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6WUXaHQ�L]YHVWLWHO�
'LSO�HO��LQC��9LGDQRYVNL�'UDJDQ��5XGQLN���6XYRGRO
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�� 5()(5$7���������6UHGQR�QDSRQVNL�NDEOL�VR�SROXSURYRGHQ�SOD^W

9R� UHIHUDWRW� VH� SUHWVWDYXYD� NRQVWUXNFLMD� QD� SN� NDEHO� VR� SROXSURYRGHQ
SOD^W� L� GRSROQLWHOQD� HOHNWULaQD� ]D^WLWD� NDNR� UH^HQLH� ]D� ]D^WLWD� RG
SRVOHGLFLWH�SUL�XGDU�QD�JURP��.RQVWUXNWLYQR�H�UH^HQ�NDEHORW�YR�IDEULND�]D�NDEOL
�1HJRWLQR��NDNR�WLS�XHEh 91�VR�NRM�VH�SRVWLJQXYD�GHVHW�SDWL�SRPDOD�SRWHQFLMDOQD
UD]OLND�HNUDQ���SURYRGQLN�YR�RGQRV�QD�NODVLaQDWD�NRQVWUXNFLMD�VR�HGHQ�HNUDQ�

3UD^DZD�]D�GLVNXVLMD�
�� 'DOL�NDM�QDV�SRVWRL�SRWUHED�RG�YDNRY�WLS�NDEOL"
�� 'DOL�RYRM�WLS�QD�NDEOL�L�RS^WR�VLWH�SRG]HPQL�NDEOL�^WR�VH�NRULVWDW�NDM

QDV�VH�LVSLWXYDQL�QD�YDNYL�QDSRQVNL�QDSUHJDZD�L�DNR�VH�LVSLWXYDQL�NRMD�RYODVWHQD
ODERUDWRULMD�JR�SUDYL�WRD"

�� .DNR� EL� VH� RGQHVXDO� 6 kV EPN� NDEHO� DNR� VH� SRODJD� QD� ]HPMD� �UXGDUVNL
NDEHO��L�LPD�XGDU�QD�JURP�YR�QHJRYD�EOL]LQD"

�� 5()(5$7���������6UHGQR�QDSRQVNL�SROXL]ROLUDQL�AlMgSi-E�QDG]HPQL�YRGRYL

9R� UHIHUDWRW� VH� REUDERWXYD� WHKQR�HNRQRPVNDWD� DQDOL]D� ]D� SULPHQD� QD
SROXL]ROLUDQL�AlMgSi-E�QDG]HPQL�YRGRYL�QDPHVWR�GRVHJD^QLWH�Al/^e JROL�QDG]HPQL
YRGRYL��9R�UHIHUDWRW� VH�L]QHVHQL�LVNXVWYDWD�^WR� JL� LPDDW�>YHGVND��1RUYH^ND�L
)LQVND� VR� SUHGOR]L� NDNR� EL� VH� LVNRULVWLOH� SROXL]ROLUDQLWH� AlMgSi-E� QDG]HPQL
YRGRYL�YR�QD^HWR�SRGQHEMH�

3UD^DZD�]D�GLVNXVLMD�
�� .RMD�H�RFHQNDWD�QD�GLVWULEXWHULWH�]D�YDNRY�YLG�QD�YRGRYL"
�� .DNRY�H�RGQRVRW�QD�FHQLWH�QD�SROXL]ROLUDQLWH AlMgSi-E�QDG]HPQL�YRGRYL

YR�RGQRV�QD�Al/^e JROL�QDG]HPQL�YRGRYL"



�� 5()(5$7��������1RY�NRQFHSW�]D�NRQVWUXNFLMD�QD�VUHGQRQDSRQVNL�NDEORYVNL
]DYU^QLFL

5HIHUDWRW� MD� UD]UDERWXYD� SUREOHPDWLNDWD� QD� NRQVWUXNFLMD� QD� NDEORYVNL
]DYU^QLFL� ]D� NDEOL� RG� WLSRW� XLPE� �SROLPHUL]LUDQL� SROLHWLOHQVNL� NDEOL�� ]D
VUHGHQ� QDSRQ�� .RQVWUXNFLMDWD� VH� SUDYL� VR� NRPELQDFLMD� QD� VORM� RG� PDWHULMDO� VR
YLVRND�GLHOHNWULaQD�NRQVWDQWD�L�YJUDGHQD�HOHNWURGD�

5D]JOHGDQL�VH�QHNRONX�WLSRYL�QD�]DYU^QLFL�L�QDG�QLY�H�L]YU^HQD�QXPHULaND
DQDOL]D�QD�HOHNWULaQRWR�SROH�]DVQRYDQD�QD�PHWRGD�QD�NRQHaQL�HOHPHQWL�FEM�

=DUDGL� GRND]� QD� L]YU^HQLWH� QXPHULaNL� DQDOL]L� NDEORYVNLWH� ]DYU^QLFL� VH
LVSLWXYDQL�YR�VNODG�VR�VDE 0287�L�IEEE-404�QRUPLWH�

9R� ]DNOXaRNRW� VH� L]QHVHQL� NRL� NRQVWUXNFLL� QD� ]DYU^QLFL� VH� SRGREUL�� YR
RGQRV�QD�VWDQGDUGQLWH�NRQVWUXNFLL�L�GDGHQD�JHRPHWULMD�QD�LVWLWH�

3UD^DZD�]D�GLVNXVLMD�
�� 9R�]DNOXaRNRW�QD�UHIHUDWRW�NDGH� VH� SRVRaHQL� WLSRYLWH�QD� NRQVWUXNFLL

QD� ]DYU^QLFLWH� I1, I2� L� I2U12� VH� YHOL� GHND� YJUDGHQDWD� HOHNWURGD�EE� WUHED� GD� ELGH
]D]HPMHQD�

>WR�EL�VH�VOXaLOR�VR�]DYU^QLFDWD�SUL�SRMDYD�QD�QHVLPHWULaQR�NXVD�YUVND�LOL
GR]HPHQ�VORM��NRL�L]ROLUDQL�NDEORYVNL�PUHCL��YR�SRJOHG�QD�SUHVHNRW�QD�EDNDURW�QD
YJUDGHQDWD� HOHNWURGD�EE� L� SUL� L]YR]� QD� SRWHQFLMDOL� RG� SRVWURMNDWD� SR^WR�EE� `H
ELGH�QD�SRYLVRN�SRWHQFLMDO�RG����YR�RGQRV�QD�ID]QLRW�SURYRGQLN������ Unf�"

�� .RONDYR�YUHPH�`H�ELGH�SRWUHEQR�]D�L]UDERWND�QD�]DYU^QLFDWD�L�GDOL�LPD
UD]UDERWHQL�PHWRGL�]D�EU]D�PRQWDCD"

�� 5()(5$7���������5H]XOWDWL�RG�ODERUDWRULVNLWH�LVSLWXYDZD�QD�QHWNDHQL
����������������������������WUDNL�NRL�EXEUDW

9R� UHIHUDWRW� VH� NDCDQL� QDaLQLWH� ]D� EORNLUDZH� QD� SURGRU� QD� YRGD� YR
VUHGQRQDSRQVNLWH�HQHUJHWVNL�NDEOL� VR�SRVHEHQ�RVYUW�QD�NRULVWHZHWR�QD�QHWNDHQL
WUDNL�NRL�EXEUDW�

3ULNDCDQL� VH� VLWH� QHRSKRGQL� ODERUDWRULVNL� LVSLWXYDZD� QD� RYLH� WUDNL� ]D
SURYHUND�QD�NYDOLWHWRW�QD�LVWLWH�SUHG�QLYQRWR�YJUDGXYDZH�YR�NDEHORW��,VWR�WDND
SULNDCDQ�H�PHWRGRW�QD�LVSLWXYDZH�QD�YRGRQHSURSXVWOLYRVW�QD�JRWRY�NDEHO�

3UD^DZD�]D�GLVNXVLMD�
�� 'DOL�NYDOLWHWRW�QD�WUDNLWH�NRL�^WR�JL�NRULVWLWH�H�SRVWRMDQ�NDNR�^WR�H

GHNODULUDQ�RG�SURL]YHGXYDaLWH"
�� 'DOL� SRVWRL�PHWRG� ]D� LVSLWXYDZH� QD� YRGRQHSURSXVWOLYRVW� NDM� WURCLOQL

VUHGQRQDSRQVNL�NDEOL�

�� 5()(5$7� � ������� � � %H]� KDORJHQL� PDWHULMDOL� RWSRUQL� QD� JRUHZH� YR
NRQVWUXNFLLWH�QD�HQHUJHWVNLWH�NDEOL

9R� UHIHUDWRW� VH� QDJODVXYD� ]QDaHZHWR� QD� HQHUHWVNL� NDEOL� L]UDERWHQL� RG
EH]KDORJHQL�PDWHULMDOL�L�RWSRUQL�QD�JRUHZH��'DGHQL�VH�QHNRL�VWDQGDUGQL�DUDZD�]D
NYDOLWHW� L� PHWRGL� QD� LVSLWXYDZD� L� LVNXVWYD� YR� NRULVWHZHWR� QD� RYLH� NDEOL� YR
]DSDGQD�(YURSD�L�6$'�



3UD^DZD�]D�GLVNXVLMD�
�� 'DOL� � H� YR� SURFHGXUD� WHKQLaNL� SURSLV� SR� NRM� EL� VH� EDUDOR� PRQWDCD� QD

NDEOL�VR�EH]DORJHQL�PDWHULDOL"
�� .RONDYD�EL�ELOD�FHQDWD�QD�WDNRY�WLS�QD�NDEHO�YR�RGQRV�QD�SRVWRHaNLWH"

�� 5()(5$7� ������3ULPHQD� QD� EPR� HODVWRPHULWH� YR� REORCXYDZHWR
�SOD^WLUDZHWR��QD�IOHNVLELOQLWH�HQHUJHWVNL�NDEOL

9R� UHIHUDWRW� VH� UD]UDERWHQL� NDEOLWH� VR� EPR� SOD^WRYL� L� GDGHQL� VH
VWDQGDUGQLWH�WLSRYL�L�VWDQGDUGLWH�]D�RFHQD�QD�NYDOLWHWRW�NDNR�L�UHFHSWXULWH�NRL
VH�SUHSRUDaXYDDW�]D�SOD^WHYLWH�

9R� ]DNOXaRNRW� VH� JOHGD� GHND� NDEOL� NRL� VH� SOD^WLUDQL� VR� EPR HODVWRPHU
LPDDW�^LURND�SULPHQD�YR�]DYLVQRVW�SR�NRMD�UHFHSWXUD�VH�SUDYHQL�

3UD^DZD�]D�GLVNXVLMD�
�� 'DOL�EPR�HODVWRPHULWH�PRCDW�GD�VH�UHFLNOLUDDW"

�� 5()(5$7���������$WHVWLUDZH�QD�HOHNWUR�RSUHPD

9R� UHIHUDWRW� VH� SUH]HQWLUDQL� DNWLYQRVWL� ]D� IRUPLUDZH� QD� �&HQWDU� ]D
LVSLWXYDZH�L�DWHVWLUDZH�YR�65-��

2YRM�FHQWDU�EL�JL�LVSLWXYDO�VLWH�HOHNWULaQL�PDWHULMDOL�L�SURL]YRGL�NRL�VH
SURL]YHGXYDDW�L�XSRWUHEXYDDW�YR�65-�NDNR�QH]DYLVHQ�LVSLWHQ�FHQWDU�L�EL�L]GDYDO
DWHVWL�]D�XSRWUHED�

2YRM�UHIHUDW�WUHED�GD�VH�SULIDWL�NDNR�HGQD�LQIRUPDFLMD�^WR�VH�SODQLUD�YR
REODVWD�QD�LVSLWXYDZDWD�QD�HOHNWULaQLWH�PDWHULMDOL��LSURL]YRGL�VR�L]GDYDZH
QD�DWHVWL�YR�VRVHGQDWD�65-�
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.DM�HOHNWULaQLWH�NDEOL�SRORCHQL�YR�]HPMD�VR�JROHP�RWSRU��SUL�DWPRVIHUVNL
SUD]QHZD�YR�NDEHORW�LOL�YR�QHJRYDWD�EOL]LQD�QDVWDQXYD�R^WHWXYDZH�QD�NDEHORW��9R
RYRM� WHNVW� H� SUHWVWDYHQD� NRQVWUXNFLMDWD� QD� SN� NDEHO� VR� SROXVSURYRGHQ� SOD^W� L
GRGDWQD�HOHNWULaQD�]D^WLWD�NDNR�UH^HQLH�]D�]D^WLWD�RG�SRVOHGLFLWH�SUL�XGDU�QD
PROZD�

S U M M A R Y

Lightning strokes at cable terminals, as well as nearby ground, in case of large soil
resistivity, cause damages to the cable not only at the point of impingement, but also on few other
places along its length. This paper presents a special mid-voltage cable construction with
semiconducting sheath and additional electrical protection as a solution to this problem.

./8A1,�=%2529,��NDEHO��PROZD��SROXVSURYRGHQ�SOD^W�

�� 9�2�9�(�'

)HQRPHQRW�QD�XGDU�QD�PROZD�YR�]D]HPMHQL�REMHNWL�L�QHJRYRWR�SRQDWDPR^QR
UDVSURVWLUDZH� QL]� ]HPMDWD� SUHWVWDYXYD� HGHQ� VORCHQ� SURFHV� NRM�� RVYHQ� YR� QHNRL
LGHDOL]LUDQL�VOXaDL��PR^QH�WH^NR�PRCH�DQDOLWLaNL�GD�VH�SUHWVWDYL�L�UD]JOHGXYD�
3UREOHPRW�VWDQXYD�X^WH�SRVORCHQ�NRJD�YR�EOL]LQD�QD�XGDURW��YR�]HPMDWD�SRVWRMDW�L
QHNRL�PHWDOQL�VWUXNWXUL�NDNR�^WR�VH�WRD��YR�QD^LRW�VOXaDM��PHWDOQLWH�REYLYNL�QD
HQHUJHWVNLWH� LOL� 7.� NDEOL�� 1LYQRWR� YOLMDQLH� YU]� UDVSUHGHOEDWD� QD� VWUXMDWD� QD
PROZDWD� PRCH� GD� ELGH� ]QDaLWHOQR�� RVREHQR� DNR� VH� UDERWL� ]D� ]HPML^WH� VR� YLVRND
VSHFLILaQD�RWSRUQRVW��VO������0HWDOQLWH�NRQVWUXNFLL�YR�WRM�VOXaDM�PRCH�GD�LJUDDW
XORJD� QD� VSURYRGQLFL� QD� VWUXMDWD� QD� PROZDWD� NRQ� PHVWD� LOL� VORHYL� NRL� LPDDW
SRPDOD�VSHFLILaQD�RWSRUQRVW��7DND��QD�SULPHU��YH`H�SUL�UHODWLYQR�PDOL�VWUXL�QD

PROZDWD�RG����kA�L�SUL�VSHFLILaQD�RWSRUQRVW�QD�]HPML^WHWR�RG������Ωm��GRD_D�GR



SURELYDZH�QD�SOD^WRW�QD�NDEHORW�L�QDYOHJXYDZH�QD� VWUXMDWD�QD�PROZDWD�YR�QHJR�
DNR�WRM�VH�QDR_D�YR�UDGLXV�RG����m�RG�PHVWRWR�QD�XGDURW�[1]�

2YRM� NULWLaHQ� UDGLXV� VH� ]JROHPXYD� VR� ]JROHPXYDZH� QD� VSHFLILaQDWD
RWSRUQRVW� QD� ]HPML^WHWR�� NDNR� L� VR� ]JROHPXYDZH� QD� PDNVLPDOQDWD� YUHGQRVW� QD
VWUXMDWD�QD�PROZDWD�

1� .9$/,7$7,91$�$1$/,=$�1$�32-$9,7(�35,�8'$5�1$�02/:$
92�%/,=,1$�,/,�.5$-�1$�.$%(/

9R�VOXaDM�QD�XGDU�QD�PROZD��YR�]HPMDWD�QDVWDQXYDDW� MDNL�HOHNWULaQL�SROLZD
NRL�SUHGL]YLNXYDDW�YLVRNL�SRWHQFLMDOQL�UD]OLNL��%LGHM`L�SURERMQDWD�FYUVWLQD�QD
]HPMDWD�H�RNROX���kV/cm��QDVWDQXYDDW�ORNDOQL�SURELYDZD�QD�]HPMDWD��$NR�YR�EOL]LQD
QD�XGDURW�QD�PROZDWD�SRVWRLW�NDEHO�aLM�^WR�HNUDQ�H�QD�QXOWL�SRWHQFLMDO��SRNUDM
SURERMRW�YR�]HPMDWD�`H�GRMGH�L�GR�SURELYDZH�QD�SOD^WRW�QD�NDEHORW�L�SURGLUDZH�QD
VWUXMDWD�QD�PROZDWD�YR�HNUDQRW�QD�NDEHORW�
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6R� QDYOHJXYDZHWR� QD� VWUXMDWD� QD� PROZDWD� YR� HNUDQRW� QD� NDEHORW�� WRM� `H
SRSULPL�SRWHQFLMDO�NRM�SULEOLCQR�PRCH�GD�VH�SUHWVWDYL�VR�L]UD]RW�����L]YHGHQ�YU]
RVQRYD�QD�VORCHQL�SUHVPHWNL�[2]:

(V)ITR)0x(U e ⋅⋅ρ⋅≈= ���

NDGH�^WR�

Re�RWSRUQRVW�QD�HNUDQRW�QD�NDEHORW��Ω/κm��
ρ��VSHFLILaQD�RWSRUQRVW�QD�]HPML^WHWR��Ωm��
T� �YUHPHWUDHZH�QD�RSD^NDWD�QD�EUDQRW�GR�SRORYLQD�RG�QHJRYDWD�PDNVLPDOQD

YUHGQRVW�����
I ��VWUXMD�QL]�HNUDQRW��$��

7DND��QD�SULPHU��]D�I� ����kA��ρ� �������Ωm��T� �100ms�L�Re� ���Ω/κm��QDSRQRW�QD
HNUDQRW�QD�NDEHORW�QD�PHVWRWR�QD�XSDGRW�QD�VWUXMDWD�YR�QHJR�`H�L]QHVXYD�U���� ����
kV��7RONX�`H�L]QHVXYD�L�QDSRQRW�SRPH_X�HNUDQRW�QD�NDEHORW�L�QHJRYLRW�VSURYRGQLN�
DNR�VH�]DQHPDUL�PRPHQWDOQDWD�YUHGQRVW�QD�SRJRQVNLRW�QDSRQ��$NR�RYDD�YUHGQRVW�H
SRJROHPD�RG�L]RODFLRQDWD�FYUVWLQD�QD�NDEHORW��WRJD^�WRD�`H�SUHGL]LND�SURERM�QD
YQDWUH^QDWD�L]RODFLMD�L�NXVD�YUVND�SRPH_X�VSURYRGQLNRW�L�HNUDQRW�

6R� SURELYDZHWR� QD� L]RODFLMDWD� QDVWDQXYD� SURVWLUDZH� QD� VWUXMQLWH� L
QDSRQVNLWH� EUDQRYL� GROC� VSURYRGQLNRW� L� HNUDQRW� QD� NDEHORW�� 2YD� H�� LVWR� WDND�
HGHQ� GRVWD� VORCHQ� SURFHV� ]D� NRM�� YR� VOXaDM� QD� ULJRUR]HQ� WUHWPDQ�� WUHED� GD� VH
SULPHQL� W�QDU�� PRGDOQD� DQDOL]D� [2]��1R�� VR� RJOHG� QD� NDUDNWHURW� QD� RYRM� WUXG�� QLH
RYGH� `H� YRYHGHPH� QHNRL� DSURNVLPDFLL� VR� FHO� ]D� XSURVWXYDZH� L� SRMDVQXYDZH� QD
SUHRGQLRW� SURFHV�� ,PHQR�� `H� SUHWSRVWDYLPH� GHND� VWUXMDWD� ^WR� `H� WHaH� YR
VSURYRGQLNRW� QD� NDEHORW� H� ]DQHPDUOLYD� YR� RGQRV� QD� VWUXMDWD� ^WR� `H� WHaH� YR
QHJRYLRW� HNUDQ��1D� WRM� QDaLQ�� QD� L]YHVQR� UDVWRMDQLH� x=l� RG� PHVWRWR� QD� XSDGRW� QD
VWUXMDWD�QD�PROZDWD�YR�NDEHORW��x=0���SDGRW�QD�QDSRQRW�QD�HNUDQRW�`H�ELGH�SRJROHP

VSURYRGQLN

U (SRSUHaHQ QDSRQ)
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RG�RQRM�QD�VSURYRGQLNRW��.DM�RYRM�YWRULRW�SUDNWLaQR�L�QHPD�SDG�QD�QDSRQ��QH�VDPR
SRUDGL� ]DQHPDUXYDZH� QD� VWUXMDWD� ^WR� WHaH� QL]� QHJR�� WXNX� L� SRUDGL� ]QDaLWHOQR
SRPDODWD� SRGROCQD� LPSHGDQFLMD� YR� RGQRV� VR� LPSHGDQFLMDWD� QD� HNUDQRW�� 7DND�� QD
UDVWRMDQLHWR� x=l� VH� VR]GDYD� RGUHGHQD� SRWHQFLMDOQD� UD]OLND� SRPH_X� HNUDQRW� L
VSURYRGQLNRW�QD� NDEHORW� �VO�� ����2YRM� SRSUHaHQ� QDSRQ�� GRNRONX� SRVWLJQH� GRYROQR
YLVRND�YUHGQRVW��D�^WR�]DYLVL�PH_XGUXJRWR�L�RG�UDVWRMDQLHWR�l��PRCH�GD�SUHGL]YLND
SRYWRUQR�SURELYDZH�QD�L]RODFLMDWD�QD�NDEHORW��1D�PHVWRWR�QD�SRYWRUQLRW�SURERM
SRYWRUQR�GRD_D�GR�L]HGQDaXYDZH�QD�SRWHQFLMDOLWH�SRPH_X�VSURYRGQLNRW�L�HNUDQRW�
7DND��SURFHVRW�PRCH�SDN�GD�VH�SRYWRUL�GROC�NDEHORW�QD�QHNRH�QRYR�UDVWRMDQLH�x=2l�
LWQ��.DNR�UH]XOWDW�QD�WRD�NDEHORW��SRNUDM�R^WHWXYDZHWR�QD�PHVWRWR�QD�XSDGRW�QD
VWUXMDWD��`H�SUHWUSL�L�SRYH`H�SRVOHGRYDWHOQL�R^WHWXYDZD�GROC�QHJRYDWD�WUDVD�

2G�YRYHGHQDWD�DSURNVLPDFLMD�QD�SURFHVRW� VOHGXYD�GHND�SRSUHaQLRW�QDSRQ�H
]DYLVHQ� RG� SRGROCQDWD� LPSHGDQFLMD� QD� HNUDQRW� QD� NDEHORW�� $NR�� SRQDWDPX�
SUHWSRVWDYLPH� GHND� HNUDQRW� QD� NDEHORW� H� YR� REOLN� QD� HGQD� KRPRJHQD� ]DWYRUHQD
FHYND��WRJD^�YR�QHM]LQDWD�YQDWUH^QRVW�QH�SRVWRL�PDJQHWHQ�IOXNV�SD�LQGXNWLYQDWD
NRPSRQHQWD�QD�SDGRW�QD�QDSRQ�PRCH�GD� MD� ]DQHPDULPH��1D�WRM�QDaLQ�� YUHGQRVWD�QD
SRSUHaQLRW�QDSRQ�H�SUHG�VH�RGUHGHQD�RG�SRGROCQDWD�DNWLYQD�RWSRUQRVW�QD�HNUDQRW
QD�NDEHORW��2YD�H��VH�UD]ELUD��VDPR�DSURNVLPDFLMD�NRMD�QL�RYR]PRCXYD�HGQRVWDYQD�L
EU]D�DQDOL]D��QR�L�GRELHQLWH�UH]XOWDWLWH�`H�ELGDW�VDPR�SULEOLCQR�WRaQL��9R�VHNRM
VOXaDM��RG�SUDNWLaQD�JOHGQD�WRaND�WLH�PRCH�GD�ELGDW�SULIDWOLYL�

7UHED�GD�VH�LVWDNQH�GHND�SUHWKRGQR�RSL^DQLRW�SURFHV�PRCH�GD�QDVWDQH�VDPR
YR�]HPML^WH�VR�UHODWLYQR�OR^D�VSURYRGOLYRVW��9R�VSURWLYQR��VWUXMDWD�QD�PROZDWD
LOL�QHPD�YRRS^WR�GD�QDYOH]H�YR�NDEHORW�LOL��SDN��PQRJX�EU]R�`H�ELGH�RGYHGHQD�YR
]HPMDWD� RG� QHJRYLRW� HNUDQ� GROC� WUDVDWD�� 1D� WRM� QDaLQ� QHPD� GD� VH� UD]YLH� SDG� QD
QDSRQ��D�VR�WRD�L�QDSRQVND�UD]OLND�SRPH_X�HNUDQRW�L�VSURYRGQLNRW�QD�NDEHORW�

.DUDNWHULVWLaHQ� H� VOXaDMRW� YR� NRM� QD� PHVWRWR� QD� XSDGRW� QD� VWUXMDWD� YR
NDEHORW� QHPD� GD� QDVWDQH� SURERM� QD� L]RODFLMDWD�� 7RJD^�� RSDVQRVWD� RG� SRYWRUHQ
SURERM� GROC�WUDVDWD�QD�NDEHORW�`H� VH�QDPDOXYD� VR� ]JROHPXYDZH�QD� UDVWRMDQLHWR� l�
ELGHM`L�`H�VH�QDPDOXYD�L�SRWHQFLMDOQDWD�UD]OLND�SRPH_X�HNUDQRW�L�VSURYRGQLNRW�QD
NDEHORW�

6OXaDMRW�NRJD�PROZDWD�GLUHNWQR�XGLUD�YR�VDPLRW�NUDM�QD�NDEHORW��RGQRVQR�YR
QHNRM�REMHNW�SUHNX�aLM^WR�]D]HPMXYDaNL�VLVWHP�VWUXMDWD�GLUHNWQR�VH�VSURYHGXYD�YR
QHJRYLRW� HNUDQ�� VH� VYHGXYD� QD� SUHWKRGQLRW�� (GLQVWYHQR� ^WR� VHJD� VWUXMDWD� L
SRaHWQLRW�SRWHQFLMDO�PRCH�GD�ELGDW�PQRJX�SRJROHPL�L��VOHGVWYHQR��SRRSDVQL�

�� 1$A,1,�1$�=$>7,7$�1$�.$%/,7(

*HQHUDOQR�� SRVWRMDW� GYH� NDWHJRULL� QD� ]D^WLWQL� PHUNL� QD� NDEOLWH� RG
RSL^DQLWH�SUHQDSRQL�SUL�XGDUL�QD�PROZD�[3]�

3UYDWD� NDWHJRULMD� QD� ]D^WLWQL�PHUNL�� H� W�QDU�� NDWHJRULMD� QD� �QDGYRUH^QL�
PHUNL�� RGQRVQR� GRSROQLWHOQL� ]DIDWL� NRL� LPDDW� ]D� FHO� GD� JR� QDPDODW
SURWHNXYDZHWR� QD� VWUXMDWD� QD� PROZDWD� QL]� ]D^WLWQLRW� HNUDQ� QD� NDEHORW�� 7XND
VSD_DDW�
� 3ULPHQD�QD�RGYRGQLFL�QD�SUHQDSRQ�NRL�VH�SRVWDYXYDDW�QD�RGUHGHQL�UDVWRMDQLMD

GROC�NDEHORW��SRPH_X�QHJRYLRW�VSURYRGQLN�L�]D^WLWQLRW�HNUDQ��1D�WRM�QDaLQ�VH
RJUDQLaXYD� PDNVLPDOQDWD� YUHGQRVW� QD� HYHQWXDOQLRW� SRSUHaHQ� QDSRQ�� 2YD
SUHWVWDYXYD�SUHPQRJX�VORCHQD�L�VNDSD�PHUND�



� 3RVWDYXYDZH� QD� GUXJL�� W�QDU�� �HNUDQVNL�� VSURYRGQLFL� SDUDOHOQR� VR� NDEHORW�
1DMaHVWR� VH� WRD� SRFLQNXYDQL� aHOLaQL� OHQWL� LOL� EDNDUQL� MDCLZD�� QD� SRYH`H
PHVWD�]D]HPMHQL�L�SRYU]DQL�VR�HNUDQRW��0H_XWRD��QLYQDWD�XSRWUHED�YR�]HPML^WH
VR�OR^D�VSURYRGOLYRVW�QH�GDYD�]DGRYROLWHOQL�UH]XOWDWL�

� 3RVWDYXYDZH� QD� NDEHORW� YR� VSHFLMDOQL� =RUHV�RYL� NDQDOL�� RGQRVQR� aHOLaQL
SRFLQNXYDQL�FHYNL��1D�WRM�QDaLQ��QH�VDPR�^WR�VH�VPDOXYD�YNXSQDWD�HNYLYDOHQWQD
RPVND� RWSRUQRVW� QD� HNUDQRW� QD� NDEHORW� WXNX�� SRUDGL� SRMDYDWD� QD� VNLQ�HIHNW�
SRJROHP�GHO�RG�SRGROCQDWD�VWUXMD�`H�SURWHNXYD�QL]�aHOLaQDWD�FHYND��D�VDPR�HGHQ
PDO� GHO� QL]� HNUDQRW� QD� NDEHORW�� 2YD�� LVWRWDND�� SUHWVWDYXYD� SULOLaQR� VNDSD
PHUND�

9WRUDWD�NDWHJRULMD�VH�W�QDU���YQDWUH^QL��]D^WLWQL�PHUNL��RGQRVQR�L]ERU�QD
NDEHO� WDNRY� GD� WRM� VDPLRW� ELGH� RWSRUHQ� QD� RSL^DQLWH� SRMDYL�� 2YLH� PHUNL�� VH
UD]ELUD�� PRCH� GD� VH� SULPHQDW� VDPR� SUL� SRODJDZH� QD� QRYL� NDEOL� LOL� L]JUDGED� QD
QRYD� WUDVD�� 'RNRONX� H� WRD� SRWUHEQR�� PRCQD� H� L� QLYQD� NRPELQDFLMD� VR� QHNRMD� RG
�QDGYRUH^QLWH��PHUNL�]D�SRVWLJQXYDZH�QD�VDNDQRWR�QLYR�QD�]D^WLWD��7XND�VSD_DDW�
� ,]ERU� QD� NDEHO� VR� SRYLVRNR� QLYR� QD� L]RODFLMD�� RGQRVQR� SRYLVRN� QRPLQDOHQ

QDSRQ�
� 3ULPHQD�QD�NDEHO�VR�]JROHPHQ�SUHVHN�QD�HNUDQRW��RGQRVQR�VR�HNUDQ�VR�QDPDOHQ

RWSRU�� 2YDD� PHUND�� aHVWRSDWL�� PRCH� GD� GRYHGH� GR� SUHPQRJX� JORPD]QL� L� VNDSL
NRQVWUXNFLL�QD�NDEHORW�

� 3ULPHQD� QD� NDEHO� VR� GYH� REYLYNL�� QDGYRUH^QD� L� YQDWUH^QD�� VR� IHURPDJQHWHQ
VORM� SRPH_X� QLY� [4]��,GHMDWD� H� GD� VH� SULPHQL�NDEHO�NRM� YR� VHEH� VRGUCL� YJUDGHQ
=RUHV�RY�NDQDO�

- 3ULPHQD�QD�NDEHO�VR�GYH�]D^WLWQL�REYLYNL�L�SROXVSURYRGHQ�VORM�L]PH_X�[5]��2YRM
NDEHO��QD�QHNRM�QDaLQ��SUHWVWDYXYD�NRPELQDFLMD�QD�SRVOHGQLWH�GYH��QDGYRUH^QL�
]D^WLWQL�PHUNL�

3� .216758.&,-$�1$�.$%(/�273251$�1$�8'$5�1$�02/:$

3.1. 2VQRYQL�UD]PLVOXYDZD�]D�UD]YRM�QD�NRQVWUXNFLMD�QD�NDEHO�RWSRUHQ�QD�XGDU�QD
PROZD

$QDOL]DWD�QD�SRMDYLWH�YR�VOXaDM�QD� XGDU�QD�PROZD�REUD]ORCHQL�YR�WRaND���
QDYHGXYDDW� QD� NRQVWDWDFLMD� GHND� H� PRCQR� GD� VH� VPDOL� RSDVQRVWD� RG� SURERM� QD
NDEHOVNDWD�L]RODFLMD�VR�VPDOXYDZH�QD�RWSRURW�QD�HOHNWULaQLRW�HNUDQ�QD�NDEHORW�
6PDOXYDZH� QD� HOHNWULaQLRW� RWSRU� QD� HNUDQRW� H� PRCQR�� QR� VDPR� GR� RGUHGHQL
JUDQLFL�� %LGHM`L� H� OLPLWLUDQR� VPDOXYDZH� QD� RWSRURW�� NRPSURPLV� SUHWVWDYXYD
GRGDWQR�SRVWDYXYDZH�QD� QHL]ROLUDQR� MDCH�SRNUDM� NDEHORW��1R�� VR� SURWHNXYDZH� QD
SRJROHPLRW� GHO� RG� VWUXMDWD� QD� PROZD� QL]� GRGDWQRWR� MDCH�� D� SRPDO� GHO� QL]
HOHNWULaQLRW�HNUDQ��GRD_D�GR�SRJROHP�SDG�QD�QDSRQ�QD�GRGDWQLRW�VSURYRGQLN�^WR
VR]GDYD� SRWHQFLMDOQD� UD]OLND�� GRGDWHQ� VSURYRGQLN� �� HNUDQ� QD� NDEHORW�� 2YDD
SRWHQFLMDOQD�UD]OLND�SUHGL]YLNXYD�SURELYDZH�QD� SOD^WRW� QD� NDEHORW� QR� QH� L� QD
L]RODFLMDWD��0H_XWRD��SUL�SURELYDZHWR�QD�SOD^WRW�QD�NDEHORW�GRD_D�GR�PHKDQLaNL
L� WHUPLaNL� R^WHWXYDZD� NRL� SUHWVWDYXYDDW� SRWHQFLMDOQR� PHVWR� QD� SURERM� QD
L]RODFLMDWD�YR�GRJOHGQR�YUHPH��=D�GD�VH�VSUHaL�WRD�SRWUHEQR�H�GRGDWQRWR�MDCH�GD�VH
VSRL� VR� HNUDQRW� QD� NDEHORW� QD� UDVWRMDQLMD� SRPDOL� RG� GROCLQLWH� QD� NRL� VH� MDYXYD
SURERMQLRW�QDSRQ��GRGDWHQ�VSURYRGQLN���HNUDQ�



.DNR� UH^HQLH� VH� QDPHWQXYD� YJUDGXYDZH� QD� GRSROQLWHOHQ� ]D^WLWHQ� HNUDQ
RWSRUHQ� QD� NRUR]LMD�� NRM� LVWRYUHPHQR� SUHWVWDYXYD� L� NRQWLQXLUDQ� HNUDQ� RNROX
FHODWD� SRYU^LQD� QD� NDEHORW�� (NUDQRW� H� SRYU]DQ� VR� YQDWUH^QLRW� ]D^WLWHQ� HNUDQ
SUHNX� SROXVSURYRGHQ� VORM� ]D� L]HGQDaXYDZH� QD� SRWHQFLMDOLWH�� 1D� WRM� QDaLQ�� VR
SUDYLOQR� GLPHQ]LRQLUDZH� QD� NRQVWUXNFLMDWD�� VH� RQHYR]PRCXYDDW� SRSUHaQLWH
QDSRQL� SRPH_X� SRHGLQLWH� VSURYRGQL� VORHYL� QD� NDEHORW� L�� LVWRYUHPHQR�� VH
RYR]PRCXYD�HILNDVQR�SRGROCQR�RGYHGXYDZH�QD�VWUXMDWD�QD�PROZDWD��2YD�UH^HQLH�H
WHKQLaNR�HNRQRPVNL� QDMHILNDVQR�� =DWRD�� YR� SURGROCHQLH� `H� ELGDW� SULNDCDQL
NDUDNWHULVWLNLWH�QD�HGHQ�YDNRY�VSHFLMDOHQ�NDEHO�

���� .RQVWUXNFLMD��QD�NDEHO�WLS�XHEh 91

9U]� RVQRYD� QD� SUHWKRGQLWH� UD]PLVOXYDZD� YR� QDVRND� QD� SRVWLJQXYDZH
RWSRUQRVW� QD� NDEHORW� QD� DWPRVIHUVNL� SUD]QHZD�� RGQRVQR� VSUHaXYDZH� SURERM� QD
NDEHORW��WUHED�GD�VH�SRVWLJQH�

��VPDOXYDZH�QD�SRSUHaQLRW�QDSRQ
��RVWYDUXYDZH�NRQWLQXLUDQD�JDOYDQVND�YUVND�HNUDQ���]HPMD�
2YLH� XVORYL� PRCHPH� GD� JL� SRVWLJQHPH� VR� NRQVWUXNFLMD� QD� NDEHO� XHEh 91,

GDGHQD�QD�VOLNLWH���L���
���.RPSDNWLUDQR�Al �LOL�Cu�MDCH
���XLPE�SROXVSURYRGHQ�HNUDQ�QD�VSURYRGQLNRW
���XLPE�L]RODFLMD
���XLPE�SROXVSURYRGHQ�HNUDQ�QD�L]RODFLMD
���3ROXVSURYRGQD�WUDND
���(OHNWULaHQ�HNUDQ�RG�Cu�CLFL
���3ROXVSURYRGHQ�SOD^W
���'RGDWHQ�HOHNWULaHQ�HNUDQ�RG�CuSn CLFL

6O� � 3RSUHaHQ SUHVHN QD NDEHO� NRQVWUXNFLMD XHEh91-A



6O� � )RWRJUDILMD QD NDEHO� WLS XHEh91-A 1x150/25/50; 3URL]YRG QD ). �1(*27,12��

6R� RYDD� NRQVWUXNFLMD�� RGUHGXYDM`L� JL� SUHVHFLWH� QD� HNUDQLWH� L
VSURYRGOLYRVWD�QD�SOD^WRW�QD�NDEHORW�VH�SRVWLJQXYD�VWUXMDWD�QD� GRGDWQLRW�HNUDQ
GD�ELGH����SDWL�SRJROHPD�RG�VWUXMDWD�QD�HNUDQRW�

1D�RYRM�QDaLQ�VH�SRVWLJQXYD�GHVHW�SDWL�SRPDOD�SRWHQFLMDOQD�UD]OLND�HNUDQ��
VSURYRGQLN�YR�RGQRV�QD�NODVLaQDWD�NRQVWUXNFLMD�VR�HGHQ�HNUDQ��6SURYRGOLYRVWD�QD
SOD^WRW�SRPH_X�HNUDQRW�L�GRGDWQLRW�HNUDQ�JR�VSUHaXYD�SURELYDZHWR�QD�LVWLRW��D�VR
WRD�L�PHKDQLaNLWH�L�WHUPLaNLWH�R^WHWXYDZD�QD�NDEHORW�

4� /,7(5$785$
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65('121$3216.,�1$'=(01,�92'29,�62�32/8,=2/,5$1,
-$#,:$�2'�7,327���AlMgSi-E

.�5�$�7�.�$��6�2�'�5�#�,�1�$

=DUDGL� SRJROHPD� VLJXUQRVW� YR� UDERWD�� YRYHGHQL� VH� VUHGQRQDSRQVNL
SROXL]ROLUDQL� AlMgSi-E� QDG]HPQL� YRGRYL�� NDNR� ]DPHQD� ]D� VHJD^QLWH� JROL� Al/^
QDG]HPQL� YRGRYL�� NRL� VH� YR� ]LPVNL� XVORYL� L]ORCHQL� QD� aHVWL� LVSDGL� RG� PUHCD
SRUDGL� JROHPL� QDQRVL� QD� VQHJ� L� NU^HZH� QD� GUYMD�� 2YLH� QDG]HPQL� YRGRYL� LPDDW
JROHPD�VLJXUQRVW�YR�UDERWD�L�]DUDGL�WRD� VH�PDVRYQR�SULIDWHQL�SUYR�YR�(YURSD�� D
SRNDVQR�VH�SUR^LUHQL�L�QD�GUXJLWH�NRQWLQHQWL�

5HIHUDW�]D�VUHGQRQDSRQVNL�SROXL]ROLUDQL�QDG]HPQL�YRGRYL�VRGUCL�
�� 2S^W�GHO�RG�LQIRUPDWLYHQ�NDUDNWHU
�� 9RYHGXYDZH�AlMgSi�OHJXUD�NDNR�]DPHQD�]D�Al/^
�� .RQVWUXNFLMD�QD�VUHGQRQDSRQVNL�SROXL]ROLUDQL�AlMgSi-E� QDG]HPQL

YRGRYL
- ,]UDERWND�QD�AlMgSi-E�MDCH
- ,]RODFLMD�QD�AlMgSi-E�MDCH

4. 3UHGQRVWL� QD� VUHGQRQDSRQVNL� SROXL]ROLUDQL� AlMgSi-E� QDG]HPQL
YRGRYL�YR�RGQRV�QD�JROL�QDG]HPQL�YRGRYL��AlMgSi�L�Al/^)

S U M M A R Y

Because of the need of the better working security, the middle voltage semi-insulated
AlMgSi-E overhead lines appeared like a substitution of the bare Al/St overhead lines which, in
winter conditions, are exposed on a frequent outlet of the electrical net like snowdrift and broken
trees. Because of their large degree of working security, these overhead lines are widely accepted
first in Europe and then all over the world.
In this summary you will be introduced with:

1. the general part with Informative character
2. introduction in AlMgSi-E alloys like a substitution of the Al/St
3. the construction of the middle voltage semi-insulated AlMgSi-E overhead lines

− manufacturing of the AlMgSi-E ropes
− insulation of the AlMgSi-E ropes



4. the priorities of the middle voltage semi-insulated AlMgSi-E overhead lines compared
with the bare Al/St overhead lines

./8A1,�=%2529,��AlMgSi-E,SROXL]ROLUDQR�MDCH

929('

6UHGQRQDSRQVNL�SROXL]ROLUDQL�QDG]HPQL� YRGRYL� VH� SRMDYLMD� YR� VUHGLQD�QD
VHGXPGHVHWLWH� JRGLQL� YR� )LQVND�� D� YH`H� QD� SRaHWRNRW� QD� RVXPGHVHWLWH� JRGLQL� VH
SUR^LULOH�QD�>YHGVND�L�1RUYH^ND��3ROXL]ROLUDQL�QDG]HPQL�YRGRYL�VH�SRMDYLMD�RG
SRWUHED�]D�SRJROHPD�VLJXUQRVW�YR�UDERWD�YR�RGQRV�QD�JROL�QDG]HPQL�YRGRYL��2YDD�H
NDUDNWHULVWLaQR� ]D� ]LPVNL� SHULRG� NRJD� VH� OR^L� NOLPDWVNL� XVORYL� �QLVNL
WHPSHUDWXUL�� JROHPL� YUQHCL� QD� VQHJ�� PUD]�� VLOQL� YHWURYL� L� GUXJR��� RVREHQR� YR
XUEDQL]LUDQL�VUHGLQL��SDUNRYL��WH^NR�SULVWDSQL�^XPVNL�WHUHQL�

�� 23>7�'(/�2'�,1)250$7,9(1�.$5$.7(5

1DG]HPQL� YRGRYL� VR� JROL� SURYRGQLFL�� SRVHEQR� YR� ]LPVNL� SHULRGL� VH
L]ORCHQL� QD� aHVWL� LVSDGL� RG� PUHCD�� SRUDGL� JROHPL� VQHCQL� YUQHCL� L� NU^HZH� QD
GUYMD��7DND�VH�MDYLOD�SRWUHED�]D�QRYL�UH^HQLMD�]D�QDG]HPQL�YRGRYL�

(GQR� RG� PRCQLWH� UH^HQLMD� H� QDG]HPQL� YRGRYL� GD� VH� ]DPHQDW� VR� SRG]HPQL
YRGRYL�� QR� RYD� UH^HQLH� EL� LPDOR� PQRJX� SRWH^NRWLL� YR� UHDOL]DFLMD�� RVREHQR� YR
XUEDQL]LUDQL�VUHGLQL�L�WH^NR�SULVWDSQL�WHUHQL��2G�HNRQRPVNL�DVSHNW�RYD�UH^HQLH
EL�ELOR�PQRJX�SRVNDSR�

=DUDGL� WRD� VPH� EDUDOH� QRYR� UH^HQLH�� NRH� JOHGDQR� RG� HNRQRPVNL� DVSHNW� `H
ELGH� SRHIWLQR� RGQRVQR� NRH� `H� ELGH� QDMEOLVNX� GR� VHJD^QRWR� UH^HQLH� �� NODVLaHQ
QDG]HPHQ� YRG�� 2YD� UH^HQLH� H� SULIDWHQR� ]DUDGL� WRD� ^WR� ]D� SROXL]ROLUDQL
VUHGQRQDSRQVNL AlMgSi-E� QDG]HPQL� YRGRYL� VH� NRULVWL� SRVWRHaND� RSUHPD� RG
QDG]HPQL�YRGRYL�VR�JROL�SURYRGQLFL�

9R�VSRUHGED�VR�NODVLaQL�QDG]HPQL�YRGRYL��SROXL]ROLUDQL�QDG]HPQL�YRGRYL�VH
RGOLNXYDDW�VR�VOHGQLWH�SUHGQRVWL�

- PQRJX�SRJROHPD�VLJXUQRVW�YR�UDERWD
- HNROR^ND�SUHGQRVW
- SRPDOL� WUR^NRYL� QD� RGUCXYDZH� YR� WHNRW� QD� YHNRW� QD� WUDHZH� QD

QDG]HPHQ�YRG
3RUDGL� QDYHGHQLWH� SUHGQRVWL� YR� RVWDQDWLRW� GHO� RG� (YURSD� �*HUPDQLMD�

$QJOLMD�� ����� YR� -DSRQLMD��.DQDGD� L� GUXJL�� SRaQDOR� LQWHQ]LYQR� GD� VH� UD]PLVOXYD� ]D
L]JUDGED� QD� QRYL� WLSRYL� � QDG]HPQL� YRGRYL� SR� SULPHU� QD� 6NDQGLQDYLMD�� 3UYR
SRaQDOH� GD� VH� SUDYDW� SUREQL� OLQLL� VR� SROXL]ROLUDQL� QDG]HPQL� YRGRYL�� NDNR� EL
PRCHOR�GD�VH�L]YU^DW�LVSLWXYDZD��D�SRWRD�XVYRMXYDZH�L�VWDQGDUGL]DFLMD�QD�LVWLWH�

9R� VRUDERWND� VR� (YURSVND� GLVWULEXFLMD�� VWDQGDUGL]LUDQL� VH� WUL� WLSD
VUHGQRQDSRQVNL�SROXL]ROLUDQL�QDG]HPQL�YRGRYL��PVIV��

�� >YHGVND� YHU]LMD� �BLX 24 kV�� QHNRPSDNWLUDQL�AlMgSi-E (62, 99, 157, 241
mm2�

�� 1RUYH^ND�YHU]LMD��BLX 24 kV) NRPSDNWLUDQL�AlMgSi-E (50, 95, 150 mm2�
�� )LQVND�YHU]LMD��PAS 20 kV) NRPSDNWLUDQL�AlMgSi-E (35, 70, 120 mm2)



2. 929('89$:(�1$�AlMgSi /(*85$�.$.2�=$0(1$�=$�Al/^

/HJXUL� QD� DOXPLQLXP� SUHY]HPDOH� YRGHaND� XORJD� YR� L]UDERWND� QD� MDCLZD� ]D
QDG]HPQL�YRGRYL��$OXPLQLXPRW�LPD�L]YRQUHGQL�HOHNWULaQL�RVRELQL��QR�QHGRYROQR
GREUL� PHKDQLaNL� RVRELQL�� WDND� GD� VR� OHJLUDZH� QD� DOXPLQLXPRW� VR� VRRGYHWQL
HOHPHQWL��NDNR�^WR�VH�PDJQH]LXP�L�VLOLFLXP��PRCH�GD�VH�SRVWLJQDW�PQRJX�SRGREUL
PHKDQLaNL�RVRELQL�VR�QH]QDaLWHOHQ�SDG�QD�HOHNWULaQL�RVRELQL��

=D�YUHPH�QD�3UYDWD�VYHWVND�YRMQD�YR�>YDMFDULMD�H�XVYRHQD�OHJXUD�AlMgSi�SR
LPH� “ALDREY” NRMD� VH� NRULVWL�L� GHQHVND� YR� VNRUR� L]YRUHQ� REOLN��3RVOH�9WRUDWD
VYHWVND�YRMQD�XVYRHQ�H�FHO�UHG�QD�OHJXUL�QD�DOXPLQLXP�SR]QDWL�SRG�UD]OLaQL�LPLZD�
NDNR�^WR�VH��ALMELEC, SILMELEC, ALUDUR, E-AlMg1, AlMgSi-E, AA 6210, AA 5005,
Al 59, DUCTALEC, TRIPLEE, AA 8000, NRMD�SUHWVWDYXYD�IDPLOLMD�QD�OHJXUL�YRYHGHQL
YR�6$'�YR������JRGLQD�

2YDD� OHJXUD� IUDQFX]LWH� MD� XVYRLOH� L� MD� YRYHOH� YR� SURYRGQLFL� ]D� QDG]HPQL
YRGRYL�SRG�LPH�ALMELEC�RG������JRGLQD��D�PDVRYQR�RYDD�OHJXUD�VH�SULPHQXYD�GXUL
RG������JRGLQD��3ULaLQD�]D�PDVRYQD�SULPHQD�QD�ALMELEC�YR�RGQRV�QD�DOXPLQLXP�VH
VOHGQLWH�

7DEHOD����6SRUHGXYDZH�QD�QHNRL�NDUDNWHULVWLNL�QD�DOXPLQLXP�L�ALMELEC
                            ���LQIRUPDWLYQR�

.DUDNWHULVWLNL $OXPLQLXP ALMELEC
(OHNWULaQD�SURYRGQRVW ��� ��
(OHNWULaQD�RWSRUQRVW ��� ���
3UHNLGQD�VLOD ��� ���
3UHNLGQR�L]GROCXYDZH ��� ���
1DMJROHPD�RWSRUQRVW ��� ���

6R� ]JROHPXYDZH� QD� HOHNWULaQD� RWSRUQRVW� ]D� ���� RGQRVQR� QDPDOXYDZH� QD
HOHNWULaQD�SURYRGQRVW� ]D� ����� VLODWD� QD� NLQHZH� VH� ]JROHPXYD� ]D� ����� D� VR� WRD� L
SUHNLGQRWR� L]GROCXYDZH� VH� ]JROHPXYD� ]D� ������ 7RD� ]QDaL� GHND� PRCH� GD� VH
NRQVWDWLUD� GHND� QDMJROHP� QDSUHGRN� YR� SURL]YRGVWYRWR� QD� QDG]HPQL� YRGRYL� H
RVWYDUHQR�VR�OHJLUDZH�QD�DOXPLQLXP�VR�PDJQH]LXP�L�VLOLFLXP��6R�WRD�H�RYR]PRCHQD
L]UDERWND�QD�HGQRURGQL�QDG]HPQL�AlMgSi�YRGRYL��(GQRURGQRVW�]QDaL�SRVWLJDZH�QD
KHPLVND�SRVWRMDQRVW�SRPH_X�CLFL�QD�MDCH��.DM�AlMgSi-E�MDCLZD�QH�SRVWRL�JDOYDQVNL
SDG� AlZn� NDNR� ^WR� H� VOXaDM� NDM� Al/^ � MDCLZD�� RG� ^WR� SURL]OHJXYD� SREDYQR
UD]JUDGXYDZH�QD�YJUDGHQDWD�PDVW�

9R� FHOLQD� JOHGDQR�� SUHGQRVWLWH� QD� AlMgSi� OHJXUD� VH� ELWQL� ]D� SODQLQVNL
SUHGHOL�� SULPRUVNL�REODVWL�� LQGXVWULVNL� ]RQL�� NDGH�^WR� H� QHRSKRGQD� SULPHQD� QD
RYDD�OHJXUD�

�� .216758.&,-$�1$�65('121$3216.,�32/8,=2/,5$1,
AlMgSi-(�1$'=(01,�92'29,

6UHGQRQDSRQVNL�SROXL]ROLUDQL�AlMgSi-E�QDG]HPQL�YRGRYL�SUHWVWDYXYDDW�AlMgSi�
(�SURYRGQLN�NRM�H�SRMDCHQ��SRGPDaNDQ��NRPSDNWLUDQ��D�SRWRD�L]ROLUDQ�VR�XPUHCHQ
SROLHWLOHQ�



���� ,]UDERWND�QD�AlMgSi �(�MDCLZD

-DCLZD�]D�QDG]HPQL�YRGRYL�VH�L]UDERWXYDDW�RG�WYUGR�YOHaHQD�AlMgSi�(�CLFD�

7DEHOD����0HKDQLaNL�L�HOHNWULaQL�NDUDNWHULVWLNL�QD�AlMgSi�(�CLFL
3UHaQLN QD

CLFD
3UHVHN QD
CLFD�

1DMPDOD ]DWH]QD

FYUVWLQD daN/mm2 'ROCLQVND
'ROCLQVNL
VUHGHQ 1DMPDOR

QRPLQDOQD
YUHGQRVW

mm

GR]YROHQR
RWVWDSX�
YDZH

mm

QRPLQDOQD
YUHGQRVW

mm2

SUHG
SRMDCX�
YDZH

SRVOH
SRMDCX�
YDZH

PDVD QD
CLFD

kg/km

DNWLYHQ
RWSRU QD

20 0C

Ω/km

SUHNLGQR
L]GROCX�

YDZH ∆l
%

2.00
2.25
2.50

± 0.025
± 0.025
± 0.025

3.1416
3.9761
4.9087

29.4 29.4
8.482
10.735
13.253

10.4360
8.2460
6.6794

4
4
4

2.75
3.00
3.25

± 0.028
± 0.030
± 0.033

5.9396
7.06686
8.2958

29.4 29.4
16.037
19.085
22.399

5.5201
4.6384
3.9522

4
4
4

3.50
3.75
4.00

± 0.035
± 0.038
± 0.040

9.6211
11.045
12.566

29.4 29.4
25.977
29.822
33.928

3.4078
2.9685
2.6092

4
4
4

AlMgSi�(� CLFD� PRUD� GD� ELGH� aLVWD� EH]� SRYU^LQVNL� JUH^NL�� NDNR� ^WR� VH
SXNQDWLQL��OX^SL���L�VOLaQR��#LFDWD�QH�VPHH�GD�ELGH�YODCQD�LOL�RNVLGLUDQD��1H�H
GR]YROHQR�SULVXVWYR�QD�PHWDOQL�L�QHPHWDOQL�SULPHVL��^XSOLQL�L�GUXJL�QHGRVWDWRFL
NRL�YOLMDDW�QD�SULPHQD�QD�CLFDWD��D�VR�WRD�L�QD�QHM]LQLWH�PHKDQLaNL�L�HOHNWULaQL
RVRELQL�� 9QDWUH^QL� L� QDGYRUH^QL� QHGRVWDWRFL� QD� CLFDWD� VH� RWNULYDDW� VR
QDPRWXYDZH�QD�CLFDWD�RNROX�WUQ�VR�LVW�GLMDPHWDU�NDNR�CLFD�L�WRD����QDPRWL�EOLVNX
HGHQ� GR� GUXJ� VH� QDPRWXYDDW�� D� SRWRD� �� VH� RGPRWXYDDW� L� SRYWRUQR� �� VH� QDPRWXYDDW�
#LFDWD�QH�VPHH�GD�VH�SUHNLQH�L�QH�VPHH�GD�LPD�SXNQDWLQL�QD�SRYU^LQDWD�

7DEHOD����0HKDQLaNL�L�HOHNWULaQL�NDUDNWHULVWLNL�QD�AlMgSi�(
������NRPSDNWLUDQR�MDCH�]D�QDG]HPQL�YRGRYL
3UHVHN
QD MDCH

mm²

.RQV�
WUXNFL�MD
QD MDCH

'LMDPH
WDU QD
NRPS�
MDCH

0DVD QD
MDCH

3UHVPHW�
NRYQD

SUHNLGQD
VLOD

6UHGHQ
DNWLYHQ
RWSRU QD

20ºC
QRPLQD�
OHQ

SUHVPHWNR
YHQ

n x mm mm kg/km N Ω / km

35

50

70

95

120

150

34.36

49.48

67.3

93.27

117.0

151.5

7x2.50

7x3.00

7x3.5

19x2.50

19x2.80

19x3.25

7.0

8.3

9.8

11.6

12.8

14.2

94

135

185.4

256

322

433

9595

13829

18450

26050

32680

42 314

0.986

0.720

0.493

0.364

0.288

0.236



AlMgSi�(� MDCH�]D�QDG]HPQL�YRGRYL��SUHWVWDYXYD�SURYRGQLN�VRVWDYHQ�RG���LOL
SRYH`H�CLFL�VR�LVW�SUHVHN�� �SRMDCHQ� �YR�NRQFHQWULaQL�VORHYL��$NR�SURYRGQLNRW�H
VRVWDYHQ�RG� SRYH`H� VORHYL�� VRVHGQLWH� VORHYL� VH� SRMDCHQL� YR� VSURWLYQL� VPHURYL�� D
QDGYRUH^HQ�VORM�PRUD�GD�LPD�GHVHQ�VPHU�QD�SRMDCXYDZH��9R�MDCLZD�VR�SRYH`H�VORHYL
IDNWRU�QD�aHNRU�QD�ELOR�NRM� VORM�PRUD�GD�ELGH�SRPDO�RG�IDNWRU�QD�aHNRU�QD� VORM
QHSRVUHGQR� SRG� QHJR�� AlMgSi�(� MDCLZD� ]D� QDG]HPQL� YRGRYL� VH� SRGPDaNXYDDW� VR
KHPLVNL�QHXWUDOQD�L�SUHPD�DWPRVIHUD�RWSRUQD�PDVW��1DVWDYXYDZH�QD�SRHGLQL�CLFL
YR�MDCH�H�GR]YROHQR�VR�WRD�GD�GYD�VRVHGQL�QDVWDYFL�ELGDW�RGGDOHaHQL�PLQLPXP����
PHWUD�]D�MDCLZD�GR���CLFL��RGQRVQR����PHWUD�]D�MDCLZD�VR�SRYH`H�CLFL�

3RGDWRFL�]D�AlMgSi�(�MDCLZD�RG�LQIRUPDWLYHQ�NDUDWNHU�VH�
��YROXPHQVND�PDVD�QD���R6�� ����������kg/m3

��PRGXO�QD�HODVWLaQRVWD ����������� N/mm2

��VSHFLILaQD�HOHNWULaQD�RWSRUQRVW�QD���R6�max����������Ω�mm2/m
��VSHFLILaQD�HOHNWULaQD�SURYRGQRVW �����<�m/mm2

��NRHILFLHQW�QD�OLQHDUQR�WRSORWQR�^LUHZH �������������R6

���� ,]RODFLMD�QD�AlMgSi �(�MDCLZD

,]RODFLMD�]D�VUHGQRQDSRQVNL�SROXL]ROLUDQL�AlMgSi�(�QDG]HPQL�YRGRYL�H�RG
XPUHCHQ� SROLHWLOHQ� XLPE�� VR� FUQD� ERMD�� RWSRUHQ� QD� QLVNL� WHPSHUDWXUL� L
SURPHQOLYL�YUHPHQVNL�XVORYL��VR�SURFHQW�QD�VD_L����

������0HKDQLaNL�� WHUPLaNL� L� HOHNWULaQL� NDUDNWHULVWLNL� QD� XPUHCHQ� SROLHWLOHQ
XLPE

0HKDQLaNL�NDUDNWHULVWLNL�SUHG�VWDUHHZH�
- ]DWH]QD�FYUVWLQD��min. 12,5 N/m2

- SUHNLGQR�L]GROCXYDZH�min. 200%
3RVOH� VWDUHHZH� YR� VX^QLFD� QD� WHPSHUDWXUD� RG� ���R6� ±� �R6� L� YUHPH� QD

VWDUHHZH���GHQD�
'R]YROHQL�RWVWDSXYDZD�QD�

- ]DWH]QD�FYUVWLQD�±���
- SUHNLGQR�L]GROCXYDZH�±���

7HUPLaNL�NDUDNWHULVWLNL�

- VWHSHQ� QD� XPUHCHQRVWD� �QD� WHPSHUDWXUD� RG� ���R6� ±� �R6� L� GRGDWQR
RSWHUHWXYDZH�����N/mm2�L�YUHPH�QD�WUDHZH����PLQXWL

8PUHCHQ�SROLHWLOHQ�QDPHQHW�]D�L]RODFLMD�QD�QDG]HPQL�YRGRYL�WUHED�GD�LPD�
- L]GROCXYDZH�max������
- ]DRVWDQDWR�L]GROCXYDZH����

(OHNWULaQL�RVRELQL�
- VSHFLILaHQ� L� YROXPHQVNL� RWSRU� QD� UDERWQD� WHPSHUDWXUD� RG� ��R6� H

PLQLPOQR������Ω . m



7DEHOD����0HKDQLaNL�L�HOHNWULaQL�NDUDNWHULVWLNL�QD�VUHGQRQDSRQVNL
������SROXL]ROLUDQL�AlMgSi-E�QDG]HPQL�YRGRYL
3UH�
VHN QD
MDCH

.RQV�
WUXNFLMD
QD MDCH

'LMD�
PHWDU
QD

NRPS�
MDCH

'HEH�
OLQD QD
L]ROD�
FLMD

'LMD�
PHWDU QD
SR�OXL]R�
OLUDQR
MDCH

0DVD QD
SR�

OXL]R�
OLUDQR
MDCH

3UHNLGQD
VLOD QD
SROXL]R�
OLUDQR
MDCH

6UHGHQ
DNWLYHQ QD
SROXL]R�

OLUDQR MDCH

QD 20ºC
mm² n x mm mm mm mm kg/km N Ω / km
35

50

70

95

120

150

7x2.50

7x3.00

7x3.5

19x2.50

19x2.80

19x3.25

7.0

8.3

9.8

11.6

12.8

14.2

2.3

2.3

2.3

2.3

2.3

2.3

11.6

12.9

14.4

162

17.4

18.8

170

220

280

370

445

560

10300

14200

20600

27900

35200

44100

0.986

0.720

0.493

0.364

0.288

0.236

6R�L]RODFLMD�QD�AlMgSi-E�MDCLZD�VH�SRVWLJQXYD�
- GD� VH� SUHQHVDW� SRJROHPL�PHKDQLaNL� RSWHUHWXYDZD�� W�H�� SUHNLGQD� VLOD

QD� SROXL]ROLUDQL� AlMgSi-E� QDG]HPQL� YRGRYL� H� SRJROHPD� ]D� ����� YR
RGQRV�QD�JROL�AlMgSi-E�QDG]HPQL�YRGRYL�

- YRGRYLWH�SRGREUR�GD�VH�VSURWLYVWDYDW�QD�VLOHQ�YHWDU�
- GD� VH� SUL� SUHNLQ� QD� AlMgSi-E� MDCH�� VR� LVWHJQXYDZH� QD� L]RODFLMD�

RQHYR]PRCL� GRSLU� QD� JROR� MDCH� VR� RNROLQD�� WDND� GD� QD� WRM� QDaLQ� VH
]D^WLWL�RNROLQDWD�RG�OR^�HIHNW��RGQRVQR�HYHQWXDOQL�CUWYL�

- PUD]RW� GD� VH� ]DGUCL� SRPDONX� QD� SROXL]ROLUDQL� QDG]HPQL� YRGRYL� YR
RGQRV�QD�JROL�QDG]HPQL�YRGRYL�

4. 35('1267,�1$�65('121$3216.,�32/8,=2/,5$1,�AlMgSi-E
������������1$'=(01,�92'29,�92�2'126�1$�*2/,�1$'=(01,�92'29,
�������������AlMgSi-E �,�Al/^)

3UHGQRVWL�QD�VUHGQRQDSRQVNL�SROXL]ROLUDQL�AlMgSi-E�QDG]HPQL�YRGRYL�
- SRJROHPD�SRJRQVND�VLJXUQRVW
- SUL�GRSLU�QD�YRGRYL�VR�GUYMD��QH�GRD_D�GR�LVSD_DZH�QD�GDOHNRYRGL
- ROHVQHWR�RGUCXYDZH
- SRPDOD�PRCQRVW�]D�SRCDU
- SRPDOL�UD]GDOHaLQL�SRPH_X�YRGRYL
- SRPDOR�WRU]LRQR�RSWHUHWXYDZH�QD�VWROERYL
- QDPDOXYDZH�QD�^LULQD�QD�WUDVL
- SRPDOR�HNROR^NR�]DJUR]XYDZH�QD�SULURGDWD
- SROHVQL�UDERWL�QD�VWROERYL�SRUDGL�QDPDOHQD�UD]GDOHaLQD
- SRPDOD�PRCQRVW�RG�XGDU�QD�JURP�]DUDGL�SRWHVHQ�NRULGRU
- SRPDOD�PRCQRVW�QD�]DGUCXYDZH�QD�VQHJ�L�VWYDUDZH�QD�PUD]�QD�YRGRYLWH
- SRPDOD�RSDVQRVW�]D�SWLFL�YR�QHSRVUHGQD�EOL]LQD�QD�GDOHNRYRGL



6UHGQRQDSRQVNL� SROXL]ROLUDQL� AlMgSi�(� QDG]HPQL� YRGRYL� JDUDQWLUDDW
SRJROHPD� VLJXUQRVW� YR� QDSRMXYDZH� VR� HOHNWULaQD� HQHUJLMD�� ]DUDGL� WRD� ^WR� L� YR
QDMWH^NL�YUHPHQVNL�XVORYL��QHYUHPH��DWPRVIHUVNL�SUD]QHZD��VQHCQL�YUQHCL��PUD]�
SD_DZH�QD�GUYMD�QD�YRG��LVWUHVXYDZH�QD�VQHJ�L�PUD]�RG�YRG��QH�GRD_D�GR�SURERM�SRPH_X
YRGRYL� LOL� SRPH_X� YRGRYL� L� ]HPMD�� 2WVWUDQXYDZH� QD� GUYMD� NRL� SDGQDOH� QD
SROXL]ROLUDQ�YRG�QH�SUHaDW�YR�QDSRMXYDZH�VR�HOHNWULaQD�HQHUJLMD�L�]DWRD�PRCHPH
GD�JL�RWVWUDQLPH�SRNDVQR��NRJD�]D�WRD�LPDPH�YUHPH�

0HUNL�QD�VLJXUQRVWD�NRJD�UDERWDW�VUHGQRQDSRQVNL�SROXL]ROLUDQL�AlMgSi�(
QDG]HPQL�YRGRYL�VH�LVWL�NDNR�L�NDM�YRGRYL�VR�JROL�SURYRGQLFL��6R�RJOHG�QD�WRD�GHND
VUHGQRQDSRQVNL� SROXL]ROLUDQL� QDG]HPQL� YRGRYL� QH� VH� NRULVWHQL� YR� 0DNHGRQLMD�
QLH�`H�NRULVWLPH�VWUDQL�LVNXVWYD�]D�HNVSORDWDFLMD�QD�LVWLWH�

7HKQLaNL� SRGDWRFL� ]D� VUHGQRQDSRQVNL� SROXL]ROLUDQL� AlMgSi�(� QDG]HPQL
YRGRYL�YR�^YHGVND�L�QRUYH^ND�YHU]LMD�RG�WLS�BLX, 24 kV� L�ILQVND�YHU]LMD�RG� WLS
PAS, 20 kV��OLWHUDWXUD����

D� =D�^YHGVND�YHU]LMD����WLS�BLX, 24 kV)
ID]QL�UDVWRMDQLMD

- KRUL]RQWDOQR�SRVWDYXYDZH���min. 50 cm
- YHUWLNDOQR�SRVWDYXYDZH�����min. 60 cm

SUHVHFL�QD�SURYRGQLN������������������mm�

E��=D�QRUYH^ND�YHU]LMD����WLS�BLX, 24 kV)
ID]QL�UDVWRMDQLMD�VH�LVWL�NDNR�]D�^YHGVND�YHU]LMD
SUHVHFL�QD�SURYRGQLN�������������mm�

Y��=D�ILQVND�YHU]LMD����WLS�PAS, 20 kV)
- KRUL]RQWDOQR�SRVWDYXYDZH���min. 40 cm, 45 cm
- YHUWLNDOQR�SRVWDYXYDZH�����min. 55 cm

SUHVHFL�QD�SURYRGQLN�������������mm�

=D� VLWH� YHU]LL� L]RODFLMD� H� RG� DWPRVIHUVNL� RWSRUHQ� XPUHCHQ� SROLHWLOHQ
XLPE�VR�GHEHOLQD�����mm�

3RVPDWUDQR� RG� HNRQRPVNL� DVSHNW�� NRULVWHM`L� JL� ^YHGVNLWH� LVNXVWYD
�OLWHUDWXUD���� ]D����kV� HGQRVLVWHPVNL�YRG�GDGHQ�H�SUHJOHG�QD�WUR^NRYL�VR�VOHGQD
QDSRPHQD�

1DSRPHQD����1 sek = 0,2 DM
����NDONXODFLMDWD�H�YU]�ED]D�QD�EURMRW�QD�JUH^NL�QD�����km�JRGL^QR

������������]D�JROL�YRGRYL�VH�SUHGYLGHQL���JUH^NL�QD�����km�JRGL^QR
������������]D�SROXL]ROLUDQL�AlMgSi-E�YRGRYL���JUH^ND�QD�����km�JRGL^QR

=D�QDG]HPQL�YRGRYL
VR�JROL�SURYRGQLFL

=D�SROXL]ROLUDQL�AlMgSi-
E�QDG]HPQL�YRGRYL

sek/km sek/km
L]JUDGED 90 700 115 100
SUHJOHGL 4 400 4 400
RGUCXYDZH 2 100 1 900
SRSUDYNL 2 700 800
680$�� 99 900 122 200
JXELWRFL� SRUDGL
QHLVSRUDaDQD
HO��HQHUJLMD

74 500 8 100

680$�� 174 400 130 300



680$����GDYD�WUR^NRYL�]D�RVQRYQD�LQYHVWLFLMD��SUHJOHGL��RGUCXYDZD�L
�����������������������������SRSUDYNL
680$����GDYD�GRGDWQL�WUR^NRYL�]D�QHLVSRUDaDQD�HOHNWULaQD�HQHUJLMD

7DEHOD����.RPSDUDWLYQL�SRGDWRFL�]D�JROL�Al/^ �QDG]HPQL�YRGRYL�L
������������������������������SROXL]ROLUDQL AlMgSi-E�QDG]HPQL�YRGRYL
3UHVHN

QD
SROXL�
]ROL�
UDQ L
JRO

AlMgSi

3UHVHN

QD  Al/^
MDCH

'LMDPH�
WDU QD
SROXL�
]ROLUD�
QR MDCH

'LMDPH
WDU QD

Al/^
MDCH

7HCLQD
QD

SROXL�
]ROLUD�
QR MDCH

7HCLQD

QD Al/^
MDCH

3UHNLG
QD VLOD

QD
SROXL�
]ROLUD�
QR MDCH

3UHNLG
QD VLOD
QD Al/^
MDCH

(OHN�
WULaQD
RWSRU�
QRVW QD
SROXL�
]ROLUD�
QR MDCH

QD 20ºC

(OHN�
WULaQD
RWSRU�
QRVW QD

Al/^
MDCH QD

20ºC

6WUXMQR
RSWHUH�
WXYDZH
QD

SROXL�
]ROLUD�
QR MDCH

6WUXMQR
RSWHUH�
WXYDZH

QD Al/^
MDCH

mm² mm² mm mm kg/km kg/km N N Ω / km Ω / km A A

35

50

70

95

120

150

35/6

50/8

70/12

95/15

120/20

150/25

11.6

12.9

14.4

16.2

17.4

18.8

8.1

9.6

11.7

13.6

15.5

17.1

170

220

280

370

445

560

140

196

284

383

494

605

10300

14200

20600

27900

35200

44100

12400

16770

26280

35060

44770

54180

0.986

0.720

0.493

0.364

0.288

0.236

0.8353

0.5946

0.4130

0.3058

0.2374

0.1939

200

250

300

370

420

485

145

170

290

350

410

470

9UHGQRVWL� ]D� VWUXMQR� RSWHUHWXYDZH� YR� NRORQD� ��� RG� WDEHOD� ��� VH� ]HPHQL� RG
/LWHUDWXUD����D�YR�NRORQD����RG�VWDQGDUG�DIN��������

3UL�PRQWDCD�QD�VUHGQRQDSRQVNL�SROXL]ROLUDQL�AlMgSi-E�QDG]HPQL�YRGRYL��VH
NRULVWL�LVW�RYHVHQ�SULERU�NDNR�L�NDM�Al/^ �QDG]HPQL�YRGRYL�

=DNOXaRN�

6UHGQRQDSRQVNL� SROXL]ROLUDQL� AlMgSi-E� QDG]HPQL� YRGRYL� VR� VYRLWH
SUHGQRVWL�VH�SRYH`H�`H�JL�]DPHQXYDDW�JROLWH�QDG]HPQL�YRGRYL��=DWRD�H�SRWUHEQR�GD
VH�SULSUHPDW�SURSLVL�L�VWDQGDUGL�]D�LVWLWH�

.RULVWHQD�OLWHDWXUD�

�� 7HKQLaND�VSHFLILNDFLMD�00����������]D�AASC-XLP, 20 kV
�� JUS N.C1.401; JUS N.C1.402; DIN 48 201�GHO���L�DIN�������
�� SVENSK STANDARD SS 424 14 63
�� 5HIHUDW������RG�XIV �VLPSR]LXP�]D�NDEOL�YR�-DJRGLQD������JRGLQD
5. Uvajanje izoliranih nadzemnih vodov v elektroenergetsko omre`je Slovenije, Referat

st. 1195
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2YRM�UHIHUDW�RSL^XYD�QRY�NRQFHSW� ]D�NRQVWUXNFLMD�QD�NDEHOVNL� ]DYU^QLFL
]D� VUHGHQ� QDSRQ� VR� NRPELQDFLMD� QD� VORM� RG� PDWHULMDO� VR� YLVRND� GLHOHNWULaQD
NRQVWDQWD� L� YJUDGHQD� HOHNWURGD� (EE - Embedded Electrode��� 2YLH� LVSLWXYDZD� EHD
L]YU^HQL�QD�NRQVWUXNFLMD�QD�NDEHOVNL�]DYU^QLFL�NDNR�^WR�VOHGXYD�

� VORM� RG� PDWHULMDO� VR� YLVRND� GLHOHNWULaQD� NRQVWDQWD� SRVWDYHQ� SUHNX
L]RODFLMDWD�QD�NUDMRW�RG�NDEHORW�L�SUHNX�GHO�RG�HNUDQRW�QD�L]RODFLMDWD�YR�SUYLRW
VOXaDM�

� VORM� RG� PDWHULMDO� VR� YLVRND� GLHOHNWULaQD� NRQVWDQWD� H� SRVWDYHQ� SUHNX
L]RODFLMDWD�QD�NUDMRW�RG�NDEHORW�L�SUHNX�GHO�RG�RYRM�VORM�H�SRVWDYHQ�SROXSURYRGHQ
PDWHULMDO�NRM�^WR�H�VSRHQ�VR�HNUDQRW��QD�L]RODFLMDWD�YR�YWRULRW�VOXaDM�

� L�QHNRM�GHO�RG�VORMRW�VR�YLVRND�GLHOHNWULaQD�NRQVWDQWD�SRVWDYHQ�SRPH_X
HNUDQRW� QD� L]RODFLMDWD� L� VORMRW� QD� SROXSURYRGHQ� PDWHULMDO� NRM� H� VSRHQ� VR
L]RODFLMDWD� YR� WUHWLRW� VOXaDM�� $QDOL]DWD� ]DVQRYDQD� QD� NRQHaQLRW� HOHPHQWDUHQ
PHWRG (FEM – Finite Element Method��EH^H�L]YU^HQD�VR�FHO�GD�VH�NRQVWUXLUD�UD]OLaQD
NRQVWUXNFLMD�QD�NDEHOVNL�]DYU^QLFL�RG�SROLPHUL]LUDQL�SROLHWLOHQVNL�NDEOL��1D
NUDMRW�RYLH�QRYL�NDEHOVNL�]DYU^QLFL�EHD�LVSLWDQL�YR�VNODG�VR�VDE 0278�L�IEEE-404�

S U M M A R Y

This paper describes a new concept in construction of cable terminations for medium
voltage with combination of layer with high dielectric constant material and embedded electrode
(EE). These investigations were performed on construction cable terminations as follows: layer of
high dielectric constant material was placed over cable insulation of cable end and over some part
of cable insulation screen in the first case; layer of high dielectric constant material was placed
over cable insulation of cable end and over some part of layer with high dielectric constant
material was placed layer of semiconducting material which connected insulation screen , in the
second case; and some part of layer of high dielectric constant material was placed between cable
insulation screen and layer of semiconducting material which connected with cable insulation in



the third case. A finite element method (FEM) based analysis was performed in order design to
different construction of cable terminations of crosslinked polyethilene XLPE cables. Finally,
these new cable terminations were tested according VDE 0278 and IEEE – 404.

./8A1,�=%2529,���NDEHOVNL�]DYU^QLFL�

9�2�9�(�'

9R�VYHWRW�XLPE�NDEOLWH�^LURNR�VH�XSRWUHEXYDQL�]D�VUHGHQ�QDSRQ��D�QLYQDWD
YLVRND�GRYHUOLYRVW�VH�LPD�YH`H�SRWYUGHQR��2VQRYQLWH�SUREOHPL�VH��^WR�SRG]HPQLWH
NDEOL� VH� SRORCHQL� YR� WUDQVIRUPDWRUVNLWH� VWDQLFL� QD� VUHGHQ� QDSRQ� L� VSRHQL� YR
NX`L^WD��.X`L^WDWD�VH�VR�GLPHQ]LL���������PP�YR�^LULQD��3RUDGL�WRD�NDEHOVNLWH
]DYU^QLFL� PRUD� GD� LPDDW� PDOD� GLPHQ]LMD� L� GD� LPDDW� GREUL� VHUYLVQL
NDUDNWHULVWLNL�� 3RVOHGQLWH� ��� JRGLQL� EHD� YRYHGXYDQL� PQRJX� QRYL� PHWRGVNL
NRQVWUXNFLRQL� UH^HQLMD� XSRWUHEHQL� ]D� NDEHOVNL� ]DYU^QLFL� QD� NDEOL� RG� FYUVW
GLHOHNWULN��������(OHNWULaQRWR�SROH�NDM�HNUDQL]LUDQLRW�NDEHO�H�UDGLDOQR�L�PRCH
OHVQR� GD� ELGH� SUHVPHWDQR��2YLH� GRNXPHQWL� ���� ��� ��� L� ���� JR� LQLFLUDD� UD]YRMRW� QD
QRYLRW�NRQFHSW�]D�NRQVWUXNFLMD�QD�VUHQRQDSRQVNL�NDEHOVNL�]DYU^QLFL��,VWR�WDND
RYRM�GRNXPHQW�JR�SUH]HQWLUD�UD]YRMRW�QD�NRPSMXWHUVNLWH�PHWRGL�]D�GHWHUPLQDFLMD�QD
HOHNWULaQRWR� SROH� YR� NDEHOVNLWH� ]DYU^QLFL�� 2YGH� JODYQLRW� SUREOHP� YR
NRQVWUXNFLMDWD�QD�NDEHOVNL�]DYU^QLFL�H�SUHVPHWXYDZHWR�QD�HOHNWULaQRWR�SROH�YR
NRQILJXUDFLL� VR� NDSDFLWLYQD� L� UH]LVWLYQD� GLVWULEXFLMD� QD� SRWHQFLMDOL� VR
YJUDGHQD� HOHNWURGD�� 0H_XWRD�� JODYQLRW� QXPHULaNL� SURJUDP� ]D� SUHVPHWXYDZH� QD
HOHNWULaQRWR�SROH�QD� NDEHOVNL� ]DYU^QLFL�PRUD� SULID`D�^LURND� UD]QROLNRVW� QD
NRQILJXUDFLL� QD� YJUDGHQL� HOHNWURGL� L� GLHOHNWULaQL� PDWHULMDOL�� 1DMSUYR� RYRM
GRNXPHQW� JL� SUHWVWDYXYD� UH]XOWDWLWH� RG� SURPHQDWD� QD� LQWHQ]LWHWRW� QD
HOHNWULaQRWR�SROH�QD�NDEHOVNLWH�]DYU^QLFL�YR�IXQNFLMD�QD�GLVWDQFLRQR�YJUDGHQD
HOHNWURGD� RG� NDEHOVNLRW� L]RODFLRQHQ� HNUDQ�� 9JUDGHQDWD� SUVWHQDVWD� HOHNWURGD
EH^H� L]UDERWHQD� RG� UD]OLaQL� GLPHQ]LL� QD� EDNDUQD� WUDND� YR� SUYLRW� VOXaDM�� LOL
EDNDUHQ� SUVWHQ� YR� YWRULRW� VOXaDM�� 1D� RYRM� QDaLQ� ]D� NRQNUHWQDWD� NDEHOVND
NRQVWUXNFLMD� RSWLPL]DFLRQLWH� NDUDNWHULVWLNL� QD� NDEHOVNDWD� ]DYU^QLFD� PRCH� GD
ELGDW� GHWHUPLQLUDQL� VR� XSRWUHED� QD� NRPELQDFLMD� QD� PDWHULMDO� VR� YLVRND
GLHOHNWULaQD� NRQVWDQWD� L� YJUDGHQD� HOHNWURGD�� 2YDD� NRQVWUXNFLMD� QD� NDEHOVNL
]DYU^QLFL�EH^H�QDSUDYHQD�QD�VOHGQLRW�QD aLQ��YR�SUYLRW�VOXaDM�EH^H�SRVWDYHQ�VORM
RG� YLVRNR� GLHOHNWULaHQ� PDWHULMDO� SUHNX� L]RODFLMDWD� QD� NDEHOVNLRW� NUDM� L� SUHNX
HGHQ�GHO�RG�HNUDQRW�QD�L]RODFLMDWD��YR�YWRULRW�VOXaDM�VORM�RG�YLVRNR�GLHOHNWULaHQ
PDWHULMDO�EH^H�SRVWDYHQ�SUHNX�L]RODFLMDWD�QD�NDEHOVNLRW�NUDM�D�SUHNX�GHO�RG�RYRM
VORM�H�SRVWDYHQ�SROXSURYRGHQ�PDWHULMDO�NRM�^WR�H�VSRHQ�VR�HNUDQRW�QD�L]RODFLMDWD
YR�YWRULRW� VOXaDM�� D�LVWLRW� VORM�RG� YLVRNR�GLHOHNWULaHQ�PDWHULMDO�EH^H�SRVWDYHQ
SRPH_X� HNUDQRW� QD� L]RODFLMDWD� L� SROXSURYRGQLRW� PDWHULMDO� NRM� ^WR� H� VSRHQ� VR
L]RODFLMDWD�QD�NDEHORW�YR�WUHWLRW�VOXaDM��1D�RSUHGHOHQR�UDVWRMDQLH�RG�HNUDQRW�QD
L]RODFLMDWD�H�SRVWDYHQD�YJUDGHQD�HOHNWURGD�
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*ODYHQ� SUREOHP� QD� SURL]YRGVWYR� QD� NDEHOVNL� ]DYU^QLFL� H� UHJXODFLMD� QD
HOHNWULaQRWR� SROH� QD� NUDMRW� RG� NDEHORW�� 'REUDWD� NDEHOVND� ]DYU^QLFD� ]D
VUHGQRQDSRQVNL� NDEOL� L� ]D� PQRJX� WH^NL� XVORYL� QD� HNVSORDWLUDZH� � LPD� GREUL
NDUDNWHULVWLNL�� NDNR� ^WR� VH� VOHGQLWH�� QHPD� SURSX^WDZH� QD� VWUXMD�� QHPD
SRYU^LQVND� HUR]LMD� L� QHPD� SUHVNRNQXYDZH� SRPH_X� PHWDOQLRW� HNUDQ� QD� NDEHORW� L
SURYRGQLNRW� QD� NDEHORW�� 0RCQL� PHWRGL� ]D� UHJXODFLMD� QD� HOHNWULaQRWR� SROH� QD
NDEHOVNLWH� ]DYU^QLFL� VH�� JHRPHWULVND� �������� QHOLQHDUQL� UH]LVWLYQL� SUHYODNL� QD
L]RODFLRQLWH� SRYU^LQL� NRL� ^WR� JR� VWHSHQXYDDW� SROHWR� ������ � UHIUDNWLYQR
VWHSHQXYDZH�QD�SROHWR�QD�L]RODFLRQL�SRYU^LQL��������NRPELQDFLMD�QD�QHUH]LVWLYQR
L�UHIUDNWLYQR�REOLNXYDZH�QD�SROHWR�QD�L]RODFLRQDWD�SRYU^LQD������NDSDFLWLYHQ�L
NRPSOHNVHQ�PHWRG��IHULWHQ��UH]LVWLYHQ�L�UHIUDNWLYHQ��

2YGH�YR�RYRM�WUXG�]D�NRQVWUXNFLMD�EH^H�XSRWUHEHQ�QHUH]LVWLYHQ�UHIUDNWLYHQ
PHWRG�VR�YJUDGHQD�HOHNWURGD��9JUDGHQDWD�HOHNWURGD�EH^H�SRVWDYHQD�EOL]X�HNUDQRW
QD� L]RODFLMD��1D� RYRM� QDaLQ� HOHNWULaQRWR� SROH� YR� NDEHOVNDWD� ]DYU^QLFD� H� VNRUR
UDGLMDOQR��'LVWDQFLRQR� YJUDGHQDWD� HOHNWURGD� �YR� REOLN� QD� EDNDUHQ� SUVWHQ�� WUDND
LOL� CLFD�� VH� GHWHUPLQLUD� RG� QXPHULaNLRW� SURJUDP�� 9R� RYRM� GHO� QD� WUXGRW� VH
RSL^XYD� QRYLRW� NRQFHSW� QD� NRQVWUXNFLMD� QD� NDEHOVND� ]DYU^QLFD� ]D� NDEHO� VR
L]RODFLMD�RG�FYUVW�GLHOHNWULN��2YRM�NRQFHSW�NRQVWUXNFLMD�QD�NDEHOVND�]DYU^QLFD
PRCH� GD� ELGH� XSRWUHEHQ� YR� GUXJL� VUHGQRQDSRQVNL� NDEOL�� 2YD� ]DYU^QLFD� EH^H
NRQVWUXLUDQD� VR� SRPR^� QD� NRPSOHNVQR� PRGXOLUDZH� L� WHKQLND� QD� NRQHaQD
HOHPHQWDUQD� DQDOL]D� ]D� GD� VH� GHWHUPLQLUD� PDNVLPDOQRWR� HOHNWULaQR� SROH� YR
NULWLaQLWH�]RQL�QD�]DYU^QLFDWD��(OHNWULaQRWR�SROH�H�JUDGLHQW�QD�QDSRQRW������9R
UDGLMDOHQ�SUDYHF��r��HOHNWULaQRWR�SROH�H�

(OHNWULaQRWR� SROH� H� QDMYLVRNR� YR� ]RQL� NDGH� QDSRQRW� VH� PHQXYD� YR� PDOL
UDVWRMDQLMD��3URVWRURW�]D�NDEHOVNDWD�]DYU^QLFD�YDULUD�YR�VRJODVQRVW�VR�EDUDQLRW
VWHSHQ�QD�SUHFL]QRVW�L� GUXJL�SDUDPHWUL� �QD�SULPHU�� WUR^NRYLWH�QD� ]DYU^QLFDWD�
RJUDQLaXYDZHWR�YR�NXWLLWH�QD�WUDQVIRUPDWRUVNDWD�VWDQLFD�L�GUXJL��

.DM� RYDD� NRQVWUXNFLMD� QD� NDEHOVND� ]DYU^QLFD�� HOHPHQWLWH� QD� NDEHOVND
]DYU^QLFD� VH� SRVWDYHQL� QD� VOHGQLRW� QDaLQ�� VORM� RG� PDWHULMDO� VR� YLVRNR
GLHOHNWULaQD� NRQVWDQWD� EH^H� SRVWDYHQ� SUHNX� L]RODFLMDWD� QD� NUDMRW� RG� NDEHORW� L
SUHNX� QHNRM� GHO� RG� HNUDQRW� QD� L]RODFLMDWD�� R]QDaHQR�K1�� QD� QHNRH� � UDVWRMDQLH� RG
L]RODFLMD�QD�NDEHORW�H�YJUDGHQD�HOHNWURGD�RG�EDNDUQD�WUDND��SUVWHQ�LOL�VSLUDOD��QD
NUDMRW�PRGHOLUDQD�SUR^LUHQD�NRPELQDFLMD�NRMD�^WR�PRCH�GD�H�WHUPRVRELUDaND�VR
HGHQ�HODVWRPHUHQ�L]RODFLRQHQ�PDWHULMDO�NRM�^WR�MD�RGUCXYD�SUR^LUHQD�VR�SRPR^
QD�WHUPLaNL�SRYUDWOLYD�QDGYRUH^QD�NRPSRQHQWD��9JUDGHQDWD�HOHNWURGD�EL�WUHEDOD
GD�ELGH�QH]D]HPMHQD�(K1N1)�LOL�]D]HPMHQD�(K1U1)�VOLND����.DEHOVNDWD�]DYU^QLFD�EH]
YJUDGHQD� HOHNWURGD� L� VORMRW� RG� PDWHUMDO� VR� YLVRND� GLHOHNWULaQD� NRQVWDQWD� EH^H
SRVWDYHQ�SUHNX�NDEHOVNDWD�L]RODFLMD�L�QHNRM�GHO�RG��L]RODFLRQLRW�HNUDQ��R]QDaHQR
K1B��VOLND���

9WRULRW�WLS�QD�NDEHOVND�]DYU^QLFD�H� VR� � NRQVWUXNFLMD��NDGH� VORM�RG� YLVRNR
GLHOHNWULaHQ� PDWHULMDO� NRM� ^WR� EH^H� SRVWDYHQ� SUHNX� L]RODFLMDWD� QD� NDEHORW�� D
SUHNX� RSUHGHOHQ� GHO� RG� VORMRW� H� SRVWDYHQ� SROXSURYRGHQ� VORM� NRM� ^WR� H� VSRHQ� VR
NDEHOVNLRW� L]RODFLRQHQ� HNUDQ� R]QDaHQ� I1�� 1D� QHNRH� UDVWRMDQLH� RG� HNUDQRW� QD
L]RODFLMDWD� H� YJUDGHQD� HOHNWURGD� RG� EDNDUQD� WUDND�� CLFD� LOL� VSLUDOD�� NRQHaQR
PRGHOLUDQD� SUR^LUHQD� NRPELQDFLMD� NRMD� H� WHUPRVRELUDaND� VR� HGHQ� HODVWRPHUHQ

dr

dU
K =

(1)



L]RODFLRQHQ� PDWHULMDO� NRM� ^WR� MD� RGUCXYD� SUR^LUHQD� VR� SRPR^� QD� WHUPLaNL
SRYUDWOLYD� QDGYRUH^QD� NRPSRQHQWD�� 9JUDGHQDWD� HOHNWURGD� EL� WUHEDOR� GD� ELGH
QH]D]HPMHQD�(I1N1)�LOL�]D]HPMHQD�(I1U1)�VOLND����.DEHOVNDWD�]DYU^QLFD�EH]�YJUDGHQD
HOHNWURGD�H�R]QDaHQD�VR�I1B�

9R�WUHWLRW� VOXaDM�� WLS�QD�NRQVWUXNFLMD� QD�NDEHOVND� ]DYU^QLFD�NDGH� VORM�RG
YLVRNR�GLHOHNWULaHQ�PDWHULMDO�EH^H�SRVWDYHQ�SUHNX�L]RODFLMDWD��D�HGHQ�GHO�RG�RYRM
VORM�EH^H�SRVWDYHQ�SRPH_X�HNUDQRW�QD�L]RODFLMDWD�L�SROXSURYRGQLRW�VORM�NRM�^WR�VH
VSRMXYD� VR� HNUDQRW� QD� L]RODFLMDWD�� R]QDaHQ� I2�� QD� QHNRH� UDVWRMDQLH� RG� HNUDQRW� QD
L]RODFLMDWD� H� YJUDGHQD� HOHNWURGD� RG� EDNDUQD� WUDND�� CLFD� LOL� VSLUDOD�� NRQHaQR
PRGHOLUDQD� SUR^LUHQD� NRPELQDFLMD�� WHUPRVRELUDaND� VR� HGHQ� HODVWRPHUHQ
L]RODFLRQHQ� PDWHULMDO� NRM� ^WR� MD� RGUCXYD� SUR^LUHQD� VR� SRPR^� QD� WHUPLaNL
SRYUDWOLYD� QDGYRUH^QD� NRPSRQHQWD�� 9JUDGHQDWD� HOHNWURGD� EL� WUHEDOR� GD� ELGH
QH]D]HPMHQD�(I2N1)�LOL�]D]HPMHQD�(I2U1)�VOLND����.DEHOVNDWD�]DYU^QLFD�EH]�YJUDGHQD
HOHNWURGD�H�R]QDaHQD�VR�I2B��9R�RYRM�GHO�RG�WUXGRW�]D�RYLH�NRQVWUXNFLL�QD�NDEHOVNL
]DYU^QLFL�EHD�DQDOL]LUDQL�GYD�YLGD�QD�YJUDGHQL�HOHNWURGL��3UYDWD�H�L]UDERWHQD�RG
EDNDUQD�WUDND�RG����mm�^LULQD�L�����mm�L�����mm�GHEHOLQD�L�YWRUDWD�L]UDERWHQD�RG
EDNDUHQ� SUVWHQ� LOL� VSLUDOD� �SUVWHQRW� L� VSLUDODWD� EHD� L]UDERWHQL� RG� CLFD� VR
UD]OLaHQ�SUHaQLN�RG���GR���mm���2YLH�NRQVWUXNFLL�QD�NDEHOVNL� ]DYU^QLFL�LPDDW
SRGREUL�NDUDNWHULVWLNL�RWRONX�GUXJL�NDEHOVNL� ]DYU^QLFL�NRL� VH�LVWUDCXYDDW�YR
RYDD�UDERWD�

6OLND����.RQVWUXNFLMD�QD�NDEHOVND�]DYU^QLFD�R]QDaHQD�VR�.�9�

6OLND����.RQVWUXNFLMD�QD�NDEHOVND�]DYU^QLFD�R]QDaHQD�VR��K1N1, K1U1, (N -
QH]D]HPMHQD� EE�� U-� ]D]HPMHQD� EE�� l� �� UDVWRMDQLH� QD� EE� RG� NUDMRW� QD� HNUDQRW� QD



L]RODFLMDWD��������L]RODFLMD������VORM�RG�PDWHULMDO�VR�YLVRND�GLHOHNWULaQD�NRQVWDQWD�
����YJUDGHQD�HOHNWURGD������L]RODFLMD�RG�WHUPRVRELUDaNL�PDWHULMDO��

���

6OLND� ��� .RQVWUXNFLMD� QD� NDEHOVND� ]DYU^QLFD� R]QDaHQD� VR�� I1N1, I1U1, (N -
QH]D]HPMHQD� EE, U�� ]D]HPMHQD� EE�� l� �� UDVWRMDQLH� QD� EE� RG� NUDMRW� QD� HNUDQRW� QD
L]RODFLMDWD��

�

6OLND����.RQVWUXNFLMD�QD�NDEHOVND�]DYU^QLFD�R]QDaHQD�VR: I2N1, I2U1�
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9R�RYDD�UDERWD�VR�SDUDPHWUL�QD�NDEHOVNL�VLVWHPL��JROHPD�SUHGQRVW�H�GD�VH
LPD� YDOLGHQ� NRPSMXWHUVNL� SURJUDP� NRM� ^WR� `H� RGJRYDUD� QD� SURPHQLWH� YR
JHRPHWULMDWD� L� PDWHULMDOLWH� ]D� PRQWDCQL� NDEHOVNL� ]DYU^QLFL�� $QDOLWLaNRWR
UH^HQLH�QD�VWDELOQD�VRVWRMED�]D�GLVWULEXFLMD�QD�QDSRQ�SRPH_X�SURYRGQLN�L�PHWDOHQ
HNUDQ� YR� NRDNVLMDOHQ� NDEHO� VR� UD]OLaQL� SRWHQFLMDOL� JR� YNOXaXYD� GLUHNWQRWR
UH^HQLH� QD� ODSODVRYDWD� UDYHQND� VR� VRRGYHWQL� JUDQLaQL� XVORYL�� 9R� FLOLQGULaQL
NRRUGLQDWL�ODSODVRYDWD�UDYHQND�H�

NDGH�^WR�V = V( r, z )�H�SRWHQFLMDO�YR�GHORW�RG�NUDMRW�QD�SURYRGQLNRW�L�PHWDOQLRW
HNUDQ�� *UDQLFLWH� EHD� GHILQLUDQL� VR� SRPR^� QD� SRWHQFLMDO� ����� QD� ID]HQ
SURYRGQLN� L� ]HPMHQ� SRWHQFLMDO� ��� QD� PHWDOHQ� HNUDQ�� 3UL� SUREOHPL� QD
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HOHNWULaQRWR�SROH�LPD� QDMPDONX� GYH� HOHNWURGL� VR�ILNVLUDQL� SRWHQFLMDOL�� RYD� VH
VOXaXYD� SRPH_X� SURYRGQLN� L� PHWDOHQ� HNUDQ�� D� VLWH� GUXJL� SRWHQFLMDOL� `H� SULPDDW
YUHGQRVWL�SRPH_X������L�����(OHNWULaQRWR�SROH�H�JUDGLHQW�QD�GDGHQLRW�QDSRQ�����

6R�XSRWUHED�QD�ODSODVRYDWD�UDYHQND�]D�SUHVPHWXYDZH�QD�HOHNWULaQRWR�SROH
VR� SRPR^� QD� NRQHaQL� HOHPHQWL� VR� DYWRPDWVNR� JHQHULUDZH� QD� PUHCD� ������� VH
GRELYDDW� NDUDNWHULVWLNL� QD� RSWLPDOL]DFLMD� QD� NDEHOVND� ]DYU^QLFD�� YR� VOXaDMRW
NRQVWUXNFLL�QD�NDEHOVNL�]DYU^QLFL�SULNDCDQL�QD�VOLNLWH������1D�SULPHU��RG�RYLH
NDUDNWHULVWLNL�VH�GRELYD�YUHGQRVW�]D�GLHOHNWULaQD�NRQVWDQWD�QD�PDWHULMDO�NRM�^WR
`H�ELGH�SRVWDYHQ�SUHNX�L]RODFLMDWD�QD�NDEHOVNLRW�NUDM�L�SUHNX�GHO�RG�HNUDQRW�QD
L]RODFLMDWD�� 3RVOH� GRELYDZHWR� QD� YUHGQRVWD� QD� GLHOHNWULaQDWD� NRQVWDQWD� EH^H
VR]GDGHQD� UHFHSWXUD� QD� VPHVD� ]D� VORM� VR� YLVRNR� GLHOHNWULaQD� NRQVWDQWD�� 9R� RYDD
UDERWD�YOLMDQLHWR�QD�UHODWLYQDWD�GLHOHNWULaQD�NRQVWDQWD�YU]� HOHNWULaQRWR�SROH
]D�RSUHGHOHQD�NDEORYVND�]DYU^QLFD�EH^H�DQDOL]LUDQR�SRPH_X������L�������2YRM�VORM
`H�ELGH�SRVWDYHQ�SUHNX�L]RODFLMDWD�QD�NDEHOVNLRW�NUDM�L�SUHNX�GHO�RG�HNUDQRW�QD
L]RODFLMDWD��9JUDGHQDWD�HOHNWURGD�`H�ELGH�SRVWDYHQD�QD�RSWLPL]DFLRQD�GLVWDQFD�RG
HNUDQRW�QD�L]RODFLMDWD�SUHNX�VORM�VR�YLVRND�GLHOHNWULaQD�NRQVWDQWD��1D�RYRM�QDaLQ
PHWRGRW� ^WR� H� RYGH� RSL^DQ� NRULVWL� ]QDaDMQR� SRGREUXYDZH� YR� PRGHOLUDZHWR� QD
VLVWHPRW� QD� NDEHOVNL� ]DYU^QLFL� L� SUHVPHWNRYQL� HOHPHQWL� QD� NDEHOVNLWH
]DYU^QLFL�

6HNRMD�NRQILJXUDFLMD�QD�NDEHOVND�]DYU^QLFD�VR�LOL�EH]�YJUDGHQD�HOHNWURGD
EH^H� DQDOLWLaNL� DQDOL]LUDQD�� 2YDD� UDERWD� JL� LVWUDCXYD^H� SURPHQLWH� QD
HOHNWULaQRWR�SROH�YR�IXQNFLMD�QD�GLVWDQFLRQR�YJUDGHQD�HOHNWURGD�RG�NDEHOVNLRW
L]RODFLRQHQ�HNUDQ��1D�VOLNLWH���L����VH�SUH]HQWLUDQL�HNYLSRWHQFLMDOQL�OLQLL�SUL
UD]OLaQL�NRQVWUXNFLL�QD�NDEHOVNL�]DYU^QLFL�NRL�^WR�GDGRD�QDMGREUL�UH]XOWDWL�

�� ,63,789$:(

.DEHOVNLWH�]DYU^QLFL�EHD�LVSLWXYDQL�YR�VRJODVQRVW�VR�VDE 0278�L�IEEE�����
'HO� RG� UH]XOWDWLWH� QD� LVSLWXYDZHWR� EHD� GDGHQL� YR� WDEHOD� ��� 9R� RYDD� WDEHOD� VH
SUH]HQWLUDQL�UH]XOWDWL� ]D� VOXaDL� NDGH�^WR�((�EH^H� SRVWDYHQD� ��mm� L� ���mm� RG
HNUDQRW�QD�L]RODFLMDWD�

((� EH^H� YR� REOLN� QD� EDNDUQD� WUDND� VR� GLPHQ]LL� ���mm� ^LULQD� L� ����mm
GHEHOLQD�� 5HODWLYQR� GLHOHNWULaQDWD� NRQVWDQWD� QD� VORMRW� EH^H� PHQXYDQD� YR
JUDQLFLWH�RG������GR������

7DEHOD����5H]XOWDWL�RG�LVSLWXYDZHWR�QD���WLSD�QD�NDEHOVNL�]DYU^QLFL�
7HVWL�
UDQD
NRQ�
VWUXN�
FLMD

7HVWL�
UDQD
VHN�
YHQFD

3DUFLMDOQR SUD]QHZH

(pC) QD 2U0=24kV
(max 20pC)

&LNOXV QD

]DJUHYDZH:
tpr=1000C 3
FLNOXVL QD
30kV

3DUFLMDOQR SUD]QHZH

(pC) QD 2U0=24kV (max
20pC)

1DSRQVNR QDSUHJDZH

GR SURELYDZH (40, 50,
60 L SRQDWDPX VR
aHNRU RG 5kV)
YUHPHWUDHZH 5min

K1B, K1U5 0pC (]D]HPMHQD EE) ]DGRYROXYD 0pC (]D]HPMHQD EE) SURELYDZH na K1U5
L K1N5 0pC (QH]D]HPMHQD EE) ]DGRYROXYD 0pC (QH]D]HPMHQD EE) QD 75kV po 1 min
K1U12 10pC (]D]HPMHQD EE) ]DGRYROXYD 2-4pC (]D]HPMHQD EE) SURELYDZH na K1U12
K1N12 20pC (QH]D]HPMHQD EE) ]DGRYROXYD 2pC (QH]D]HPMHQD EE) QD 60kV po 2 min
I1U5, I2U5 2pC (]D]HPMHQD EE) ]DGRYROXYD 0pC (]D]HPMHQD EE) SUHVNRNQXYDZH QD
I1N5, I2N5 2pC (QH]D]HPMHQD EE) ]DGRYROXYD 0pC (QH]D]HPMHQD EE) I1U5 YHGQD^ QD 85kV
I1U12, I2U12 2pC (]D]HPMHQD EE) ]DGRYROXYD 0pC (]D]HPMHQD EE) SUHVNRNQXYDZH QD
I1N12, I2N12 2pC (QH]D]HPMHQD EE) ]DGRYROXYD 0pC (QH]D]HPMHQD EE) I1U12YHGQD^ QD 85kV
I1B, I2B 0pC ]DGRYROXYD 0pC SUHVNRNQXYDZH QD

I2B QD 85kV po 3 min



=$%(/(>.$��6R�RJOHG�QD�L]GUCOLYRVWD�QD�QDSRQRW�L�SUHWKRGQLRW�]DNOXaRN��EHD
LVSLWDQL�NDEHOVNL�]DYU^QLFL�VR�((�� VDPR�NRJD�((�EH^H�]D]HPMHQD��3RQDWDPR^QL
LVSLWXYDZD�VH�QHPRCQL�SRUDGL�PDORWR�UDVWRMDQLH�

1D� NUDMRW�� SULPHURFLWH� QD� NDEHOVNL� ]DYU^QLFL� VR� NRQVWUXNFLMD� I1U5� EHD
SRGORCHQL�QD� LVSLWXYDZH�� YR� VRJODVQRVW� VR�VDE� ������&HORNXSQRWR�LVSLWXYDZH� H
]DGRYROXYDaNR�

1DMSUYR�LVSLWXYDZDWD�EHD�L]YU^HQL�VR�QHNRONX�UD]OLaQL�HOHNWURGL�VR�FHO
GD� VH� RSUHGHOL� QLYQLRW� RSWLPDOHQ� REOLN�� 'YD� YLGD� QD� HOHNWURGL� EHD� LVSLWXYDQL�
SUYDWD�� L]UDERWHQD� RG� EDNDUQD� WUDND� L� YWRUDWD�� L]UDERHQD� RG� EDNDUQL� CLFL� YR
REOLN�QD�SUVWHQ�LOL�WRURLGDOQD� VSLUDOD��1D�NUDMRW�� VOHGQLWH�YJUDGHQL� HOHNWURGL
SRNDCXYDDW�GREUL�UH]XOWDWL��SUYDWD��L]UDERWHQD�RG�EDNDUQD�WUDND�VR����mm�^LULQD
L� ����mm� L� ����mm� GHEHOLQD�� D� YWRUDWD� L]UDERWHQD� RG� EDNDUHQ� SUVWHQ� L� EDNDUQD
WRURLGDOQD� VSLUDOD�� 5H]XOWDWLWH�� SUH]HQWLUDQL� QD� GLMDJUDPRW�� 6OLND� ��� SRNDCDD
GHND� PDNVLPDOQLRW� QDSRQ� QD� SUD]QHZH� EH^H� GRVWLJQDW� VR� YJUDGHQD� HOHNWURGD� RG
EDNDUQD�WUDND�L�EDNDUQD�WRURLGDOQD�VSLUDOD��9R�RYRM�VOXaDM�YJUDGHQDWD�HOHNWURGD
EH^H� SRVWDYHQD� GLUHNWQR� QD� NDEHOVNLRW� L]RODFLRQHQ� NUDM�� ,VSLWXYDZHWR� QD
QDSRQRW� QD� SUHVNRN� EH^H� L]YU^HQR� QD� XLPE� NDEHO� RG� ��� kV�� =D� VOHGQLWH
NRPELQDFLL�QD�HOHNWURGL�GRELHQLWH�UH]XOWDWL�VH�SUHGVWDYHQL�QD�VOLND���

�� %DNDUQD�WUDND�RG����mm�^LULQD�L�����mm�GHEHOLQD�
�� 7RURLGDOQD�VSLUDOD�RG�SUHaQLN������mm�
�� 7RURLGDOQD�VSLUDOD�RG�SUHaQLN���mm�
�� 'YH�EDNDUQL�WUDNL�RG����mm�^LULQD�L�����mm�GHEHOLQD�
�� %DNDUQD�WUDND�RG����mm�^LULQD�L�����mm�GHEHOLQD�L�WRURLGDOQD�VSLUDOD

RG���mm�SUHaQLN�
�� 'YH�WRURLGDOQL�VSLUDOL�RG�SUHaQLN���mm�

6OLND �� 1DSRQRW QD SUHVNRN YR ]DYLVQRVW RG
REOLNRW QD HOHNWURGLWH L QLYQRWR UDVWRMDQLH
RG NDEHOVNLRW L]RODFLRQHQ HNUDQ� YGROC
SRYU^LQDWD QD XLPE L]RODFLMDWD�

6OLND �� 5DVSUHGHOED QD QDSUHJDZHWR SR
SRYU^LQDWD QD UD]OLaQLWH NRQVWUXNFLL QD

NDEHOVNL ]DYU^QLFL� WLS I1�
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6OLND �� 5DVSUHGHOED QD QDSUHJDZHWR SR
SRYU^LQDWD QD UD]OLaQLWH NRQVWUXNFLL QD

NDEHOVNL ]DYU^QLFL� WLS K1�

6OLND �� 5DVSUHGHOED QD QDSUHJDZHWR SR
SRYU^LQDWD QD UD]OLaQLWH NRQVWUXNFLL QD

NDEHOVNL ]DYU^QLFL� WLS I2�

����������������������6SRUHGXYDM`L� JL� NULYLWH� QD� UDVSUHGHOED� QD� QDSUHJDZHWR� QD� UD]OLaQL
NDEHOVNL�]DYU^HWRFL��PRCH�GD�ELGH�]DNOXaHQR��EL�ELOR�SRGREUR�GD�VH�]D]HPML�EE�]D
UD]OLaQL� UDVWRMDQLMD� QD� EE� RG� NUDMRW� QD� NDEHOVNLRW� HNUDQ�� UDVWRMDQLHWR� �� mm� H
SRGREUR� ]D� NRQVWUXNFLMD� QD� .�� WLS�� NDGH� ^WR� ��� mm� H� SRGREUR� JODYQR� ]D
NRQVWUXNFLL�RG� I1�L�I2�WLSRYL�NDNR�]D�UD]OLaQL�NRQVWUXNFLL��QDMGREURWR�H�I1 U12�L
SRVOHGRYDWHOQR�I2 U12�

�� ',6.86,-$�1$�5(=8/7$7,

6HNRMD�NRQVWUXNFLMD�QD�NDEHOVND�]DYU^QLFD�NRMD�^WR�EH^H�SUHWKRGQR�GDGHQD
H� DQDOL]LUDQD� VR� QXPHULaNL� SURJUDP� L� LVSLWDQD�� 6OLNLWH� ���� SUH]HQWLUDDW� QRYL
HOHPHQWDUQL� NRQVWUXNFLL� QD� NDEHOVNL� ]DYU^QLFL� ]D� VUHGQR� QDSRQVNL� NDEOL�
5H]XOWDWLWH� NRL� ^WR� VH� GDGHQL� SUL� LVSLWXYDZHWR� QD� RYLH� NDEHOVNL� ]DYU^QLFL
SRNDCXYDDW�GHND�NRQVWUXNFLLWH�QD�NDEHOVNL�]DYU^QLFL�RG�WLSRW�I2B, I1U12�L I2U12
JL�LPDDW�QDMGREULWH�NDUDNWHULVWLNL�

1D� VOLNLWH� ���� H� SUH]HQWLUDQD� UDVSUHGHOEDWD� QD� QDSRQVNRWR� QDSUHJDZH� QD
SRYU^LQDWD�QD�UD]OLaQL�NRQVWUXNFLL�QD�NDEHOVNL�]DYU^QLFL��2YLH�YUHGQRVWL�EHD
L]PHUHQL� SR� SRYU^LQDWD� QD� NDEHOVNDWD� ]DYU^QLFD� QD� DNVLMDOQR� UDVWRMDQLH� RG
NDEHOVNLRW� L]RODFLRQHQ� HNUDQ�� 2G� RYGH�� RYLH� UH]XOWDWL� SRNDCXYDDW� GHND
NDEHOVNDWD�]DYU^QLFD��WLS�I2B�JR�LPD�QDMPDOLRW�SURYHUHQ�QDSRQ�QD�SRYU^LQDWD�QD
NDEHOVNDWD�]DYU^QLFD�

,QWHUHVQR� H� GD� VH� YLGL� SURPHQDWD� QD� QDSRQRW� QD� SUHVNRN� YR� VOXaDL� NRJD
YJUDGHQDWD� HOHNWURGD� VH� SRVWDYXYD� SUL� NRQVWUXNFLMD� QD� NDEHOVNL� ]DYU^HWRN�
1DMSUYR�� LVSLWXYDZDWD�EHD�L]YU^HQL� VR�QHNRONX�UD]OLaQL� HOHNWURGL� VR� FHO� GD� VH
RSUHGHOL�QLYQLRW�RSWLPDOHQ�REOLN��7UL�WLSRYL�RG�HOHNWURGLWH�JL�GDGRD�QDMGREULWH
UH]XOWDWL��SUYDWD�L]UDERWHQD�RG�EDNDUQD�WUDND�RG����mm�^LULQD�L�����mm�LOL����
mm�GHEHOLQD��D�YR�YWRULRW�VOXaDM��L]UDERWHQD�RG�EDNDUQD�CLFD�RG�SUHaQLN�����mm�L
YR� WUHW� VOXaDM� VR� WRURLGDOQD� VSLUDOD�� 5H]XOWDWLWH�� SUH]HQWLUDQL� QD� GLMDJUDPRW�
VOLND� ��� SRNDCXYDDW� GHND� PDNVLPDOQLRW� QDSRQ� QD� SUHVNRN� EH^H� GRVWLJQDW� VR
YJUDGHQDWD�HOHNWURGD�RG�EDNDUQD� WUDND��=JROHPXYDaNRWR�UDVWRMDQLH�QD� YJUDGHQDWD
HOHNWURGD�RG�NDEHOVNLRW�L]RODFLRQHQ�HNUDQ�JR�]JROHPXYD�QDSRQRW�QD�SUHVNRN��3UL
RYD� LVSLWXYDZH�� YJUDGHQDWD� HOHNWURGD� EH^H� SRVWDYHQD� GLUHNWQR� QD� NDEHOVNLRW
L]RODFLRQHQ� NUDM�� ,VSLWXYDZH� QD� QDSRQRW� QD� SUHVNRN� EH^H� L]YU^HQR� QD� XLPE
NDEHORW�RG����kV�

,
V
S
L
W
H
Q
Q
D
S
R
Q

,
V
S
L
W
H
Q
Q
D
S
R
Q

$NVLMDOQR UDVWRMDQLH RG NUDMRW QD HNUDQRW
NDEHORW�cm�

$NVLMDOQR UDVWRMDQLH RG NUDMRW QD HNUDQRW
NDEHORW�cm�



,VWR� WDND� NDM� WUL� NRQILJXUDFLL� VR� VORM� RG� PDWHULMDO� NRM� LPD� YLVRND
UHODWLYQD� GLHOHNWULaQD� NRQVWDQWD�� EHD� GRELHQL� GREUL� UH]XOWDWL��K1� �� NUDMRW� RG
HNUDQRW� QD� L]RODFLMDWD� SRNULHQ� VR� VORM� �GHEHOLQD� ��mm�� RG� PDWHULMDO� VR� YLVRND
GLHOHNWULaQD� NRQVWDQWD�� I1� �� VORM� �GHEHOLQD� �� mm�� RG� PDWHULMDO� VR� YLVRND
GLHOHNWULaQD�NRQVWDQWD�EH^H�SRVWDYHQ�YU]�L]RODFLMDWD�QD�NUDMRW�RG�NDEHORW��L�YU]
HGHQ�GHO�RG�VORMRW�VR�YLVRND�GLHOHNWULaQD�NRQVWDQWD�EH^H�SRVWDYHQ�SROXSURYRGHQ
VORM� NRM� H� VSRHQ� VR� HNUDQRW� QD� L]RODFLMDWD�� L� I2� VORM� RG� PDWHULMDO� VR� YLVRND
GLHOHNWULaQD� NRQVWDQWD� EH^H� SRVWDYHQ� SUHNX� L]RODFLMDWD� QD� NUDMRW� RG� NDEHORW� L
HGHQ� GHO� RG� RYRM� VORM� EH^H� SRVWDYHQ� SRPH_X� HNUDQRW� QD� L]RODFLMDWD� L
SROXSURYRGQLRW�VORM�NRM�H�VSRHQ�VR�HNUDQRW�QD�L]RODFLMDWD�

9R�VOXaDMRW�I2�VORMRW�RG�PDWHULMDO�VR�YLVRND�GLHOHNWULaQD�NRQVWDQWD�EH^H�VR
GHEHOLQD���mm��1D�NUDMRW��VR�NRPELQDFLMD�QD�RYLH�WUL�NRQILJXUDFLL�L�YJUDGHQLWH
HOHNWURGL�� VH� GRELHQL� GREUL� UH]XOWDWL�� 9R� VOXaDM� QD� NRQVWUXNFLMD� RG� NDEHOVND
]DYU^QLFD�I1U12�L�I2U12 ��NRPELQDFLMD�VR�VORM�RG�PDWHULMDO�VR�YLVRND�GLHOHNWULaQD
NRQVWDQWD�L�]D]HPMHQDWD�YJUDGHQD�HOHNWURGD��UDVWRMDQLHWR�QD�YJUDGHQDWD�HOHNWURGD
RG� HNUDQRW� QD� L]RODFLMDWD� H� ���mm��� I1B� L� I2B� GRELHQL� VH� QDMGREULWH� UH]XOWDWL�
7DEHOD����VOLNLWH�������6OLNLWH���L����JL�SUHWVWDYXYDDW�SUHVPHWNRYQLWH�UH]XOWDWL
QD�HOHNWULaQRWR�SROH�QD�NDEHOVNLWH�]DYU^QLFL��=D�UD]OLaQL�NRQILJXUDFLL�QD�VORM
VR� YLVRND� GLHOHNWULaQD� NRQVWDQWD� L� SROXSURYRGHQ� VORM� �HNUDQ� QD� NDEHORW� L
SROXSURYRGHQ�PDWHULMDO���NRQVWUXNFLLWH�K1, I1�L� I2�� L� YR�NRPELQDFLMD� VR� YJUDGHQL
HOHNWURGL� VH� GRELYDDW� UD]OLaQL� UH]XOWDWL�� =D� SULPHU�� NRPELQDFLMDWD� RG
NRQILJXUDFLMDWD� .�� L� ((�� WLS� K1U1� LOL� K1N1�� UDVWRMDQLHWR� �� mm� H� SRGREUR
RWNRONX����mm�RG�HNUDQRW�QD�L]RODFLMDWD��=D�NRPELQLUDQL�NRQVWUXNFLL�RG�WLS�I1�L
I2�L�EE��UDVWRMDQLHWR�QD�YJUDGHQDWD�HOHNWURGD�RG����mm�H�SRGREUR�UH^HQLH�

6SRUHGXYDM`L� JL� NULYLWH� QD� QDSUHJDZH� RG� UD]OLaQL� NDEHOVNL� ]DYU^QLFL�
PRCH� GD� VH� ]DNOXaL�� SRGREUR� H� EE� GD� VH� ]D]HPML�� ,VWR� WDND� SUHSRUDaOLYR� H
RSWLPDOQR� UDVWRMDQLH� QD� EE� GR� NUDMRW� QD� HNUDQRW� QD� L]RODFLMDWD� ]D� ELOR� NRMD
NRQILJXUDFLMD�QD�NDEHOVND�]DYU^QLFD�]D�VUHGQRQDSRQVNL�NDEOL�

6OLND� ��� � 5DVSUHGHOED� QD� SRWHQFLMDORW� QD� NDEHOVND� ]DYU^QLFD� VR� VORM� RG

PDWHULMDO� VR� YLVRND� GLHOHNWULaQD� NRQVWDQWD� �εr�  � ������ L� ((� QD� “SOLYDaNL“
SRWHQFLMDO



6OLND� ���� � 5DVSUHGHOED� QD� SRWHQFLMDORW� QD� NDEHOVND� ]DYU^QLFD� VR� VORM� RG

PDWHULMDO�VR�YLVRND�GLHOHNWULaQD�NRQVWDQWD��εr� �������L�((�QD�SRWHQFLMDO�QD�]HPMD

�� =�$�.�/�8�A�2�.

5H]XOWDWLWH�GRELHQL�RG�RYD�LVWUDCXYDZH�VH�VOHGQLWH�
- NRQVWUXNFLLWH� QD� NDEHOVNL� ]DYU^QLFL� WLS� I1�� I2� L� I2U12� JR� UHGXFLUDDW

HOHNWULaQRWR�QDSUHJDZH�SRGREUR�RG�VWDQGDUGQLWH�NRQVWUXNFLL
- ]D�UD]OLaQL�NRQILJXUDFLL�QD�VORHYL�VR�YLVRND�GLHOHNWULaQD�NRQVWDQWD�L

SROXSURYRGHQ� VORM�� NRQVWUXNFLLWH�K1�� I1� L� I2� L� YJUDGHQLWH� HOHNWURGL� VH
GRELHQL�UD]OLaQL�UH]XOWDWL

- VSRUHGXYDM`L� JL� NULYLWH� QD� QDSUHJDZH� L� SUHVPHWNRYQLWH� UH]XOWDWL� ]D
UD]OLaQL�NDEHOVNL� ]DYU^QLFL�� ]DNOXaXYDPH��SUL�UD]OLaQL�UDVWRMDQLMD� QD
EE�RG�NUDMRW�QD�HNUDQRW�QD�L]RODFLMDWD��SRGREUR�H�EE�GD�ELGH�]D]HPMHQR

�� /�,�7�(�5�$�7�8�5�$
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9R�RYRM�UHIHUDW�H�DQDOL]LUDQD�SUREOHPDWLNDWD�QD�VSUHaXYDZH�QDYOHJXYDZH�QD
YRGD�QL]�HQHUJHWVNLWH�NDEOL��VR�RJOHG�QD�^WHWQRVWD�QD�RYDD�SRMDYD�YR�HNVSORDWDFLMD
L�YOLMDQLHWR�YU]�YHNRW�QD�WUDHZH�QD�NDEHORW�

3RVHEQR� H� UD]UDERWHQD� SULPHQDWD� QD� QHWNDHQL� WUDNL� NRL� EXEUDW� �EXEUHaNL
WUDNL�� YR� VUHGQRQDSRQVNLWH� NDEOL�� 'DGHQL� VH� UH]XOWDWL� RG� ODERUDWRULVNLWH
LVSLWXYDZD�QD�WUDNLWH�SUHG�L�SRVOH�YJUDGXYDZHWR�L�RFHQND�QD�NYDOLWHWRW�YR�VPLVOD
QD�RVWYDUXYDZH�QD�EDUDZHWR�]D�VSUHaXYDZH�QD�QDYOHJXYDZH�QD�YRGD�YGROC�NDEHORW�

./8A1,�=%2529,���9RGRQHSURSXVWOLYRVW��EXEUHaNL��WUDNL

SUMMARY

In this report are presentated solutions for waterblocking sistems applyed in power cables.
Water penetration along the cable is  exceptionally harmfull for cable –life.

There is diskus about using of unwoven swelable tapes in MV cables.Also, there are given
laboratories results of testing before and after using the tapes in the cable.

�� 929('

(QHUJHWVNLWH� NDEOL� RG� SROLHWLOHQ� L� XPUHCHQ� SROLHWLOHQ� VH� RVHWOLYL� QD
YODJD��9RGDWD�PRCH�GD�QDYOH]H�YR�NDEHORW�SUL�R^WHWXYDZH�QD�SOD^W�� VNODGLUDZH�
WUDQVSRUW�SUL�SRODJDZH�YR�YODCQD�VUHGLQD�L�SULWRD�GD�QDYOH]H�YR�ORQJLWXGLQDOHQ
SUDYHF�� ^WR� NDNR� NUDHQ� UH]XOWDW� `H� SUHGL]YLND� GHJUDGLUDZH� QD� L]RODFLRQLWH
NDUDNWHULVWLNL�L�VNUDWXYDZH�YHNRW�QD�NDEHORW�

3RD_DM`L� RG� YUHGQRVWD� QD� GLHOHNWULaQDWD� NRQVWDQWD� QD� YRGDWD� �ε ���� NRMD� H
PQRJX�SRJROHPD�RG�YUHGQRVWD�]D�L]RODFLMDWD��ε ������RaLJOHGQR�H�GD�YR�SULVXVWYR�QD
YRGD� YR� NDEHORW� GRD_D� GR� ]QDaDMQR� ]JROHPXYDZH� QD� LQWHQ]LWHWRW� QD� HOHNWULaQRWR
SROH�� .UDHQ� UH]XOWDW� QD� RYDD� SRMDYD� H� JROHPRWR� HOHNWULaQR� QDSUHJDZH� QD
L]RODFLMDWD�� VPDOXYDZH�QD� QHM]LQDWD� L]GUCOLYRVW��^WR� GRYHGXYD� GR� QL]D� UD]OLaQL
^WHWQL�SRMDYL�L�NRQHaQR�GR�SURERM�



7UDMQRVWD� QD� NDEHORW� H�UH]XOWDW� QD� GHMVWYRWR� QD� QHNRONX�IDNWRUL�� QDSRQVNR�
WRSORWQR� L� PHKDQLaNR� RSWHUHWXYDZH�� YOLMDQLHWR� QD� YRGD� NRH� VH� PHQXYD� VR� WHN� QD
YUHPH��2GUHGXYDZH�YHNRW�QD�WUDHZH�QD�NDEHORW�H�NRPSOHNVQR�SUD^DZH�NRH�]DYLVQR
RG�YOLMDQLHWR�QD�QDYHGHQLWH�HNVSORDWDFLRQL�XVORYL��6HNRM�RG�RYLH�IDNWRUL�VDP�LOL
YR� NRPELQDFLMD�� SUHGL]YLNXYD� LUHYHU]LELOQL� SURPHQL� YR� L]RODFLMDWD�� 9HNRW� QD
WUDHZH�QD�NDEOLWH�VH�RUHGXYD�VR�PHUHZH�QD�L]RODFLRQLWH�NDUDNWHULVWLNL��RGQRVQR
VR� SUDWHZH� QD� YUHPHQVNDWD� ]DYLVQRVW� QD� GLHOHNWULaQDWD� FYUVWLQD� ���� ^WR
SUHWVWDYXYD� SUDYD� PHUND� ]D� NYDOLWHWRW� QD� L]RODFLMDWD�� RGQRVQR� WUDMQRVWD� QD
NDEHORW�

2G� GUXJD� VWUDQD�� SULVXVWYRWR� QD� YRGD� YR� NDEOLWH� GRYHGXYD� GR� VWYDUDZH� QD
YRGHQL� JUDQaLZD�� ^WR� H� GRVWD� SURXaXYDQ� SUREOHP� ����� .UDMQD� FHO� QD� VLWH
LVSLWXYDZD�H�EDUDZH�QD�UH^HQLH� ]D� XVSRUXYDZH�QD� VR]GDYDZHWR� YRGHQL� JUDQaLZD�
REH]EHGXYDZH� QD� EDUDQLWH� NDUDNWHULVWLNL� QD� L]RODFLMDWD� L� ]JROHPXYDZH� QD
GRYHUOLYRVWD�QD�NDEOLWH�

5H^DYDZHWR� QD� RYRM� SUREOHP� VH� GYLCL� YR� QDVRND� QD� UD]YRM� QD� PDWHULMDOL
RWSRUQL�QD�RYDD�SRMDYD�L�UD]OLaQL�NRQVWUXNWLYQL�UH^HQLMD�

9RGHQLWH� JUDQaLZD� �RWYRUHQL� L� ]DWYRUHQL�� QDVWDQXYDDW� YR� VLWH� L]RODFLRQL
PDWHULMDOL�LDNR�QHNRL�VH�RWSRUQL�QD�QLYQRWR�^LUHZH�

9R�SRJOHG�QD�NRQVWLWXWLYQLWH�UH^HQLMD�LQWHUHVQL� VH� VORHYLWH�YR�REODVWD�QD
HNUDQRW�QD�L]RODFLMDWD��1D�IXQNFLRQDOQRVWD�QD�RYLH�VORHYL�YOLMDDW�HOHNWULaQRWR
SROH��]D^WLWDWD�RG�QDYOHJXYDZH�QD�YRGD��UDGLMDOQD�L�ORQJLWXGLQDOQD��L�]D^WLWD�RG
PHKDQLaNR�R^WHWXYDZH�QD�PDWHULMDORW�

5H^DYDZH� QD� SUREOHPRW� QD� YRGRQHSURSXVWOLYRVW� ����� RGQRVQR� VSUHaXYDZH� QD
QDVWDQXYDZH� YRGHQL� JUDQaLZD� VR� NRULVWHZH� QD� EXEUHaNL� WUDNL� VH� SRNDCD� NDNR
GREUR� UH^HQLH� ELGHM`L� WDNYLWH� NDEOL� LPDDW� ]QDaLWHOQR� SRGROJ� YHN� QD� WUDHZH� L
RWSRUQL�VH�QD�^WHWQLWH�YOLMDQLMD�^WR�JL�SUHGL]YLNXYD�YRGDWD�

�� 1$A,1,�=$�635(A89$:(�1$9/(*89$:(�1$�92'$
������������1,=�(1(5*(76.,7(�.$%/,

0RCQR�H�GD�VH�GHILQLUDDW�GYD�SUDYFL�QD�QDYOHJXYDZH�QD�YRGD�YR�NDEHORW��D�VR
VDPRWR�WRD�L�QD�]D^WLWD��UDGLMDOQD��SRSUHaQD��L�ORQJLWXGLQDOQD��SRGROCQD��

5DGLMDOQDWD�EDULHUD�QH�H�GRYROQD�]D^WLWD�RG�SURGLUDZH�QD�YRGD��2VQRYHQ�GHO
QD�RYDD�]D^WLWD�H�SOD^WRW�ELOR�GD�H�PVC�LOL�PE��3OD^WRW�L]UDERWHQ�RG�SROLHWLOHQ
VR�YLVRND�JXVWLQD�LPD�SRGREUL�VYRMVWYD�SRUDGL�SRJROHPDWD�QHSURSXVWOLYRVW��SRPDOR
XSLYDZH�QD�YRGD�L�SRGREUL�PHKDQLaNL�VYRMVWYD�

/RQJLWXGLQDOQDWD� YRGHQD�EDULHUD� H� QHRSKRGHQ� HOHPHQW� YR� NRQVWUXNFLMDWD� QD
VRYUHPHQLWH� NDEOL� NRMD� GDYD� JDUDQFLMD� QD� GROJRWUDMQD� HNVSORDWDFLMD� VR� QLVNL
WUR^RFL�]D�RGUCXYDZH�

9R�VOXaDM�QD�PHKDQLaNR�R^WHWXYDZH�QD�SOD^W�NDM�NDEOL�EH]�SRGROCQD�EDULHUD�
YRGDWD� SURGLUD� YR� NDEHORW� QD� JROHPD� GROCLQD� �VWRWLQD� PHWUL��� .DNR� SRGROCQD
EDULHUD� VH� NRULVWDW� VLVWHPL� ]D� YRGRQHSURSXVWOLYRVW� YR� SURYRGQLNRW�� HNUDQRW� L
PH_X�SURVRWRURW�NDM�SRMDCHQLWH�CLOL�

3URYRGQLFLWH� PRUDDW� GD� ELGDW� YRGRQHSURSXVWOLYL� L� ]D� UH^HQLH� QD� RYRM
SUREOHP�PRCH�GD�VH�NRULVWDW�VOHGQLWH�QDaLQL�

�� #LOL�VR�SURYRGQLN�RG�SROQ�PHWDO
�� 3ROXSURYRGQR� CHOH� YR� PH_XSURVWRURW� QD� MDCHWR� GDYD� GREUR

YRGRQHSURSX^WDZH�� PDNDU� GD� UDNXYDZHWR� VR� WDNYL� NDEOL� H� RWHCQDWR� YR
SURFHVRW�QD�SURL]YRGVWYR��NDNR�L�SUL�L]UDERWND�QD�]DYU^QLFL�L�VSRMQLFL



�� %XEUHaNL�SUDY� YR�PH_XSURVRWRURW�QD� MDCHWR��^WR�LPD�PQRJX� QHGRVWDWRFL�
SRWUHED�RG�SRVHEHQ�XUHG�]D�QDQHVXYDZH��WH^NR�VH�NRQWUROLUD�HGQDNYRVWD�QD
QDQHVXYDZHWR�� GHOXYD� LULWLUDaNL� QD� NRCDWD�� RaLWH� L� QD� RUJDQLWH� ]D
GL^HZH�� YR� VOXaDM� QD� EDNDUQR� MDCH� WUHED� GD� VH� GRGDGDW� DGLWLYL� SURWLY
NRUR]LMD�� REDYH]QD� H� SULPHQD� QD� VLQWHWLaNL� SUDY� SRUDGL� VSUHaXYDZH� QD
PLNURELROR^ND� DNWLYQRVW�� 2YDD� WHKQRORJLMD� SRUDGL� QDYHGHQLWH� SULaLQL
QH�H�YR�XSRWUHED

�� %XEUHaNL�YODNQD�NRL�VH�YSX^WDDW�SUL�SRMDCXYDZHWR�PRCDW�XVSH^QR�GD�VH
NRULVWDW� ]D� RYDD� FHO�� %LGHM`L� H� RYDD� aLVWD� RSHUDFLMD�� UDNXYDZHWR�
QDVWDYXYDZHWR�L�L]UDERWNDWD�QD�]DYU^QLFLWH�H�HGQRVWDYQD�

6LVWHPLWH� ]D� YRGRQHSRUSXVWOLYRVW� YR� REODVWD� QD� HNUDQRW� �RG� EDNDUQL� CLFL
LOL�WUDNL��XVORYHQL�VH�RG�QHJRYDWD�XORJD�YR�NDEHORW�L�SRWUHEDWD�]D�VSUHaXYDZH�QD
QDYOHJXYDZH� QD� YRGD�� 'YHWH� VWUDQL� QD� HNUDQRW� PRUD� GD� ELGDW� YRGRQHSURSXVWOLYL�
,VSROQXYDZHWR� QD� RYLH� EDUDZD� VH� SRVWLJQXYD� VR� XSRWUHED� QD� SROXSURYRGQL
EXEUHaNL�WUDNL�SRG�L�QHSURYRGQD�EXEUHaND�WUDND�QDG�HNUDQRW�

9RGRQHSURSXVWOLYRVWD� YR� REODVWD� QD� PH_XSURVWRURW� NDM� SRMDCHQLWH� CLOL� VH
UH^DYD� VR� NRPELQDFLMD� QD� SROLHWLOHQVND� LVSXQD� L� EXEUHaNL� YODNQD�� SUL� ^WR
QLYQLRW�EURM�L�UDVSOHW�WRaQR�VH�GHILQLUD�]D�VHNRMD�NRQVWUXNFLMD�QD�NDEHORW�

'REUL�UH]XOWDWL�QD�SRGROCQR�]DSWLYDZH�VH�SRVWLJQXYDDW�VR�LVSXQD�RG�JXPHQD
PH^DYLQD� DNR� LVWDWD� GREUR� QDOHJQXYD� QD� CLOLWH� L� SOD^WRW�� 9R� WRM� VOXaDM� H
RWHCQDWR�UDNXYDZHWR�SUL�L]UDERWND�QD�NUDHYL�L�PRQWDCD�QD�VSRMQLFL�

�� .25,67(:(�1$�%8%5(A.,�75$.,
�����������92�92'21(3523867/,9,�.$%/,

6LWH� PDWHULMDOL� NRL� PRPHQWQR� EXEUDW� YR� YRGD� QDJOR� JR� ]JROHPXYDDW� VYRMRW
YROXPHQ��VR�^WR�VR]GDYDDW�YLVNR]HQ�aHS��JR�VSUHaXYDDW�SRQDWDPR^QLRW�QDYOHJXYDZH
QD� YRGD� YGROC� NDEHORW� VR� ^WR� REH]EHGXYDDW� VLJXUQR� YRGRQHSURSX^WDZH�
3RQDWDPR^QLRW� UD]YRM� QD� RYLH� PDWHULMDOL� H� YR� SUDYHF� QD� EDUDZHWR� ]D� HILNDVQR
EORNLUDZH� QD� YRGDWD� QD�^WR� SRNUDWRN� GHO� QD� NDEHORW�� 3ULaLQD� ]D� RYD� EDUDZH� H
SRWUHEDWD� ]D� ]D^WHGD� SUL� SRSUDYND� QD� R^WHWHQRWR� PHVWR�� 'RNRONX� GRMGH� GR
R^WHWXYDZH� QD� SOD^WRW� LOL� YRGDWD� QDYOH]H� YR� NDEHORW� QD� QHNRM� GUXJ� QDaLQ�
SRWUHEQR� H� GD� VH� L]YU^L� ]DPHQD� QD� R^WHWHQLRW� GHO� VR� GROCLQD�L1� L� GD� VH� YJUDGL
QRYD�GROCLQD�L���SUL�^WR�L��!�L1��VR�SRPR^�QD�VSRMQLFD��6R�RJOHG�QD�IDNWRW�^WR
GROCLQDWD�QD�VSRMQLFDWD�H����VP��ORJLaQR�H�GHND�WUHED�GD�VH�REH]EHGL�EORNLUDZH�QD
YRGDWD�QD�PDNVLPDOQD�GROCLQD�RG����VP��^WR�RYR]PRCXYD�]DPHQD�VR�HGQD�VSRMQLFD�L
]D^WHGD�QD�QRYD�GROCLQD�QD�NDEHO�L2�L�X^WH�HGQD�VSRMQLFD�

=HPDM`L�JL�YR�SUHGYLG�VLWH�SUHGQRVWL�L�QHGRVWDWRFL�QD�UD]OLaQLWH�VLVWHPL�RG
SRGROCQR� YRGRQHSURSX^WDZH�� VH� NRQVWDWLUD� GHND� ]D� VUHGQRQDSRQVNLWH� NDEOL
SULIDWOLYR�UH^HQLH�H�XSRWUHED�QD�EXEUHaNL�WUDNL�

���� .DUDNWHULVWLNL�QD�QHWNDHQL�EXEUHaNL�WUDNL��ODERUDWRULVNL�PHWRGL�L
UH]XOWDWL�RG�LVSLWXYDZH

%XEUHaNLWH�WUDNL�VH�VRVWRMDW�RG�WUL�VORMD�
- SRUR]HQ�QHWNDHQ�PDWHULMDO��SRGORJD��
- DSVRUSFLRQHQ� VORM� �VXSHUDSVRUEHQW�� QDMaHVWR� H� WRD� Na�SROLDNULODW�

RGQRVQR�EXEUHaNL�PDWHULMDO�L]EUDQ�SRUDGL�RSWLPDOQL�EXEUHaNL�VYRMVWYD�



- SRUR]HQ�QHWNDHQ�PDWHULMDO��SRNULYND��NRM�JR�^WLWL�DSVRUSFLRQLRW�VORM�RG
R^WHWXYDZD�SUL�SURL]YRGVWYR�QD�NDEOLWH�

$NR�H�YR�SUD^DZH�SROXSURYRGQD�EXEUHaND�WUDND��SRGORJDWD�L�SRNULYNDWD�VH
LPSUHJQLUDQL�VR�SROXSURYRGQL�VD_L��7UDNLWH�VRGUCDW�L�SRVHEHQ�GRGDWRN�–�VRVWRMFL
SURWLY�NRUR]LMD�

6YRMVWYDWD� QD� EXEUHaNLWH� WUDNL� PRUDDW� GD� RGJRYDUDDW� QD� EDUDZDWD� QD
NDEORYVNRWR�SURL]YRGVWYR��D�RG�GUXJD�VWUDQD�YRGRQHSURSXVWOLYLWH�NDEOL�PRUDDW�GD
JL�]DGRYRODW�HNVSORDWDFLRQLWH�SRWUHEL��9R�YUVND�VR�WRD��VR�ODERUDWRULVNL�PHWRGL
QD�LVSLWXYDZH�VH�RGUHGXYDDW�VOHGQLWH�NDUDNWHULVWLNL�QD�WUDNLWH�

D� PHKDQLaNL�
E� EXEUHaNL�
F� WHUPLaNL�
G� HOHNWULaQL�
2VYHQ�WRD��GHEHOLQDWD�QD�WUDNDWD��mm��VH�RGUHGXYD�VSRUHG�PHWRGD�XWYUGHQD�YR

VWDQGDUGRW� ISO� ����� –� �� �PHWRGD�$���2GUHGXYDZHWR� QD� PDVD� SR� HGLQLFD� SRYU^LQD
�gr/m2�� H� VSRUHG� PHWRGDWD� ISO� ����� –� ���0HUHZHWR� QD� SULVXVWYR� QD� YODJD� ���� SUL
LVSRUDNDWD�H�SURSL^DQR�VR�VWDQGDUGRW�ISO�����

D� 0HKDQLaNL�NDUDNWHULVWLNL

1HWNDHQLWH� EXEUHaNL� WUDNL� VSRUHG� PHKDQLaNLWH� NDUDNWHULVWLNL� PRUD� GD
RGJRYDUDDW� ]D� SULPHQD� YR� NDEORYVNRWR� SURL]YRGVWYR� YR� VPLVOD� QD� KHOLNRLGDOQR
RPRWXYDZH�LOL�SRGROCQR�SRVWDYXYDZH��2GUHGXYDZH�QD�SUHNLGQDWD�FYUVWLQD��N/cm�
L� SUHNLGQRWR� L]GROCXYDZH� ����� VH� YU^L� VSRUHG� VWDQGDUGRW� ISO� �������
,VSLWXYDZHWR� VH� YU^L� QD� SULPHURN� VR� GLPHQ]LL� ���K���� mm��� UDVWRMDQLHWR� QD
aHOXVWLWH�QD�NLGDOLFDWD�H�����mm��D�EU]LQD�QD�UD]YOHNXYDZH�����mm/min��5H]XOWDWRW
VH�GDYD�NDNR�VUHGQD�YUHGQRVW�RG���PHUHZD�

6OLNLWH� �� L� �� MD� SRNDCXYDDW� NULYDWD� QD� ]DYLVQRVW� QD� VLODWD� (N)� L
L]GROCXYDZHWR�����LVSLWXYDQL�QD�SULPHURFL�RG�QHWNDHQL�EXEUHaNL�WUDNL�WLS�GTI
����L�GTC�����

6OLND���,VSLWXYDZH�QD�PHKDQLaNL�NDUDNWHULVWLNL�QD
SULPHURFL�WLS GTI����
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6OLND���,VSLWXYDZH�PHKDQLaNL�NDUDNWHULVWLNL�QD�SULPHURFL�WLS�TGC ���

E� %XEUHaNL�NDUDNWHULVWLNL

=D�RFHQND��QD�HILNDVQRVWD�QD�YRGRQHSURSXVWOLYLWH�PDWHULMDOL�YDCQR�H�GD�VH
SR]QDYDDW�VOHGQLWH�SDUDPHWUL��YLVLQD�QD�EXEUHZH��EU]LQD�QD�EXEUHZH��RGQHVXYDZH
QD�EXEUHaNLRW�PDWHULMDO�YR�XVORYL�QD�]JROHPHQ�SULWLVRN�L�YR�UD]OLaQL�XVORYL�QD
VUHGLQDWD� �YRGD� VR� UD]OLaHQ� MRQVNL� VRVWDY�� U1�� ]JROHPHQD� WHPSHUDWXUD� L�W�Q���
%XEUHaNLWH�WUDNL�NDNR�HOHPHQW�YR�NRQVWUXNFLMDWD�QD�NDEOLWH��WUHED�GD�REH]EHGDW
VLJXUQD�YRGRQHSRUSXVWOLYRVW�QD�^WR�SRNUDWND�GROCLQD��D�GD�SUL�WRD�QH�MD�]DJUR]DW
XORJDWD� QD� RVWDQDWLWH� NRQVWUXNWLYQL� HOHPHQWL�2GUHGXYDZH� QD� QDYHGHQLWH
SDUDPHWUL� QD� EXEUHZH� VH� YU^L� VSUHPD� LVSLWQDWD� PHWRGD� �LQW�PHWRGD� QD� 1).��
,VSLWXYDZHWR�VH�ED]LUD�QD�NRQWLQXLUDQR�SUDWHZH�QD�SURPHQDWD�QD�GHEHOLQDWD�QD
WUDNDWD� SRWRSHQD� YR� YRGD� YR� WUDHZH� RG� ��� PLQ�� SULPHURNRW� H� NUXCHQ� LVHaRN� RG
WUDNDWD� VR� SUHaQLN� ��� mm,� NRL� VH� SRVWDYXYDDW� YR� VSHFLMDOHQ� LVSLWHQ� VDG� L� VH
SRNULYD� VR� SHUIRULUDQ� SULWLVNXYDa�� 3ULWLVRNRW� YU]� WUDNDWD� YR� WHNRW� QD
LVSLWXYDZHWR� H� ���� 5D�� D� WUDNDWD� ]D� YUHPH� QD� LVSLWXYDZHWR� H� SRWRSRHQD� YR� YRGD
�GHVWLOLUDQD��GHPLQHUDOL]LUDQD��LOL�YRGD�VR�GU��NYDOLWHW���9DCQR�H�GD�VH�]DEHOHCL
YUHGQRVWD�QD�GHEHOLQDWD�QD�WUDNDWD�SRVOH�SUYDWD�PLQXWD�QD�LVSLWXYDZH��EU]LQD�QD

EXEUHZH�[mm/1 min�]��NDNR�L�SRVOH����PLQ���YLVLQD�QD�EXEUHZH�[mm/10 min�]��
�6OLND���L�VOLND���MD�SRNDCXYDDW�NULYDWD�QD�SURPHQD�QD�YLVLQDWD�QD�EXEUHZH

YR�WHNRW�QD����PLQ��QD�SULPHURFL�QD�WUDNDWD�WLS�GTI�����L�TGC�����YR�GHVWLOLUDQD
YRGD�

6OLND���,VSLWXYDZH�QD�EXEUHaNLWH�NDUDNWHULVWLNL�QD�SULPHURN��WLS�GTI ���
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6OLND���,VSLWXYDZH�QD�EXEUHaNLWH�NDUDNWHULVWLNL�QD�SULPHURN�WLS�GTC����

=D� QDUHGQLWH� LVSLWXYDZD� H� NRULVWHQD� GHVWLOLUDQD�� GHPLQHUDOL]LUDQD� L
EXQDUVND��VXURYD��YRGD��]HPHQD�RG�L]YRURW�“9RGRYRG” �1�6�

6SRUHGEHQLWH�NULYL�QD�EXEUHZH�VH�SULNDCDQL�QD�VOLND���L�VOLND���

6OLND���,VSLWXYDZH�QD�EXEUHZH�YR�UD]OLaQL�YRGL�QD�SU��GTI����

6OLND���,VSLWXYDZH�QD�EXEUHZH�YR�UD]OLaQL�YRGL�QD�SULPHURFL�WLS�GTI����
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.DNR� ^WR� H� NDCDQR� QDSUHG� YDCHQ� SDUDPHWDU� ]D� RFHQND� QD� NYDOLWHWRW� QD
EXEUHaNDWD�WUDND�H�EU]LQDWD�QD�EXEUHZH��9R�WDEHOLWH���L���VH�GDGHQL�YUHGQRVWLWH�QD
YLVLQDWD� QD� EXEUHZH� SRVOH� ��� �� L� ��� PLQXWL� L� VH� LVNDCDQL� YR� �� RG� PDNVLPDOQD
YLVLQD�QD�EXEUHZH�]D�RGUHGHQ�WLS�QD�WUDNL�YR�UD]OLaQL�YRGL�

7DEHOD���,VSLWXYDZH�QD�EXEUHZH�QD�WUDND�GTI����
9LVLQD QD EXEUHZH

�9UVWD QD YRGD
mm/1 min % mm/3 min % mm/10 min %

'HVWLOLUDQD 7.54 79 9.43 99 9.50 100
'HPLQHUDOL]LUDQD 4.50 90 4.97 100 4.97 100
%XQDUVND 2.80 72 3.80 97 3.90 100

7DEHOD���,VSLWXYDZH�QD�EXEUHZH�QD�WUDND�GTC����
9LVLQD QD EXEUHZH

9UVWD QD YRGD
mm/1 min % mm/3 min % mm/10 min %

'HVWLOLUDQD 4.00 73 5.40 98 5.50 100
'HPLQHUDOL]LUDQD 1.18 52 2.25 100 2.25 100
%XQDUVND 0.60 30 1.20 60 2.00 100

6R�DQDOL]D�QD�GRELHQLWH�YUHGQRVWL�GDGHQL�YR�WDEHOLWH���L� ��� VH�NRQVWDWLUD
GHND�LVSLWXYDQLWH�WUDNL�LPDDW�YLVRN�SURFHQW�QD�EXEUHZH�YH`H�YR�SUYLWH�PLQXWL�QD
LVSLWXYDZHWR� �EU]LQD� QD� EXEUHZH��� ^WR� XSDWXYD� QD� PRCQRVWD� ]D� VLJXUQD� L� EU]D
YRGRQHSURSXVWOLYRVW�

F� 7HUPLaNL�NDUDNWHULVWLNL

%ODJRGDUHQLH�QD�XSRWUHEHQLWH�PDWHULMDOL��EXEUHaNLWH�WUDNL�VH�VWDELOQL�SUL
]JROHPHQL� WHPSHUDWXUL�� 3URYHUND� QD� RYDD� RVRELQD� VH� ED]LUD� QD� LVSLWXYDZH� QD
WLSLaQLWH� RVRELQL� �PHKDQLaNL� L� EXEUHaNL�� RGQRVQR� RWVWDSXYDZH� QD� YUHGQRVWLWH
SRVOH� VWDUHHZHWR� QD� ]JROHPHQD� WHPSHUDWXUD� YR� RGQRV� QD� YUHGQRVWLWH� SUHG
VWDUHHZHWR�

=D� RYDD� QDPHQD� VH� SULPHQXYDDW� ODERUDWRULVNL� PHWRGL� QD� LVSLWXYDZH� VR
GROJRWUDMQL� WHUPLaNL� VWDELOQRVWL� ���R6�� �� GHQD�� VSUHPD� VWDQGDUGQDWD�PHWRGD� IEC
����L�NUDWNRWUDMQL�WHUPLaNL� VWDELOQRVWL� ����R6����s ��SUHPD�LQWHUQDWD�PHWRGD�QD
1).��DQLPLUD�XVORYLWH�SUL�NUDWRN�VSRM��

5H]XOWDWLWH� RG� LVSLWXYDZDWD� VH� GDGHQL� YR� WDEHOLWH� �� L� ��� $QDOL]DWD� QD
GRELHQLWH� YUHGQRVWL� XNDCXYD� QD� VLJXUQRVWD� QD� XSRWUHEDWD� QD� RYLH� WUDNL� SUL
]JROHPHQL� WHPSHUDWXUL� �PDK�� UDERWQD� WHPSHUDWXUD� QD� NUDWRN� VSRM�� ELGHM`L
RWVWDSXYDZDWD� QD� YUHGQRVWLWH� QD� WLSLaQLWH� RVRELQL� VH� �� ���� �EDUDZHWR� SR
PHWRGDWD�H�]DGUCXYDZH�QD�YUHGQRVWLWH�PLQLPXP�����YR�RGQRV�QD�YUHGQRVLWH�SUHG
VWDUHHZHWR��



7DEHOD���,VSLWXYDZH�QD�WHUPLaND�VWDELOQRVW�QD�WUDND�GTI����
8VORYL QD LVSLWLYDZH

.DUDNWHULVWLND (GLQLFD PHUND
20 oC 90 oC; 168 h 230 oC; 5 s

3UHNLGQD FYUVWLQD N/cm 34 36 36.8
3UHNLGQD FYUVWLQD �RGVWDSXYDZH) % � + 6 + 8
3UHNLGQR L]GROCXYDZH % 13.5 14.2 14.4
3UHNLGQR L]GROCXYDZH �RGVWDSXYDZH� % � + 5 + 7
%U]LQD QD EXEUHZH mm/1 min 7.58 7.40 7.52
%U]LQD QD EXEUHZH �RGVWDSXYDZH� % � - 2 - 1
9LVLQD QD EXEUHZH mm/10 min 9.71 9.65 9.68
9LVLQD QD EXEUHZH �RGVWDSXYDZH� % � - 1 0

7DEHOD���,VSLWXYDZH�QD�WHUPLaND�VWDELOQRVW�QD�WUDND�GTC����
.DUDNWHULVWLND 8VORYL QD LVSLWLYDZH

(GLQLFD PHUND
20 oC 90 oC; 168 h 230 oC; 5 s

3UHNLGQD FYUVWLQD N/cm 45.6 46.7 46.2
3UHNLGQD FYUVWLQD �RGVWDSXYDZH) % � + 2 + 1
3UHNLGQR L]GROCXYDZH % 16.5 16.9 17.0
3UHNLGQR L]GROCXYDZH �RGVWDSXYDZH� % � + 2 + 2
%U]LQD QD EXEUHZH mm/1 min 4.0 3.8 3.9
%U]LQD QD EXEUHZH �RGVWDSXYDZH� % � - 5 - 3
9LVLQD QD EXEUHZH mm/10 min 5.5 5.4 5.2
9LVLQD QD EXEUHZH �RGVWDSXYDZH� % � - 2 - 5

G� (OHNWULaQL�NDUDNWHULVWLNL

9R� NRQVWUXNFLMDWD� QD� VUHGQRQDSRQVNLWH� NDEOL� VH� NRULVWDW� SROXSURYRGQL
EXEUHaNL�WUDNL�NDNR�GHO�RG�HOHNWULaQLRW�HNUDQ��HOHNWULaQD�]D^WLWD���2YLH�WUDNL
PRUDDW�GD�JL�]DGRYRODW�YUHGQRVWLWH�QD�HOHNWULaQLRW�RWSRU�� D�SRNUDM� WRD�WUHED�GD
LPDDW�L�EXEUHaNL��VYRMVWYD�

2GUHGXYDZHWR� QD� SRYU^LQVNLRW� L� VSHFLILaQLRW� YROXPHQVNL� RWSRU� QD
SROXSURYRGQLWH�WUDNL�VH�YU^L�YR�VRJODVQRVW�VR�VWDQGDUGRW�DIN��������6R�RJOHG�QD
WRD�GHND�WUDNLWH�VH�LVSRUDaXYDDW�YR�UROQD�VR�^LULQD��������LOL����mm�L�NDNR�WDNYL
VH�NRULVWDW�]D�RPRWXYDZH�YR�SURL]YRGVWYRWR��VH�UD]YLHQL�PHWRGL�]D�ODERUDWRULVNR
LVSLWXYDZH�QD�RYLH�YHOLaLQL�

3RYU^LQVNLRW� RWSRU� �Ω�� QD� WUDNLWH� VH� LVSLWXYD� VR� SRPR^� QD� XUHG� VR
SRGYLCQL� HOHNWURGL� �LVSLWQD� PHWRGD�1).��� (OHNWURGQLRW� VLVWHP� H� PRQWLUDQ� QD
SRVWRTH�L�SRVWRL�PRCQRVW�QD�SRGHVXYDZH�QD�UDVWRMDQLHWR�SRPH_X� HOHNWURGLWH� ���
���) mm��(OHNWURGQLRW�VLVWHP�VH�VRVWRL�RG���SDUD�SRQLNORYDQL�EDNDUQL�HOHNWURGL�
VR�NRQWDNWQD�SRYU^LQD�RG����mm2��SURL]YRGLWHO�1).���6R�SRVWDYXYDZH�QD�WUDNLWH
SRPH_X� HOHNWURGLWH� L� VR� SULNOXaXYDZH� QD� PHUQLRW� LQVWUXPHQW� ]D� PHUHZH
HOHNWULaQD�RWSRUQRVW�VH�L]YU^XYD�PHUHZH��L�UH]XOWDWRW�VH�GDYD�NDNR�VUHGQD�L�PLQ��
PDK�� 9UHGQRVW� QD� PHUHZDWD� QD� �� SULPHURFL�� SUL� ^WR� VH� QDYHGXYD� NRULVWHQRWR
UDVWRMDQLH�SRPH_X�HOHNWURGL�

2GUHGXYDZH�QD�SRYU^LQVNLRW�RWSRU�L]UD]HQR�VR�HGLQLFD��Ω� ��VH�YU^L�SUHPD
LQWHUQD�PHWRGD�QD�1).�VR�SRPR^�QD�GYD�SDUD�SRQLNORYDQL�HOHNWURGL�YR�REOLN�QD
NRFND� �D �����mm���3ULPHURFLWH�]D�RYD�PHUHZH� VH� VR� GLPHQ]LMD� ��K�����mm�� K� ����
mm L� VH� SRVWDYXYDDW� SRPH_X� GYDWD� SDUD� HOHNWURGL� YR� REOLN� QD� NRFND� SUL� ^WR
UDVWRMDQLHWR�SRPH_X�SDURW�HOHNWURGL�H�HGQDNYR�QD�VWUDQDWD�QD�NRFNDWD�



6H� SULNOXaXYD� PHUQLRW� LQVWUXPHQW� ]D� PHUHZH� QD� HOHNWULaQLRW� RWSRU� L� VH
L]YU^XYD� PHUHZH� QD� �� SULPHURFL�� 5H]XOWDWRW� VH� GDYD� NDNR� DULWPHWLaND� VUHGQD
YUHGQRVW�L�NDNR�LQWHUYDO�QD�YUHGQRVW��PLQ�PDK���3ULQFLSRW�QD�]HPDZH�SULPHURFL
]D� RYD� LVSLWXYDZH� PRCH� GD� GDGH� SRGDWRFL� ]D� NRQVWDQWQLWH� YUHGQRVWL� QD
HOHNWULaQLRW�RWSRU�QD�SROXSURYRGQDWD�WUDND�SR�GROCLQD�

6SHFLILaQDWD� YROXPHQVND� RWSRUQRVW� �Ω�VP�� QD� SROXSURYRGQDWD� WUDND� VH
YU^L� YR� VNODG� VR� VWDQGDUGQDWD� PHWRGD� DIN� ������ VR� NRULVWHZH� QD� SRQLNORYDQL
HOHNWURGL��SURL]YRGLWHO�1).���9R�]DYLVQRVW�RG�^LULQDWD�QD�LVSRUDaDWDQD�WUDND
VH�NRULVWDW�YDOaHVWL�HOHNWURGL�VR�UD]OLaHQ�SUHaQLN�

'ROQDWD�PHUQD�HOHNWURGD�H�VR�SUHaQLN�RG����PP��D�JRUQLWH�VH�UD]OLaQL��d ���
��� mm��� 6R� YRVSRVWDYXYDZH� QD� SRWHQFLMDOQD� UD]OLND� SRPH_X� GROQDWD� L� JRUQLWH
PHUQL� HOHNWURGL� SUL� ^WR� SULPHURNRW� RG� WUDNDWD� VH� QDR_D� SRPH_X�� VR� SRPR^� QD

PHUQLRW�LQVWUXPHQW�VH�aLWD�YUHGQRVWD�QD�HOHNWULaQLRW�RWSRU��Ω��L�VH�SUHVPHWXYD
VSHFLILaQDWD� YROXPHQVND�RWSRUQRVW�� 5H]XOWDWRW� VH� GDYD� NDNR� JHRPHWULVND� VUHGQD
YUHGQRVW�RG���PHUHZD�L�NDNR�LQWHUYDO�YUHGQRVW��PLQ�PDK��

9R� WDEHODWD� �� VH� GDGHQL� UH]XOWDWL� RG� PHUHZDWD� QD� RYLH� YHOLaLQL� QD
SULPHURNRW�RG�SROXSURYRGQDWD�WUDND�GTC�����

7DEHOD���,VSLWXYDZH�QD�HOHNWULaQL�NDUDNWHULVWLNL�QD�WUDNL�GTC����
5H]XOWDWL QD PHUHZH

.DUDNWHULVWLND
(GLQL
FD

PHUND
0HWRG QD LVSLWLYDZH $ULWPHWLaND

VUHGQD YUHGQRVW
*HRPHWULVND

VUHGQD YUHGQRVW
,QWHUYDO
PLQ�PDK

l=200mm 1.95 103 � (1.91-1.99) 1033RYU^LQVNL
RWSRU

Ω
,VSLWQD
PHWRGD
1). l=100 mm 1.03 103 � (1.01-1.04) 103

3RYU^LQVNL
RWSRU

Ω/
,VSLWQD PHWRGD 1).

1.15 103 � (1.0-1.4) 103

6SHF�YROXPHQVNL
RWSRU

Ω⋅cm DIN 54345 � 3.3 105 (2.2-5.4) 105

���� /DERUDWRULVND�PHWRGD�L�UH]XOWDWL�RG�LVSLWXYDZDWD�QD
YRGRQHSURSXVWOLYLWH�NDEOL

6R� FHO� ]D� YHULILNDFLMD� QD� NYDOLWHWRW� QD� EXEUHaNLWH� WUDNL� YJUDGHQL� YR
NDEOLWH�YR�VNODG�VR�QDYHGHQRWR�EDUDZH��WRaND����H�UD]YLHQD�PHWRGD�]D�LVSLWXYDZH
YR�“1RY�.DEHO” �'�'��)DEULND�]D�HQHUJHWVNL�NDEOL�

=D� LVSLWXYDZH� VH� NRULVWHQL� SULPHURFL� QD� VUHGQRQDSRQVNL� NDEOL� RG
UHGRYQRWR�SURL]YRGVWYR�WLS�XHE-49-A 1x150/25 12/20 kV JUS N.C5.230.

.DNR� YRGRQHSURSXVWOLYL� HOHPHQWL� YR� NRQVWUXNFLMDWD� QD� RYLH� NDEOL� VH
SULVXWQL� WUDNL� VR� R]QDND� GTI� ���� �L]RODFLRQD� EXEUHaND� WUDND�� SRVWDYHQD� LVSRG
SOD^WRW��L�GTC������SROXSURYRGQD�EXEUHaND�WUDND��SRVWDYHQD�LVSRG�HOHNWULaQDWD
]D^WLWD��HNUDQ�RG�EDNDUQD�CLFD�L�WUDND�YR�NRQWUD�VSLUDOD���7UDNL�VR�^LULQD�RG���
PP�VH�RPRWDQL�VR�SUHNORS�RG�����

=HPDM`L� JL� YR� RE]LU� HNVSORDWDFLRQLWH� XVORYL� QD� RYLH� NDEOL�� PHVWRWR� L
QDaLQRW� QD� SRODJDZH�� RVRELQLWH� QD� ]HPMDWD�� RSWHUHWXYDZHWR� YR� XVORYL� QD� UDERWD�
NYDOLWHWRW� QD� SRG]HPQLWH� YRGL� L� GU�� H� UD]YLHQD� PHWRGD� ]D� ODERUDWRULVNL
LVSLWXYDZD�QD�YRGRQHSURSXVWOLYRVW��5H]XOWDWLWH�RG�RYD�PHUHZH�WUHED�GD�XNDCDW�QD
HILNDVQRVWD�QD�YJUDGHQLWH��EXEUHaNL�WUDNL�RGQRVQR�QLYQDWD�IXQNFLMD�YR�VOXaDM�QD
QDYOHJXYDZH�QD�YRGD�YR�NDEHORW�



5HIHUHQWQDWD� YRGD� NRULVWHQD� RG� LVSLWXYDZHWR� H� SRG]HPQD� YRGD� ]HPHQD� RG
HGHQ�L]YRU��EXQDU��“9RGRYRG” �1RYL�6DG��.DUDNWHULVWLNLWH�QD�RYDD�YRGD�VH��U1 �����
HOHNWULaQD� SURYRGOLYRVW� ������ µ<�VP�� VR� YLVRND� VRGUCLQD� QD� CHOH]R� ����� mg/l�
PDQJDQ�����mg/l�L�VR�QHJDWLYHQ�EDNWHULROR^NL�QDRG�

0HWRGDWD�]D�LVSLWXYDZH�QD�YRGRQHSURSXVWOLYRVWD�VH�ED]LUD�QD�SUDWHZHWR�QD
GROCLQDWD�QD�QDYOHJXYDZHWR�QD�YRGDWD��SULWLVRN�RG������bar��QL]�NDEHORW�QD�LVSLWQD
WHPSHUDWXUD��^HPDWVNL�SULND]�VOLND����

��3UVWHQHVW�LVHaRN
��(OHNWURGD�QD�EXEUHaND�WUDND
��(OHNWURGD�QD�HO�HNUDQ
��,QVWUXPHQW�]D�LQGLNDFLMD�QD�YRGD
��=DSWLYND
��9RGD

6OLND���>HPDWVNL�SULND]�QD�DSDUDWXUD�]D�LVSLWXYDZH�YRGRQHSURSXVWOLYRVW

3ULPHURNRW�]D�LVSLWXYDZH�H�VR�GROCLQD�RG�����mm�QD�NRM�QD�VUHGLQDWD�PX�H
QDSUDYHQR�R^WHWXYDZH�YR�IRUPD�QD�SUVWHQDVW�LVHaRN��NRM�JL�VRGUCL�VLWH�VORHYL�GR
SUYLRW�SROXSURYRGHQK�VORM��3ULPHURNRW�VH�SRVWDYXYD�YR�SRNUDWNLRW�GHO�RG�FHYNDWD
YR�REOLN�QD�EXNYDWD�7��SUL�^WR�R^WHWXYDZHWR�H�YR�VUHGLQDWD��9R�SRGROJLRW�GHO�QD
FHYNDWD� VH� VWDYD� YRGD� YR� YLVLQD�RG� ����mm��1D� ����mm� OHYR�L� GHQR�RG� RWYRURW�QD
SULPHURNRW��PHVWR�QD�R^WHWXYDZH��VH�SRVWDYXYDDW�HOHNWURGL�NRL�VH�YR�NRQWDNW�VR
L]RODFLRQDWD� EXEUHaND� WUDND� L� VH� SRYU]XYDDW� VR� LQVWUXPHQWRW� ]D� LQGLNDFLMD� QD
YODCQRVWD��'UXJDWD�HOHNWURGD�H�YUVND�SUHNX�HOHNWULaQD�]D^WLWD��HNUDQRW��

,VSLWXYDZHWR� H� L]YU^HQR� QD� VREQD� WHPSHUDWXUD� ���±��R6� QD� PDK�UDERWQD
WHPSHUDWXUD� QD� NDEHORW� ���R6�� L� QD� RGEUDQD� WHPSHUDWXUD� ���R6��� � =D� VHNRH
LVSLWXYDZH�VH�NRULVWHQL�SR����SULPHURFL�

5H]XOWDWLWH� RG� LVSLWXYDZHWR� VH� GDGHQL� YR� WDEHOD� �� L]UD]HQL� NDNR� VUHGQD
YUHGQRVW� QD� PHUHZHWR� QD� GROCLQDWD� QD� QDYOHJXYDZHWR� QD� YRGDWD� OHYR� L� GHVQR� RG
PHVWRWR�QD�R^WHWXYDZHWR�

1 0

3 0 0

123

4

5

6

1 0

3 0 0

123

4

5

6



7DEHOD���5H]XOWDWL�RG�LVSLWXYDZH�QD�YRGRQHSURSXVWOLYRVW�QD�WLS
�����������������XHE-49-A 1x150/25 12/20kV

1DYOHJXYDZH QD YRGD [cm]7HPSHUDWXUD QD
LVSLWLYDZH

[ oC ]
7UDHZH QD LVSLWLYDZH /HYR RG RWYRURW 'HVQR RG RWYRURW

1 min > 15 > 15
72 h 17.5 18.520
400 h 23 25

24 h - JUHHZH
24 h - ODGHZH

11 11
90

3x24 h - JUHHZH
1x24 h - ODGHZH

7.5 8.5

50
24 h - JUHHZH
24 h - ODGHZH

10 15

=DNOXaRN�� 8SRWUHEDWD� � QD� QHWNDHQL� EXEUHaNL� WUDNL� YR� NDEORYVNDWD
LQGXVWULMD� H� RSUDYGDQD�� ,VSLWXYDZDWD� QD� WUDNLWH� SRNDCXYDDW� QD� JROHPDWD
HILNDVQRVW� YR� SRJOHG� QD� EXEUHaNL� RVRELQL� �YUHGQRVWL� QD� EU]LQD� QD� EXEUHZH�� L
]DGRYROLWHOQL�UH]XOWDWL�QD�RVWDQDWLWH�LVSLWXYDQL�NDUDNWHULVWLNL�

,VSLXYDZDWD�QD�JRWRY�NDEHO�QHGYRVPLVOHQR�SRNDCXYDDW�GHND�VR�YJUDGXYDZHWR
QD� WUDNL� VR� RGUHGHQ� NYDOLWHW� YR� SRWSROQRVW� VH� ]DGRYOXYD� EDUDZHWR� ]D
QHSURSXVWOLYRVW�QD�PDK�GROCLQD�GR����VP�YR�HNVSORDWDFLRQL�XVORYL�

/,7(5$785$�

��Jozef Onderko, Vuki, Bratislava ^ehoslova~ka; Life Expectansy of MV Cables,
   , 9.DANI DPG, Zagreb 1990.
2.Miroljub Jefti}, Fabrika kablova Zaje~ar; Elektri~ne i vodene gran~ice u
srednjenaponskoj kablovskoj izolaciji od punjenog i nepunjenog umre`enog
polietilena 9.DANI DPG, Zagreb 1990.,
3.J.Th.L. Van der HIDDE,Lantor, Veenedaal, Holandija;Pobolj{anje trajnosti
energetskih kabela pomo}u vodonepropusnih traka, 9.DANI DPG, Zagreb 1990.
4.DIN VDE 0276-605 HD 605S1/oktobar 1995.(ta~ka 2.4.9.Podu`na vodozaptivnost)
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5HIHUDWRW�JR�QDJODVXYD� ]QDaHZHWR�QD�EH]KDORJHQLWH�PDWHULMDOL�RWSRUQL�QD
JRUHZH�YR�SURL]YRGVWYRWR�QD�HFFR (Halogen Free Flame Retardant)�HQHUJHWVNL�NDEOL�L
SURYRGQLFL�aLMD�SULPHQD�H�YR�SRVWRMDQ�SRUDVW�

5HIHUDWRW� GDYD� QHNRL� VWDQGDUGQL� EDUDZD� ]D� NYDOLWHWRW� L� PHWRGLWH� QD
LVSLWXYDZH�QD�HFFR�PDWHULMDOLWH�SULPHQDWD�NDNR�L�R]QDNLWH�QD�WLSRYLWH�QD�HFFR
NDEOL�

5HIHUDWRW� JR� GDYD� PRCQLRW� L]ERU� QD� PDWHULMDOLWH� L� DGLWLYLWH� ]D� RYDD
SULPHQD� NDNR� L� UHFHSWXULWH� QD� WHUPRSODVWLaQLWH� L� VPH^LWH� NRL� XPUHCXYDDW� L
QLYQLWH�NDUDNWHULVWLNL�

SUMMARY

In this some present achievements and possibilities for significant roles of HFFR
materials in the Cable industry are explained.

Standards requirements for quality of those materials and some constructions of Cables
are presented.

Some choices of HFFR Materials and Additives, Recepies and Properties of those
Compounds are also presented.

./8A1,�=%2529,��HFFR��PDWHULMDOL�JRUHZH�
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3RVWRMDQLRW�UD]YRM�QD�FLYLOL]DFLMDWD��QRYLWH�WHKQRORJLL�L�YRYHGXYDZHWR�QD
VRYUHPHQLWH� DYWRPDWL]LUDQL� LQIRUPDFLRQL� VLVWHPL�� GRYHGRD� GR� SRJROHPD
SRWUR^XYDaND�QD�HOHNWULaQD�HQHUJLMD��D�VR�WRD�L�GR��SRJROHPD�XSRWUHED�QD�NDEOL�

6LWH� REMHNWL� L� SRVWURMNL� VH� SUHSROQL� VR� NDEOL� L� SURYRGQLFL�� ^WR� VHNDNR
GRYHGXYD�GR�]JROHPHQ�UL]LN�]D�QDVWDQXYDZH�QD�SRCDUL�

.DEOLWH� L� SURYRGQLFLWH� PRCDW� aHVWR� GD� ELGDW� SULaLQLWHOL� ]D� SRCDULWH�
GXUL�L�QLYQLWH�L]RODFLRQL�L�SOD^WHYVNL�PDWHULMDOL�NRJD�QH�JRUDW��PRCDW�VHSDN�GD
ELGDW��SUHQRVLWHOL�QD�RJDQ�L�SULaLQLWHOL�]D�^LUHZH�QD�SRCDURW�

=D�YUHPHWUDHZHWR�QD�SRCDURW�VH�UD]YLYD�JXVW�aDG�L�VH�RVORERGXYDDW�RWURYQL
L� QDJUL]XYDaNL� �NRUR]LYQL�� JDVRYL�� QDMaHVWR� KDORJHQRYRGRURGL� NRL� VH� SDN
SULaLQLWHOL�]D�PDVRYQR�WUXHZH�L�JX^HZH�L�R^WHWXYDZH�QD�RSUHPDWD�L�REMHNWLWH�
3UHNLQRW� VR�QDSRMXYDZH�QD�HOHNWULaQD� HQHUJLMD� ]DUDGL�LVSD_DZHWR�QD�NDEOLWH�RG
IXQNFLMD� NDNR� SRVOHGLFD� QD� SRCDURW� SRYH`HNUDWQR� MD� ]JROHPXYDDW� QHJDWLYQDWD
SRVOHGLFD�RG�SRCDURW�

5D]YRMRW� QD� QRYLWH� PDWHULMDOL� L� VRYUHPHQLWH� WHKQRORJLL� GRQHVRD� QRYD
JHQHUDFLMD� QD� SURYRGQLFL� L� NDEOL� RWSRUQL� QD� SRCDU� NRL� YR� JROHPD� PHUD� JL
VPDOXYDDW�SRVOHGLFLWH�RG�SRCDURW��2YLH�PDWHULMDOL�YR� VHEH�QH� VRGUCDW�KDORJHQL
HOHPHQWL��F, Cl, Br, J), SD�H�QDPDOHQD��JXVWLQDWD�QD�aDGRW�L�RWURYQRVWD�QD�JDVRYLWLWH
SURGXNWL�RG�JRUHZHWR��^WR�RYR]PRCXYD�SRHILNDVQD�ERUED�SURWLY�SRCDURW�VR�^WR�L
SRPDONX�aRYHaNL�L�PDWHULMDOQL�]DJXEL�

1RYLWH� PDWHULMDOL� VH� VDPRJDVLYL� NRJD� VH� HOLPLQLUD� L]YRURW� QD� SODPHQ�
RGQRVQR�NDEOLWH�QH�VH�SULaLQLWHOL�]D�SRMDYD�L�^LUHZH�QD�SRCDURW�

.DEOLWH�RWSRUQL�QD�JRUHZH�REH]EHGXYDDW�L]GUCOLYRVW�QD�NDEHORW�GR���aDVD
RG� PRPHQWRW� NRJD� VH� ]DIDWHQL� VR� SRCDURW�� RGQRVQR� REH]EHGXYDDW� VQDEGXYDZH� VR
HOHNWULaQD� HQHUJLMD� GRGHND� WUDH� SRCDURW�� ^WR� RYR]PRCXYD� SRHILNDVQD� ERUED� ]D
ORNDOL]LUDZH�L�JDVHZH�L�MD�VPDOXYD�SDQLNDWD�L�QHM]LQLRW�HIHNW�NDM�OX_HWR�

.RQVWUXNFLLWH�QD�RYLH�NDEOL�L�SURYRGQLFL�VH�VR�SRWSROQR�QRYL�PDWHULMDOL
NRL� JL� ]DGRYROXYDDW� HFFR� EDUDZDWD�� 3URYRGQLNRW� H� LVNOXaLYR� RG� EDNDU� ]DUDGL
YLVRNLWH� WHPSHUDWXUL� NRL� VH� MDYXYDDW� YR� XVORYL� QD� SRCDU� (t.t. Cu 1080 0C, t.t. Al
6600C��� =D� QHNRL� NRQVWUXNFLL� QD� VSHFLMDOQL� SURYRGQLFL� ]D� UDERWQL� WHPSHUDWXUL
SRJROHPL�RG����0C �NDNR�SURYRGQLN�VH�NRULVWL�EDNDU�REORCHQ�VR�QLNHO�

=D�GD�VH�REH]EHGL�L]RODFLVND�L�HOHNWULaQD�IXQNFLMD�QD�NDEHORW�YR�XVORYL�QD
SRCDU�]D�SHULRG�RG���aDVD�RG�SRaHWRNRW�QD�SRCDURW�(FE 180),�aHVWR�SUHNX�EDNDUQLRW
SURYRGQLN� NDNR� SULPDUQD� L]RODFLMD� VH� NRULVWDW� PLQHUDOQL� L]RODFLL� NRL� VH
SRVWRMDQL�GR�����R6� �L�RVWDQDWLWH�]D^WLWL�QD�NDEHORW� �� L]RODFLMDWD��SROLPHUQLWH
HNUDQL��VHSDUDWRULWH��LVSROQXYDaLWH��YQDWUH^QLWH�L�QDGYRUH^QLWH�SOD^WRYL��VLWH
VH� RG�HFFR� PDWHULMDOL�� NRL� PRCDW� GD� VH� VUHWQDW� YR� NRPELQLUDQL� NRQVWUXNFLL� VR
L]RODFLMD� RG� RELaHQ� HF� PDWHULMDO� L� VHSDUDWRU�� LVSROQXYDZH� L� SOD^W� RG� HFFR
PDWHULMDO�

���67$1'$5'1,�7,329,�1$�HFFR�.$%/,�,�%$5$:$�=$�HFFR
����0$7(5,-$/,

HFFR�NDEOLWH�VH�SRMDYLOH�SUHG�GHVHWLQD�JRGLQL��0DO�H�EURMRW�L�WRD�VDPR�YR
YLVRNR�UD]YLHQLWH�]HPML�NRL�JL�YRYHOH�RYLH�WLSRYL�QD�NDEOL�L�EDUDZDWD�]D�NYDOLWHW
QD�HFFR�PDWHULMDOLWH�YR�VYRLWH�QDFLRQDOQL�VWDQGDUGL�



1DYHGXYDPH�QHNRONX�WLSRYL�QD�NDEOL�L�SURYRGQLFL�NRL�VH�VWDQGDUGL]LUDQL�VR
HFFR�PDWHULMDOLWH�

��NHXNX FE; NHXCHX FE; NHXH FE i NHXCH FE, VLWH�VSRUHG�VWDQGDUGRW DIN
VDE 0266.

- JH(St)H FE,�VSRUHG��VWDQGDUGRW�DIN VDE 0815�
- MGT UNISTRIP - 4503 C (4500C, 300 V)�VSRUHG��VWDQGDUGRW�UL 5334 / CSA AWM

CLASS I JUXSD�A / B.
- MGT UNISTRIP - 4506 C (4500C, 600 V)�VSRUHG��VWDQGDUGRW UL 5335 / CSA AWM

CLASS I JUXSD A / B.
=D�NDEOLWH�L�SURYRGQLFLWH�NHXH FE 180� VWDQGDUGRW�EDUD�SULPHQD�QD�HFFR

L]RODFLMD�RG�WLSRW�HI-1,�SUHPD�VDE 0207,�GHO�23�L�VDE 0207,�GHO�����SROLPHU�NRM�VH
XPUHCXYD�

3URYRGQLFLWH� RG� WLSRW� MGT 4503 C� L� 4506 C VH� VR� SRQLNOXYDQL� EDNDUQL
SURYRGQLFL�� ]DWRD� ^WR� UDERWQLWH� WHPSHUDWXUL� VH� ���RC�� 2YLH� SURYRGQLFL� VH� VR
QHRUJDQVND� PLQHUDOQD� L]RODFLMD� RG� OLVNXQLUDQL� OHQWL� L� VR� RSOHW� RG� VWDNOHQL
QL^NL�

.DM�QHNRL�NRQVWUXNFLL�QD� �NDEOL�VH�EDUD�SULPHQD�QD�HFFR�PDWHULMDOL�VDPR
YR�SOD^WRYLWH�NDGH�QDSRQVNRWR�QLYR�H�SRJROHPR�RG���KV ��D�SRVHEQR�NRJD�H�SRJROHPR
RG����KV ��WH^NR��VH�REH]EHGXYD��NYDOLWHWHQ�HFFR�PDWHULMDO�]D�L]RODFLMD�

6SHFLILNDFLMDWD�]D����KV �NDEHO�]D�WXQHORW�SRG�NDQDORW�/D�0DQ^�VR�R]QDND
LSF�SUHGYLGXYD�XSRWUHED�QD�NODVLaHQ�HF - XLPE� �SROLHWLOHQ� ]D� XPUHCXYDZH��LOL
EPR��HWLOHQSURSLOHQVND�JXPD��]D�L]RODFLMD��D�]D�SOD^W�HFFR�PDWHULMDO�RWSRUHQ��QD
JRUHZH�L�RWSRUHQ�X^WH�QD�PDVWL�L�PDVOD��YRGD�L�DEUD]LMD�

3RNUDM� RVWDQDWLWH� EDUDZD�� RYRM� WLS� QD� NDEHO�RGQRVQR� SOD^WRW�PRUDO� GD� JL
]DGRYROL�VOHGQLWH�EDUDZD�

��$FLGLWHW�LOL�RWURYQRVW�QD�JDVRYLWH ≤�����
��(BS 6724; BS 6425; IEC 754-1)
��(PLVLMD�QD�aDG ]DGRYROXYD
���9<�������GRGDWRN�F�
��7HPSHUDWXUHQ�LQGHNV�QD�NLVORURG ≥����R6
���LUL SE�����
��.LVORURGHQ�LQGHNV ≥���
���9<������
��2WSRUQRVW�QD�JRUHZH .DWHJRULMD�$
���IEC������GHO���
��1DJUL]XYDaNL��NRUR]LMD��JDVRYL�QD�VRJRUXYDZH U1�!����
���VDE������

�7HPSHUDWXUQLRW�LQGHNV�QD�NLVORURG�H�WHPSHUDWXUDWD�QD�NRMD�PDWHULMDORW�JRUL�YR
PH^DYLQD�QD�NLVORURGRW�RG�YR]GXKRW������2

�
��

9R� WDEHOD� �� VH� QDYHGHQL� EDUDZDWD� ]D� NYDOLWHWRW� QD�HFFR� PDWHULMDOLWH� RG
VDE� ����� GHORYLWH� ��� L� ��� �� ������1RYLRW�VDE� JL� ]JROHPLO� EURMRW� L� WLSRYLWH� QD
HFFR�PDWHULMDOL�



7DEHOD����'HO�RG�VWDQGDUGRW�VDE�������GHO����L���

����������������������������7LS�QD�HFFR�PH^DYLQD
.DUDNWHULVWLND

HI���� HI���� HM��� HM��� 0HWRGD�QD
LVSLWXYDZH

5DERWQD�WHPSHUDWXUD�����°6 �� �� �� ��

���0HKDQLaNL�NDUDNWHULVWLNL
�����3UHG�VWDUHHZH
�������3UHNLGQD�FYUVWLQD��PLQ��N�mm2

�������3UHNLGQR�L]GROCXYDZH���min�����
���
���

���
���

���
���

���
���

VDE�����
GHO����

�����3RVOH�VWDUHHZH�YR�VX^QLFD

����������7HPSHUDWXUD���°6
����������9UHPH�QD�VWDUHHZH���GHQRYL
�������3UHNLGQD�FYUVWLQD��min��N/mm�

3URPHQD���max���
�������3UHNLGQR�L]GROCXYDZH���min�����
����������3URPHQD���max���
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VDE�����
GHO����

VDE�����
GHO����

���7HUPLaNL�NDUDNWHULVWLNL
�����7HUPLaNR�L]GROCXYDZH

- 7HPSHUDWXUD���°6
- 9UHPHWUDHZH���min
- 2SWHUHWXYDZH���N/mm2

�������,]GROCXYDZH�SRG�RSWRYDUXYDZH�
�����������max��
������,]GROCXYDZH�SRVOH
UDVWRYDUXYDZH��max���
�����7HUPRSODVWLaQRVW

- 7HPSHUDWXUD���°6
- 'HIRUPDFLMD���max���

�����6RELUDZH

- 7HPSHUDWXUD���°6
- 9UHPHWUDHZH��h
- 6RELUDZH��max���
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VDE�����
'HO����

VDE�����
'HO����

VDE�����
'HO����

��� 1DJUL]XYDZH� QD� JDVRYLWH� SUL
VRJRUXYDZH

- 9UHPHWUDHZH��h
- PH
- 3URYRGOLYRVW���max��µS�cm

�������

���
!���
���

�������

���
!���
���

�������

���
!���
���

�������

���
!���
���

VDE�����
'HO����

���(OHNWULaQL�RVRELQL�HOHN��2WSRU
�����6SHFLILaHQ��YROXPHQVNL

- �7HPSHUDWXUD���°6
- (OHN��2WSRU��Ω�cm,�min

�����3RYU^LQVNL��RWSRU���Ω���min

��
����

�� ��
����

����

��

���

��

���

VDE�����
'HO����
'HO�����B

����,=%25�1$�0$7(5,-$/�=$�HFFR�.$%/,�,�35292'1,&,

3R]QDWR�H�GHND�]D�NODVLaQLWH�RJQRRWSRUQL�NDEOL�]D�QDGYRUH^QLRW�SOD^W�VH
NRULVWDW�PDWHULMDOL�NRL�VRGUCDW�KDORJHQL�HOHPHQWL�YR�VDPLRW�SROLPHU�(PVC, CR,



CSM, FEP��L�YR�VDPLWH�DGLWLYL�NDNR�^WR�VH�KORULUDQLWH�SDUDILQL��6R�WLH�SROLPHUL
L�DGLWLYL�OHVQR�VH�SRVWLJQXYD�RJQRRWSRUQRVWD�VR�OHVQD�SUHUDERWND�L�GRUDERWND�QD
HNVWUXGLUDQLRW�SOD^W�

=DUDGL� RWURYQRVWD� L� NRUR]LYQRVWD� QD� KDORJHQRYRGRURGLWH� NRL� QDVWDQXYDDW
NDNR� SURGXNWL� QD� JRUHZHWR� QD� SOD^WHYLWH� �� NDEOLWH� SUL� SRCDU� �QHPD� DSVROXWQD
RJQRRWSRUQRVW� QL� NDM� PLQHUDOQLWH�� D� SRVHEQR� QL� NDM� SROLPHUQLWH� RUJDQVNL
PDWHULMDOL��GR^OR�GR�UD]YRM�QD�QRYL�HFFR���EH]KDORJHQL�PDWHULMDOL�

�����0LQHUDOQL�PDWHULMDOL

1DMGREUL� PDWHULMDOL� YR� SRJOHG� QD� RJQRRWSRUQRVWD� VH� VHNDNR� PLQHUDOQLWH
PDWHULMDOL� NDNR� ^WR� VH� OLVNXQVNLWH� OHQWL�� VWDNOHQLWH� OHQWL�� QL^NL� �� RSOHW� L
NRUGHOL��]DWRD�^WR�VH�QHRUJDQVNL�PDWHULMDOL�

/LVNXQRW�H�NDOLMXP�DOXPLQR�VLOLNDWHQ�PLQHUDO�VR�IRUPXOD�H
�
KAl

�
Si3 O

��
�VR

OLQHDUQD�VWUXNWXUD��SD�YR�SULURGDWD�PRCH�GD�VH�QDMGH�YR�YLG�QD�JROHPL�OLVWRYL�
9R� HOHNWUR� L� NDEORYVNDWD� LQGXVWULMD� VH� NRULVWDW� GYD� WLSD� QD� PLQHUDOL� � �

MUSKOVIT�L�FLOGOLIT��,PDDW�VOLaQD�NULVWDOQD�VWUXNWXUD��QR�VH�UD]OLNXYDDW�YR
KHPLVNDWD�JUDGED��0XVNRYLWRW�VR�]DJUHYDZH�QDG����R6�L]GYRMXYD�PDOD�NROLaLQD�QD
NULVWDOQD� YRGD� NRMD� MD� LPD� YR� VYRMDWD� VWUXNWXUD�� GRGHND� SDN�IORJROLWRW� JR� SUDYL
LVWRWR��QR�QD�WHPSHUDWXUD�SRJROHPD�RG����R6�

=D� PHKDQLaNR� SRMDaXYDZH� QD� OLVNXQVNLWH� OHQWL� VR� NRL� VH� REYLWNXYDDW
SURYRGQLFLWH� VH� NRULVWDW� L� YLVRNR� NYDOLWHWQL� VLOLNRQVNL� HODVWRPHUL� NDNR
DWKH]LYL�� 1D� WRM� QDaLQ� RYLH� PLQHUDOQL� WUDNL� VWDQXYDDW� VRRGYHWQL� ]D� XSRWUHED�
IOHNVLELOQL�VH��QH�VH�OHSOLYL�L�QH�SUD^DW��OLVNXQRW�HNROR^NL�NDNR�SUD^LQD�QH�H
SRCHOHQ��

/LVNXQVNLWH� WUDNL� VH� PQRJX� GREUL� GLHOHNWULFL� ^WR� PRCH� GD� VH� YLGL� RG
WDEHOD���
7DEHOD����.DUDNWHULVWLNL�QD�OLVNXQRW

���������������������Muskovit�������������������������Flogolit
��=DSUHPLQVND�PDVD���g/cm3 ������� �������
��7RaND�QD�WRSHZH��R6 ������������������ ������������������
��3RaHWRN�QD�NDOFLQDFLMD��R6 ������� �������
���JXELWRN�QD�NULVWDOQD�YRGD�
��7RSORWQD�SURYRGOLYRVW��W/Km ������������������� ������������������
��'LHOHNWULaQD�FYUVWLQD��KV/mm ������� �������

��6SHF�]DSU�HO�RWSRU��Ω���cm
� ����Na���R6 ��������� ���������

����Na���R6 �������� ���������

��tg�δ ���� ���������

%DNDUQLRW�SURYRGQLN�VR�SUHaQLN�����mm�L]ROLUDQ�VR�HGHQ�VORM�QD�OLVNXQVNL�WUDNL
VR�GHEHOLQD������mm�L�SUHNORS�RG������L]GUCXYD�LVSLWHQ�QDSRQ�RG������V�YR�YUHPH
RG� �� aDVD� QD� ����R6� VR� UDVSUVNXYDZH� QD� VROHQD� YRGD� SR� QHJRYDWD� SRYU^LQD� �VH



VLPXOLUDDW� XVORYLWH� QD� SRCDU� NDGH� LPDPH� SULVXVWYR� QD� NLVHOL� JDVRYL� RG
KDORJHQRYRGRURGLWH�L�YRGD�RG�SURWLYSRCDUQLWH�HNLSL��

3URPHQDWD� QD� GLHOHNWULaQDWD� FYUVWLQD� QD� PLQHUDOQLWH� WUDNL� RGQRVQR
L]RODFLLWH�YR�]DYLVQRVW�RG�WHPSHUDWXUD��PRCH�GD�VH�YLGDW�QD�6OLND���

0HUHQ� H� SURERMQLRW� QDSRQ� SRPH_X� GYD� SURYRGQLND� �Cu� �� MDCH� �K���� mm�
L]RODFLMD�����VORM�RG�OLVNXQVND�OHQWD������mm�VR�����SUHNORS��

�6O�����3URERHQ�QDSRQ�QD�L]RODFLMDWD�RG�OLVNXQ
YR�]DYLVQRVW�RG�WHPSHUDWXUDWD

�����3ROLPHUQL�HFFR�PDWHULMDOL

=D� RYDD� SULPHQD� VH� UD]YLHQL� VSHFLMDOQL� ROHILQVNL� KRPR� L� NRSROLPHUQL
PDWHULMDOL�� .DNR� ^WR� H� SR]QDWR� ROHILQVNLWH� SROLPHUL� VDPL� SR� VHEH� QH� VH
RJQRRWSRUQL�PDWHULMDOL��QR�VH�RGOLaQL�GLHOHNWULFL�

=D�GD�VWDQDW�RJQRRWSRUQL��QD�RYLH�GREUL�GLHOHNWULFL�LP�VH�GRGDYD�UD]OLaQL
WLSRYL�L�NROLaLQL�RG�VSHFLMDOQL�GRGDWRFL��7DNYL�VH����DQWLPRQWULRNVLG����Sb

�
2

�
�

Zn�ERUDW��2 ZnO� ��2B
�
O

� �
�3H

�
2��NRL�VH�GRGDYDDW�YR�NROLaLQD�RG���������YR�RGQRV�QD

RVQRYQLRW� SROLPHU�� 6H� SRNDCDOR� GHND� WDNYRWR� GRGDYDZH� QH� JR� REH]EHGXYD
SRWUHEQRWR� QLYR� QD� RJQRRWSRUQRVW�� ]DWRD� ^WR� XaHVWYRWR� QD� WLH� PDWHULMDOL� H
QHGRYROQR�]D�GD�MD�SRNULH�VODEDWD�RJQRRWSRUQRVW�QD�SROLPHURW�

(GHQ�RG�QDMHILNDVQLWH�EH]KDORJHQL�DGLWLYL�NRL�VH�GRGDYDDW�QD�SROLPHULWH�L
MD� SRGREUXYDDW� RJQRRWSRUQRVWD� H� DOXPLQLXP� KLGURNVLGRW�� NRM� QD� WHPSHUDWXUD
SRJROHPD�RG����R6�VH�UD]ORCXYD�SR�VOHGQDWD�^HPD�

2Al (OH)3 Al2O3���3H2O (9RGD)

5HDNFLMDWD� H� HQGRWHUPQD�� SD� WDND� VH� YU]XYD� HQHUJLMDWD� RG� SRCDURW�� VH� VPDOXYD
WHPSHUDWXUDWD��QHPD�aDG�L�RWURYQL�JDVRYL��7RD�LVWRWR�JR�SUDYL�RVORERGHQDWD�YRGD
RGQRVQR� YRGHQDWD� SDUD�� JR� VPDOXYD� SULVXVWYRWR� QD� NLVORURGRW� YR� QHSRVUHGQDWD
RNROLQD�QD�NDEHORW��D�VR�WRD�MD�]JROHPXYD�VDPRJDVLYRVWD�QD�NDEHORW�
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2VQRYQD� VODERVW� QD� DOXPLQLXP� KLGURNVLGRW� �� Al(OH�
�
H� WRD� ^WR� QHJRYDWD

WHPSHUDWXUD�QD�UDVSDG�H�GRVWD�QLVND��SD�QHJRYLRW�HIHNW�H�X^WH�YR�UDQDWD�ID]D�QD
SRCDURW��2JQRRWSRUQRVWD�QD�SROLPHUQLWH�PH^DYLQL�]DYLVL�RG�NROLaLQDWD���GHORW
QD�DOXPLQLXP�KLGURNVLGRW� ��Al(OH�

�
�NRM�XaHVWXYD�YR�QHD��9R�WDEHOD���H�SULNDCDQR

YOLMDQLHWR�QD�GHORYLWH�QD�DOXPLQLXP�KLGURNVLGRW�QD�RJQRRWSRUQRVWD�QD� VPH^DWD�
QD�SULPHU�RG�EVA (HWLOHQ�YLQLO DFHWDW) HFFR�PH^DYLQD�

7DEHOD����9OLMDQLHWR�QD�GHORYLWH�QD�DOXPLQLXP�KLGURNVLGRW�QD
�������RJQRRWSRUQRVWD�QD�EVA���HFFR�PH^DYLQD

.RPSRQHQWD 7�H�C�L�Q�D�������JU��
EVA (Levapren 450) ��� ��� ��� ���

Zn - borat �� �� �� ��

Al (OH)
�
��$OXPLQLXP�KLGURNV� ��� ��� ��� ���

Mooney���YLVNR]LWHW��
ML ���������°6��

�� �� �� ��

.LVORURGHQ�LQGHNV����
��LOI����ASTM�D�������

�� �� �� ��

1H^WR�SRGREDU� HIHNW� YR� SRJOHG� QD� RJQRRWSRUQRVWD� YR� RGQRV� QD� DOXPLQLXP
KLGURNVLGRW�GDYD�PDJQH]LXP�KLGURNVLGRW��Mg(OH�

�
�]DWRD�^WR�VH�UD]ORCXYD��RGQRVQR

RVORERGXYD�YRGD�QD����R6���6OLaQR�GHMVWYR�LPD�L�PDJQH]LXP�NDUERQDWRW MgCO3 ��NRM
QD�YLVRNL�WHPSHUDWXUL�VH�UD]ORCXYD�QD�PDJQH]LXP�RNVLG�L�MDJOHURGHQ�GLRNVLG�NRM�JR
VPDOXYD�XaHVWYRWR�QD�NLVORURGRW�YR�]RQDWD�QD�JRUHZH�QD�NDEHORW�

=D� GD� VH� SRVWLJQH� ]DGRYROLWHOQD� RJQRRWSRUQRVW�� XaHVWYRWR� QD� DOXPLQLXP
KLGURNVLGRW��Al(OH�

�
��PDJQH]LXP�KLGURNVLGRW���Mg(OH�

�
�LOL�PDJQH]LXP�NDUERQDWRW�H

]QDWQR� ]JROHPHQ�� RGQRVQR� RYLH� DGLWLYL� LPDDW� IXQNFLMD� QD� SROQLWHOL� ]DUDGL� WRD
^WR�XaHVWYXYDDW�VR�SRYH`H�RG�����phr������GHORYL�QD�����GHORYL�SROLPHU���*ROHPRWR
XaHVWYRWR� QD� RYLH� DGLWLYL� JL� QDPDOXYD� GLHOHNWULaQLWH� VYRMVWYD� QD� RVQRYQLRW
SROLPHU�L�MD�RWHCQXYD�SUHUDERWNDWD��SD�]DWRD�WUHED�GD�VH�QDMGH�RSWLPDOQR�XaHVWYR
QD�RYLH�DGLWLYL�

9R� WLH� PH^DYLQL� NDGH� LPDPH� ]JROHPHQR� XaHVWYR� QD� DOXPLQLXP� KLGURNVLG�
Al(OH�

�
� SRVWRL� SRWUHED� RG� GRGDYDZH� QD� RPHNQXYDa�� =D� WDD� QDPHQD� VH� GRGDYDDW

RPHNQXYDaL� NRL� MD� LPDDW� RVRELQDWD� QD� RJQRRWSRUQRVW�� 9R� VHJD^QR� YUHPH� ]DUDGL
QDYHGHQLWH�QHGRVWDWRFL�QD�DOXPLQLXP�KLGURNVLGRW��YR�XSRWUHED�YOHJXYDDW�L�QHNRL
GUXJL� DGLWLYL�� NDNR� ^WR� VH� DPRQLXP� SROLIRVIDW� NRM� REH]EHGXYD� GREUD
RJQRRWSRUQRVW�VR�SRQLVNR�XaHVWYR�YR�PH^DYLQDWD��GR������

0HKDQL]PRW�QD�]D^WLWD�RG�JRUHZHWR�QD�DPRQLXP�SROLIRVIDWRW�VH�VRVWRL�YR
WRD�^WR�� YR� SULVXVWYR� QD� SODPHQ� VR]GDYD� � SR� SRYU^LQDWD� QD� PDWHULMDORW� CLODYD
SHQDVWD�VWUXNWXUD���VNUDPD��NRMD�JR�VSUHaXYD�SHQHWULUDZHWR�QD�NLVORURGRW��D�X^WH
VH�REH]EHGXYD�L�VDPRJDVHZH�L�VPDOXYDZH�QD�NROLaHVWYRWR�QD�aDG�L�RWURYQLWH�JDVRYL�

'RGDWQLRW� HIHNW� QD� VNUDPD� SR� SRYU^LQDWD� QD� NDEHORW� H� LVWR� WDND
VSUHaXYDZH�QD�SROLPHUQLRW�PDWHULMDO�NRM�H�REYLWNDQ�VR�SODPHQ��GD�NDSL��D�VR�WRD�GD
VWYDUD�QRYL�CDUL^WD�QD�SRCDU�

=D� L]UDERWND� QD� PH^DYLQL� ]D� XPUHCXYDZH� NDNR� HFFR� L]RODFLL�� QDMJROHPD
SULPHQD�LPD�EPR���HODVWRPHURW��D�]D�SOD^WLUDZH�EVA���NRSROLPHU�HODVWRPHU�

9R� VYHWRW� SRVWRMDW� PQRJX� SURL]YHGXYDaL� QD� PLQHUDOQL� PDWHULMDOL� L
SROLPHUQL� NRPSDXQGL� ]D�HFFR� SULPHQD�� ]D� PLQHUDOQL� OHQWL�� � WRD� VH�� ISOVOLTA�
VOWROLL� ISOLA��ELINAR�L�GU��=D�SROLPHUQL�NRPSDXQGL��PADANAPLAST��ALPHA�
GARY��EXXON��PIRELLI�L�GU�



�����3RGHOED�QD�PDWHULMDOLWH�SR�VWHSHQRW�QD�JRUHZH

9R�]DYLVQRVW�RG�,QGHNVRW��QD�NLVORURGRW��LOI���PDWHULMDOLWH�VH�SRGHOHQL�YR
VOHGQLWH�JUXSL�

- /HVQR�JRULYL���LOI��≤�����LDPE; EVAC; XLPE�
- *RULYL�PDWHULMDOL����LOI��≤�����SRVHEQL�5(��XLPE�
- 6UHGQR�JRULYL���LOI�� ����VSHFLMDOQL�PVC; EVA; EPDM�
- 7H^NR�JRULYL���LOI�≥��������

�����5HFHSWXUL�QD�HFFR�PH^DYLQL�L�QLYQL�RVRELQL

9R�WDEHOD���VH�GDGHQL��QHNRL��RG�PRCQLWH�YDULMDQWL�QD�HFFR�PH^DYLQL�NDNR�L
QLYQLWH�NDUDNWHULVWLNL�
7DEHOD����5HFHSWXUL�QD�HFFR�PH^DYLQL�L�QLYQL�NDUDNWHULVWLNL

.RPSRQHQWL HI���� HM���� HM���� HM���� HM���� HM��� 3ROQLWHO

EPR���NDXaXN �� �� � �� �� �� ��

EVA�����9LQLO�DFHWDW� � �� ��� �� �� �� �
LD��Polietilen �� � � � � �� ��

Rhenogran���P��� � � � � � � �

$QWLRNVLGDQW ��� ���� � ���� ��� ��� �
ZnO � � � � � � �

Zn���ERUDW � � �� �� � � �

Zn���VWHDUDW � � � � � � �
Al (OH)3 ��� ��� ��� ��� ��� ��� ���
MgCO3 � � �� � � � �
.XPDURQVND�VPROD � � � � � � ��
9LQLO�VLODQ � ��� � ��� � � �
3DUDILQVNR�PDVOR � � � �� � � �
6WHDULQ � � � � � � �
6DUWRPHU���� � ��� � ��� � � �
TAC � � ��� � � � �
Perkadox�BC��� ��� � � � � � �

LOI���� �� �� ���� �� �� �� ��
3UHNLG�FYUVWLQD�N/mm� ��� ���� ���� ���� ��� ��� ���
3UHNLG�L]GROCXYDZH��� ��� ��� ��� ��� ��� ��� ���
6SHFLI�� YROXPHQ�� HOHN�

RWSRU�����������Ωcm�
����x
����

� � ����x
����

����x
����

� �

����=$./8A2.�

+))5�NDEOLWH�L� SURYRGQLFLWH� YR� LGQLQD� � `H� LPDDW� GRVWD� JROHPD� SULPHQD�
]DUDGL� NDUDNWHULVWLNLWH� NRL� JL� SRVHGXYDDW� YR� RGQRV� QD� RWSRUQRVWD� QD� JRUHZH� L
VDPRJDVLYRVWD�� 6H� SRJROHPDWD� XSRWUHED� QD� NDEOLWH� L� SURYRGQLFLWH� RWSRUQL� QD
JRUHZH�LOL�VR�VPDOHQR�JRUHZH��EDUD�XVYRMXYDZH�QD�QRYL�WLSRYL�QD�JXPHQL�PH^DYLQL�
SROLPHUL� L� PLQHUDOQL� PDWHULMDOL�� 3RNUDM� VLWH�� YR� REODVWD� � ]D� RYDD� SULPHQD� VH
NRULVWL�(WLOHQ�3URSROHQVNLRW�NDXaXN���EPDM��L�(WLOHQ�9LQLO�DFHWDW��EVA)�NDNR



SROLPHU� ]D� L]UDERWND� QD� L]RODFLL� L� SOD^WHYL� VR� GRVWD� GREUD� VLJXUQRVW� YR
]DGRYROXYDZHWR�QD�NULWHULXPLWH�]D�QDPDOHQR�JRUHZH��LDNR�L]RODFLMDWD�YRRELaDHQR
H� “VWDQGDUGQD” � L� QH� H� RWSRUQD� QD� JRUHZH�� GRGHND� SOD^WRW� YR� SRWSROQRVW� JL
]DGRYROXYD�NULWHULXPLWH�]D�RWSRUQRVW�QD�JRUHZH���^WR�QH�]QDaL�GHND�L�L]RODFLMDWD
QH�PRCH�GD�VH�QDSUDYL�NDNR�SOD^WRW��

.DNR� RVQRYHQ� GRGDWRN� YR� YDNYLWH� PH^DYLQL� �PRGLILFLUDQL� SROLPHUL��� VH
NRULVWL� $OXPLQLXP� KLGURNVLG� YR� JROHPL� NROLaLQL� VR� ^WR� H� RWHCQDWD
SUHUDERWOLYRVWD��PRCH�L�WDD�GD�VH�SRGREUL���VH�QDPDOXYDW�L�HOHNWUR�PHKDQLaNLWH
NDUDNWHULVWLNL�� QR� QH� YR� WRONDYD� PHUD� GD� QH� PRCDW� GD� JL� LVSROQDW� EDUDZDWD� QD
SRHGLQLWH� VWDQGDUGL�� SD� WDND� PRCH� GD� VH� GRELH� VSHFLMDOHQ� PDWHULMDO� NRM� `H� ELGH
LVNRULVWHQ�]D��SUHQRV�QD�HOHNWULaQD�HQHUJLMD�D�YRHGQR�L�NDNR�]D^WLWD�QD�OX_HWR�L
PDWHULMDOQLWH�GREUD��)UHNYUHQFLMDWD�QD�OX_HWR�YR�]JUDGL��EROQLFL��EDQNL��SR^WL�
EURGRYL��DYLRQL��SRG]HPQL�CHOH]QLFL�������H�VHNRMGQHYQR�JROHPD��D�XVORYLWH�MD�EDUDDW
WDD�RVRELQD�QD�NDEOLWH�L�SURYRGQLFLWH�GD�ELGDW�RWSRUQL�QD�JRUHZH�

9R� 6$'� L� =DSDGQD� (YURSD� XSRWUHEDWD� QD� $OXPLQLXP� KLGURNVLGRW� � YR
LUDERWNDWD�QD�VDPRJDVLYL�NDEOL�L�RWSRUQL�QD�JRUHZH��H�YR�SRVWRMDQ�SRUDVW�L�WRD�]D
FHOL� ����� �6$'� �� ������� WRQL� �� D� � =DSDGQD� (YURSD� ������� WRQL� $OXPLQLXP
KLGURNVLG��

0H_XWRD� VHNRMGQHYQR� VH� SRMDYXYDDW� VH� QRYL� L� QRYL� NDEOL� NRL� PRUD� GD
RGJRYRUDW� L� QD� PQRJX� SRVWURJL� NULWHULXPL� YR� RGQRV� QD� RWSRUQRVWD� QD� JRUHZH�
6HNDNR�WUHED�GD�VH�NDCL�GHND�]D�YDNYLWH�WLSRYL�QD�NDEOL�H�SRWUHEQD�HGQD�FHOLQD�VR
HGLQVWYHQL�NULWHULXPL�]D�JRUHZHWR�QD�NDEOLWH��D�WRD�YR�JROHP�GHO�`H�PX�MD�ROHVQL
UDERWDWD� QD� NRQVWUXNWRULWH� L� SURL]YLGLWHOLWH� QD� NDEOL�� NDNR� L� YR� GHORW� QD
QLYQLWR�LVSLWXYDZH�

����/,7(5$785$
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2YRM�UHIHUDW�JL��UD]UDERWXYD�VWDQGDUGLWH��L�WLSRYLWH�QD��HQHUJHWVNL�IOHNVLELOQL
NDEORYL� NDGH� VH� EDUD� �� SOD^WHYLWH� GD� ELGDW� L]UDERWHQL� RG� EPR� HODVWRPHUL�
2]QDaXYDZHWR�QD�RYLH�SOD^WHYL�H�GDGHQR�SR�VWDQGDUGL�NRL�QDMaHVWR�VH�NRULVWDW�SUL
SURL]YRGVWYRWR�QD�NDEOL��NDNR�L�EDUDZDWD�NRL�SURL]OHJXYDDW�RG�RYLH�VWDQGDUGL��6R
UHIHUDWRW� VH� GDGHQL� L� SUHSRUDNLWH� ]D� UHFHSWXULWH� RG� NRL� VH� L]UDERWXYDDW� EPR
PH^DYLQLWH�� D� VH� NRULVWDW� ]D� YJDGXYDZH� YR� SOD^WHYLWH� QD� NDEOLWH��,VWR� WDND� VH
GDGHQL�L�QHNRL�LVNXVWYD�SUL�SURL]YRWVWYRWR�QD�EPR�PH^DYLQLWH��D� VH�YJUDGHQL�YR
NDEOLWH�

SUMMARY

This article deals with standardisation of flexible power cables with EPR rubber insulation. The
coding of such cables is acording to standards , and also the properties of those cables mast be
acording to the standards.

We gave also the recipes for EPR rubber composition , some expiriences of prodiction of
such cables .

./8A1,�=%2529,� EPR�HODVWRPHUL�SOD^W�

���929('

3ULPHQDWD� QD� EPR� HODVWRPHULWH� YR� SURL]YRWVWYRWR� QD� IOHNVLELOQLWH
HQHUJHWVNL�NDEOL�L�GUXJLWH�HQHUJHWVNL�NDEOL�L�SURYRGQLFL�H�GRVWD�GREUR�SR]QDWR�
2YRM� HODVWRPHU� YRJODYQR� VH� NRULVWHO� YR� SURL]YRGVWYRWR� QD� L]RODFLL� QD
HQHUJHWVNLWH� NDEOL� VR� QDSRQ� RG� ����V�� SD� VH� GR� ���KV �� L� UDERWQD� WHPSHUDWXUD� RG
��°6�� 1RYLWH� EDUDZD� ]D� SRYLVRNL� QDSRQVNL� QLYRD� �L� GR� ���KV��� L� UDERWQL
WHPSHUDWXUL�GR����°6��GRYHGRD�GR�UD]YRM�QD�QRYL�UHFHSWXUL�RG�EPR�HODVWRPHULWH�



,VWR� WDND� EPR HODVWRPHULWH� VH� SULPHQXYDDW� ]D� SURL]YRGVWYR� QD� EPR
PH^DYLQL�� RG� NRL� VH� SURL]YHGXYDDW� SROXSURYRGQL� REYLYNL�� NRL� VH� NRULVWDW� YR
VUHGQRQDSRQVNLWH�L�YLVRNRQDSRQVNLWH�NDEOL�

EPR� HODVWRPHURW� YR� JROHPD� NROLaLQD� VH� NRULVWL� YR� SURL]YRGVWYRWR� QD
JXPHQL� PH^DYLQL� ]D� LVSROQXYDZH� QD� SRYH`H� CLOQLWH� HQHUJHWVNL� � NDEOL� NRL� VH
L]UDERWHQL� RG� PVC, PE L� XLPE. (ODVWRPHURW� EPR� LPD� VYRMVWYR� GD� SULPD� JROHPD
NROLaLQD�QD�SROQLOR��NUHGD����D�XaHVWYRWR�QD�EPR�HODVWRPHURW�H�PDOR��RNROX������
SD�YR�WRM�VOXaDM�VH�GRELYDDW�L�SRHYWLQL�VPH^L�

3ULPHQDWD�QD�EPR�HODVWRPHURW�]D�SOD^WLUDZH�QD�IOHNVLELOQLWH�HQHUJHWVNL
NDEOL� GDWLUD� RG� � QHRGDPQD�� ]DWRD�^WR� SRUDQR� VH� NRULVWHO� � VDPR� NDNR� YQDWUH^HQ
SOD^W��D�GHQDVND�NDNR�QDGYRUH^HQ�SOD^W�

���261291,�.$5$.7(5,67,.,�1$�EPR��(/$6720(5,7(

,DNR�NDUDNWHULVWLNLWH�QD�EPR�HODVWRPHULWH�VH�SR]QDWL�`H�VSRPHQHPH�QHNRL
RG�QLY��

��2GOLaQL�GLHOHNWULaQL�NDUDNWHULVWLNL��
��0DNVLPDOQD�RWSRUQRVW�QD�R]RQ�L�SDUFLMDOQL�SUD]QHZD��
��2WSRUQRVW�QD�YSLYDZH�QD�YRGD��

��'REUD�RWSRUQRVW�QD�YLVRNL�WHPSHUDWXUL��UDERWQD�WHPSHUDWXUD���°6�
SD�GR����°6���

��2GOLaQD�RWSRUQRVW�QD�DWPRVIHUVNR�VWDUHHZH��VYHWOR�VRQFH�VQHJ��PUD]�L�GU��

��2WSRUQRVW�QD�QLVNL�WHPSHUDWXUL�����°6���
��2GOLaQD�RWSRUQRVW�QD�UDGLDFLMD��
��2GOLaQD�RWSRUQRVW�QD�SRODUQL�UDVWYRUXYDaL��NLVHOLQL��ED]L�L�GU����
��2GOLaQD�SUHUDERWOLYRVW��
�� 9R� ]DYLVQRVW� RG� WLSRW� QD� HODVWRPHURW� YXONDQL]DFLMDWD� PRCH� GD� ELGH� VR�

VXOIXU��SHURNVLG�LOL�VR�UDGLMDFLMD�
6LWH� RYL� NDUDNWHULVWLNL� � GRYROQR� NDCXYDDW� ]D� NRULVWHZHWR� QD� EPR

HODVWRPHULWH�]D�L]UDERWND�QD�L]RODFLL�L�SOD^WHYL�YR�NDEHOVNDWD�LQGXVWULMD�

���67$1'$5',�L�7,329,�1$�.$%/,�62�EPR 3/$>729,

,]UDERWNDWD�QD EPR SOD^WHYLWH�NDNR�VRVWDYHQ�GHO�QD�HGHQ�NDEHO��H�]DVWDSHQ
YR� PQRJX� VYHWVNL� VWDQGDUGL�� 9R� WDEHOD� I�� VH� GDGHQL� QHNRL� RG� VWDQGDUGLWH� NDNR� L
WLSRYLWH�QD�SRHGLQL�NDEOL�RSIDWHQL�VR�WLH�VWDQGDUGL�
7DEHOD�1:�7LSRYL�QD�NDEOL�VR�]D^WLWQL�EPR�REORJL�VSUHPD�UD]OLaQL�VWDQGDUGL
�5HG�
�EURM

��������6WDQGDUG
7LS�QD�NDEHO

���9QDWUH^HQ
��������SOD^W

��1DGYRUH^HQ
������SOD^W

1 JUS
1.1 N.C5.353 EpN 53 i EpN 55 GP5*
1.2 JUS N.C5.358 EpN 58
2 VDE
2.1 0282-4

( HD 22.4.S3 )
( IEC 245-4 )

H05RR-F - EM3**



3URGROCHQLH�QD�7DEHOD���
�5HG�
�EURM

��������6WDQGDUG
7LS�QD�NDEHO

���9QDWUH^HQ
��������SOD^W

��1DGYRUH^HQ
������SOD^W

2.2 0282, deo 810
( HD 22.4.S2 )

H07RN-F EM3**

2.3 0282, deo 817
( HD 22.4.S2 )

H05RN-F - EM3**

2.4 0250, deo 812 NSSH ou GM1b*** -
2.5 0250, deo 813 NTS...Wou GM1b
2.6 0250, deo 814 NSHTou GM1b
*  JUS N.CO.190 ;    ** VDE 0207 , del 21;
***    R]QDNL�RG�VWDULRW VDE 0207 i RGJRYDUD�QD GP5 RG JUS N.CO.190

���32'$72&,�=$�.9$/,7(7�1$�67$1'$5',7(��.2,��EPR
    3/$>729,7(��75(%$�'$�*,��,632/189$$7

9R� WDEHOD� II � VH� GDGHQL� EDUDZDWD� � QD EPR SOD^WHYLWH� NRL� WUED� GD� JL
LVSROQXYDDW�SR�RGUHGHQL�VWDQGDUGL�
7DEHOD�II ��%DUDZD�]D�NYDOLWHWRW�QD��(35��SOD^WRYLWH��
5HG�
EURM

.$5$.7(5,67,., JUS
GP5

VDE
EM3

VDE
3GM1

VDE
3GM2

BSI
RS5

1 (ODVWRPHU EPR EPR EPR EPR EPR
2. 5DERWQD WHPSHUDWXUD 90 60 60 90 90
3. 0HKDQLaNL NDUDNWHULVWLNL

3.1 3RVOH VWDUHHZH

3.1.1 3UHNLGQD FYUVWLQD� (N/mm2), min 4.2 7.0 7.0 10.0 6.0
3.1.2 3UHNLGQR L]GROCXYDZH(%), min 200 250 250 300 200
3.2 3RVOH VWDUHHZH YR VX^QLFD

7HPSHUDWXUD QD� VWDUHHZH ��6� 100 80 100 135 135
9UHPH QD VWDUHHZHWR ��GHQD� 7 10 7 7 7

3.2.1 3UHNLGQD FYUVWLQD (N/mm2), min 4.2 - - - -
3URPHQD (%), max - ±30 ±30 ±30 ±30

3.2.2 3UHNLGQR L]GROCXYDZH(%), min 200 - 250 - -
3URPHQD (%), max -25 ±30 ±30 ±30 ±30

3.3 3RVOH VWDUHHZH YR YR]G� ERPED

7HPSHUDWXUD QD VWDUHHZH � �6� - - 127 127 -
9UHPH QD VWDUHHZH �GHQD� - - 40 40 -
3ULWLVRN, (bari) - - 5.5 5.5 -
3UHNLGQD FYUVWLQD�N/mm2), min - - - - -
3URPHQD (%), max - - ±30 ±30 -
3UHNLGQR L]GROCXYDZH�%), min - - - - -
3URPHQD (%), max - - ±30 ±30 -

4. 7HUPLaNL NDUDNWHULVWLNL

4.1 7HUPLaNR L]GROCXYDZH

,VSLWQD WHPSHUDWXUD � �6� 200 200 200 200 200
9UHPH QD LVSLWXYDZH ( min) 15 15 15 15 15
2SWRYDUXYDZH, ( N/cm2) 20 20 20 20 20
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5HG�
EURM

.$5$.7(5,67,., JUS
GP5

VDE
EM3

VDE
3GM1

VDE
3GM2

BSI
RS5

4.1.1 ,]GROCXYDZH SRG RSWRYDUXYDZH,
( %) ,  max 175 100 175 175 175

4.1.2 ,]GROCXY� SRVOH UDVWRYDUXYDZH

( %) ,  max
25 25 25 25 25

5 2WSRUQRVW QD QDGYRUH^QL

YOLMDQLMD

5.1 3RVWRMDQRVW QD R]RQ � � �

,VSLWQD WHPSHUDWXUD� � �6 � - 25 25 - -
9UHPH QD LVSLWXYDZHWR� � h � - 72 72 - -
.RQFHQWUDFLMD QD R]RQ � ppm) - 250-300 250-300 - -

5.1.1 %H] SXNQDWLQL QD SOD^WRW - + + - -
5.2 3RVWRMDQRVW QD R]RQ ��� -

7HPSHUDWXUD QD LVSLWXYDZH � �6� - 40 40 - -
9UHPH QD LVSLWXYDQMHWR, ( h ) - 72 72 - -
.RQFHQWUDFLMD QD R]RQ , ( ppm) - 200-500 200-500 - -

5.2.1 %H] SXNQDWLQL QD SOD^WRW - + + - -
5.3 6RGUCLQD QD VD_L

(UV VWDELOL]DFLMa) (%) , min
- 2 2 - -

5.4 2WSRUQRVW QD VWDUHHZH YR YRGD

7HPSHUDWXUD QD YRGDWD �°6 � - - - 90 -
9UHPH QD LVSLWXYDZHWR �GHQRYL� - - - 14 -

5.4.1 3UHNLGQD FYUVWLQD ( N/mm2) , min - - - 10 -
3URPHQD ( % ), max - - - ±30 -

5.4.2 3UHNLGQR L]GROCXYDZH, (%), min - - - 300 -
3URPHQD, (%) , max - - - ±30 -

6 'LHOHNWULaQL RVRELQL

6.1 3RYU^LQVNL HOHNWULaHQ RWSRU

QD 20°C, (Ω), min 109 109 109 109
-

6.2 6SHFLILaHQ ]DSUHPLQ� HOHNWUL�

RWSRU SRVOH VWDUHHQMH YR YRGD

14 GHQD QD 90°C, (Ω.cm), min
- - - 1010 -

*       JUS N.C0.190 ��%DUDZH�]D GP5 VRGUCL�L VDE 0207 , teil 21 ]D tip GM1b )

**     VDE 0207 , GHO 21

***   BSI 6899
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0QRJX�VYHWVNL�SURL]YRGLWHOL�QD�EPR� HODVWRPHUL�GDYDDW�SUHSRUDND� ]D�SULPHQD�QD
EPR HODVWRPHUL�VR�NRL�VH�YU^L�L�SOD^WLUDZHWR�QD�NDEOLWH��NDNR�HQHUJHWVNL�WDND�L
IOHNVLELOQL��SURYRGQLFL��1HNRL�RG�WLH�SUHSRUDNL�VH�GDGHQL�YR�WDEHOD�III. ��

7DEHOD�III:3UHSRUDND�QD�UHFHSWXUL�]D�SOD^W�QD�HQHUJHWVNVL�IONVLELOQL�NDEOL��

Red
broj

Komponenti 1
EM3

2
3GM1

3
3GM2

4
GP5

5
RS5

6
3GM2

7
3GM1

EXXON DSM ENICHEM
Tip EPR elastomer V

7000
V

7000
V

7000
V

778
V

778
V

T4028
V

T4028
1 EPR 100 100 100 100 100 100 100
2 6LOLND SROQLOR 175 - 150 - - 110 -
3 .DOFLQLVDQ NDROLQ - - - 150 200 - 145
4 3UHFLSLWLUDQD NUHGD - - - 75 50 - 75
5 7DON - 100 - - - - -
6 6D[L -  N 550 - 50 - - - 55 -
7 $QWLRNVLGDQW Irganox1010 0,15 0,15 0,15 - - - -
8 $QWLRNVLGDQW Flaktol H - - - 1 2 1,5 1
9 &LQN RNVLG 5 5 5 10 10 - 5
10 3DUDILQVNR XOMH 40 70 40 75 70 70 40
11 3DUDILQVNR YRVRN 5 - 5 5 5 - -
12 9LQLOVLODQ 1,2 - 1,2 2 2 - 1,5
13 6WHDULQVND NLVHOLQD - 2 - 1 2 1,5 -
14 .RDJHQW TAC 1 - 1 1,5 1,5 - 1,5
15 Dikumil peroksid ( 40 % ) 6 - 6 8,75 8,75 - 12
16 8EU]LYDa - MBTS - 1,5 - - - 1,5 -
17 8EU]LYDa -  TMTDS - 1 - - - 1,0 -
18 8EU]LYDa - ZDBUDS - 1,5 - - - 1,5 -
19 8EU]LYDa - Cumate - 0,5 - - - 0,5 -
20 6XOIXU - 1,5 - - - 1,3 -

���1(.2,�35$.7,A1,�,6.8679$�92�.20321,5$:(72�1$ EPR
0(>$9,1,7(�=$�=$>7,71,�3/$>7(9,�.$.2�,�1,91,
.$5$.7(5,67,.,�2'�,63,789$:$7$

1HNRL�SUDNWLaQL�LVNXVWYD�YR�NRPSRQLUDZHWR�QD�RYLH�JXPHQL�PH^DYLQL�VH�GDGHQL
YR�WDEHOD�IV �



7DEHOD IV : EPR SOD^WHYVNL�VPHVL���UHFHSWXUL�L�UD]XOWDWL�
���5HFHSWXUD
5H�

EU�
.RPSRQHQWL 1

GP5
2

GM1b
3

RS5
4

RS5
5

EM3
6

EM3
7

3GM1

EPR- elastomer
K

512
K

512
K+V
512+
504

K+V
778+
504

K
512

K
512+
778

K
512+
778

1 EPR 100 100 50+50 50+50 100 50+50 50+50
2 .DROLQ 175 - - - 125 140 -
3 .UHGD - 125 125 125 - - 140
4 Saxi - N 550 - 50 50 50 50 35 35
5 Antioksidan Flektol-H 2 2 2 2 2 2 2
6 &LQN�RNVLG 5 5 5 5 5 5 5
7 3DUDILQVNR�PDVOR 30 30 25 25 35 30 30
8 3DUDILQVNL�YRVRN 6 6 6 6 6 6 6
9 9LQLOVLODQ 1,5 - - - 1,5 1,5 0
10 6WHDULQVND�NLVHOLQD 1 1 1 1 - - -
11 Koagent TAC 0,5 0,5 0,5 0,5 1 1 1
12 Dikumil peroksid  40% 7 7 7 10 7 10 10
���5H]XOWDWL�RG�LVSLWXYDZDWD��

1 Mooney NULYD�QD 150 0C
1.1 3RaHWQL YLVNR]LWHW 38 26 32 34 32 42 40
1.2 0LQLPDOQL YLVNR]LWHW 32 21 27 27,5 26 33 32
1.3 9UHPH SUHG YXONDQL]DFLMD,

T5 minuti
7,8 5,2 5,0 6,6 4,6 4,0 4,2

1.4 9UHPH QD YXONDQL]DFLMD,
T35 minuti

14 17,4 10,4 15,2 12,4 7,4 8,0

2 0HKDQLaNL�NDUDNWHULVWLNL�SUHG�VWDUHHZH

2.1 3UHNLGQD FYUVWLQD��N/mm2)min 5,1 5,5 5,9 6,0 8,0 7,3 7,2
2.2 3UHNLGQR L]GROCXYDZH (%)min 800 475 450 500 275 250 400
3 0HKDQLaNL�NDUDNWHULVWLNL�SRVOH�VWDUHHZH�YR�VX^QLFD

3.1 7HPSHUDWXUD QD VWDUHHZH�� �6� 100 100 100 100 100 100 100
3.2 7UDHZH QD VWDUHHZH� �GHQD� 7 7 7 7 7 7 7
3.4 3UHNLGQD FYUVWLQD,(N/mm2)min 4,5 5,7 6,3 6,4 8,3 7,9 7,6

3URPHQD , (%),  max - 10,2 + 4,1 + 7,1 + 6,3 + 3,4 + 8,0 + 4,6
3.5 3UHNLGQR L]GROCXYDZH �%)min 725 475 475 480 250 262 400

3URPHQD , (%),  max - 9,4 0 + 5,6 - 4,0 - 9,1 + 5,0 0

.RPHQWDU�QD�UH]XOWDWLWH�
� 5H]XOWDWLWH�SRNDCXYDDW�GHND�OHVQR�PRCDW�GD�VH�NRPSRQLUDDW�PH^DYLQL�VR�EHOL

SROQLOD� �EH]� VLOLND����SiO
�
�� VR� SRVODEL� EDUDZD� QD� SUHNLGQD� � FYUVWLQD� �� <� �

N/mm2 )�NDNR�^WR�VH�GP 5 I GM 1b�
� $NR�EDUDZDWD�]D�SUHNLGQD��FYUVWLQD�VH�SRJROHPL�RG�>���N/mm2 (RS 5, EM 3, 3GM��

L�3GM 2����YR�QLYQRWR�NRPSRQLUDZH�PRUD�GD�VH�NRULVWL�QHNRH�DNWLYQR�SROQLOR
�VLOLND�LOL�VD_L��

� .DM� PH^DYLQLWH� VR� SUHNLGQD� FYUVWLQD� >� 6 N/mm2� JXVWLQDWD� QD� VWYDUDZHWR� QD
PUHCDWD�H�SRJROHPD��]DUDGL�SRJROHPDWD�VRGUCLQD�QD�SHURNVLG�NRM�GDYD�SRJROHPD
SUHNLGQD�FYUVWLQD�D�SRPDOR�L]GROCXYDZH�



� 0H^DYLQLWH� EH]� EHOL� DNWLYQL� SROQLOD� GDYDDW� PDO� PRGXO� QD� PH^DYLQDWD� L
JROHPR� L]GROCXYDZH� ^WR� QH� H� GREUR�� ]DUDGL� ]JROHPHQDWD� GHIRUPDFLMD� L
R^WHWXYDZH�QD�SOD^WRW�SUL�HNVSORDWDFLMD��SD�WDNYLWH�PH^DYLQL�PRCHPH�GD�JL
NRULVWLPH�]D�YQDWUH^QL�SOD^WHYL�

- Mooney� NULYLWH� QD� YXONDQL]DFLMD� QD� RYLH� PH^DYLQL� VH� VR� QLVND� YUHGQRVW�^WR
RYR]PRCXYD�OHVQD�SUHUDERWOLYRVW�QD�“ODGQLWH” �PH^DYLQL�YR�HNVWUXGHUL�VR�PDO
RGQRV��L/D.

� 2YLH� PH^DYLQL� VRGUCDW� RNROX� � ���� QD� EPR� HODVWRPHU� L� SRYH`H� RG� ���� QD
SROQLOR��^WR�JL�SUDYL�GRVWD�HIWLQL�L�HNRQRPLaQL�

� 5HFHSWXULWH� NRL� VH� GDGHQL� RG� SURL]YHGXYDaLWH� QD� EPR� HODVWRPHULWH� VRGUCDW
X^WH�SRJROHP�GHO�QD�SROQLWHO�VR�^WR�EL�GR^OH�X^WH�SRHIWLQL�

���=$./8A2.

� 8SRWUHEDWD� QD� EPR� HODVWRPHURW� H� YR� SRVWRMDQ� SRUDVW� SUL� XSRWUHEDWD� � YR
SOD^WHYLWH� QD� IOHNVLELOQLWH� SURYRGQLFL� L� HQHUJHWVNL� NDEOL� �(0����� YR
SROHVQL��XVORYL�QD�HNVSORDWDFLMD�NRJD�QH�VH�EDUD�RWSRUQRVW�QD�PDVOR�L�JRUHZH�

� =D��HNVWUHPQR�WH^NL�XVORYL�QD�HNVSORDWDFLMD��UXGDUVNL�NDEOL���VH�XSRWUHEXYDW
]D� QDGYRUH^HQ� SOD^W�� HODVWRPHUL� QD� RVQRYD� QD� SROLKORURSUHQ� LOL
KORUVXOIXYDQ�SROLHWLOHQ�

� =D���WH^NL�XVORYL�QD�HNVSORDWDFLMD�VH�SRaHVWR�VH�XSRWUHEXYD�EPR�HODVWRPHURW��
QDPHVWR� SULURGQLRW� LOL� SROLL]RSUHQVNLRW� NDXaXN�� ]DUDGL� WHUPLaNDWD
SRVWRMDQRVW�QD�EPR�HODVWRPHURW�

� )OHNVLELOQLWH�NDEOL�L�SURYRGQLFL�RG�WLSRW�QD�GG / J��L]RODFLMDWD�L�SOD^WRW�VH
L]UDERWHQL� RG� 3ULURGHQ� NDXaXN�� QR� ]DUDGL� � SR]QDWDWD� GHIRUPDFLMD� L� VODEDWD
RWSRUQRVW�QD�DWPRVIHUVNL�XVORYL��VH�SRaHVWR�VH�L]UDERWXYDW�RG�EPR�HODVWRPHU
�L]RODFLMDWD���EpG/J�LOL�L]RODFLMD�RG�EPR��D�SOD^W�RG�1HRSUHQ�EpN-50.

� 3R� VWDQGDUGRW�VDE 0207� L]RODFLMDWD� VH� L]UDERWXYD� RG�PDVD�EI-4,� D� SOD^WRW� RG
PDVDWD�(0���LOL�NRPSODW�RG�EPR�HODVWRPHURW�

� 9R� UHIHUDWRW� QH� H� SRWHQFLUDQD� PRCQRVWD� ]D� L]UDERWND� QD� � HF (halogen free)
PH^DYLQL�RG�EPR�HODVWRPHULWH�YR�HFFR  (halogen free flame retardant)�NDEOLWH��QR
`H�ELGH�RSIDWHQD�YR�SRVHEHQ�UHIHUDW��

���/,7(5$785$

[1] 105 C/140 C RATED EPR INSULATED POWER CABLES – P.L. Cinquemani, F.L.
Kuchata, M.M.Rahman, F.Ruffinazi and Zaopo – PIRELI CABLE CORPORATION
[2] JUS N. CO. 190
[3] JUS N. C5. 353
[4] JUS N. C5. 358
[5] VDE 0207, TEIL 21
[6] BSI 6899
[7] IEC 254
[8] Katalozi : DSM; EXXON; ENICHEM I BAYER.
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6WRMDQ�1LNRODHYL`��1LNROD�5DMDNRYL`���(OHNWURWHKQLaNL�)DNXOWHW�%HOJUDG
'X^DQ�.RVWRYVNL��6WDQD�1LNRODHYL`�����,QVWLWXW�“9LQaD” �/DERUDWRULMD�“*DPD”
0LKDMOR�3RSRYL`�����-3�“(OHNWURGLVWULEXFLMD” %HOJUDG
0LOLFD�7HRKDUHYD���$'�).�1HJRWLQR��1HJRWLQR

$7(67,5$:(�1$�(/(.752�235(0$

.5$7.$�62'5#,1$

2YRM�UHIHUDW�LPD�]D�FHO�GD�MD�SUH]HQWLUD�DNWLYQRVWD�]D�IRUPLUDZH�&HQWDU�]D
LVSLWXYDZH�L�DWHVWLUDZH�YR�65-��2YRM�&HQWDU�EL�UDERWHO��YR�SUYD�ID]D��LVSLWXYDZH
QD� HOHNWUR� RSUHPD� � ]D� (OHNWURVWRSDQVWYR�� ,GHMDWD� H� ED]LUDQDQD� IDNWRW�� ^WR� QD
RYLH�SURVWRUL�QH�SRVWRL�QL�HGQD�ILUPD�NRMD�UDVSRODJD�VR�SRWUHEQD�RSUHPD�L�NDGUL
]D� L]YHGXYDZH� QD� VLWH� LVSLWXYDZD� QD� HOHNWUR� RSUHPDWD� NRMD� VH� NRULVWL� YR
VWRSDQVWYRWR�� 5H^HQLHWR� H� YR� IRUPLUDZH� HGHQ� ]DHGQLaNL� QH]DYLVHQ� &HQWDU� ]D
LVSLWXYDZH� L� DWHVWLUDZH�� 2YRM� &HQWDU� EL� VH� SRYU]DO� VR� UHQRPLUDQL� VWUDQVNL
DNUHGLWLUDQL�LQVWLWXWL�NRL�^WR�VH�EDYDW�VR�LVSLWXYDZH�L�DWHVWLUDZH�QD�HOHNWUR
RSUHPD�

./8A1,�=%2529,���$WHVWLUDZH

SUMMARY

This paper deals with the idea of constituting a center for testing in SRJ. This center at the
beginning would deal with electrical equipement for electrical utilities and industry. The idea is
based on the fact that in this moment there is none institution that has enough equipement and
specialist for all kind of testing needed for different kind of electrical equipement used in utility
and industry. The solution is in founding a common and independent center for testing. This
center will be linked to most comon testing instituts to colaborate with them.
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5D]YRMRW� QD� HOHNWURHQHUJHWLNDWD� SUHWVWDYXYD� HGHQ� RG� SULRULWHWLWH� QD
VRYUHPHQLRW� VYHW�� =D� GD� HOHNWULaQDWD� HQHUJLMD� VH� SUHQHVH� GR� SRWUR^XYDaLWH�
SRWUHEQR�H�GD�VH�REH]EHGL�VLJXUHQ�L�GRYHUOLY�HOHNWURHQHUJHWVNL�VLVWHP��2YDD�FHO�H
RVWYDUOLYD� VDPR�DNR� VH�UDVSRODJD� VR�NYDOLWHWQD�RSUHPD�YJUDGHQD�YR�SUHQRVQLWH�L
GLVWULEXWLYQLWH�HOHNWURHQHUJHWVNL�VLVWHPL��.YDOLWHWRW�QD�RSUHPDWD�VH�SRWYUGXYD
VR� LVSLWXYDZH� L� DWHVWLUDZH� YR� RSUHPHQL� ODERUDWRULL� VR� UDERWD� QD� VRRGYHWQL
VWUXaQL�NDGUL��6R�WDD�FHO�QD�(OHNWURWHKQLaNLRW�IDNXOWHW�YR�%HOJUDG�H�IRUPLUDQ
&HQWDU� ]D� LVSLWXYDZH� L� DWHVWLUDZH� VR� RGOXND� QD� 1DVWDYQR�QDXaQLRW� VRYHW� RG
����������� JRGLQD�� 2VQRYQDWD� FHO� QD� &HQWDURW� ]D� LVSLWXYDZH� L� DWHVWLUDZH� H� GD
REMHNWLYQR�UDVSRORCOLYLRW�VWUXaHQ�SRWHQFLMDO��]DHGQR�VR�VRRGYHWQD�UDVSRORCOLYD
LVSLWQD� L� PHUQD� RSUHPD�� VH� LVNRULVWL� ]D� RUJDQL]LUDZH� QD� HILNDVHQ� QDaLQ� YR
IXQNFLMD� QD� SRWUHELWH� QD� VWRSDQVWYRWR�� 6R� REHGLQXYDZH� QD� SRVWRHaNLWH
NDSDFLWHWL�� NRULVWHZH� QD� GRVHJD^QRWR� LVNXVWYR� YR� FHO� QD� XQDSUHGXYDZH� QD
VORCHQLWH� SRVWDSNL� ]D� DWHVWLUDZH� QD� SURL]YRGLWH�� EL� VH� GR^OR� GR� SRVLJXUQR� L
HNRQRPLaQR� IXQNFLRQLUDZH� QD� HOHNWUR� RSUHPDWD� YR� VWRSDQVWYRWR� QD� 65-� L
SR^LURNR��(GHQ�RG�PRWLYLWH�]D�YDNYDWD�LQLFLMDWLYD�H�YR�IDNWRW�^WR�RSUHPDWD�NRMD
MD� SURL]YHGXYDDW� UD]OLaQL� SURL]YHGXYDaL� �RG� ]HPMDWD� L� VWUDQVWYR�� SRGOHCL� QD
]DGROCLWHOQR�DWHVWLUDZH��6R�GUXJL�]ERURYL��LGHMDWD��H��RG�SRQXGDWD�QD�SURL]YRGL�VR
UD]OLaHQ�NYDOLWHW�VH�RYR]PRCL�SODVPDQ�QD�NYDOLWHWQL�SURL]YRGL�QD�SD]DURW�

�� 261291,�1$320(1,

2YRM�PDWHULMDO�SUHGODJD�YRYHGXYDZH�QD�DWHVWLUDZH�QD�SURL]YRGLWH�QDPHQHWL
]D�HOHNWURVWRSDQVWYRWR�L�LQGXVWULMDWD��NDNR�L�PRCQL�SUDYLOD�L�SURFHGXUDOQL�^HPL
]D� DWHVWLUDZH� L� SRWHQFLMDOQL� XaHVQLFL� YR� SUHGORCHQDWD� ^HPD�� 3UHGORCHQDWD
^HPD� L� SUDYLOD� ]D� DWHVWLUDZH� QD� SURL]YRGL� QDPHQHWL� ]D� SRWUHELWH� QD
HOHNWURVWRSDQVWYRWR� L� LQGXVWULMDWD�� VH� ED]LUDDW� QD� QDMQRYLWH� LVNXVWYD� YR
UD]YLHQLWH�]HPML��NDNR�^WR�VH�.(0$��VDE�L�GU��

&HOWD�QD�RYRM�PDWHULMDO�H�GD�RSUHPD�VH�LVNRULVWDW�QD�RUJDQL]LUDQ�L�HILNDVHQ
QDaLQ� REMHNWLYQR� UDVSRORCOLYLWH� VWUXaQL� SRWHQFLMDOL�� ]DHGQR� VR� VRRGYHWQDWD
LVSLWQD� L� PHUQD� YR� IXQNFLMD� QD� SRWUHELWH� RG� VWRSDQVWYRWR�� 6R� REHGLQXYDZH� QD
SRVWRHaNLWH� NDSDFLWHWL� L� L]HGQDaXYDZH� QD� GRVHJD^QDWD� SUDNVD�� VH� WHCQHH� NRQ
XQDSUHGXYDZH� QD� VORCHQLWH� SRVWDSNL� QD� DWHVWLUDZH� QD� SURL]YRGLWH�� VR� FHO� ]D
VLJXUQR�L�HNRQRPLaQR�IXQNFLRQLUDZH�QD�HOHNWURRSUHPDWD�YR�VWRSDQVWYRWR�QD�65-
L�SR^LURNR��(GHQ�RG�PRWLYLWH� ]D� YDNYDWD� LQLFLMDWLYD� H� YR�IDNWRW�^WR� RSUHPDWD
NRMD�MD�SURL]YHGXYDDW�UD]OLaQL�SURL]YHGXYDaL��RG�]HPMDWD�L�VWUDQVWYR��SRGOHCL�QD
]DGROCLWHOQR�DWHVWLUDZH��,GHMDWD�H�RG�SRQXGHQLWH�SURL]YRGL�VR�UD]OLaHQ�NYDOLWHW
QD�SD]DURW��GD� VH�RYR]PRCL�SODVPDQ�QD�NYDOLWHWQL�SURL]YRGL��(OHNWURWHKQLaNLRW
IDNXOWHW� �� &HQWDU� ]D� LVSLWXYDZH� L� DWHVWLUDZH� YR� %HOJUDG�� LPD� XVORYL� GD� ELGH
FHQWUDOQDWD�RUJDQL]DFLMD�]D�DWHVWLUDZH�

3ULaLQD�]D�YDNYDWD�RSUHGHOED�H�NDGURYVNLRW�SRWHQFLMDO�VR�NRM�^WR�UDVSRODJD
(OHNWURWHKQLaNLRW� IDNXOWHW�� QHJRYDWD� QHXWUDOQD� SRORCED� YR� RGQRV� QD
SURL]YHGXYDaLWH��NDNR�L�SRVWRHaNDWD�VRUDERWND�VR�RVWDQDWLWH�XVWDQRYL��3RNUDM�RYD
DYWRULWHWRW� QD� (OHNWURWHKQLaNLRW� IDNXOWHW� YR� ]HPMDWD� L� VWUDQVWYR� GDYD� JROHPD
VLJXUQRVW� GHND� DWHVWLUDZHWR�QD�SURL]YRGLWH�RG� RYDD� REODVW� `H� GRELMDW� SR^LURNR
]QDaHZH��9R�UHDOL]DFLMD�QD�RYLH�LVSLWXYDZD��SRNUDM�(OHNWURWHKQLaNLRW�IDNXOWHW



EL� ELOH� YNOXaHQL� ODERUDWRULL� RG� VDPRVWRMQL� LQVWLWXWL�� GUXJL� IDNXOWHWL� L
SURL]YRGQL� RUJDQL]DFLL��.RQVWDWLUDQR� H� GHND� LVSLWXYDZDWD� PRCDW� L� WUHED� GD� VH
YU^DW�YR�ODERUDWRULL�NRL� ]D� WDNRY� YLG� QD� LVSLWXYDZH�UDVSRODJDDW� VR� NYDOLWHWQD
RSUHPD�� QR� L� SULVXVWYRWR� QD� QH]DYLVQL� VWUXaZDFL� SUL� WDNYL� LVSLWXYDZD� H
QHRSKRGQR�� 1H]DYLVQLWH� VWUXaZDFL� NRL� ^WR� SULVXVWYXYDDW� QD� LVSLWXYDZH� JL
RGUHGXYD�6RYHWRW�QD�&HQWDURW�]D�LVSLWXYDZH�L�DWHVWLUDZH��6HGL^WHWR�QD�6RYHWRW
WUHED�GD�ELGH�QD�(OHNWURWHKQLaNL�IDNXOWHW�YR�%HOJUDG�

6R�GHWDOQD�DQDOL]D�H�XWYUGHQR�GHND�REMHNWLYQLWH�PRCQRVWL�]D�LVSLWXYDZHVH
]QDaDMQL� �NDGURYVNL� L� ODERUDWRULVNL� NDSDFLWHWL�� L� GHND� VR� QLYQD� NRRUGLQDFLMD
PRCH� GD� VH� SRVWLJQH� ]DEHOHCLWHOQL� UH]XOWDWL�� 2aHNXYDQLWH� UH]XOWDWL� YR� RYDD
DNWLYQRVWL�VH�VYHGXYDDW�QD�SUHFL]QR�GHILQLUDZH�QD�RUJDQL]DFLMDWD�QD�SURFHVRW�]D
LVSLWXYDZH� L� DWHVWLUDZH� NDNR� L� HYLGHQWLUDZH� QD� UDVSRORCOLYDWD� RSUHPD� SR
UD]OLaQL� YLGRYL� QD� LVSLWXYDZD� L� SR� UD]OLaQL� ODERUDWRULL��)LQDOHQ� UH]XOWDW� ]D
LVSLWXYDZH�QD�SURL]YRGRW�SUHWVWDYXYD�$WHVW�NRM�JR�L]GDYD�GLUHNWRURW�QD�&HQWDURW
]D�LVSLWXYDZH�L�DWHVWLUDZH��,GHMDWD�H� GD� VH�IRUPLUD�HGHQ�RWYRUHQ� “SULVWDS” �� NRM
OHVQR� EL� RYR]PRCXYDO� SRGREUXYDZD� NRL� VH� MDYXYDDW� SRUDGL� WHKQROR^NL
GRVWLJQXYDZD��LOL�SRUDGL�QRYL�VR]QDQLMD�YR�RYDD�REODVW�LOL�SRUDGL�SULMDYD�QD�QRYL
ODERUDWRULL�

3. 35$9,/$�,�352&('85,�=$�$7(67,5$:(�1$
 �(/(.7527(+1,A.,7(�352,=92',

���� 2S^WL�RGUHGEL�QD�SUHGORCHQDWD�^HPD�]D�DWHVWLUDZH

2YDD�SUHGORCHQD�^HPD�]D� DWHVWLUDZH�H� YR� VNODG� VR�PH_XQDURGQDWD�^HPD� ]D
DWHVWLUDZH�QD�HOHNWURWHKQLaNL�SURL]YRGL�]D�DWHVWLUDZH��69�^HPD��YR�UDPNLWH�QD
IECE� �IECEE� ��� L� IECEE� ����� VR� ^HPDWD� ]D� DWHVWLUDZH� �EOTC�� YR� UDPNLWH� QD
(YURSVNDWD�]DHGQLFD��EN��������L�=DNRQRW�]D�VWDQGDUGL]DFLMD�

3R�RYDD�^HPD��7HOR�$��(OHNWURWHKQLaNL�IDNXOWHW���&HQWDU�]D�LVSLWXYDZH�L
DWHVWLUDZH��PRCH�GD�L]GDYD�DWHVWL�]D�VRRGYHWQLWH�HOHNWURWHKQLaNL�SURL]YRGL�YU]
RVQRYD� QD� L]YH^WDMRW� RG� LVSLWXYDZH� RG� VRRGYHWQDWD� ODERUDWRULMD� �LOL
ODERUDWRULL����7HOR�%�YR�UDPNLWH�QD�SUHGORCHQDWD�^HPD�]D�DWHVWLUDZH�

7HOR� $� WUHED� GD� ELGH� RVSRVREHQR� ]D� LVSLWXYDZH� QD� ^LURND� JUXSD
HOHNWURWHKQLaNL� SURL]YRGL� L� QLYQL� SRGVNORSRYL� NRL� VH� YJUDGXYDDW� YR
HOHNWURVWRSDQVNLWH�L�LQGXVWULVNL�SUHWSULMDWLMD�YR�65�-XJRVODYLMD�

6HNRH� WHOR� %� YR� UDPNLWH� QD� RYD� ^HPD� QD� DWHVWLUDZH�� WUHED� GD� ELGH
DNUHGLWLUDQR� GD�PRCH� GD� JL� L]YU^XYD� QHNRL�LOL� VLWH� LVSLWXYDZD� SR� VRRGYHWQLWH
QDFLRQDOQL�LOL�PH_XQDURGQL��SRHGLQHaQL��VWDQGDUGL�]D�SURL]YRGRW�L�]D�PHWRGRW�QD
LVSLWXYDZH�

���� 6LVWHP�QD�RGJRYRUQRVW

������ 2GJRYRUQRVW�QD�SURL]YHGXYDaRW

D� 'D�LPD�YRYHGHQ�6LVWHP� ]D�NYDOLWHW� �Quality Management System) SR ISO 9000/IEC
Guide 53 Anex B.



E� 'D� LPD� 3ODQ� ]D� NYDOLWHW� ]D� VHNRMD� SURL]YRGQD� OLQLMD� NDGH� NRQWLQXLUDQR� VH
VOHGDW�VLWH�EDUDZD�QD�VRRGYHWQLWH�IEC�VWDQGDUGL�

������ 2EYUVNL�QD�7HOR�$��(OHNWURWHKQLaNL�IDNXOWHW���&HQWDU�]D�LVSLWXYDZH
��L�DWHVWLUDZH�

D� 'D�VSURYHGH�SURJUDPD�QD�WLSVNL�LVSLWXYDZD�]D�SURL]YRGQDWD�OLQLMD��SURLYRG��YR
VNODG�VR�JUS�L�IEC�VWDQGDUGLWH�]D�LVSLWXYDZH�QD�VDPDWD�SURL]YRGQD�OLQLMD�

E� 'D�LQLFLUD�SURYHUND�QD�IDEULaNLRW�SODQ�]D�NYDOLWHW�QD�SURL]YRGQD�OLQLMD� VR
VRRGYHWQL�LVSLWXYDZD�QD�VDPDWD�SURL]YRGQD�OLQLMD�

Y� 'D� LQLFLUD� SURYHUND� QD� SURL]YRGQLRW� VLVWHP� ]D� NYDOLWHW� ��Quality Management
System��ED]LUDQ�QD�ISO 9000 L�IEC Guide 53 Anex B.

J� 'D� L]GDGH� $WHVW� YR� WUL� SULPHURFL� YU]� RVQRYD� QD� L]YH^WDMRW� ]D� SURYHUND� QD
VRRGYHWQRVW�VR�RGUHGHQL�QDFLRQDOQL�LOL�PH_XQDURGQL�VWDQGDUGL��(GHQ�SULPHURN
RG� DWHVWRW� JR� GDGH� QD� SURL]YHGXYDaRW� LOL� XYR]QLNRW�� YWRULRW� QD� =DYRGRW� ]D
VWDQGDUGL]DFLMD�L�WUHWLRW�SULPHURN�VH�DUKLYLUD�

G� 'D�ELGH�RGJRYRUQR�]D�QDG]RU�L�QDGJOHGXYDZH�
_� $NWLYQR� GD� VRUDERWXYD� VR� VRRGYHWQL� YODGLQL� RUJDQL]DFLL� ]DGROCHQL� ]D

NYDOLWHW�QD�SURL]YRGRW�L�UD]YRM�QD�VLVWHPRW�]D�DWHVWLUDZH�QD�HOHNWURWHKQLaNL
SURL]YRGL�YR�65�-XJRVODYLMD�

������ 2EYUVNL�QD�7HOR�%��LVSLWQL�ODERUDWRULL�

D� 9U]�RVQRYD�QD�SRGQHVHQDWD�SULMDYD�RG�VWUDQD�QD�SURL]YHGXYDaRW�LOL�XYR]QLNRW��L
SULHPRW�QD�VRRGYHWHQ�SULPHURN�LOL�SULPHURFL��YR�GRJRYRUHQLRW�URN�VR�7HOR�$
GD� JL� L]YHGH� VLWH� SRWUHEQL� LVSLWXYDZD� SR� VRRGYHWQLWH� QDFLRQDOQL� LOL
PH_XQDURGQL�VWDQGDUGL�

E� 'D�L]GDGH�WUL�SULPHURFL�QD�L]YH^WDMRW�]D�LVSLWXYDZH��RG�NRL�GYD�JL�SURVOHGXYD
QD�7HOR�$��D�HGHQ�]DGUCXYD�YR�VYRMDWD�DUKLYD�

Y� 5HGRYQR�GD�YU^L�SURYHUND�QD�VYRMDWD�PHUQD�RSUHPD�NDM�QDGOHCQLWH�PHWUROR^NL
LQVWLWXFLL�

J� 'D�UDERWL�QD�XVRYU^XYDZH�QD�PHUQDWD�RSUHPD�L�NDGULWH�
G� $NWLYQR�GD�UDERWL�QD�UD]YRMRW�QD�LVSLWQLWH�PHWRGL�L�VRRGYHWQL�VWDQGDUGL�
_� �$NWLYQR�GD�VRUDERWXYD�YR�UDPNLWH�QD�PH_XQDURGQLRW�VLVWHP�IECEE-CTL�

������ �3URFHGXUD�QD�SRGQHVXYDZH�SULMDYD

3ULMDYD�]D�LVSLWXYDZH�LOL�DWHVWLUDZH�SRGQHVXYD�SURL]YHGXYDa��NXSXYDa�LOL
XYR]QLN�QD�HOHNWUR�RSUHPD��3RVOH�SRGQHVXYDZH�QD�SULMDYD��7HOR�$�`H�JR�LQIRUPLUD
SRGQHVLWHORW� QD� SULMDYDWD� ]D� YDCHaNLWH� SUDYLOD� L� SURFHGXUL� L� SRWUHEQLWH
SULPHURFL�]D�LVSLWXYDZH�

3ULMDYDWD�� UDERWQLWH� UH]XOWDWL� L� LQIRUPDFLLWH� YR� YUVND� VR� GRELYDZHWR
$WHVW� L� ,]YH^WDMRW� ]D� LVSLWXYDZH�� VH� GRYHUOLYL�� PH_XWRD� RVQRYQLWH
LGHQWLILNDFLRQL�SRGDWRFL�]D�SURL]YRGRW�PRCH�GD�ELGDW�REMDYHQL�SRVOH�L]GDYDZHWR
QD�$WHVWRW�



�� 1$'=25�,�,163(.&,6.$�3267$3.$

,QVSHNFLVNDWD� SRVWDSND� `H� ELGH� GHILQLUD� YR� VNODG� VR� =DNRQRW� ]D
VWDQGDUGL]DFLMD��]HPDM`L�JL�YR�RE]LU�L�PH_XQDURGQLWH�LVNXVWYD�YR�RYDD�REODVW�

�� ,=9(>7$-�=$�,63,789$:(72

)RUPDWD� QD� L]YH^WDMRW� `H� ELGH� GHILQLUDQD� YR� VNODG� VR� IRUPLWH� QD
L]YH^WDLWH�RG�PH_XQDURGQDWD�RUJDQL]DFLMD�]D�DWHVWLUDZH��CCB, EQTC�L�GU��

�� 9,'29,�1$�,63,789$:$

$NUHGLWLUDQDWD� RUJDQL]DFLMD� ]D� LVSLWXYDZH� �&HQWDU� ]D� LVSLWXYDZH� L
DWHVWLUDZH�� VH� EDYL� VR� WLSVNL� LVSLWXYDZD� QD� SURL]YRGLWH� SUHPD� SRHGLQHaQL
VWDQGDUGL�]D�SURL]YRG�L�PHWRGL�QD�LVSLWXYDZH��9R�RYRM�GHO�H�QDYHGHQ�VDPR�HGHQ�PDO
GHO�QD�LVSLWXYDZD�NRL�YR�SURFHVRW�QD�DWHVWLUDZH�WUHED�GD�VH�L]YU^DW�VR�QDPHUD�GD
VH�VRJOHGD�YUVWDWD�L�REHPRW�QD�RYDD�VORCHQD�]DGDaD�

���� 'LHOHNWULaQL�LVSLWXYDZD

- LVSLWXYDZH�QD�GLHOHNWULaQD�FYUVWLQD�QD�PUHCQD�IUHNYHQFLMD�
- LVSLWXYDZH�QD�GLHOHNWULaQD�FYUVWLQD�SUL�SRYLVRND�IUHNYHQFLMD�
- LVSLWXYDZH�QD�GLHOHNWULaQD�FYUVWLQD�VR�XGDUHQ�QDSRQ�
- LVSLWXYDZH�QD�SDUFLMDOQL�SUD]QHZD�
- LVSLWXYDZH� QD� SRPR^QL� L� XSUDYXYDaNL� NROD� VR� QDSRQ� QD� PUHCQD

IUHNYHQFLMD�
- LVSLWXYDZH�SRG�YOLMDQLH�QD�HOHNWULaQR�L�WHUPLaNR�VWDUHHZH�
- LVSLWXYDZH�IDNWRU�QD�]DJXEL�YR�IXQNFLMD�RG�QDSRQRW�L�WHPSHUDWXUDWD�

���� 6WUXMQL�LVSLWXYDZD

- LVSLWXYDZH� SRGQRVOLYRVW� QD� R]QDaHQDWD� VWUXMD� �PHUHZH� QD� SUHRGQL
RWSRUL��SURYHUND�QD�WHUPLaNR�VWDUHHZH��

- LVSLWXYDZH�QD�NUDWNRWUDMQR�SRGQRVOLYD�VWUXMD���$�LOL�SRYH`H��
- LVSLWXYDZH�YUYQD�SRGQRVOLYD�VWUXMD�L�GU�

���� ,VSLWXYDZH�VWUXMD�QD�LVNOXaXYDZH

- LVSLWXYDZH� VWUXMD� QD� LVNOXaXYDZH� QD� PDOL� LQGXNWLYQL� L� NDSDFLWLYQL

VWUXL�SUL�UD]OLaQL�YUHGQRVWL�COSϕ�



- LVSLWXYDZH�VWUXMD�QD�LVNOXaXYDZH�QD�NRQGHQ]DWRUVNL�EDWHULL��RG�SURVWD�L
VORCHQD�NRQGHQ]DWRUVND�EDWHULMD��

- LVSLWXYDZH�VWUXMD�QD�NUDWRN�VSRM��L�GU�

���� 0HKDQLaNL�L�WHUPRPHKDQLaNL�LVSLWXYDZD

- LVSLWXYDZH� QD� WHUPRPHKDQLaNL� NDUDNWHULVWLNL� SUHG� L� SRVOH� WHUPLaNR
LOL�HOHNWURWHUPLaNR�VWDUHHZH�

- LVSLWXYDZH�QD�HODVWLaQRVW�YR�IXQNFLMD�RG�WHPSHUDWXUD�
- SURYHUND� QD� PHKDQLaNR� IXQNFLRQLUDZH� QD� SURL]YRGRW� YR� XVORYL� QD

HNVSORDWDFLMD��L�GU�

���� )L]LaNR�KHPLVNL�LVSLWXYDZD

- LVSLWXYDZH�QD�YSLYDZH�YODJD�YR�SURFHVRW�QD�VWDUHHZH�
- LVSLWXYDZH�QD�]DSDOLYRVW�
- LVSLWXYDZH�QD�WYUGLQD��L�GU�
- 
3RNUDM� QDYHGHQLWH� LVSLWXYDZD� PRCDW� GD� VH� YU^DW� L� GUXJL� LVSLWXYDZD� SR

EDUDZD�QD�SURL]YHGXYDaRW�LOL�NRULVQLNRW�QD�SURL]YRGRW�

�� 35(*/('�1$�352,=92',�=$�$7(67,5$:(

2SUHPDWD� NRMD� ^WR� SRGOHCL� QD� REDYH]QR� DWHVWLUDZH� ]D� SRWUHELWH� QD
HOHNWURVWRSDQVNLWH� L� LQGXVWULVNLL� SUHWSULMDWLMD�� SUDNWLaQR� JL� RSID`D� VLWH
HOHNWURWHKQLaNL�SURL]YRGL�NRL�^WR� VH� YJUDGXYDDW� YR� RYLH� SUHWSULMDWLMD��9R� RYRM
GHO�`H�ELGH�GDGHQ�SUHJOHG�QD�RYDD�RSUHPD�EH]�QDPHUD�GD�ELGH�QDYHGHQD�FHORNXSQDWD
RSUHPD�� 2SUHPDWD� ]D� SRWUHELWH� QD� HOHNWURLQGXVWULMDWD� QD� 65� -XJRVODYLMD� NRMD� H
RSIDWHQD�VR�RYDD�PDWHULMD��MD�SRNULYD�REODVWD�QD�HOHNWURHQHUJHWLNDWD��1DPHUDWD�H
GD�VH�QDYHGH�RVQRYQDWD�RSUHPD�]D�GD�VH�VRJOHGD�YDCQRVWD�QD�RYDD�]DGDaD��3RNUDM�WRD�
VR�RYRM�PDWHULMDO�H�RSIDWHQD�RSUHPDWD�RG�HOHNWURHQHUJHWLNDWD�NRMD�EL�PRCHOD�GD
ELGH�NRPSOHWQR�LVSLWDQD�SUHPD�JUS�� IEC�L�GUXJL�VYHWVNL�VWDQGDUGL��1D�RYRM�QDaLQ
EL� VH� GRELO� VWDQGDUGL]LUDQ� NYDOLWHW� QD� HOHNWURHQHUJHWVNLWH� SURL]YRGL�� NRL� EL
ELOH�YJUDGHQL�YR�HOHNWURHQHUJHWVNLRW�VLVWHP�QD�65�-XJRVODYLMD�

2%(0�1$�$.5(',7,5$:(

0DWHULMDOL L SURL]YRGL NRL VH

LVSLWXYDDDW ���

7LSRYL QD LVSLWXYDZH�

2SVHJ QD PHUHZH ���

0HWRGL QD LVSLWXYDZH SUHPD

VWDQGDUGLWH ���

3URL]YRGVWYR�SUHQRV L GLVWUL�

EXFLMD QD HOHNWULaQD HQHUJLMD

2EODVWL QD HOHNWULaQD LQVWDODFLMD�

JURPREUDQL L NRRUGLQDFLMD QD L]RODFLMD
JUS N.B2� LOL VRRGYHWQL IEC

VWDQGDUGL

(OHNWULaQL SURYRGQLFL L NDEOL 6LWH YLGRYL QD HQHUJHWVNL L

WHOHNRPXQLNDFLRQL�VLJQDOQL NDEOL
JUS N.C5� LOL VRRGYHWQL IEC

VWDQGDUGL

0DWHULMDOL ]D HOHNWULaQL
LQVWDODFLL

,QVWDODFLRQL FHYNL� ]DSWLYQL XYRGQLFL� LQVWD�
ODFLRQL DYWRPDWVNL SUHNLGDaL� RVLJXUDaL L GU�

JUS N.E3� LOL VRRGYHWQL IEC
VWDQGDUGL



0DWHULMDOL L SURL]YRGL NRL VH
LVSLWXYDDDW ���

7LSRYL QD LVSLWXYDZH�
2SVHJ QD PHUHZH ���

0HWRGL QD LVSLWXYDZH SUHPD
VWDQGDUGLWH ���

7UDQVIRUPDWRUL� SULJX^QLFL L

XVPHUXYDaL

(QHUJHWVNL L PHUQL WUDQVIRUPDWRUL L

LVSUDYXYDaL
JUS N.H1., JUS N.H�� LOL � LOL �
LOL � LOL �� LOL VRRGYHWQL IEC

VWDQGDUGL

1DSUDYL ]D YNOXaXYDZH 5DVWDYXYDaL� SUHNLQXYDaL�XSUDYXYDaNL VNORSNL

L HOHNWULaQL UHOHL
JUS N.K0.�� LOL � LOL �� LOL
VRRGYHWQL IEC VWDQGDUGL

(OHNWULaQL VLMDOLFL L VYHWLONL 3RGQRCMD ]D VYHWLONL L VLMDOLFL JUS N.L0� �� LOL � LOL � LOL ��
LOL VRRGYHWQL IEC VWDQGDUGL

(OHNWURQLND L
WHOHNRPXQLNDFLL

(OHNWURQVNL NRPSRQHQWL� UDGLRNRPXQLNDFLL
�NDEORYVNL GLVWULEXFLRQL VLVWHPL�� L GU�

JUS N.N0��� LOL �� LOL VRRGYHWQL
IEC VWDQGDUGL

6RVWDYQL GHORYL ]D HOHNWURQLND

L WHOHNRPXQLNDFLL

.RQHNWRUL� HOHNWURPHKDQLaNL SUHNLGDaL�

HOHNWURPHKDQLaNL VRVWDYQL GHORYL ]D

HOHNWURQVNL XUHGL L GU�

JUS N.R4�� LOL �� LOL VRRGYHWQL
IEC VWDQGDUGL

�� =$./8A2.

6R� YRYHGXYDZH� QD� SUHGORCHQDWD� ^HPD� ]D� DWHVWLUDZH� QD� HOHNWURWHKQLaNL
SURL]YRGL�]D�SRWUHELWH�QD�HOHNWURVWRSDQVWYRWR�L�LQGXVWULVNLWH�SUHWSULMDWLMD��EL
VH� SRVWLJQDOR� RUJDQL]LUDQR� L� HILNDVQR� NRULVWHZH� QD� UDVSRORCOLYDWD� LVSLWQD
RSUHPD�L�VWUXaQLRW�SRWHQFLMDO�]D�RYDD�QDPHQD��2G�GUXJD�VWUDQD��VH�VR]GDYD�PRCQRVW
]D�NRQWLQXLUDQR�L�VHRSIDWQR�VOHGHZH�QD�NYDOLWHWRW�QD�RYLH�SURL]YRGL��WDND�GD�QD
SD]DURW� PRCDW� GD� VH� QXGDW� VDPR� SURL]YRGL� VR� SURYHUHQ� NYDOLWHW� NRL� SRVHGXYDDW
DWHVW�

3UHGORCHQLWH�XaHVQLFL�YR�^HPDWD�]D�DWHVWLUDZH�UDVSRODJDDW�VR�NDGURYVNL
SRWHQFLMDO�L�LVSLWQD�RSUHPD��NRL�REHGLQHWL�EL�JL�LVSROQLOH�VORCHQLWH�EDUDZD�]D
DWHVWLUDZH�QD� SURL]YRGLWH�L� VR� VYRMDWD� QH]DYLVQRVW� EL� JDUDQWLUDOH�REMHNWLYQRVW�
3UHGORCHQDWD�^HPD�]D�DWHVWLUDZH�QD�RSUHPD�]D�HOHNWURVWRSDQVWYR�L�LQGXVWULVNL
SUHWSULMDWLMD� QD� aLH� aHOR� EL� ELO� (OHNWURWHKQLaNL� IDNXOWHW� �� &HQWDU� ]D
LVSLWXYDZH� L� DWHVWLUDZH� YR� %HOJUDG� NDNR� LQVWLWXFLMD� RG� ^LURN� DYWRULWHW�� H
JDUDQFLMD� ]D�UHDOL]DFLMD�QD� HGHQ�YDNRY� JROHP�SURHNW��=QDaHZHWR�QD� RYRM� SURHNW� H
RJURPQD� YDCQRVW� ]D� HOHNWURVWRSDQVWYRWR� QD� 65� -XJRVODYLMD�� 2YDD� RUJDQL]DFLMD� H
SURYHUHQD�YR� VYHWRW��,GHMD� H� GD� VH�IRUPLUD� HGHQ�RWYRUHQ� “SULVWDS” � L� YRYHGXYDZH
SRGREUXYDZH�SR�VLWH�EDUDZD��3RVHEQR�^WR�VH�GRELYD�VR�YDNYLRW�“SULVWDS” � ��SRNUDM
DWHVWLUDZHWR� QD� RSUHPDWD�� H� LQWHJUDFLMD� QD� QDXaQR� LVWUDCXYDaNLRW� NDGDU� L
RSUHPDWD�VR�NRMD�VH�VWYDUD�GREUD�RVQRYD�]D�EU]�WHKQLaNR�WHKQROR^NL�UD]YRM�QD�65
-XJRVODYLMD�

�����������������������������629(7
����1$�&(17$527�=$�,63,789$:(�,
��������������������$7(67,5$:(

(OHNWURWHKQLaNL�IDNXOWHW
&(17$5�=$�,63,789$:(�,�$7(67,5$:(

�&,6����7HOR�$

$NUHGLWLUDQL�ODERUDWRULL���7HOR�%
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