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Multi-Motor Speed Synchronization Relative Coupling Control
Based on Sliding-mode Control

MAO Shi-zhu', LIANG Zhi-kun®
(1.Guangdong Industry Polytechnic, Guangzhou 510300, China;

2.Guangdong University of Technology, Guangzhou 510006, China)

ABSTRACT: The work aims to solve such problems as large wear and low control accuracy of the mechanical structure
existing during the multi-motor synchronous control of the traditional mechanical connection. Based on the structure of
relative coupling control system, and combined with the fast nonsingular terminal sliding-mode control, a kind of syn-
chronous control strategy for the multi-motor synchronous speed was proposed. The algorithm could rapidly respond to
the motor under different speeds and disturbance loads, which reduced the influence of disturbance on the system and
further improved the synchronization accuracy during the operation of multiple motors. The proposed control algorithm

has better control performance and can meet the needs of the actual production.
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Fig.3 Simulation results under the action of PI speed controller



- 156 3 T & 20184-3 A
1200 1050
~ 10007 —~ 1000
= 800 — Hhl = r
E —- H1Hl2 E 950 — 1
e L3 s 7 T
’ 2 L
& 400 2 oo
= 200 =
2 = 850
0
20T 02 03 04 05 06 0001 0z 03 04 05 06
HTJ'IFH/S B F] /s
60 a FER - a
50 e AL AL 50 e AL FRLL2
—'E 40 — AL AL ;‘; 40 — WAL 5 L3
£ 30 £ 10
2 <
& 20 ﬁ a0
E 10 \ = 10 \
0 ? \
-10 L L L L L -10 . . " . .
0 0.1 02 03 04 05 06 01 02 03 04 05 06
HJ [ /s FFA]/s
b iRz b R

P 4 A R 4 o A R B 05 L
Fig.4 Simulation results under the action of sliding-mode
speed controller

H TR RGP o RE, 1558 PI %
il RS Hp BT R T L AR T 28 £ 2 4 L2
UL 5—6. DFEAMIEE: BALKS N 1000
r/min, 7E =0.3 s BYELHL 1 280N 285546 T,,=35 N'm,
HLAL 2 SNt BESE T,=32 Nem, HRHL 3 S8 hnfa 2%
Hi T5=33 N'm. ME S iR 5 BE5 R LA, 1E
=03 s B} 3 HHMLEMAES, BR 3 FHEILGERLE
0.15 s WP B[] MK R 2B 3s 17, RS 2k 33K
U H ARG P, M, S T v A

200
150} -==- AL 1 5 B2
T — 5
J’:E! 50
£ o0
=ral
# 50}
00— %2 03 04 05 06
I [Al/s
a il
1300
— il
~ 1200 —- B2
= ---- FLHL3
= 1100
£
g1000 V,f
§ 900
800
0 01 02 03 04 05 06
i 1] /s
b iRz

5 PLEHIAE R ZEn 6 s i 07 25 2R
Fig.5 Simulation results of sudden load under the
action of PI control

Fl6 LR fE AR 2 s i 05 HL4G
Fig.6 Simulation results of sudden load under the action slid-
ing-mode control

MPERTTE (1B 6), RMHAE)s REWRE R B TR
G IERIE ATES I S P /A= R B N 3: ¢R N S T
] 189 30 2 7 DR 5 A A 5 A U

4 51

BEXTERR | 258U EP L AE Tl F i 2 AL IR
AP RGEREAT TIRABIBETE o T 2 s LIR] 2042 1
R G ) O 22 A8 5 1 254, M TR B il sl 25
PERESF . G BRPEIRAEILAL, $R I T — Mk TR Ay
S5 22 S T2 ) 4 22 AL TR E [ A0 o SR i
gt PI Pl HEAT PRAN ML EOUF LT, SRR SC
o o s o R0 LA R 4 [ 25 SRR L L 58 4 1)
S9EHRAE ST, [RIE R G HA B A e

S -

(1] 3 o ] e g & & 5 2. (b
2025 ) 5 i AT H R B 28 1B (2015 JR)[EB/OLY]. [2016-
11-10]. http://b2b.toocle.com/detail--6282305.html.
National Manufacturing Strategy Advisory Committee.
The “Made in China 2025”Technology Roadmaps in
Key Areas(2015 Edition)[EB/OL]. [2016-11-10]. http://
b2b.toocle.com/detail--6282305.html.

2] FEEr—, 23N, EER. ETHEM PID 12 ffiid
BLAE SCRE A [ 20 2 (0], b s i Ak T2 B 2 4l
2014, 22(4): 54—57.

CHENG Si-yi, JI Wen-gang, WANG Zhi-jun. The
Crosscoupled Synchronous Control of Multi Servo
Motors Based on Fuzzy-PID[J]. Journal of Beijing In-



F39FE Fs5Y

BVFHESE T IR I A 22 A AL () 2 O 22 #8447 il - 157 -

stitute of Petro-chemical Technology, 2014, 22(4):
54—57.

FaAE, EEL. G L A LR [ 2D R 4
REFR[I]. P TS A 3hik, 2015(4): 148—149.
WANG Jian-hua, ZHAN Guo-bing. Research on Mul-
ti-motor Synchronous Speed Chain Control System of
Paper Machine[J]. Mechanical Engineering and Auto-
mation, 2015(4): 148—149.

WY, E, /A5, & ETHEM%Z L ZE
A R HIPESE ], 56 =, 2013, 20(3): 415—
418.

CAO Chun-ping, WANG Bo, XU Xiao-yong, et al.
Research on Relative Coupling Control for Mul-
ti-motor Synchronization Based on Neural Network[J].
Control Engineering of China, 2013, 20(3): 415—418.

XIRA, XU, XUt 2P pUE o R g ml Hit
55 FHBFFE[I]. i TR, 2002, 9(4): 87—89.

LIU Fu-cai, LIU Xue-lian, LIU Wei. Synchronous
Control Theory and Practical Study of Multimotor
Synchronous Driving System[J]. Control Engineering
of China, 2002, 9(4): 87—89.

BE, NEN, 25, & AL U E R e
RE[T]. LS TERINI, 2014, 41(4): 6—11.

LI Hui, LIU Xing-qiao, LI Jing, et al. Summary of
Multi-Motor Synchronization and Coordination System
Control Strategy[J]. Machine and Control Applica-
tions, 2014, 41(4): 6—11.

LIU G H, KANG M, YOU D T. Neural Network in
Verse Control of Two-motor Synchronous System[J].
Journal of Jiangsu University Natural Science Edition,
2006(1): 67—70.

ZHANG P, ZHANG J H, HE D S, et al. Based on Ad-
jacent Cross-coupling of Multi-motor Synchronous Dr-
ive[J]. Advanced Materials Research, 2011, 201/202/
203: 1093—1097.

XU B, SUN F, LIU H, et al. Adaptive Kriging Con-
troller Design for Hypersonic Flight Vehicle via Back-
stepping[J]. IET Control Theory and Application,
2012, 6(4): 487—497.

[10]

[11]

[12]

[13]

[14]

[15]

LGN, SR, FIRR. SRR S G 4511
Z LA RER]. AT, 2017, 38(3): 114—118.
MA Zhi-gang, ZHAO Zhi-qiang, WANG Bao-yun.
Multi-Motor Synchronous Control of Improved Adja-
cent Cross Coupling Structure[J].
neering, 2017, 38(3): 114—118.
AL, B, AR BT A B Y 2 I H AL
P B I [T]. R TR IS 590k, 2009, 29
(10): 110—117.

LI Chun-wen, ZHAO De-zong, REN Jun. Total Sliding
Mode Speed Synchronization Control of Multi Induc-

Packaging Engi-

tions Motors[J]. System Engineering Theory & Prac-
tice, 2009, 29(10): 110—117.

ycte, sk, XY, Z i pLE B R AP A i AR
SRR, % TR, 2017, 38(15): 121—125.
MA Wen-hua, ZHANG Dong-mei, LIU Xin-tong.
Adaptive Integral Sliding-mode Control for Multi-
Motor Speed Synchronization[J]. Packaging Engineer-
ing, 2017, 38(15): 121—125.

WE LR, WRE. ETIELEEARNE
PMSM ZZ 5 [a] D4R [T]. eRe AL, 2015, 43(6):
62—65.

CAO Ling-zhi, WANG Hong, XIE Xiao-lei. Sliding
Mode Variable Structure Synchronous Control for
Permanent Magnet Synchronous Machines Based on
Nonlinear Sliding Surface[J]. Small & Special Electri-
cal Machines, 2015, 43(6): 62—65.

o, WEE, MK, S A UK RE AR [F] 2 L
A S A v 3 RO R BT[], WU EESAR, 2013, 62
(3): 61—65.

YUAN Lei, SHEN lJian-qing, XIAO Fei, et al
Nonsingular Terminal Sliding-mode Observer Design
for Interior Permanent Magnet Synchronous Motor
Drive at Very Low-Speed[J]. Acta Phys Sin, 2013, 62
(3): 61—65.

YUAN L, XIAO F, SHEN J Q, et al. Sensorless Con-
trol of High-power Interior Permanent Magnet Syn-
chronous Motor Drives at Very Low Speed[J]. IET
Electric Power Applications, 2013, 7(3): 199—206.




<<
  /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


