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INTRODUCTION

:LWK WKH LQWURGXFWLRQ RI ODUJHU WKDQ SRVW�3DQDPD[ VKLSV� WKH PHJDVKLSV� RUGHUV IRU
GRFNVLGH PHJDFUDQHV WR VHUYLFH WKHVH VKLSV DUH LQFUHDVLQJ� 7KH ODUJHU FUDQHV UHTXLUH
LPSURYHG FRQVWUXFWLRQ DQG RSHUDWLRQDO VRSKLVWLFDWLRQ WR VXSSOHPHQW WKH HFRQRPLHV RI
WKH PHJDVKLSV� $OWKRXJK WKH VKHHU VL]H RI WKH FUDQHV UHTXLUHG WR VHUYLFH WKH ELJ VKLSV
SURGXFH VRPH FKDOOHQJHV� WKH ELJJHVW FKDOOHQJH WR WKH HQJLQHHU LV WR LQFUHDVH
SURGXFWLYLW\�

7KLV SDSHU ORRNV DW WZR GHVLJQ DSSURDFKHV WR DFKLHYH WKH GHVLUHG SHUIRUPDQFH IRU
PHJDFUDQH SURMHFWV� 2QH DSSURDFK LV WR VSHFLI\ DQ H[WUHPHO\ ULJLG VWUXFWXUH DQG
HOHFWURQLF ORDG FRQWURO V\VWHP WR FRQWURO WKH ORDG� $ VHFRQG DSSURDFK LV WR VSHFLI\
VWUHQJWK UHTXLUHPHQWV IRU WKH FUDQH VWUXFWXUH DQG HOHFWURQLF ORDG FRQWURO V\VWHP WR
FRQWURO WKH ORDG DQG DFFRPPRGDWH WKH FUDQH GHIOHFWLRQV� $PHULFDQ 3UHVLGHQW /LQHV
XVHG WKLV DSSURDFK ZKHQ WKH\ RUGHUHG WZHOYH PDFKLQHU\�RQ�WUROOH\ FUDQHV IRU WKHLU
QHZ /RV $QJHOHV KXE IDFLOLW\�

BIG SHIPS - BIG CRANES

7KH DUUDQJHPHQW RI D PHJDFUDQH LV VKRZQ LQ ILJXUH �� 7KH NH\ GLPHQVLRQV IRU ERWK
WKH ULJLG VWUXFWXUH DSSURDFK DQG WKH ORDG FRQWURO DSSURDFK� DV ZHOO DV IRU D W\SLFDO
SRVW�3DQDPD[ FUDQH� DUH VXPPDUL]HG LQ 7DEOH � EHORZ�
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DESCRIPTION MEGACRANES TYPICAL POST
PANAMAX

RIGID
STRUCTURE
APPROACH

LOAD CONTROL
APPROACH

(APL)

2XWUHDFK IURP :6 5DLO �� P ���� P �� P

/LIW +HLJKW IURP :6 5DLO �� P ���� P ����� P

%DFNUHDFK IURP /6 5DLO �� P ���� P �� P

7RWDO +HLJKW �%RRP 'RZQ� �� P �� P ����� P

7RWDO :HLJKW� LQFOXGLQJ

7UROOH\ DQG /LIW 6\VWHP

���� � ���� W ���� W ������� W

Table 1 - Key Crane Dimensions

Figure 1
Rigid Structure Megacrane

by MHI

7KH UHVXOW RI WKH LQFUHDVHG FUDQH VL]H LV D KHDYLHU VWUXFWXUH� LQFUHDVHG ZKHHO ORDGV� DQG
LQFUHDVHG WUROOH\ WUDYHO GLVWDQFH� 6LQFH PDQ\ RI WKHVH QHZ FUDQHV DUH RQ QHZ ZKDUYHV�
WKH LQFUHDVH LQ ZHLJKW DQG ZKHHO ORDGV LV XVXDOO\ QRW D SUREOHP� 6WLOO� WKH GHVLJQHU
PXVW ORRN DW ZD\V WR UHGXFH WKH ZKHHO ORDGV ZKHQHYHU SRVVLEOH� 6RPH IDFWRUV WR
FRQVLGHU DUH WKH ORFDWLRQ RI WKH PDFKLQHU\ KRXVH DQG WKH RYHUDOO VWUXFWXUDO
FRQILJXUDWLRQ�

$ IDFWRU LQ D GHFLVLRQ WR XVH PDFKLQHU\ WUROOH\V LV WKH LQFUHDVHG WUDYHO GLVWDQFH RI WKH
PHJDFUDQHV� 7KH XVH RI D PDFKLQHU\ WUROOH\ VXEVWDQWLDOO\ UHGXFHV WKH DPRXQW RI URSH�
VLPSOLILHV WKH UHHYLQJ� DQG HOLPLQDWHV WKH QHHG IRU FDWHQDU\ WUROOH\V� DOWKRXJK LW DOVR
LQFUHDVHV WKH ZHLJKW DQG ZKHHO ORDGV�
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INCREASING PRODUCTIVITY

7R LQFUHDVH SURGXFWLYLW\� WKH F\FOH WLPH WR PRYH FRQWDLQHUV RQ DQG RII WKH VKLS PXVW EH
GHFUHDVHG� (DFK VWHS LQ WKH F\FOH PXVW EH DQDO\]HG WR GHWHUPLQH SRVVLEOH ZD\V WR
LQFUHDVH VSHHG� KRZ PXFK LQFUHDVHG FDQ EH DWWDLQHG� DQG WKH FRVW DQG HIIHFW RI WKH
LQFUHDVHG VSHHG WR WKH WRWDO FUDQH V\VWHP� 7KH PRVW HIILFLHQW VROXWLRQ WR WKH SUREOHP
EDODQFHV WKH FRVW DQG SUDFWLFDOLW\ RI HDFK DFWLRQ LQ WKH F\FOH�

Increasing Speeds and Accelerations

,QFUHDVHG WUROOH\ DQG KRLVW VSHHGV DQG DFFHOHUDWLRQV DUH REYLRXV WDUJHWV IRU LQFUHDVHG
HIILFLHQF\� 7RGD\ªV PDFKLQHU\ LV PXFK IDVWHU WKDQ HDUOLHU PRGHOV� EXW WKHUH LV D OLPLW WR
VSHHG EHIRUH WKH HIIHFWV RQ WKH WRWDO FUDQH V\VWHP EHFRPH DGYHUVH� DQG WKH FRVW
EHFRPHV WRR KLJK� (QJLQHHUV DQG HTXLSPHQW VXSSOLHUV FDQ GHWHUPLQH WKH SUDFWLFDO
OLPLWV RI WKH PDFKLQHU\� DQG VLPXODWLRQ SURJUDPV� VXFK DV /LIWHFKªV &UDQHVLP� FDQ KHOS
GHWHUPLQH WKH RSWLPXP GHVLJQ VSHHGV DQG DFFHOHUDWLRQV� 6HH ILJXUH ��

Figure 2
Liftech’s Cranesim

Increasing Load Control and Decreasing Dwell Times

2QH RI WKH PDMRU FRQWULEXWLRQV WR WKH F\FOH WLPH LV WKH WLPH LW WDNHV WR SLFN DQG VHW D
FRQWDLQHU� 7KLV WLPH LV SULPDULO\ DIIHFWHG E\ PHFKDQLFDO ORDG FRQWURO DQG RSHUDWRU
VNLOO� %\ DGGLQJ DXWRPDWLRQ WR WKH V\VWHP� WKH ORDG FRQWURO FDQ EH LQFUHDVHG� DQG WKH
GZHOO WLPH GHFUHDVHG� 6\VWHPV FDQ EH DGGHG WR DXWRPDWH WKH WUROOH\ PRWLRQ EHWZHHQ
WKH VKLSVLGH DQG FKDVVLV ODQHV� LQFOXGLQJ DXWRPDWLF ODQGLQJ DQG SLFN�XS RI FRQWDLQHUV�
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CREATING AN EFFICIENT DESIGN

The Missing Ingredient

)RU \HDUV WKH GHVLJQ WHDP PHPEHUV � WKH PHFKDQLFDO HQJLQHHU� WKH VWUXFWXUDO HQJLQHHU�
DQG WKH HOHFWULFDO HQJLQHHU � KDYH ZRUNHG WRJHWKHU WR SURGXFH HFRQRPLF GHVLJQV WKDW
PHHW RSHUDWLRQDO GHPDQGV DQG FDQ EH HIILFLHQWO\ IDEULFDWHG DQG HUHFWHG� 7KLV ZRUNHG
EHFDXVH WKH FUDQH FRPSRQHQWV ZHUH PHFKDQLFDO� VWUXFWXUDO� DQG HOHFWULFDO� %XW QRZ D
QHZ SDUDPHWHU KDV EHHQ DGGHG� DXWRPDWLRQ�

:H KDYH QRW DGGUHVVHG WKLV QHZ SDUDPHWHU� 7KH DXWRPDWLRQ HQJLQHHU VSHFLILHV WKH
UHTXLUHPHQWV IRU DQ DFFHSWDEOH SODWIRUP� 7KH PHFKDQLFDO� VWUXFWXUDO� DQG HOHFWULFDO
HQJLQHHUV WU\ WR PHHW WKHVH UHTXLUHPHQWV� 6R IDU� ZH KDYH ZRUNHG ZLWKRXW WKH
DXWRPDWLRQ HQJLQHHU RQ WKH WHDP�

7KH FUDQH LV QRW RQO\ SDUW RI WKH WHUPLQDO V\VWHP� EXW LV DOVR D V\VWHP LQ LWV RZQ ULJKW�
7KH RSWLPXP GHVLJQ UHTXLUHV EDODQFH� 7KH FRVW DQG EHQHILWV RI HDFK DOWHUQDWLYH
VKRXOG EH FRQVLGHUHG LQ FRQFHUW� :H QHHG WKH DXWRPDWLRQ HQJLQHHU RQ WKH GHVLJQ WHDP
IURP WKH VWDUW�

Machinery Trolleys

7KH GHFLVLRQ WR XVH D PDFKLQHU\ WUROOH\ RU D URSH�WRZHG WUROOH\ UHTXLUHV FDUHIXO
FRQVLGHUDWLRQ RI PDQ\ IDFWRUV LQFOXGLQJ SURGXFWLYLW\� UHOLDELOLW\� PDLQWHQDQFH�
QHFHVVDU\ VSDUH SDUWV LQFOXGLQJ URSHV� RSHUDWRU SUHIHUHQFHV� PDQXIDFWXUHUVª
SUHIHUHQFHV� ZHLJKW DQG ZKDUI ORDGLQJ� DQG FRVW� $OWKRXJK D FRPSOHWH GLVFXVVLRQ RI
PDFKLQHU\ YV� URSH�WRZHG WUROOH\ LV EH\RQG WKH VFRSH RI WKLV SDSHU� VRPH RI WKH
IHDWXUHV PD\ PDNH WKH PDFKLQHU\ WUROOH\ D EHWWHU FKRLFH IRU DXWRPDWHG FUDQHV�
%HFDXVH WKHUH LV QR VWUHWFK RI WUROOH\ WRZ URSHV DQG WKH KRLVW URSHV DUH PXFK VKRUWHU�
WKH PDFKLQHU\ WUROOH\ SURYLGHV EHWWHU ORDG FRQWURO�

Structural Design for Automation

)RU DXWRPDWLRQ WR RSHUDWH FRUUHFWO\� WKH ORFDWLRQ RI DOO RI WKH FRPSRQHQWV LQ WKH V\VWHP
PXVW EH NQRZQ� )RU IL[HG REMHFWV� WKLV LV DQ HDV\ WDVN� )RU PRYLQJ REMHFWV� VXFK DV WKH
FUDQH VWUXFWXUH IOH[LQJ ZLWK WKH PRYHPHQW RI WKH WUROOH\� WKH WDVN EHFRPHV PRUH
GLIILFXOW�

2QH DSSURDFK LV WR UHTXLUH D YHU\ VWLII VWUXFWXUH WR OLPLW FUDQH GHIOHFWLRQV� $ VWLII
VWUXFWXUH KHOSV ZLWK ORDG FRQWURO DQG SURYLGHV DQ HDVLHU ULGH IRU WKH RSHUDWRU� EXW D
KHDYLHU VWUXFWXUH LV UHTXLUHG� $ GHWDLOHG VWUXFWXUDO GHVLJQ SURFHVV LV UHTXLUHG WR
PLQLPL]H WKH ZHLJKW DQG RSWLPL]H WKH JHRPHWU\ DQG VHFWLRQV� $3/ KDV FKRVHQ WR
DFFRXQW IRU WKH FUDQH PRYHPHQW LQ WKH ORDG FRQWURO V\VWHP GHVLJQ� DQG QRW VSHFLI\
GHIOHFWLRQ OLPLWV� :KLOH WKH ORJLF IRU $3/ªV DXWRPDWLRQ ZLOO EH PRUH FRPSOH[ WKDQ IRU
D GHIOHFWLRQ FRQWUROOHG FUDQH� WKH ZHLJKW DQG ZKHHO ORDGV RI WKH $3/ FUDQH ZLOO EH
DERXW VHYHQ SHUFHQW OLJKWHU�
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Frame Stiffness

7KH ULJLG VWUXFWXUH DSSURDFK H[DPSOH XVHG LQ WKLV SDSHU SURYLGHV GHIOHFWLRQ OLPLWV LQ
DOO WKUHH GLUHFWLRQV DW WKH RXWUHDFK� 7KH GHIOHFWLRQV DQG WKH PDMRU PHPEHUV WKDW
FRQWULEXWH WR WKRVH GHIOHFWLRQV DUH WDEXODWHG LQ 7DEOH � EHORZ�

DIRECTION CALCULATED
DEFLECTION

CONTRIBUTING EFFECTS OF
MEMBERS

3HUSHQGLFXODU WR

*DQWU\ 5DLOV

� PP 6WUHWFK RI WKH %DFNVWD\

%HQGLQJ RI WKH 3RUWDO )UDPH

9HUWLFDO ��� PP (ORQJDWLRQ RI WKH )RUHVWD\

6WUHWFK RI WKH %DFNVWD\

3DUDOOHO WR *DQWU\

5DLOV

�� PP 5RWDWLRQDO 6WLIIQHVV RI WKH &UDQH

6WLIIQHVV RI WKH %RRP

Table 2 - Deflection Requirements for a Rigid Crane

7KH IUDPH GHVLJQ LV RSWLPL]HG E\ FKRRVLQJ DQ RYHUDOO JHRPHWU\ FRQVLGHULQJ ERWK WKH
GHIOHFWLRQV DQG IDEULFDWLRQ FRVW� ,QGLYLGXDO PHPEHUV DUH WKHQ H[DPLQHG WR GHWHUPLQH
WKHLU FRQWULEXWLRQ WR HDFK RI WKH WKUHH GHIOHFWLRQV� 7KRVH VHFWLRQV RI LQGLYLGXDO
PHPEHUV WKDW FRQWULEXWH WKH PRVW WR WKH RYHUDOO VWLIIQHVV DUH WKHQ LQFUHDVHG�

0RVW RI WKH RSWLPL]DWLRQ LV VWUXFWXUDOO\ VWUDLJKWIRUZDUG� EXW WKH IRUHVWD\ UHTXLUHV D
VHFRQG ORRN WR HYDOXDWH LWV FRQWULEXWLRQ WR WKH YHUWLFDO GHIOHFWLRQ�

Optimizing the Forestay Design

7KH HORQJDWLRQ RI WKH IRUHVWD\� RU DQ\ D[LDO ORDGHG IOH[LEOH OLQNHG EHDP� LV GHULYHG
IURP WKUHH VRXUFHV� HODVWLF HORQJDWLRQ� OLQNDJH VWUDLJKWHQLQJ� DQG FXUYDWXUH UHGXFWLRQ�
6HH ILJXUH �� 7KH HODVWLF HORQJDWLRQ LV VLPSO\ WKH VWUHWFK RI WKH PHPEHU GXH WR WKH
DSSOLHG WHQVLRQ� 7KH OLQNDJH VWUDLJKWHQLQJ LV FDXVHG E\ WKH UHGXFWLRQ LQ VDJ ZKHQ DQ
D[LDO ORDG LV DSSOLHG WR D OLQNHG EHDP� 7KH FXUYDWXUH UHGXFWLRQ LV FDXVHG E\ WKH EHDP
EHQGLQJ EHWZHHQ WKH OLQNV� 7KH FXUYHG VKDSH RI D EHDP ZLWK QR EHQGLQJ VWLIIQHVV� OLNH
D FDEOH� LV D FDWHQDU\�
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Linkage

Curvature

Elastic

∆C  = 0.9 mm

∆L  = 9.4 mm

∆E  = 17.9 mm

Figure 3
Forestay Elongation

7KH QDWXUDO UHDFWLRQ WR GHFUHDVLQJ HORQJDWLRQ LV WR LQFUHDVH WKH IRUHVWD\ªV DUHD� $V
VKRZQ LQ ILJXUH �� WKLV RQO\ ZRUNV WR D SRLQW� 7KH HODVWLF HORQJDWLRQ GHFUHDVHV DV WKH
IRUHVWD\ DUHD LV LQFUHDVHG� DV RQH H[SHFWV� EXW WKH HORQJDWLRQ GXH WR OLQNDJH DQG
FXUYDWXUH LQFUHDVHV� ,PDJLQH KROGLQJ D OLQNHG EHDP ZLWK RQH HQG LQ HDFK KDQG� ,I
WKHUH LV D � NJ ZHLJKW KDQJLQJ IURP WKH OLQN� DQG WKH WHQVLRQ LQ WKH EHDP LQFUHDVHV� WKH
VDJ ZLOO GHFUHDVH� ,I WKHUH LV D ��� NJ ZHLJKW� DQG WKH WHQVLRQ LQFUHDVHV E\ WKH VDPH
DPRXQW� WKH VDJ ZLOO DOVR GHFUHDVH� EXW EHFDXVH WKH VDJ RI WKH ILUVW V\VWHP LV
FRQVLGHUDEOH PRUH WKDQ WKH VHFRQG� WKH GLIIHUHQFH LQ WKH OHQJWKHQLQJ LV JUHDWHU�
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Figure 4
Forestay Length Change vs. Forestay Area

without Assist Link

Assist Link (MHI Patent Pending)

$V ILJXUHV � DQG � VKRZ� D FRQVLGHUDEOH SDUW RI WKH WRWDO HORQJDWLRQ RI WKH IRUHVWD\ LV
GXH WR WKH OLQNDJH DQG FXUYDWXUH� ,I WKHVH WZR FRPSRQHQWV ZHUH HOLPLQDWHG RU
FRQWUROOHG� WKHQ WKH HORQJDWLRQ ZRXOG EH VLJQLILFDQWO\ UHGXFHG� 7KH DVVLVW OLQN� DV
VKRZQ LQ ILJXUHV �� � DQG � FDQ GR MXVW WKLV� )LJXUH � QHJOHFWV WKH HIIHFW RI WKH HODVWLF
GHIRUPDWLRQ RI WKH DVVLVW OLQN� $ ODUJH GHIOHFWLRQ DQDO\VLV KDV VKRZQ D �� PP
GHFUHDVH LQ YHUWLFDO GHIOHFWLRQ GXH WR WKH DGGLWLRQ RI WKH DVVLVW OLQN�



© Liftech Consultants Inc. 1996.  All Rights Reserved Page 8

MHI patent pending

Figure 5
Assist Link, Boom Down

MHI patent pending

Figure 6
Assist Link, Boom Stowed
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Elastic

Linkage

Curvature

∆E = 17.9 mm

∆C = 0.3  mm

∆L = 0

Figure 7
Forestay Elongation including Assist Link

MAKING MEGACRANES WORK

7R PHHW GRFNVLGH UHTXLUHPHQWV IRU PRUH HIILFLHQW WHUPLQDOV DQG WR VHUYH WKH LQFUHDVLQJ
GHPDQGV RI PHJDVKLSV� WKH RZQHUV DQG GHVLJQHUV PXVW FDUHIXOO\ EDODQFH WKH
PHFKDQLFDO� VWUXFWXUDO� HOHFWULFDO� DQG DXWRPDWLRQ V\VWHPV�

7KH QHZ PHJDFUDQHV PXVW DOORZ IRU LQFUHDVHG DXWRPDWLRQ� ZKLOH PDLQWDLQLQJ D FRVW
HIIHFWLYH VWUXFWXUDO GHVLJQ� )DLOXUH WR UHDFK WKH EDODQFH EHWZHHQ WKH V\VWHPV PD\
UHVXOW LQ D OHVV SURGXFWLYH DQG PRUH H[SHQVLYH FUDQH� 6XFFHVV ZLOO EH DFKLHYHG ZKHQ
ZH DOO ZRUN WRJHWKHU�

ljw
Disclaimer


