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Christian Fimpler and 

Herbert Nüllmann, Eaton, 

Germany, detail wireless data and 
voice communication as important 
safety factors for shaft conveyor systems.

odern shaft conveyor systems use radio systems 
for data transmission and voice communication 
to and from the conveyor. These systems have to 
IXOÀOO�WKH�RSHUDWLRQDO��FOLPDWLF�DQG��������������

VDIHW\�UHOHYDQW�DVSHFWV�DQG�UHTXLUHPHQWV�RI�GHHS�PLQLQJ�
)HDWXULQJ�H[SORVLRQ�SURWHFWLRQ�PRGH�([�LE�,�

�LQWULQVLFDOO\�VDIH�V\VWHPV���WKH�05���VKDIW�UDGLR�V\VWHP�
IURP�)XQNH�	�+XVWHU�%HUJEDXWHFKQLN�*PE+�LQ�
0�OKHLP�DQ�GHU�5XKU��*HUPDQ\��QRW�RQO\�PHHWV�WKH�
H[SORVLRQ�SURWHFWLRQ�UHTXLUHPHQWV��EXW�DOVR�WKH�KLJK�
WHFKQLFDO�DQG�IXQFWLRQDO�UHTXLUHPHQWV�RI�WKH�7$6�'LUHFWLYH�
�7HFKQLFDO�5HTXLUHPHQWV�IRU�6KDIW�DQG�,QFOLQHG�&RQYH\RU�
6\VWHPV��*HUPDQ�5HJXODWLRQV�IRU�0LQHV��LQ�WKHLU�HQWLUHW\�

,Q�DGGLWLRQ�WR�WUDQVPLWWLQJ�DQG�UHFHLYLQJ�GDWD��WKH�V\VWHP�
LQFOXGHV�DQ�LQWHJUDWHG�EL�GLUHFWLRQDO�YRLFH�FRQQHFWLRQ��
HQDEOLQJ�FRPPXQLFDWLRQ�ZLWK�WKH�FRQYH\RU�RSHUDWRU�

7KDQNV�WR�LWV�PRGXODU�GHVLJQ�DQG�RSHUDWLQJ�PRGH��WKLV�
EDVLF�FRQFHSW�FDQ�EH�H[WHQGHG�WR�D�VL]H�RI����GLJLWDO� 
LQSXWV�RXWSXWV�DQG�XS�WR����DQDORJXH�LQSXW�YDOXHV��7KLV�
HQDEOHV�FROOHFWLRQ�DQG�WUDQVPLVVLRQ�RI�D�ODUJH�SDFNDJH�RI�
VDIHW\�UHOHYDQW�LQIRUPDWLRQ�IURP�WKH�FRQYH\RU��VXFK�DV�

HPHUJHQF\�VWRS��JDWH�DQG�GRRU�PRQLWRULQJ��KRLVW�EORFNHG�
VZLWFK�DQG�VODFN�URSH�PRQLWRULQJ��0RUHRYHU��LW�LV�SRVVLEOH�WR�
transmit commands from the conveyor directly to the 
DXWRPDWLF�GULYH�V\VWHP��DQG�WR�VHQG�IHHGEDFN�WR�WKH�
conveyor.

Basic structure of the mine radio 
system
7KH�05���PLQH�UDGLR�V\VWHP�KDV�WZR�VWDWLRQV�HQDEOLQJ�
EL�GLUHFWLRQDO�FRPPXQLFDWLRQ�XVLQJ�LQGLYLGXDO������������������
RPQL�GLUHFWLRQDO�DQWHQQDH��2QH�RI�WKH�WZR�UDGLR�VWDWLRQV�LV�
ORFDWHG�RQ�WKH�FRQYH\RU��FDJH�VWDWLRQ��)LJXUH�����ZKLOH�WKH�
RWKHU�RQH�LV�PRXQWHG�FORVH�WR�WKH�GULYH�V\VWHP�DQG�RU�
FRQWURO�URRP��À[HG�VWDWLRQ��)LJXUH�����,Q�ERWK�KRXVLQJV��
WKHUH�DUH�WZR�UHDU�IUHTXHQF\�WUDQVPLWWHUV�DQG�UHFHLYHUV��
RQH�UHDU�IUHTXHQF\�IURQW�HQG�PRGXOH�FRQQHFWHG�WR�WKH�
DQWHQQD��RQH�ORZ�IUHTXHQF\�LQWHUIDFH�IRU�FRQQHFWLRQ�RI�D�
PLFURSKRQH�DQG�ORXGVSHDNHU��DV�ZHOO�DV�RQH�GDWD�UDGLR�
PRGHP�ZLWK�FRUUHVSRQGLQJ�DQDORJXH�DQG�ELQDU\�LQSXW�DQG�
RXWSXW�PRGXOHV��%\�PHDQV�RI�WKH�ORFDWLRQ�LGHQWLÀFDWLRQ�
FRGHV�OLVWHG�LQ�WKH�SODQW�VSHFLÀF�FLUFXLW�GRFXPHQWV��WKH�
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LQGLYLGXDO�SDUWV�RI�WKH�V\VWHP�FDQ�EH�
allocated clearly. 

$Q�$170�����DQWHQQD��
GHYHORSHG�E\�)XQNH�	�+XVWHU�
%HUJEDXWHFKQLN��LV�XVHG�DV�VKRUWHQHG�
ր���DQWHQQD��7KH�RXWVWDQGLQJ�IHDWXUH�
RI�WKLV�LV�LWV�DQWHQQD�JDLQ�RSWLPLVHG�
IRU�ERWK�WUDQVPLVVLRQ�EDQGV�������
�������0+]���$�SHUIHFW�OHYHO�LV�
WKHUHE\�HQVXUHG�IRU�WUDQVPLWWLQJ�DQG�
UHFHLYLQJ�GLUHFWLRQ�

'HSHQGLQJ�RQ�WKH�ORFDO�FRQGLWLRQV�
DQG�WKH�UHFHLYHG�VLJQDO�OHYHO�YDOXHV�
HVWDEOLVKHG�LQ�VHYHUDO�WHVW�UXQV��WKH�
DQWHQQDH�DUH�PRXQWHG�RQ�VXLWDEOH�
VXSSRUWV�RQ�WKH�FRQYH\RU��FDJH�
DQWHQQD��)LJXUH����DQG�LQ�WKH�VKDIW�
�VKDIW�DQWHQQD��)LJXUH�����

7KH�FRUUHVSRQGLQJ�PRXQWLQJ�
GHYLFHV�DUH�GHVLJQHG�LQ�D�ZD\�WR�
HQVXUH�TXLFN�DQG�HDV\�UHSODFHPHQW�RI�
the antennae. 

Basic operating 
mode and monitoring 
mechanisms
(OHFWURPDJQHWLF�ZDYHV�LQ�WKH�VKDIW�DUH�
WUDQVPLWWHG�E\�DQWHQQDH��RQH�DQWHQQD�
LV�FRQQHFWHG�WR�WKH�À[HG�VWDWLRQ�DQG�
LQVWDOOHG�EHORZ�WKH�SLWKHDG�DQG�WKH�
second is connected to the conveyor 
VWDWLRQ��PRELOH�VWDWLRQ�FDJH�VWDWLRQ��LQ�
D�SODFH�WKDW�HQDEOHV�SHUIHFW�DQG�
XQLIRUP�WUDQVPLVVLRQ�TXDOLW\�

7KH�05���PLQH�UDGLR�V\VWHP�LV�D�
GXSOH[�V\VWHP��ZKLFK�XVHV�WKH����0+]�
EDQG�IRU�WUDQVPLVVLRQ�IURP�FRQYH\RU�WR�
À[HG�VWDWLRQ��XS�OLQN��DQG�WKH����0+]�
EDQG�IRU�GRZQ�OLQN�WUDQVPLVVLRQ��7KHVH�
IUHTXHQF\�UDQJHV�ZHUH�VHOHFWHG�DQG�
GHÀQHG�IRU�WKH�WUDQVPLVVLRQ�EDQGV�WR�
LPSURYH�LQWHUIHUHQFH�LPPXQLW\��IRU�
H[DPSOH��UHJDUGLQJ�HOHFWURPDJQHWLF�
LQWHUIHUHQFHV�JHQHUDWHG�E\�WKH�
IUHTXHQF\�FRQYHUWHUV�RI�WKH�KRLVWLQJ�
drives. 

�2QH�KLJK�IUHTXHQF\�FDUULHU�LV�XVHG�
for transmission of voice from the 
FRQYH\RU�WR�WKH�À[HG�VWDWLRQ�DQG�EDFN��
7KH�RWKHU�KLJK�IUHTXHQF\�FDUULHU�LV�
XVHG�IRU�EL�GLUHFWLRQDO��GXSOH[��
WUDQVPLVVLRQ�RI�GDWD�EHWZHHQ�WKH�
FRQYH\RU�VWDWLRQ�DQG�WKH�À[HG�VWDWLRQ�

,Q�RUGHU�WR�DYRLG�DPELJXLW\�RI�
EL�GLUHFWLRQDO�GDWD�WUDQVPLVVLRQ�
EHWZHHQ�WKH�À[HG�VWDWLRQ�DQG�WKH�
FRQYH\RU�VWDWLRQ��DFKLHYH�D�À[HG�
FRXSOLQJ�EHWZHHQ�WKH�SDUWQHU�VWDWLRQV�
ZLWKLQ�D�FRQYH\RU�V\VWHP�DQG�HQVXUH�
VHSDUDWLRQ�IURP�RWKHU�UDGLR�V\VWHPV�

RSHUDWHG�LQ�WKH�VDPH�VKDIW�RU�DGMDFHQW�
shafts; the main transmission 
SDUDPHWHUV��VWDWLRQ�DGGUHVV��WHOHJUDP�
OHQJWK��DGGUHVVLQJ�DQG�DUUDQJHPHQW�RI�
,�2�PRGXOHV��DUH�DGMXVWHG�WR�KDYH�RQO\�
RQH�GHÀQHG�SRLQW�WR�SRLQW�FRXSOLQJ�
GXULQJ�RSHUDWLRQ��L�H��RQH�PDVWHU�VWDWLRQ�
is allocated to one secondary station.

&RQGLWLRQLQJ��VHULDO�SDUDOOHO�
FRQYHUVLRQ��RI�ELQDU\�DQG�DQDORJXH�
VLJQDOV�LV�HͿHFWHG�E\�WKH�02'���GDWD�
UDGLR�PRGHP��7KH�ELQDU\�GDWD�VWUHDP�LV�
IUHTXHQF\�PRGXODWHG�DQG�RU�
�GHPRGXODWHG�DFFRUGLQJ�WR�WKH�))6.�
SURFHGXUH��DV�ZHOO�DV�WUDQVPLWWHG�DQG�
UHFHLYHG�YLD�WKH����DQG����0+]�EDQG��
7KH�FRUUHVSRQGLQJ�WUDQVPLWWHUV�DQG�
UHFHLYHUV�RSHUDWH�LQ�D�IUHTXHQF\�UDQJH�RI�
�����²������0+]�DQG�RU������²������0+]�

7KH�LQSXW�FLUFXLWV�RI�WKH�LQSXW�
modules used are monitored for short 
FLUFXLW�RU�EUHDN�RI�FRQGXFWRU�WR�SUHYHQW�
HUURUV�LQ�IHHG�OLQHV�IURP�FDXVLQJ�
LQFRUUHFW�LQIRUPDWLRQ��(UURUV�DUH�
YLVXDOLVHG�XVLQJ�D�GLDJQRVWLF�XQLW�DQG�
WUDQVPLWWHG�WR�WKH�UHVSHFWLYH�UHPRWH�
VWDWLRQ�DV�ZHOO�

7KH�02'���GDWD�UDGLR�PRGHP��
IHDWXULQJ�SDUDPHWHU�VHWWLQJ��ÀUPZDUH���
LV�GHVLJQHG�IRU�PXOWL�WDVN�RSHUDWLRQ�
ZLWK�XS�WR�ÀYH�WDVNV��,I�PRQLWRULQJ�
IXQFWLRQV�UHVSRQG�DQG�RU�DODUP�
PHVVDJHV�RFFXU��UDSLGO\�UHVSRQGLQJ�
FKDQJH�RI�WDVN�OHYHOV�ZLWK�VKRUW�F\FOH�
WLPHV�LV�HͿHFWHG�WR�DYRLG�DFFXPXODWLRQ�
RI�HUURUV�DQG�WR�JLYH�GLDJQRVWLF�
PHVVDJHV��'DWD�WUDQVPLVVLRQ�IURP�WKH�
À[HG�VWDWLRQ�WR�D�PDVWHU�FRPSXWHU�RU�
3/&�V\VWHP�LV�HͿHFWHG�E\�VHULDO�GDWD�
WUDQVPLVVLRQ�DFFRUGLQJ�WR�6SHFLÀFDWLRQ�
0LQLQJ�6KHHW�%%������RU�&RXSOLQJ�
3URFHGXUH�5.����

7UDQVPLVVLRQ�RI�GDWD�XVLQJ�GLJLWDO�
RU�DQDORJXH�LQSXW�DQG�RXWSXW�
PRGXOHV��RSHUDWLQJ�LQ�SDUDOOHO��FDQ�EH�
HͿHFWHG�DOWHUQDWLYHO\�RU�DGGLWLRQDOO\�

Monitoring of radio data 
transmission
7KH�02'���GDWD�UDGLR�PRGHP�XVHG�
as the master (conveyor station) 
WUDQVPLWV�GDWD�WHOHJUDPV�SHULRGLFDOO\��
'HSHQGLQJ�RQ�WKH�QXPEHU�RI�XVHU�GDWD�
E\WHV�WR�EH�WUDQVIHUUHG��WKH�F\FOH�WLPH�
LV�DERXW�����²�����PVHF��,I�WKH�
secondary station receives a valid 
WHOHJUDP�IURP�WKH�PDVWHU�DOORFDWHG�WR�
LW��WKH�VHFRQGDU\�VWDWLRQ�LWVHOI�VWDUWV�

Figure 1. Cubicle MR90 system (fixed 
station).

Figure 2. Cubicle MR90 system (cage station).
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SHULRGLFDO�WUDQVPLVVLRQ�RI�GDWD�
WHOHJUDPV�WR�WKH�PDVWHU�

,I�IRU�D�SHULRG�RI�����PVHF��QR�
WHOHJUDPV�RU�LQFRUUHFW�WHOHJUDPV�DUH�
UHFHLYHG��RQO\�DQ�HUURU�LQ�UDGLR�
WUDQVPLVVLRQ�LV�UHSRUWHG�WR�WKH�SURFHVV��
7KH�RXWSXWV�RI�WKH�RXWSXW�PRGXOHV�DUH�
UHVHW��WKH�HUURU�LV�VKRZQ�RQ�D�
GLDJQRVWLF�XQLW�DQG�D�FRUUHVSRQGLQJ�
RXWSXW�LV�FRQQHFWHG�LQ�SDUDOOHO�

7KH�HUURU�VLJQDO�LV� 
GHOHWHG�FDQFHOOHG�ZKHQ�WKH�QH[W�
WHOHJUDP�LV�UHFHLYHG�ZLWKRXW�DQ\�HUURUV�

7KH�KDUGZDUH�XVHG�DQG�WKH�
FRPSXWHU�IXQFWLRQV�DUH�PRQLWRUHG�E\�
VHFRQGDU\��VRIWZDUH��WHVWV�ZLWK�FKHFNV�
RI�WKH�SHUPDQHQW�DQG�WHPSRUDU\�
PHPRU\��520�5$0���LQ�SDUWLFXODU��
GDWD�WUDQVPLVVLRQ�LV�SURWHFWHG�DJDLQVW�
IDXOW\�RXWSXW�E\�WRJJOH�ELW�
transmission and detection of received 
HUURUV�E\�YHULÀFDWLRQ�RI�WHOHJUDP�
OHQJWK�DQG�FRQWHQWV��H�J��SDULW\�RU�
IUDPLQJ�HUURU�GHWHFWLRQ���EORFN�FKHFN�
PHFKDQLVPV��HYHQ�SDULW\��&5&�FKHFN���
DV�ZHOO�DV�VHQGLQJ�DQG�YHULÀFDWLRQ�RI�
WZR�VWDUW�DQG�HQG�RI�WHOHJUDP�
LGHQWLÀHUV��7KH�GDWD�WUDQVPLVVLRQ�
VDIHW\�HTXDOV�D�KDPPLQJ�GLVWDQFH�RI�DW�
OHDVW�'� ����WKUHH�ELW�HUURUV�LQ�D�
WHOHJUDP�IUDPH�FDQ�EH�GHWHFWHG��

2SHUDWLQJ�WKH�ORFDO�,�2�PRGXOHV�RQ�
WKH�02'���PRGHP�UHTXLUHV�WKH�
FRQQHFWHG�PRGXOH�W\SHV�WR�EH�
SUHVFULEHG�DQG�SDUDPHWHULVHG��7KH�
02'���GHWHFWV�ZKHWKHU�WKH�FRQQHFWHG�
,�2�PRGXOH�DFWXDOO\�FRPSOLHV�ZLWK�WKH�
SDUDPHWHULVHG�W\SH�DQG�DGGUHVV�²�IRU�
H[DPSOH��LI��WKH�,�2�PRGXOH�FRQQHFWRU�
LV�UHPRYHG�RU�GHIHFWLYH��RU�LI�DQ�
LQFRUUHFW�DGGUHVV�LV�VHW��$GGLWLRQDOO\��LI�
WKH�HOHFWURQLF�V\VWHP�RI�WKH�,�2�
PRGXOH�LV�GHIHFWLYH��D�PRGXOH�HUURU�
�ORFDO�,�2�HUURU��LV�GHWHFWHG��,W�LV�
SRVVLEOH�WR�VKRZ�WKH�HUURU�PHVVDJHV�RQ�
D�FRQQHFWHG�GLDJQRVWLF�PRGXOH�

Summary 
(QKDQFLQJ�VDIHW\�LV�D�FHQWUDO�WKHPH�RI�
WKH�GHVLJQ�DQG�WKH�05���VKDIW�UDGLR�
V\VWHP�KDV�EHHQ�SURYHQ�WR�EH�D�UHOLDEOH�
LQVWUXPHQW�LQ�VKDIW�FRQYH\DQFH��ZKLFK��
RQ�WKH�RQH�KDQG��JRHV�EDFN�WR�WKH�
DQDORJXH��IUHTXHQF\�PRGXODWHG�UDGLR�
WUDQVPLVVLRQ�WHFKQRORJ\�LQ�WKH�
VHOHFWHG�IUHTXHQF\�UDQJH�DQG�RQ�WKH�
RWKHU�KDQG��WR�WKH�H[WHQVLYH�SURWHFWLRQ�
DQG�HUURU�PRQLWRULQJ�RI�WKH�

VDIHW\�UHOHYDQW��EL�GLUHFWLRQDO��VHULDO�
WHOHJUDP�WUDQVPLVVLRQ�

,Q�RUGHU�WR�DYRLG�PXWXDO�
LQWHUIHUHQFH��WHFKQLFDO�DV�ZHOO�DV�
RUJDQLVDWLRQDO�DVSHFWV�DUH�RI�XWPRVW�
LPSRUWDQFH�WRR��7KLV�LV�ZK\�WKH�05���
VKDIW�UDGLR�V\VWHP�LV�GHVLJQHG�LQ�VXFK�
D�ZD\�WR�H[FOXGH�H[WHUQDO�RU�PXWXDO�
LQWHUIHUHQFH�E\�QXPHURXV�DGMXVWDEOH�
DOORFDWLRQ�DQG�FRGLQJ�RSWLRQV�WKDW�
SURWHFW�UHPRWH�GDWD�WUDQVPLVVLRQ��

)LQDOO\��LW�VKRXOG�EH�PHQWLRQHG�WKDW�
GXH�WR�FRQWLQXRXV�LPSURYHPHQW�LQ�WKH�
V\VWHP�GHYHORSPHQW��RSHUDWLRQDO�VDIHW\�
DQG�DYDLODELOLW\�LV�HQKDQFHG��0RGHUQ�
PRGHP�FKLSV�DUH�DEOH�WR�UHSDLU�SDUWV�RI�
D�GHIHFWLYH�UDGLR�WHOHJUDP�RQ�WKH�

UHFHLYLQJ�VLGH�DQG�WR�WKHUHE\�HQVXUH�
IXUWKHU�LPSURYHG�WUDQVPLVVLRQ� 
VDIHW\�UDWH��5HSHDWHG�WHOHJUDPV�DUH�
avoided.

1XPHURXV�LQWHUIDFHV�HQDEOH�VLPSOH�
connection to a variety of shaft 
conveyor systems and radio system 
GLDJQRVWLFV��'XH�WR�IXUWKHU�
RSWLPLVDWLRQ�RI�DOO�KLJK�IUHTXHQF\�
FRPSRQHQWV��WKH�V\VWHP�LV�OHVV�
VXVFHSWLEOH�WR�RXWVLGH�LQWHUIHUHQFH�

7KLV�LV�YHU\�LPSRUWDQW�LQ�WRGD\·V�
DJH�RI�PRELOH�FRQQHFWLYLW\�RI�PDQLIROG�
GHYLFHV�DQG�FRPSRQHQWV��VLQFH�PDQ\�
GLͿHUHQW�UDGLR�VHUYLFHV�DQG�
HOHFWURPDJQHWLF�LQWHUIHUHQFH�VRXUFHV�
DͿHFW�WKH�V\VWHP��

Figure 3. Cage antenna.

Figure 4. Shaft antenna.
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