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Abstract. The behavior of rope-guided conveyances is so complicated that the rope-guided
hoisting system hasn’t been understood thoroughly so far. In this paper, with user-defined
functions loaded, ANSYS FLUENT 14.5 was employed to simulate the flow-induced vibration of
rope-guided conveyances under different ventilation air speed. With rope-guided mine cages taken
into account, results show that the ventilation affects the lateral displacement of conveyance
greatly. With the increase of ventilation air speed, the maximum lateral and side displacements of
ascending conveyances also increase, while those of descending conveyances don’t always
increase, because the ventilation air flows downcast. With the thrust bearings equipped with the
hoist rope attachment and the tail rope attachment, the rotation of conveyance about vertical axis
is very small.
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1. Introduction

Shaft hoisting system plays a significant role in underground mining industry, which is used
to transport ore, equipment and personnel, and is called “the throat” of shaft. Rope guide is
characterized by short installation time, lower capital costs, lower maintenance requirements and
smooth travel [1, 2]. Rope guides have been used widely in mining shafts. However, the stiffness
of rope guides is very small, so the horizontal displacement of rope-guided conveyances is larger
than that of fixed-guided conveyances. Aerodynamic forces, residual unbalanced head/tail rope
torque and Coriolis force are perceived as the main types of disturbing forces which induce the
transverse displacement of rope-guided conveyances [2-5].

Aerodynamic force results from the asymmetrical air flow around the conveyance. Slonina and
Stuhler [1] reported that at Merlebach mine, the rope-guided cage was displaced almost 600 mm
towards the shaft wall when two cages were travelling side by side against the ventilation air flow,
and they found out that the air flow plays an important role in generating oscillation of rope-guided
conveyance. Based on the empirical formula, the magnitude of the steady aerodynamic force
depends on the relative velocity between ventilation air speed and conveyance speed [2-5].
Aerodynamic buffeting force was measured by Hurlin [6] on a scale model and he gave an
empirical model to predict the buffeting force. However, the literature about the behavior of
rope-guided conveyance is quite less, and the effect of ventilation on the moving rope-guided
conveyance has not been reported.

A fluid-structure interaction (FSI) method based on computational fluid dynamic (CFD) was
presented to simulate the lateral oscillations of rope-guided conveyances [7]. In this study, we use
the FSI method to investigate the behaviour of rope-guided conveyances when different
ventilation air speeds are applied to shaft.

2. Numerical model

The detailed fluid-structure interaction (FSI) technique to simulate the lateral oscillations of
rope-guided conveyances has been presented in our previous article [7].
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2.1. Mathematical model

Fig. 1 gives the mathematical model of rope-guided hoisting system. According to the
Newton’s second law, the equations of horizontal motion for the conveyance in x-direction and
y-direction can be represented as:

mi = F, — kx, (1
my = F, — ky, (2)

where m represents the mass of conveyance, x and y represent the displacements of conveyance
in x-direction and y-direction respectively, F, and F, represent the disturbing forces on
conveyance in x-direction and y-direction respectively, and k represents the lateral equivalent
spring stiffness for conveyance. The lateral equivalent spring stiffness of rope-guided conveyance
can be found in references [4, 7].

The equations of rotation for the conveyance about the vertical axis can be represented as:

J6 = My — k.6, 3)

where ] represents the mass moment of inertia of the conveyance about the vertical axis,
represents the angular displacements of conveyance about vertical axis, M, represents total
disturbing torque exerted on the conveyance about vertical axis, and k; represents the equivalent
angular spring stiffness for conveyance about vertical axis. In some Chinese mine hoisting
practices, the hoist rope attachment and the tail rope attachment are equipped with the thrust
bearings, which can eliminate the torsion from hoist rope and tail rope, so the total disturbing
torque only takes the aerodynamic moment on the conveyance about vertical axis into
consideration.
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Fig. 1. Mathematical model of rope-guided Fig. 2. Shaft layout of mine cages

hoisting system
2.2. Shaft parameters

Fig. 2 gives shaft layout of mine cage, and the main parameters of shaft layouts are given in
Table 1. The ventilation air speeds are 0, 2 m/s, 4 m/s, 6 m/s and 8 m/s respectively. The
time-speed diagram in vertical direction of mine cage is shown in Fig. 3.

2.3. CFD modelling

The commercial code, ANSYS FLUENT 14.5, has been employed to simulate these cases with
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PISO scheme. In this study, the ventilation air flow is downcast, so the upper entrance is a velocity
inlet boundary condition and the lower exit is pressure outlet boundary condition. All other
boundary conditions are no slip at the wall. User-defined functions (UDFs) were written to define
the vertical velocity of conveyances and to solve the equations of horizontal motion for
conveyances with the Newmark-beta method (y = 1/2, § = 1/4) [8]. The movements of
conveyance have been implemented using a dynamic mesh with the local cell remeshing method
in ANSYS FLUENT. As the local cell remeshing method only affects the tetrahedral cell types in
the mesh [9], tetrahedral meshes were generated in the domain. Fig. 4 illustrates the Compute
meshes and there are about 4x10° control volumes. And the shear-stress transport (SST) k — w
model [10] was used for the turbulent air flow. These five transient cases were resolved using a
characteristic time step of 0.002 seconds, and the total time is 16.6 seconds for the hoisting
conveyances. There are 8300 time steps in total and 50 iterations for each maximum time step to
resolve each case. About 20 h of CPU time in a 4-nodes HPC cluster were required to complete
each numerical simulation.
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Fig. 3. Time-speed diagram in vertical direction
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Table 1. The main shaft parameters

Hoist ropes 4 off, 13 mm, 0.586 kg/m
‘ Tail ropes 1 off, 26 mm, 2.33 kg/m

Guide ropes ;l.ggflfg/rniage, 24 mm,

Conveyance mass 1.6t

Hoisting distance 62.4 m

Hoisting speed 4.0 m/s

Payload 0.8t

Method of tensioning | Weight
Tension load indicated | 1000 kg per guide rope
Ventilation direction | Downcast

Fig. 4. Compute meshes

3. Results and discussion
3.1. Results

When two cages pass each other, pressure contours under different ventilation air speed are
shown in Fig. 5. Here, v;,, denotes the ventilation air speed.
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Fig. 5. Pressure contours under different ventilation air speed
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Fig. 6. Simulation results for ascending cage 1 in north-south direction
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Fig. 6 shows the lateral aerodynamic force, lateral acceleration, velocity and displacement of
ascending cage 1 in north-south direction, and Fig. 7 shows the lateral aerodynamic force, lateral
acceleration, velocity and displacement of descending cage 2 in north-south direction. Fig. 8
shows the lateral acrodynamic force, lateral acceleration, velocity and displacement of ascending
cage 1 in east-west direction, and Fig. 9 shows the lateral aecrodynamic force, lateral acceleration,
velocity and displacement of descending cage 2 in east-west direction. Here, F., denotes the

Coriolis force.
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Fig. 7. Simulation results for descending cage 2 in north-south direction
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3.2. Discussion

As Fig. 5 shows, the ventilation directly affects the pressure contours around the cages. As
Fig. 6-9 show, the ventilation has a significant effect on horizontal displacement of conveyance,
because the aerodynamic force is directly related to the ventilation air speed. As Fig. 10 and
Fig. 11 show, the rotation of conveyance about vertical axis is very small, because the hoist rope
attachment and the tail rope attachment equipped with the thrust bearings eliminate the torsion
from hoist rope and tail rope.

As Fig. 12 shows, with the increase of ventilation air speed, the maximum lateral and side
displacements of ascending conveyances also increase, while those of descending conveyances do
not always increase, because the ventilation air flows downcast. And the maximum lateral
displacement is much larger than the maximum side displacement, because the lateral
aerodynamic forces are much larger than the side acrodynamic forces.

25 - Ascending maximum lateral displacement
-B-Descending maximum lateral displacement
@ Ascending maximum side di

20 - D ding i side displ

Displacement (mm)

\J

4
Ventilation (m/s)

Fig. 12. Maximum horizontal displacement

4. Conclusions

With the UDFs loaded by Fluent, this paper investigates the behavior of rope-guided
conveyances under different ventilation air speed. Results show that the ventilation greatly affects
the deflection of rope-guided conveyances. When designing a rope-guided hoisting system, CFD
simulation is a useful tool to predict the behavior of rope-guided conveyance.

Acknowledgements

This work was supported by the Major State Basic Research Development Program of China
(973 Program) (Grant No. 2014CB049404), Program for Changjiang Scholars and Innovative
Research Team in University (Grant No. IRT1292) and the Project Funded by the Priority
Academic Program Development of Jiangsu Higher Education Institutions (PAPD).

The authors acknowledge Dr. Geoffrey J. Krige, Dr. Malcolm E. Greenway and Rodney

986 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. MAR 2015, VOLUME 17, ISSUE 2. ISSN 1392-8716



1569. INFLUENCE OF VENTILATION ON FLOW-INDUCED VIBRATION OF ROPE-GUIDED CONVEYANCE.
RENYUAN WU, ZHENCAI ZHU, GUOHUA CAO

S. Hamilton for their counsel and articles.
We are grateful to the Advanced Analysis and Computation Center of CUMT for the award of
CPU hours to accomplish this work.

References

1
2]

131

[4]
[5]
[6]

(7]

8]

19
[10]

Slonina W., Stuhler W. Safety problems posed by rope shaft guides. Research Report, Commission
of the European Communities (Mines Safety and Health Commission), Luxembourg, 1980.
Greenway M. E., Jujnovich B. A., Grobler S. R., Baroni N. P. Behaviour of rope-guided
conveyances. Proceedings of Mine Hoisting 2000, 5th International Conference, SAIMM Symposium
Series S25, Johannesburg, South African, 2000, p. 89-98.

Hamilton R. Rope-guided hoisting for 2000 and beyond — engineering rope guides for deep shafts.
Proceedings of Mine Hoisting 2000, 5th International Conference, SAIMM Symposium Series S25,
Johannesburg, South African, 2000, p. 83-88.

Krige G. J. Guidelines for the design of rope guides. International Conference on Hoisting and
Haulage 2005, Perth, Australia, 2005, p. 275-283.

Darling P. SME Mining Engineering Handbook. 3rd Edition. Littleton, Society for Mining,
Metallurgy, and Exploration, Inc., 2011.

Hurlin R. The Aerodynamic Buffeting Force between Passing Mine Cages. Ph.D. Thesis, University
of the Witwatersrand, 1993.

Wu R. Y., Zhu Z. C., Chen G. A., Cao G. H., Li W. Simulation of the lateral oscillation of
rope-guided conveyance based on fluid-structure interaction. Journal of Vibroengineering, Vol. 16,
Issue 3, 2014, p. 1555-1563.

Newmark N. M. A method of computation for structural dynamics. Journal of Engineering Mechanics
Division, ASCE, Vol. 85, Issue 3, 1959, p. 67-94.

ANSYS FLUENT User’s Guide. Release 14.5, 2012.

Menter F. R. Two-equation eddy-viscosity turbulence models for engineering applications. AIAA
Journal, Vol. 32, Issue 8, 1994, p. 1598-1605.

Renyuan Wu is working on his Ph.D. degree in School of Mechatronic Engineering from
China University of Mining and Technology, Xuzhou, China. His current research interests
include flow-induced vibration of rope-guided conveyance.

Zhencai Zhu received Ph.D. degree in School of Mechatronic Engineering from China
University of Mining and Technology, Xuzhou, China, in 2000. Now he works at China
. University of Mining and Technology. His current research interests include mechanical
vibration and control.

Guohua Cao received Ph.D. degree in School of Mechatronic Engineering from China
University of Mining and Technology, Xuzhou, China, in 2009. Now he works at China
University of Mining and Technology. His current research interests include mechanical
vibration.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. MAR 2015, VOLUME 17, ISSUE 2. ISSN 1392-8716 987




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 false
  /PreserveOPIComments true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


