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DRUM SCREENS IN MINERAL MINING**

1. Introduction

Drum screens belong to the group of drum machines including also drum granulators,
drum mixers (e.g. for granular materials) and other technological equipment. Motion of
a granular bed in the drum machine is described by the known analytical relations, where
the most important parameter is rotation velocity, called also critical velocity

_ |8 |rad _30 g 423
mkr_\/;|: s :| or 1, 7t \/; /D [rpm] (1)

R — is the inner radius of the drum and D is its diameter. The velocity of rotations is such
a velocity at which forces of gravity and centrifugal force of particles equilibrate and when
it is exceeded a simultaneous motion of particles and the drum starts.

The motion of particles in the drum is shown schematically in Figure 1. The layer of
granular mineral material is represented by a shaded area, where a is the angle of external
friction of material against the drum. During rotary motion the material is elevated at a cer-
tain level, determined by angle 3 (B > o). This is the so-called angle of elevation which for
mineral material is from 40° to 48°. Therefore, many authors [2—4] give a formula to deter-
mine the operating speed of a drum screen.
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where R is in [m].
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Fig. 1. Lifting of particles in the drum

Table 1 gives diameters and inner radii of drums and critical velocities calculated for
them, and also 0.8 7y, 0.9 ny,, 0.3 ny, and n,,,. The drum diameter ranged from 0.5 to 3.0 m, i.e.
like in industrial screens.

TABLE 1
Rotational speed and diameters of drum screens
No. b R pe | 03m | 08m | 00m, | T
1 0.50 0.250 59.82 17.95 47.86 53.84 24.00
2 0.75 0.375 48.84 14.65 39.07 43.96 19.60
3 1.00 0.500 42.30 12.69 33.84 38.07 16.97
4 1.25 0.625 37.83 11.35 30.26 34.05 15.18
5 1.50 0.750 34.54 10.36 27.63 31.09 13.86
6 1.75 0.875 31.98 9.50 25.58 28.78 12.82
7 2.00 1.000 2991 8.97 23.93 26.98 12.00
8 2.25 1.125 28.20 8.46 22.56 25.38 11.31
9 2.50 1.250 26.75 8.02 21.40 24.07 10.73
10 275 1.375 25.51 7.65 20.41 22.96 10.23
11 3.00 1.500 24.42 7.33 19.54 21.98 9.80

In drum screens 1/6 to 1/8 of the sieve surface is used. This is a serious disadvantage
of these screens as compared to screens with flat sieves.

2. Structure and characteristics of drum screens

Figure 2 shows three basic types of drum screens with a central axis (Fig. 2a), with an
axis and roller supports (Fig. 2b) and mounted on supports (Fig. 2c). High-speed screens
can only be the machines with central axes (pivots) of the screening drum. Low-speed screens
can be produced in two other construction variants.
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Fig. 3. Types of granular bed motion
(1 — rotation, 2 — falling. 3 — sliding, 4 — rolling, 5 — slip, 6 — wavy motion)

Figure 3 illustrates types of granular bed motion in the drum. Occurrence of any of the
presented types of motion depends on the so-called speed factor of a drum screen, i.e. the
ratio of angular velocity of a given screen to rotation (critical) velocity for which motion 1 is
specific (Fig. 3). In the existing screens the so called operating speed 7, is used (cf. Tab. 1).
It is usually 0.3 of the rotation velocity. In such a case the granular bed in the drum moves
with motion 3 or 4 (Fig. 3), and sometimes with motion 5 or 6. From the process point of view,
we should reach motion 2 (cascading, cataracting). Then process parameters of screening
would be optimal. However, we can achieve this motion at the speed factor 0.8 to 0.9, and
not 0.3. A solution in which advantageous, cataracting motion of the granular bed can be
achieved in the drum is to apply inner baffles that elevate screened material to a certain level,
afterwards, the material slides down the baffle and falls to the drum bottom. Similar effects
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are obtained when instead of a cylindrical drum, a prism on a regular polygon base, e.g.
hexagon, is used. In the currently applied drums, tangential velocity of the sieve cylinder is
in the range uy= 0.7 to 1 m/s.

Fig. 4. Particle velocity along the sieve drum

Another important issue that occurs in drum screens is the determination of axial
velocity of a granular stream moving along the drum axis. It determines flow capacity of
the machine which is necessary in process calculations of the drum machine. A schematic
used to identify transport velocity in the drum, is shown in Figure 4. When particles are
elevated it moves along line FA, and when they fall down — along line AF. If the angle of
drum inclination to the level is o then also a is the angle of inclination of line FA to the
level, and angle 6 is the angle of inclination of line AF. It is equal to § + o = 2a.. Curves FA
are the elevation curves, while curves AF — the falling curves. The transport velocity can
be calculated from the semi-empirical formula

v=0.105Rntg(20.) [m/s] 3)

where drum radius R is given in m, and rotational speed in rpm.
If h is the thickness of granular layer in the drum (cf. Fig. 1) the drum screen capacity
is determined by the following formula.

O[Mg/h]=0.72pyntg (20 )V R’ A (4)

where loosening coefficient p = 0.8-0.6, parameters R and 4 are given in m, and specific
mass y in kg/m’. In practice, it is assumed that / ranges from a double equivalent diameter of
average feed particles to the double mesh size. For minerals this is from 1-5 cm to 12—15 cm.
A serious problem in drum screens is power required to put the drum in rotary motion.
Figure 5 shows characteristics of the drum screen which are necessary to identify the drive
power. We assume that the coefficient of mineral friction against the drum is /= 0.4, and the
coefficient of friction of pivots of support rollers is /1 = 0.1, rolling friction coefficient of the
rollers on the drum circumference is £ = 0.5 mm, angle ¢ = 35°, while the p/r radii ratio is 0.25.
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Fig. 5. Determination of power required by screen drive

Power required to put the screen in rotary motion is

R-n(G+13G,)
S e DA SN ©)
21500

where:

G — total drum weight, kG;

G, — weight of aggregates in the drum, kG;

R — drum radius, m;

N — drum revolutions, rpm.

Formula (5) was quoted in the original version [2—4] and that is why MKS units were
used in it.

Capacity of screens is determined using a diagram shown in Figure 6. Screening capa-
city in Mg/h is drawn on the axis of abscissae, while on the axis of ordinates the diameter
of round mesh is given in mm. Particular lines are valid for drum diameter in m. The whole
diagram was prepared for 1 running meter of the drum length. In the case of minerals, the
drum diameter is determined from the empirical formula

p=2023/2 (6)
Y
where:
D — drum diameter, m;

O — capacity, Mg/h;
y — specific gravity, g/cm’.
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Fig. 6. Determination of screen capacity

3. Design solutions of drum screens

Table 2 shows parameters characteristic of drum screens used in mineral processing.

TABLE 2

Parameters of drum screens
D x L drum, 0, capacity; d = 75 mm Power, N, Sereen

mm Initigl Accurgte kM rpm Wii[gght’
screening screening

600 x 1800 18 8 3 26 1.36
600 x 3600 40 18 4 26 1.67
800 x 2400 36 16 4 22 2.54
800 x 4200 72 32 5 22 2.85
1000 x 3000 60 27 8 18 3.60
1000 x 6000 125 60 12 18 4.85
1000 x 6000 90 40 10 16 5.90
1200 x 6000 165 77 14 16 7.09
1500 x 3600 110 50 12 14 9.52
1500 x 6000 230 105 18 14 12.70
1800 x 4200 230 77 16 12 13.60
1800 x 7200 270 135 20 12 18.14
2100 x 4200 230 115 20 10 18.14
2100 x 9000 450 230 25 10 23.58
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Fig. 7. Conical co-axial sieves

Sieves of drum screens can be not only cylindrical but also conical, as shown in Figu-
res 7 and 9. The use of a conical sieve enables screening of granular material along the sieve,
at the inclination of its axis o = O (horizontal screen axis). Additionally, in the case of
conical and cascade sieves (Fig. 8), a speed factor changes in one screen which is advanta-
geous, because at the end of the drum the feed is partly screened off and has a changed
particle size distribution. In the screened material most of particles are big, as majority of
very fine ones have already been screened off.
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Fig. 8. Schematic of a cascade drum screen

Fig. 9. Schematic of a conical drum screen
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Fig. 10. Drum screens

Other modifications of drum screens are shown in Figure 10. Well known are drums in
the form of prisms with the base of regular polygons, e.g. hexagon — Figure 10a. Additio-
nally, to such a drum screen vibrating drive was connected, which ensured vibrations of the
drum axis. Another type of the drum screen is illustrated in Figure 10b, where beside
vibrations of the whole screen, there is a motion of the cross cleaning drum and supporting the
screening process. In some cases, e.g. screening of fine-grained materials, mesh cleaning is
effected by blowing air into the drum (Fig. 10c).

4. Conclusions

Drum screens can be used in both dry and wet processes. Interesting is the result of
studies on industrial drum screens, obtained for mineral aggregate screening. It appeared that
wet screening, at maintaining all characteristic values of the process, gives about 1.7 times
higher process efficiency than dry screening.

It can be assumed that for rock material dry screening efficiency in the drum screen is
6.5 Mg per 24 h from 1 m’ of sieve surface. This value refers to 1 mm mesh diameter. In
the case of wet screening the efficiency is 11 Mg per 24 h and 1 m’, at I mm mesh. At bigger
mesh the efficiency grows proportionally.

The angle of drum axis inclination is from 1° to 14°, but most frequently from 4° to 7°.
Screening efficiency in industrial screening of rock material in drum machines is in the
range 1 = 40 to 60%.

REFERENCES

[1] Banaszewski T.: Przesiewacze. Slask, 1990

[2] Levenson L.B., Cigielnyj P.M.: Drobilno-sortirowocznyje masziny i ustanowki. Moskwa 1952

[3] Levenson L.B. et al.: Droblenije i grochoczenije poleznych iskopajennych Gostoptachizdat. Moskwa 1927
[4] Levenson L.B.: Barabannyje grochoty, Mechanobr, 1927

[5] Sztaba K.: Przesiewanie. Slask, 1993

[6] Wodzinski P.: Przesiewacze bgbnowe w inzynierii sSrodowiska. Monografia CHG Komag, 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.28571
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.28571
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


