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(54) Title: FOUR-ROPE GRAB BUCKET SLAG MATERIAL GRABBING SYSTEM AND METHOD

(54) KEAAFR: — R UL IMBGE R R S X%

FF

GG HH

AA  Select a target slag pool

BB Select a material discharging area

CC Operate travelling crane power supply

DD Send a starting command

EE A travelling crane automatically operates

FF A grah bucket is lifted to a high position

GG Move to a material fetching area

HH The grak bucket is lowered to fetch a material

1} Determine whether empty grabbing occurs at
this place and mark the place

JJ  Lift after fetching the material

KK Is sand less?

LL Move to the material discharging area

MM  Perform material discharging upon the grab bucket
is in place

NN Does empty grabbing occur at all places?

00 Combine sand

PP No

QQ Yes

RR Prompt to replace the slag peol

(57) Abstract: A four-rope grab bucket slag material grabbing system and a control method thereof. The grabbing system comprises
a computer (1), a PLC (2), a lifting frequency converter (3), an incremental encoder A (5), an opening-closing frequency convetrter
(6), an incremental encoder B (8), a cart and trolley positioning device (11), a twisted rope detecting device (12), an overload limiter
(13), a cart travelling motor (14), a trolley travelling motor (15), a runway girder (16), a travelling crane trolley (17), and a grab bucket
(21), wherein the travelling crane trolley (17) is slidably connected to the runway girder (16); and the PLC (2) and the computer (1)
implement data exchange by means of a wired or wireless communication mode. Compared with the existing manual operation, the
present invention can still carry out safe operation under a condition that heavy fog or water vapor affects the sight line, so as to reduce
potential safety hazard and prevent a worker from operation under sulfur-containing water vapor to reduce health hazard.
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IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, ID, TG).
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M E (12) . AR (13) . KETEBRI (4) .« PETERF A5 ITERE (16) . 1T
ENE QD BRI} QL , ITEAE A7 ETERE (6) WaERE, PLC (2 S5EM (1 [HA]
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BT, hReeeilk, Wibzels, #a A RAESTUKER e, B gkEsE,
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— P 0 AH-IUBER I RGBT

ARG,
[0001] A% B0 [ B AL U, BAdoe —Fi DY g P JTUBGERLK R 90 K55
HREAR

[0002] H Al VYLEHTSAT 2 N A28, HUBGE 70 A KN EAT B GEN L P27 58 15 B AL
T PG SA] BN, A B i 8 7B AT E AL, R E AL, R 5
BRAZ M5 S IR R e Ryl K 2TV, R MALER, AN SR 3A T
SR AR, W5 A g ardL

[0003] BEE 25 ARG A JE, £ DAL ZEF= b B 3k e 5 1R 12 HTBORIB 2, Qi se ple—
SR EUEN M B BT H 5 S I A A S B E R4S RS

RUAANE
[0004] A< B P £ P (R HAR 1) AE T SO AR AT BORBREE, 3R 46—Fh 68 B Zh AL IR R
/\é}ﬁo

[0005] Dy J fiff o IR BRI, AR ISR AR VU 48 I JRBGE RN R 88, B4, PLC,
RTTAIRES . WEERMILE AL JTHARES . W ERLE B. KN E . R 2
REATERM NEATERN ATEREE AT NI AT RN 5T KRR 2hER;
TN ERARRTHNL JFRINL. T4, JFIIZE. $ET1EEfE . IRALY %G, JT PR

HENL A SIGENL Bs SETF NS RGENL A ERE, BOENL A SIRTHEENER; JTHENLS
HOENL B &R, OENL B SITHIB R ST TG ] SIHIER; JRTT42E5E
FESRTHEG T by T PHSRGESEAE T IR by BRAZ MR [l e AE SR T e fa] b

THEAL ST P A RN RS BERR A RPEATE NN
TR A PLC 4% PLC S5iHSHAMLIA AR AT 2k sTo 2k 18 iRy e B0 A2 #

RTFHAL HEEHESS A Al SIRTHAIREIER, TRl SERMEE B 2l 5T A
BRI

[0006] 7EsEpkid e, FHIRTT42 7, TFHMA T, W AR o R s 50T
#5271, RIHEARE T, WOT %GB K H e, AL TAURHN o5 22 b AT 3 1, L
EERS ZORZE; EASMEHIT, JT A AAUNSET AR A 2 T7 S e, # T
AR AL, SRTHASTRASEON ML, T I A0 (1 g i e IR A 25 4R T A4 »

PETHAE DS A —E B E 73 tig Ay, CRIFIRTI AT 2R RN 52 7, $RTHEZ —8, ik 2
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521395 HAE B o

[0007] EHNF ETF FEEP ST, $RTHRMES . JT AR AT R, AEATURE, Ok
AR, PRI A Bt PLC MERDRERTIASHE . JTHASHES st e, JFAE Tt
SAL AR I, R SOl T sk A B AT A B, A AR R B AT I HL AL
X[, f£ PCL g SRy, A5 ALIX e g e br s it (B fi I 54T M B X, R a]
FIWPETT 4 TSN S0IRE A IR, AR TR ERstT, JFRERE, #iF
TAEEK,

[0008] ;i 4 R ] 2% Be A U M F A2 cpnf A0 B, B3k 1 B B i /K R i g i R o

T IR ) A I PR R R 2 WA % s ERR P, A T AR I PR I} 2 R Oy I AU,
YOI RE P i KPR e, 4 B ELAG I (R 9T S A B I I, TR 7 B 2 2>
RS E R, AR R AR A RS AK, W E R SA A TR
o 1 J5E 5t A R ) s A IS SRS s BETH S MU R, UG R AN
RN, SR R T N A HARAL, SRR IR BT 7L IR
Tt

[0009] FEouekitt, Frid KA /N e AR R R g s A AL 4 MR BEER AL RER A

REMHAFRG RS DN ERIERAD A8 MR BEE By /N EHUIEgRAS K AR AR SORER By N ML
Mg EAS . RER B BIEAIT AN E Ly RE A BUEAATFERR By RE A MR HIE
AL 5 PLC &4, M8 R B @i /NS 25 5 PLC %8 KEHNRIG R A2 S
W B A .

[0010] #HFFEE A JHIE Kb i 2B e AT A, AEAT R KRRk R ER A Ui
mEE A NES, RIKE AL a3 AT Y, Kbt A i ks A B M AL 4y PLC,
13 ET 2R B AL BAR S X ANERIE g R A 2l it R4 B ik gwis, 1EAT 4 NER
B R 2 A TR B, Uiy, EALE RN AR AL A HEAT RS, IR R B
I iE AL PLC, 37 A NS L EE R Y M RPN e, il PLC
FE/F W BLZAT B S PUB LI 2 88, AT FAE —PuEm 5 sh— 617 2 R fe
PP B A, BN e i

[0011] fFoNRtE, 1% RGUC R R BATEARMG: . NFATEA A KPAT BRI WA
REATEHEHE PLC 28], /NEATEAIR A BAL/NFATERANLS PLC 208 K4E il
AUNEATE LR Shsz b RE b, I i A, M AT R BT 2N AT — A
PRERN, AR NIARITERIERR, WRIRWEIEE, KEATEARE . N EATEA
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PR R, R AR, R ORI AE AL ANEATRE AL S B A b R R
AT B BRSPS

[0012] fEuesst, ZARZICEAS PCL ERNGA NG S, a3 8 O mEot ki
iy SOEHG BOCH AR BE AT RN RIS, SO e £ Tl 2 3RO A8 i1
RGN B RO e IR L [ 8 AR 00— MU SO B, 490 BT 21808 191X
6], WOCHRA AR BIBUNE S, HRZARE S, WRMICa e, PLC Had
EATRREAT, JFRAERE, B LEE K.

[0013] fEoyesitt, FEAT I KRR PII 70 53] 22 5% — D LLAM B f A L, AN iz AT 2 5 50
IH 2 B IS RS, AR AIZAT AR — BUE ) 55 4k — G AT 22 2 TR B s i 2 5
Rys ZU4M B fEd E S PLC 4%,

[0014] A BIEGRf—Fi i T UL E RGN TTE, SN DR

U RN EREAT i A X, REAS XA T W B E AR, e RS X sk
X B Y BABKREL, AT IR EEENLE, AL A F0E B AT IR M TG, it N ITAT X
SRR — 4 D, %A o — D XA S B o FR 1% BT B AR AR 2L T — T34

2) HHERINEH AR XIS, Kriz Xo Y Bhi HAsbhl 54T 58 A7 /NI SERri bk it
ATEERE MMAFH R EATRE AL AT B/ NAT A AL L AT I A S s 4T M H br i
BE5 SEBRHLE R ZZ(E R/, PLC Sy 2 AR A AN R IR, 28647 42 118473 5

30 AT da Bl A ORE, JORHE B BT R0, ' TR AR AN
FErf, JEEEgmI R A RIBKAPETH AR R Sebrm 5, B gy KBAT AR . NEAT
REAM s, KIPATRRAG: S /NFAT AR A AR, W RRIHRBh IR s AR
WA, BRAZ A 2 e — 0, R R EEREATIS, BRI R E g e A I ETHRE;
4> I AL T AR AT 27 AR A, KT HASSRE A N, SeTH AR
FAECI ML, TFIIASERES (0 R i S T IR S PR T AR A, SRTHARHIES L e I H 7 Lhig
17, REFRTHRAUT SRR 5277, ST — 86 90 R FE, AR T R b i e

AR IURE AP B B BIBOE RN, R A U3 I BT R, RUNZ XX —
Ja, REATET T, MeEhibsid, b fEM, Rz Xk 90N BRI ROE IARARAL,
BRI B o, RUNZIXIIE TR, A, AT TEE.

[0015] 728280k : AR WA — P VU4 JH JUBGE RN R G 53, EREE 2. &
WIZAHE . TR R 38 J - anvb ISR, ] AN I &R G K 75 I A B Rk

[0016] (1D ARSI 1B PEFR e R ZEATE AL /N AEATHE AL Bh B 1L
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AR, R TATBE, A TAT R RREAT N RN, AR R AL
B BRI, RV, REATEAIES . ANEAT B AL DA I8 5 i A, R R i
B, AT RAE L ANTEATRE ALK R SRS 1E s B R AT B R4

(2) ARRBfEe TSR THERFITT 4R ROIC & ol IR0 )y, JFISAZ Ty, NP
HE 2 WIRHEER . EIFIHZZ ), ATy, NDF ML s Ko Wi, 78N LAk
o) 5 BRI HEAT T, CARROR. SR 2 (R A EEHlT,  JF A AR AR A
AP FEAE R, A I IO L, ST RPN, I PHASSIE ¥ 74 i i
ABRETC LT NRB G IRTHEINE, SRS DL (0 4r LLig AT, (RFFRETH4a AT 4148
IR 52 0, $RFFEBE 5, TSI 5Z 71355 HA A H R

(3) ARSI 1 AT AL B B S5 BRI 72K EAT E AT E RSy R e
MM T Rk A, MRS R A 2R T RIS, RER A RS T REER A 1SS, fREER
ZE M B RS B EAT ARG, K ZE bk AR A 28 A B M bR 45 PLC, 138047 25 KR 10 Sit 7 B A5
BXs NSRS R AR A KRR B R IEAY, ME T REER B RIS, FARE RN
HERRRD AR HEAT REAS, SRS B i T2 A 45 PLC, 43347 /N R e A B A5 8 Y

(4) ARSI AT 2 ga Wi s 7B BT NRP RS, SRR i
ASSRAS AT r i, ZEAURE, JSORRE R, JF I ASSE AT R, PLC i R AR T
PR FRVESES R, R TN, TN AR, R SRR i %
R AL AR HEAT 08, A3 I AT IR X E), FIfE PLC HhiRm'SH)y, H1EX
SE D IR b SRR LR fi IR IS AT 1 FALELIX (), BT ERTR40 I P40 I B0 2 SRS AN
1B, PLC BF¥ & AshE e Elbs s, HREME , IELERREN.

B P 5

[0017] K 1 A% B L 2R,

K 2 AR R A RS 5 R m

3 Sy i BRI g ko 00 26 T ) 25 1 i R

Al 4 S i BAT 2 /N 26 P9 b AL PR 5 7 e

Bl 5 AR B I 5 A7 R ek B I 25 o T

Bl 10 HEML, 2. PLC, 3. $RAHESEE, 4. TN, 5. MERLE A, 6. HFFHIAE
Bgs, 7. JPHHAL, 8. MEIGEE B, 9. KFEATLEAMAE, 100 NEATEAIRE, 11,

RENEEAAEE, 12, AR E, 13, HEMREE, 14, KEATERNL, 15, NEAT
EHHL, 160 T4 KR, 17, 474N, 18, BOBMBEE, 19, WoZra, 20, FOLIR,
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21, 93}, 220 $EFH4R, 23, JFHI4H, 24, 4RI, 25, WRALNER, 260 JFHIEGTE, 27,

IEHL A, 28, KZAEMNEgAG KA S, 29, HFE R A, 300 K& A, 31, KRZEHMLFAY S,
32 /NEHBERGEE, 33, KB B, 34, NEHMRAG R, 350 RE B, 36, Jidk
M. B,

Bkt =

[0018] UnpHFEl 2-5 firas, AR UEMPYLR AR R 4, ARG ML 1. PLC2, #27F
AT 3. MR AS. JFHAIEMA 6. S ERILGE B8, KAEATELHA 9. NEATER
PR 100 RAE/NEEAAE 11, QU3 E 12, @8RG5 130 RETERN 14, /)
AT WML 157 ATE R 160 17405 17, 313 215

TN 1T SATHERRE 16 W3hIEE:: 1TH/NE 17 LA IRT L 4. JFHEhL 7. 2714
22, JPIA4E 23, $RTFER 24, BRALNEE 25, JFIAEERE 264 WCENL A27 FIsadAL B36; 4271
WAL 4 S5IRIENL A27 gk, OENL A27 SERTHERT 24 Mgk, JFRINL T SCENL B36 i,
JOE AL B36 ST ML 26 s $RTHAE 22 JFI4E 23 r Rl SRS 21 MR $RETR4 22 4
BRER T 24 b, JFIIS 23 ZEGerEIt RS 26 by BRALDER 25 e IR TR 24 L
PRTFEL 4, S ERIGEE AS op SEETHEAS 3 &R, TP EAL 7. HERmIEE B8 /s
TS S 6 4%

BN 1. BRTEAEE 30 JRHASHISE 6. SARRINAEE 12, HEREISS 13, KGATEA
9 JONEAT AR 10 4055 PLC2 4% KAEATERML 14 5REATEB R 9 E#,

NEATENL 15 5/NEAT RIS 10 3EH: KEAT BRI 9. NEATEARIE 10 ¥4
IR, R R, R4S E AL 14y ANEATERAL 15 (0 BRI b
P SUZMIVIEREEE

RN EAEE 1 O KEIE Y RS 28, MBI A 29, K& A30. K4Huhkf
M8 31, /NEHLREARADSS 32, T RELR B33, /NEHLIEGRAY A28 34 SRR B35; /NGEHL
HEgRA A A 34, Rk B35 BETEAT 4/ 17 [y R A30 BEEAT E KRR 16, RE:
A30 LD R IEARID S 31 5 PLC2 %, K576 £F2k B33 il /NEHbEiRd 2% 32 5 PLC2
R KGEHLIERAY K 2% 28 ST A29 45

LRI B 12 RO RS 18, SOBIR 205 WoLfEIEeE 18 BIE AT S/ 17 JKH,

WOt fEIEe% 18 5 PLC2 4, OGMR 20 [EETEH) 21 T, Zedeifr B 2O o b4
BEE IS E R e eI 21 T — R SOBR 20 s 49k 21 EFFRISE XA, #oetk
A 18 AR B RS S, HHEZAENE S, WSRUIRE 21 D& lel, PLC2 Badis



WO 2019/232937 PCT/CN2018/102431

ITRMIEAT, HRAWE, FETEERR; CIMNOB R E R E T 5 KR 16 HEl,
5 PLC2 # .

[0019] 7EH hdzibilh, FFHA ML 7 FEFBAL 4 RAHFMTT ARG, B A
SES 6 MO TN, PEFHAAEE 3 MO ML, A 6 1 it AT 2 iy R 45 92
TSRS 3, RIS 3 L~ E 7 thizty, REFFRTT4E 22 AT 148 23 [N 52, 12
FHEE 8 WA EI52 733550 EAEIE d k.

[0020] 7ERZEATE AL 14 17 ERIBUETF: 231k T REEE A29 Jlid Hihl 4y k4 2% 28
BEATHRAY, 7EAT KRR 16 [k IR 28 A30 HUM B BEER A29 (M55, FRIEEIR %
HERRAD A 31 AT RS, KR LIRSS 31 S B b AL 45 PLC2, 38147 42 K% 16 [ S
FLEER X AT AN 17 B2 0N A kA28 34, Bt REk B35S Kikmey, 7t
TN 17 BENIBOE R 2 Ok T BELL B33, RIS, FALSENEHhbis a8 32
AFREED, ARG B R B S 4 PLC2, 3147 4 /NE 17 (s B 5B Y.

[0021] Q1 1 FioR, A W BAR A DY g I HREGHE AR ) 75 V2 B DA R 25 3% -

D) AR HEAT 7 R A X3, B XA 21 R UE mEAR,  IF e B X3
K1 X By Y BARARE, TR ARG, FEEIE A e BT IR R INEL, iy it
A X IRHYUR— 2} —AMEIE, G a — A X IR SE B 5 BB R UOE B4R T — 18
s

2) MR IRE B AR IR, Fi% XY B EArihl 54745 KR 160 474 /NE 17 195268
HHEHEAT HLARS, IS R AT E AL 14, AT A /NEATERNL 15 2RI AT RITIEAT;
WA H bRt 5 SR bk (22 K/, PLC2 it 45 B Ia AN R, FmlAT I8 47
JZ;

3) I 21 WAL IFaE S BEERB A ARL, IORHS i BT B0Ehs, B T — TR fEX A
R, G E AL AS BB E TR 21 RSERRE R, ARk R AEAT BT 9.
NEEAT AT 10, REATELIA 9« /NFEATEARIE 10 PRI, R 21 42
ZWREEs FEREA I, BRAZ RS 25 S plifile — ik, X 21 AT AR IE s

4) JEHHAL 7 ATl 4 R FMTT MR HE R, BT A 6 MOy TN, 2
THESRSE 3 OB, TFHZARSR 6 I w8 RIS AR TR 3, $ETH MR 3 M
—ERITT A LABAT, AR TI4E 22 NMUT 4R 23 [AI 5277, $RTFuiE —80 ) R i o e
13 FIAR3E 21 fEZ3 iy E R, 2943 21 N IRAH B fs Ty, R & 8N R A AR,
PRF 21 Bk R i RE b, AR A 13 KRN 21 EESERPIASNE, Wn] LA
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FOEIE 21 D& 1 EE R E i gy AS IR 21 S T A R,
BUREFIWTZ I HVE T RIAR 20 AL R IR R BE /5 ZE R X IHAT B ARk a7t
FAL L b, A BCEAMEIC 21 EREACYERYUEG W REMUBER KIRE L, & W BRI
P} 21 EEASFERR 0-100%3E— 1 78 LU, WP B ozl o i g 5 2,
AR 21 UKL, Bk s 0 21 BB, 590 21 B S i i s
R IRE 50 21 R ReRROE (AL, #afRE] 13 sVl 247 i, RPNHZIX e
R, BB T 1, eEhibsid, N 0EM, R XEG Ik 21 MERRIBOER
RARAL, HEBRGIE 13 Pidbia BT EE, RUNZXEE TR, gt ik Ifib
Tt

[0022] LAEPrak 0= A A B ) e St )7 3o 3 T A SIS A @ R SO, AEAN B
B W RGBT &, b n] B s T AR ARt X AR e AR B AR Y
o
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W F E kP
1. — A POZa M IRE R R S, HAFEAET: BT HEAL (1D PLC (2D, &I (3D,
BERILES A (5. RN (6). WERLLE B (8). KRENEEMIEER (1D, B
BREEE (13). KREATERIL (14, NEATERNL (15, 778 KRE (16). 7%/ E D
FAmsp (21);
FridAr h 4 (17) 5478 KRR (16) WahEs:, 1740 A7) LRARTBEL (4. FF
WHLHL (7). $27H4E (22>, JFHI%E (23D, TR (24, BRELME (250, FF MBS
(260 JlHENL A (27) JJREHL B (36); Frdfe il (4) SN A (27) &4,
AL A (27 ST (24) R FriRIFRIENL (7)) SNl B (36) iERE, il
B (36) SIFHIEE (26) i FridiRghan (22). JFH4E (23) 2RISR (21)
Fridfert4a (22) PEGELRTHIERT (24) b, JFMI%4E (23) JEgefeif st (260 by prid
BRALMES (25) [EEERTHEER (24) Iy
PR THEENL (DL TS (3. MM (60, RENEEMBEE (11D, HEHRH]
13D, REATERNL (14) K/NEAFERPL (15 435015 PLC (2) 3&E#E: Fridsdrt sl
(4, WERME A (5 HHSRIEHE (3 &, PP (D, HERLE B (8)
G ST B (6) &z
2. WIFBAER 1 PR P 2a - B RE R G, HAMEE T Frid RZENEEMEE
(1) B REMIEgIG RS (28) HMEEE A (29, K& A (300 KEHIEMFY IS
(31). NEHKEARIGEE (32). #MERL B (33). NEMNRIGRER (34) RAZL B
(35); Frid/NEHMEgmAG R AR (34). R£k B (35) [T HENE (1) L Frik Kk
A 30 BmAATERRELE (16), K& A (30) @il KEHMH#RIGS (3D 5 PLC (2) &
B, BERZL B (33) WL/ NEHNEMAS SR (32) 5 PLC (2) &EH:; Prid KAEMhEgmig k&
g (28) SkgE R A (29 k.
3. MRAEACHZR 1 Frd i DU Sa i MUt B RS, HAMERE T ERGIEEHHREATER
B (. NEATEASE (100 IR REATELMAE (9 BRARETERN (14 5
PLC (2) 8], /NEATEAMA (100 &AM EATERNL (15) 5 PLC (2) ZIH.
4. MAEBCFIEER 1 TR P2 U B R 40,  HAHIETE T Z R GG PCL (2)
ERM AR E (12); FrRgamiizEE (12) SR (18). Ol (20),
WOl figas (18) BEfEATENE (D) &R, KOG (200 BEEIR=F 21 T,
5. MAEBURIEER 1 TR P4 U R R 40, HAHIETE T ZRGUEC S PLC (2)
R AANEO A E, /MO R B E TR (16) IR

8
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6. — R T BRI TR 3-5 AT —Frik PULR M HM B L R G0 A ahdas il Jrids,  SURRAEZE T (045
AT P8R

D A AT SRR A X, A XA 21D MUFIRIK AL, bee 84
IR X B, Y FARKRME, 17 BTG A BRI, 7R $ B B R T UG K AL, it
N BT DX S — 3 —AMIGER, AR 5 J5 — A DX I 6 e I S B i e 4k 4
— G
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