mounted on platform 1
permits 90° rotation of the hood. The platform is
maintained at the required height, together with col-
umn 6. The rotation mechanism includes a worm gear
drive 2 with a vertical low-speed shaft 3, to the end of
which crank 4 is attached. The crank transmits force to
lever 5, which is hinged to hollow cantilever 10. The
cantilever itself is rigidly connected to sleeve 9, which
covers supporting column 6. As shown in Fig. 2, the
top and bottom of sleeve 9 are equipped, respectively,
with f langes 24 and 19, with cylindrical aprons 22 and
20, which sit in slots formed by welded f langes 21 and
18. The f langes seal the seams at supporting column 6
and annular platform 14, respectively. Both annular
chambers are filled with dry sand 23, which acts as a
barrier eliminating both the suction of air into the gas-
exhaust channel and the escape of gas and dust from
the channel into the atmosphere.

A hole is made in the wall of the supporting column
between the f langes, on the furnace side. The shape
and size of the hole correspond to the inner cross sec-
tion of the hollow cantilever 10. At the upper f lange of
the sleeve, four vertical shafts 7 with centering rollers 8
are attached at equal distances around the perimeter.
The rollers are in contact with the outer surface of sup-
porting column 6. In turn, four centering rollers 11 are
attached analogously to shafts 12 on the lower flange.
Between these rollers, four additional vertical rollers 13
support the sleeve on annular platform 14, by means of

gusset 15, which is rigidly attached to the lower part of
supporting column 6. The presence of rollers 8, 11,
and 13 at sleeve 9 minimizes the load on the hood-
rotation mechanism.

Before designing an industrial prototype of the
improved rotary hood, we develop a method of calcu-
lating the energy parameters of the hood-rotation
mechanism.

In Fig. 3, the total static drag torque Ms on rotation
of the sleeve with the hood consists of several compo-
nents

(1)
where M1 is the drag torque on the rotating sleeve from
the upper centering rollers in contact with the outer
cylindrical surface of the supporting column; M2 is the
drag torque on the rotating sleeve from the lower cen-
tering rollers in contact with the outer cylindrical sur-
face of the lower annular cavity rigidly connected to
the supporting column through the annular platform;
M3 is the drag torque on the rotating sleeve from the
supporting rollers in contact with the horizontal sur-
face of the annular platform; M4 and M5 are frictional
torques on the surfaces of the upper and lower annular
aprons on rotation in the sand layer.

To calculate the first three components of the static
drag torque, which are overcome by the drive in fric-
tional rotation of the hood, we need to first find the
reaction in the centering bearings Rce.b and the resul-
tant reaction in the supporting bearing Rsu.b of the
sleeve, on the basis of the equations

(2)

(3)

s 1 2 3 4 5,M M M M M M= + + + +

su.b sl d h0; 0;
izF R G G G= − − − =∑

1 ce.b d 2 h 30; 0.OM R h G x G x= − − =∑

Fig. 1. Hood with rotation mechanism.
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Hence

Then

Here μ is the slipping-friction coefficient; dce is the
diameter of the shaft on which the centering rollers are
mounted; k is the rolling-friction coefficient; Dce is the
external diameter of the centering roller; dup and dlo
are the diameters of the circles on which , respec-
tively, the rotational axes of the upper and lower cen-
tering rollers lie.

Correspondingly

Here dsu is the diameter of the shaft on which the sup-
porting roller is mounted; and Dsu is the external diam-
eter of the supporting roller.

In determining the components M4 and M5 of the
drag torque on the sleeve, we use Fig. 3, where hsb is
the immersion depth of the annular apron in the sand
barrier; dap is the internal diameter of the apron; and
δ is its thickness.

The pressure of the column of friable material is

(4)
where ρs is the packing density of the sand; and g is the
acceleration due to gravity.

d 2 h 3
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The mean pressure acting on the inner and outer
surfaces of the annular apron, which are immersed in
the sand layer, is

(5)

where kla is the lateral pressure coefficient; kla = 0.30–
0.35.

The force exerted on the apron wall by the sand is

(6)

When the apron rotates in the sang layer, the fric-
tional force that arises is

(7)

where ks.ap is the slipping-friction coefficient between
the apron surface and the sand layer.

Then the frictional drag torques on the sleeve in the
upper and lower annular sand barriers are

(8)

(9)

where  and  are the diameters of the upper and
lower annular aprons.

The dynamic torque in drive startup is

(10)

where J is the total moment of inertia of the system rel-
ative to the z axis; and ε is the angular acceleration of
the system during the startup period tst.

me fr la0.5 ,P P k=

( )[ ]w me ap sb ap sb2 .F P d h d h= π + π + δ

fr w s.ap,F F k=

upap
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Fig. 3. Rotary drive of gas-capture hood in the exhaust system of a casting-shop arc furnace.
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The total moment of inertia of the system relative to
the z axis is

(11)

where  is the moment of inertia of a structural ele-

ment in the system relative to an axis passing through
its center of mass; mi is the mass of the structural ele-

ment; xi is the distance of the center of gravity of the

structural element relative to the z axis.

The angular acceleration of the system is

(12)

where ω is the specified angular velocity of the mobile

part of the system, s–1.

The static power of the drive is

(13)

where ηme is the efficiency of the mechanism.

The total gear ratio of the drive in the hood’s rota-
tion mechanism is

(14)

where ilev is the gear ratio of the lever mechanism; igm is

the gear ratio of the gear–motor unit; and ωmo is the

angular velocity of the motor shaft, s–1.

The carrying capacity of the motor selected from
the catalog must be verified

(15)

where Mra and λ are the manufacturer’s stated values

of the rated torque and the mean starting torque incre-
ment of the selected motor.

To verify these proposals and formulas, we conduct
laboratory experiments with a 1 : 10 scale model of the

( )2
,
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system, containing operational physical models of all
the structural components in the gas-exhaust system
of an 8-t arc furnace (Fig. 4a).

In accordance with the experiment design, we
study the variation in the loads on the elements of the
lever mechanism in the hood model on motion from
the working position to the rest position and back. We
also establish the increment in the drag torque on the
rotating hood due to the frictional forces on the cylin-
drical aprons on rotation in the sand layer. The char-
acteristics are monitored by means of a system assem-
bled in accordance with the recommendations in [33].
It includes a tensoresistive converter, an ac amplifier,
an analog–digital converter, and a computer with a
printer. The tensoresistive converter is a lever trans-
mitting force from the crank to the hollow cantilever.
To that end, two 200-Ω foil tensosensors are glued to
the plane surface of the lever along the longitudinal
symmetry axis. The tensosensors are connected to the
amplifier in a half-bridge circuit by means of screening
cable. The electrical signal from the half-bridge during
extension or compression of the lever under the action
of the transmitted force is amplified, converted to dig-
ital form, and sent to the computer. Then the signal is
analyzed by means of special software, and the
recorded load is shown as a function of the time on the
monitor screen. This graph may be sent to the printer.

By means of this monitoring system, the longitudi-
nal load on the lever is measured in the absence and
presence of the dry sand sealing the moving joint of
the supporting column and the covering sleeve, which
is rigidly connected to the hollow cantilever at the free
end of the hood.

Before interpretation of the signals from the ana-
log–digital converter, we need to calibrate the tensore-
sistive converter. The readings are analyzed by the sta-
tistical method recommended in [34]. Then the cali-
bration curve is plotted, and the error of the
measurement method is established. It is no more
than 10%.

Fig. 4. Model of improved gas-exhaust system for an arc furnace (a) and motion of smoke fluxes from the system during a steel-
making simulation (b).

(а) (b)
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On the basis of the calibration curve, we conclude
that the total drag force due to the friction in the upper
and lower sand barriers on hood rotation amounts to
20–26% of the total load on the drive.

Table 1 presents the components of the total static
drag torque on sleeve rotation. We see that the total
contribution of the frictional torques M4 and M5 due to

the sand barriers is 17–23% of Ms. Thus, the experi-

mental and calculation results are in satisfactory
agreement.

As well as measuring the loads on the components
of the model, we make video recordings of the smoke
issuing from the model through the gaps between its
housing and the roof during simulations of steel pro-
duction. To that end, smoke is supplied to the working
space of the model at low pressure from a special
smoke generator. After passing through the discharge
channel and gaps formed by the edges of the holes in
the roof and the electrodes, the smoke is collected
under hood and is then drawn by a suction pump
through the exhaust line to a vertical smokestack.
Viewing of the videos (including stop-frame examina-
tion) shows that all of the smoke escaping from
through the gaps is extracted from the working zone
(Fig. 4b). No leakage of the smoke is observed at the
sand barriers of the rotary hood. In other words, the
mobile joints are reliably sealed.

The results of this research have been used in a
working design for reconstruction of the gas-exhaust
system for an 8-t arc furnace.

CONCLUSIONS

On the basis of our theoretical and experimental
results, aging gas-exhaust systems at arc furnaces of
capacity 3–10 t in the foundries of manufacturing
enterprises may be improved. That will decrease the
gas and dust emissions to the working zone in steel-
making.
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