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Abstract

Aiming at the problems of low efficiency when long distance and high-inclination belt conveyor driven by multi-
motor is in light or idle run as well as electrical power unbalance. Control strategy for belt conveyor driven by four-
motor via fuzzy self-tuning PID control algorithm was proposed. The Speed setting algorithm of belt conveyor and
fuzzy self-tuning PID algorithm for speed control and power balance control are introduced. The application shows
that, according to the coal flow changes of the belt conveyor in real-time, the speed can be automatically adjusted
through this algorithm, making the power of the four motors convergence both speed control error and the power

control error of which are lower than 2.6%.
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1. Introduction

In order to ensure the safe and stable operation of the
transport aircraft, the following problems need to be
solved: (1) Mechanical damage of the equipment due to
the heavy load and the dynamic tension of the tape
during start-up and stopping; (2) Running state power
consumption problem; (3) Multi-motor power balance

problem. For the above problems, scholars at home and
abroad have also carried out researches, but mostly for
the smaller angle (35 °and below): Reference 1 uses
direct torque control strategy to achieve motor power
balance control with fast response and good stability,
which is directly affected by the motor parameters. In
Reference2, what is proposed is a power balance control
strategy for mine belt conveyor motor based on torque
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compensation. The vector dual closed-loop controller is
a conventional PI controller, and its adaptability is not
strong. Reference 3 uses the current control method to
regulate the power balance of the belt conveyor, when
the current of each motor exceeds or falls below 5% of
the average current. Because of the characteristics of
large inertia and severe hysteresis, the belt conveyor
with multi-motor drive is a time-varying and nonlinear
control object, It is difficult to adopt conventional fixed-
parameter PID control to achieve good control effect;
when a single fuzzy controller is used, the response
speed is high, but its control accuracy is difficult to
meet the requirements. This paper proposes a fuzzy
control algorithm based on fuzzy self-tuning PID
control algorithm for large-angle mining belt conveyor
driven by multi-motor, achieving flexible starting and
stopping of belt conveyor, adjusting the speed according
to the size of the load automatically, and maintaining
multi-motor power balance.

2. The general control model of high-inclination
belt conveyor

Aiming at the problem of mechanical damage to the
equipment caused by the falling or rolling of the
material (coal) during the heavy load start and stop of
the belt conveyor and the dynamic tension, the
excessive wear and energy wastage of the mechanical
transmission mechanism under light load or no load
high speed running condition and dynamic balance of
motors, this paper proposes the overall control model of
the belt conveyor shown in Fig.1. The control system is
mainly composed of speed setting module, speed
control module, power balance control module and so
on. It adopts double closed-loop structure. The inner
loop is composed of the power balance controller. The
strategy is using the master-slave control mode, namely,
taking the current of the 1# motor as the given value of
the current of 2# ~ 4# motor. When the current of 2# ~
4# motor is not consistent with the No. 1 motor, the
power balance fuzzy controller can change the output of
the motor by automatically adjusting the opening of the
servo proportional valve of the 2# ~ 4# controllable
driving device CST, so as to realize the four motor
power balance control. The outer ring is composed of a
speed control module, and its function is to realize the
belt speed control. The basic principle is comparing the
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tape speed with the given speed. When the belt speed
and the given speed is inconsistent, the controller first
adjust 1# CST servo proportional valve opening step by
step to change the output of 1# motor, then the other
three motors automatically tracking the output power of
I#motor , so four CSTs work together to achieve the
adjustment of the belt speed. The function of the speed
setting module is to determine the speed of the tape
during starting, stopping and normal operation
according to the coal flowrate in the belt.

Fig.1 Belt speed and motor power balance control principle

Speed control module and power balance control
module both use fuzzy self-tuning PID control
algorithm, and its structure is shown in Fig.2. It is
composed of a fuzzy controller and PID controller. The
PID controller mainly realizes the speed and power
balance control of the double drum four-drive belt
conveyor. The fuzzy controller is mainly used to
monitor the control effect and adjust the parameters of
the PID controller. By monitoring the tape machine
speed and motor power (current) deviation e and the
deviation change rate ec continuously, the control effect
can be analyzed. Improving the control effect of double-
drum four-drive belt conveyor control system is
achieved by adjusting the proportion coefficient,
integral coefficient and differential coefficient of PID
controller using fuzzy reasoning. Speed control fuzzy
self-tuning PID input is speed deviation e and speed
deviation rate of change ec; three power balance control
fuzzy self-tuning PID input are current deviation e and
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current deviation Rate of change ec of 2# ~ 4# motor
and 1# motor. Fuzzy self-tuning PID output are the
respective controllable drive CST servo proportional
valve opening.

given value

output
COI?UO] p
object

Fig.2 The fuzzy self-tuning PID principle diagram

PID controller uses incremental operation, position
output, and the formulais shown in (1), (2), (3).

In the formulas (1) to (3): U (k) is the output of the
controller (also called the regulator)

Au(k) =u(k)—u(k—1)=K ,ec(k)+ K e(k) +

K ,[ec(k)—ec(k—1)] (D
u(k)=u(k-1)+Au(k) @

ec(k)=e(k)y—e(k—1) (3)

First, apply the simulation tools and experimental
methods offline. According to the principle of fuzzy
control, establish on-line adjust table of PID controller’s
proportional(fuzzy decision table), including coefficient
increment AK,, integral coefficient AK; differential
coefficient L#ad store them in the PLC controller
memory for fuzzy on-line reasoning query controller. In
the control process, the fuzzy controller applies fuzzy
reasoning to find out the corresponding adjustment table
(fuzzy decision table) from AK  AKd DK
according to the deviation e and deviation change rate
ec (de/dt) (4), and get the PID three parameters K, K,
and K, setting value. Finally, adjust the K, K;and K;to
the PID controller.

K,=K,+ {E,E.}; K,=K,+AK,
K. =K+ {E,E.}; K =K +AK, (4)
K,=K,+ {E,E.}: K,=K,+AK,

In the formula (4), K';, K'; and K'y are the initial pre-
setting values of K, K; and K, obtained through the
traditional PID parameter setting method.
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3. Speed setting of tape conveyor

In order to reduce the loss of mechanical transmission
mechanism and improve the efficiency of the motor, the
belt conveyor should operate at the speed in accordance
with the speed of its coal flow. At the same time, in
order to prevent damage caused by impact on the tape
from frequent changes of tape speed, control system set
six speed diagrams. When the belt is overhauled (no
load), the speed is 0.25m/s; when the coal flow rate is
less than or equal to 120t, the speed is 0.65m/s; the coal
flow rate is more than 120t and less than or equal to
240t, the speed is 1.35m/s; the coal flow rate is more
than 240t and less than or equal to 360t , the speed is
2.00m/s; the coal flow is greater than 360t less than or
equal to 480t, the speed is 2.55m/s; the coal flow is
greater than 480t less than or equal to 600t , the speed is
3.15m/s.

In order to reduce the impact on the grid caused by
starting current of four drive motors, reduce the
mechanical damage to the equipment caused by
dynamic tension because of starting and stopping of
high-angle tape conveyor, and avoid the material
decline or rolling when start, the speed curve of belt
starting and stopping should use "S" type speed
diagram, as shown in Fig3.0~t; is the starting
acceleration phase of the belt conveyor; t;~t, is constant
speed running section; t,~t; is the deceleration stage;
ty~ts is the early deceleration stage; ts~ts is the constant
deceleration stage; ts~t; is the final deceleration stage of
the belt conveyor: the acceleration of the tape machine
can be set at 0.1 m/s> to 0.3 m/ s at the time of starting
and stopping, and the starting time is controlled in
60s~200s, and both can be set according to site
requirements.

Vi(t)= %kltz ©)

V(1) = %klt2 +a, (t-1) (©

V()= %klt2 +a,,(t,— 1) +%k2(t —1,)°(D

In the formulas (5) to (7):k, (m/s’) is the change rate of
the acceleration in the stage O~t;; ko(m/s’) is the change
rate of the acceleration in the stage ty~t;. ap, (m/sz) is
the maximum acceleration in acceleration section;
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r=v, t<t<t, &

V=V, —%k3(t—t4)2 t,<t<ty; (9

S(t)=Vm(t—t4)—%k3(t—t4)3 aom

1

V(t)=Qa, S+V2)t, <t<t, 1D
V(t)zVé—%kﬂ(t—té)2 t<t<t, (12)

In the formulas (8) to (12): a,, (m/s’) is the maximum
acceleration in the starting acceleration stage; S(t)is the
travel in the constant deceleration stage(m):k,, (m/ s’)
is the change rate of acceleration in stage t6~t7.

4. Experimental analysis

Based on the designed speed and power, the belt
conveyor control system of balance adaptive fuzzy PID
control algorithm has actually operated, with the actual
control curve speed and power of the belt conveyor
shown in Figure 3. In the figure, the belt start-up time is
180s, the belt speed is fixed at 3.15m/s. Once the belt
runs stably, the running speed will change from 3.20m/s
to 3.10m/s, and the control error will be less than 2.6%.
The operating current fluctuates within the range of
20.5A~215A, and the control error is less than 2.6%,
which realizes the reliable, safe and energy-saving
operation of the main shaft belt transport system.

(m/s) (€3]
3.5 35
Given velocity
running velocity ™ e veoetly

3.0 30

running current

1.5 / 15
1.0 10

0. 0.
11:01:40 11:03:20 11:05:00 11:06:40 11:08:20

Fig.3 System speed and power curve of actual control
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5. Conclusion

(1) "S" speed profile is applied as speed profile in the
belt conveyor's starting and stopping, thus preventing
the material (coal) from dropping or rolling during the
start and stop of the heavy-duty conveyor, and the
mechanical damage to equipment caused by the
dynamic tension of the tape during start and stop, so as
to improve the safety performance of equipment and
operators.

(2) According to the size of the coal flow, the speed of
the belt conveyor is divided into 6 steps. The fuzzy self-
tuning PID algorithm is used to control the speed of the
belt conveyor, so the speed control error is less than
2.6%.

(3) Use the master-slave control mode and take the
current of the 1# motor as a given value. The fuzzy self-
tuning PID control algorithm makes the current of the
2#~4# motor follow the current of the 1# motor, so the
control error is less than 2.6%. This realizes high
control precision so that the powers of four drive motors
are almost balanced or the difference is controlled
within an allowable range. By doing so, we prevent the
occurrence of motor burnout, improve the safety and
reliability of the system, and extend the life of the belt
conveyor.

References

1. Wang Zhong-hua, Chen Xun, Yang Guang-hui. Research
of Multi-motor Power Balance Control of Belt System in
Coal Mining, Coal Mine Machinery, Vol.34 No.§(2013),
pp:61-63.

2. Xu Lu-hui, Li Fu-dong, Zhang Chao, Zhang Xiao-yong,
Zong Cheng-guo. Research of Power Balance of Belt
Conveyor Driven by Multi-motor and Its Analysis,
Industry and Mine Automation, No.5(2011), pp: 63-65.

3. Chen Yu. Study on Control of Belt Conveyor Based on
Intelligent Algorithm Fuzzy Neutral PID Controller, Coal
Mine Machinery, Vol.35 No.42(2014), pp:39-41.



	1. Introduction
	2. The general control model of high-inclination belt conveyor
	3. Speed setting of tape conveyor
	4. Experimental analysis
	5. Conclusion
	References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /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 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /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 true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /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 true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /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 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 ()

  /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 [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



