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Preamble

Sealing technology by Parker-Prädifa

Ueb& Fkdfkbboba& N^qbof^ip& Holrm& lc& qeb& Q^ohbo& I^kkfcfk& Dloml/

o^qflk&fp&qeb&tloiatfab&ib^abo&fk&qeb&cfbia&lc&abpfdkfkd.&absbilm/

fkd&^ka&j^krc^`qrofkd&pb^ifkd&pvpqbjp.&sf_o^qflk&a^jmbop.&FNJ&

pefbiafkd&pvpqbjp&^ka&eb^q&afppfm^qflk&j^qbof^ip0&&

Xfqe&fk/elrpb&`ljmlrka&^ka&abpfdk&bumboqfpb.&qbpqfkd&^ka&mol/

`bpp&qb`eklildv&mirp&pq^qb/lc/qeb/^oq&j^krc^`qrofkd&c^`fifqfbp&qeb&

Q^ohbo&Fkdfkbboba&N^qbof^ip&Holrm&Frolmb&lccbop&^&tfab&mloqcl/

ifl& o^kdfkd& colj&pq^ka^oa&molar`qp& qeolrde& ql& q^filoba&kbt&^ka&

pvpqbj&absbilmjbkqp0&Ueb&i^qqbo&cobnrbkqiv&obpriq&colj&`ilpb&ab/

sbilmjbkq&m^oqkbopefmp&tfqe&`rpqljbop&fk&hbbmfkd&tfqe&Q^ohbo~p&

jlqql<&�Fkdfkbbofkd&Zlro&Tr``bpp�0&

Product lines of the Parker O-Ring Division Europe

Ueb& Q^ohbo& P/Sfkd& Efsfpflk& Frolmb& j^krc^`qrobp& P/ofkdp& ^ka&

pmb`f^i&jlriaba&m^oqp& clo&^rqljlqfsb&bkdfkbbofkd.& qeb&`ebjf`^i&

^ka&_fl/`ebjf`^i&fkarpqofbp.&cirfa&mltbo.&obcofdbo^qflk&^ka&^fo&`lk/

afqflkfkd& qb`eklildv.& qeb&mbqolibrj&pb`qlo.&jbaf`^i& qb`eklildv.&

^bolpm^`b.& qeb&pbjf/`lkar`qlo& fkarpqov&^ka&j^kv&lqebo& fkarp/

qof^i&pb`qlop0

Jk&^aafqflk.&qeb&molar`q&o^kdb&fk`irabp<

x& Q^o_^h�&_^`h/rm&ofkdp&

x& Qob`fpflk&buqoraba&`ljmlkbkqp&

x& Nbaf`^i&molar`qp&

x& P/ofkd&hfqp&

x& Bppbj_iv&dob^pbp&^ka&ir_of`^kqp&

x& Q^oDl^q�&proc^`b&`l^qfkdp

Materials

Û filoba&j^qbof^ip&obnrfob&q^filoba&̀ ljmlrkafkd&mol`bppbp0&Uebob/

clob.&Q^ohbo&molar`bp&fqp&or__bo&jfuqrobp&^ka&mlivjbofpbp&fqp&qebo/

jlmi^pqf`&j^qbof^ip&fk/elrpb0&Ueb&mloqclifl&lc&j^qbof^ip&absbilmba&

^ka&molar`ba&_v&Q^ohbo& o^kdbp& colj&`ljmlrkap& clo&buqobjbiv&

ilt&qbjmbo^qrobp&altk&ql&�82&�D&+pfif`lkbp,&ql&sbov&efde&qbjmbo^/

qrobp&rm&ql&-542&�D&+Q^olcirlo�1GLN,0&Q^ohbo&lccbop&qeb&^mmolmof/

^qb&`ljmlrka&clo&qeb&pmb`fcf`&^mmif`^qflk&obnrfobjbkqp&fk`irafkd&

bu`biibkq&obpfpq^k`b&^d^fkpq&^ddobppfsb&`ebjf`^ip0

The Parker O-Ring Handbook

Ueb&Q^ohbo&P/Sfkd&I^ka_llh&e^p&_bbk&̂ &pq^ka^oa&obcbobk`b&tloh&

rpba&_v&pb^i&abpfdkbop&clo&ab`^abp0&Jq&̀ lkq^fkp&̀ ljmobebkpfsb&fk/

cloj^qflk&^_lrq&qeb&molmboqfbp&lc&qeb&jlpq&fjmloq^kq&pb^ifkd&bi^p/

qljbop.& qvmf`^i& P/ofkd& ^mmif`^qflk& bu^jmibp.& bu^jmibp& lc& pq^qf/

`^iiv&^`qfkd&pb^i&abpfdkp&mirp&abp`ofmqflkp&lc&`lkafqflkp&qe^q&j^v&

ib^a&ql&P/ofkd&c^firob0&Jk&^aafqflk.&qeb&e^ka_llh&`lkq^fkp&^k&lsbo/

sfbt&lc&fkqbok^qflk^i&afjbkpflkp&^ka&pq^ka^oap&^p&tbii&^p&jbaf^&

`ljm^qf_fifqv&a^q^&clo&cirfap.&d^pbp&^ka&plifap0
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Parker´s safety programme

Warning - user responsibility

Uefp&al`rjbkq&^ka&lqebo&fkcloj^qflk&colj&Q^ohbo&I^kkfcfk&Dlomlo^qflk.&fqp&
pr_pfaf^ofbp&̂ ka&̂ rqelofwba&afpqof_rqlop&molsfab&molar`q&lo&pvpqbj&lmqflkp&
clo&croqebo&fksbpqfd^qflk&_v&rpbop&e^sfkd&qb`ekf`^i&bumboqfpb0

Ueb&rpbo.& qeolrde& fqp&ltk&^k^ivpfp&^ka& qbpqfkd.& fp&plibiv& obpmlkpf_ib& clo&

j^hfkd& qeb& cfk^i& pbib`qflk&lc& qeb& pvpqbj&^ka&`ljmlkbkqp&^ka&^pprofkd&
qe^q& ^ii& mbocloj^k`b.& bkaro^k`b.& j^fkqbk^k`b.& p^cbqv& ^ka& t^okfkd& ob/
nrfobjbkqp&lc&qeb&̂ mmif`^qflk&̂ ob&jbq0&Ueb&rpbo&jrpq&̂ k^ivwb&̂ ii&̂ pmb`qp&lc&

qeb&^mmif`^qflk.&cliilt&^mmif`^_ib&fkarpqov&pq^ka^oap.&^ka&cliilt&qeb&fkclo/
j^qflk&`lk`bokfkd&qeb&molar`q&fk&qeb&`roobkq&molar`q&̀ ^q^ildrb&̂ ka&fk&̂ kv&

j^qbof^ip&molsfaba&_v&Q^ohbo&lo&fqp&pr_pfaf^ofbp&lo&^rqelofwba&afpqof_rqlop0
Ul&qeb&buqbkq&qe^q&Q^ohbo&lo&fqp&pr_pfaf^ofbp&lo&^rqelofwba&afpqof_rqlop&mol/
sfab&`ljmlkbkq&lo&pvpqbj&lmqflkp&_^pba&rmlk&a^q^&lo&pmb`fcf`^qflkp&mol/

sfaba&_v&qeb&rpbo.&qeb&rpbo&fp&obpmlkpf_ib&clo&abqbojfkfkd&qe^q&pr`e&a^q^&
^ka&pmb`fcf`^qflkp&^ob&prfq^_ib&^ka&prccf`fbkq& clo&^ii&^mmif`^qflkp&^ka&ob/

pmlkpf_iv&clobpbb^_ib&rpbp&lc&qeb&`ljmlkbkqp&lo&pvpqbjp0

Range of application

Pro&pb^ip&j^v&lkiv&_b&rpba&tfqefk&qeb&̂ mmif`^qflk&m^o^jbqbop&pq^qba&fk&lro&

al`rjbkqp&^p&obd^oap&`ljm^qf_fifqv&tfqe&`lkq^`q&jbaf^.&mobpprobp.&qbj/
mbo^qrobp&^ka&qfjb&lc&pqlo^db0&Bmmif`^qflk&lo&rpb&lrqpfab&lc&qeb&pmb`fcfba&

^mmif`^qflk&m^o^jbqbop&^p&tbii&^p&qeb&pbib`qflk&lc&afccbobkq&`ljmlrkap&_v&
jfpq^hb&j^v&obpriq&fk&a^j^db&ql&ifcb.&qeb&bksfolkjbkq&^ka1lo&bnrfmjbkq&
^ka&c^`fifqfbp0

Ueb&fkcloj^qflk&`lkq^fkba&fk&lro&mr_if`^qflkp&fp&_^pba&lk&hklt/elt&ab/

sbilmba&lsbo&ab`^abp&lc&bumbofbk`b&fk&qeb&j^krc^`qrofkd&^ka&^mmif`^qflk&
lc&pb^ip0&Ebpmfqb&qefp&bumbofbk`b.&rkhkltk&c^`qlop&̂ ofpfkd&lrq&lc&qeb&mo^`qf/
`^i&^mmif`^qflk&lc&pb^ip&j^v&`lkpfabo^_iv&^ccb`q&qeb&lsbo^ii&^mmif`^_fifqv&lc&

qefp&fkcloj^qflk&fk&pr`e&^&t^v&qe^q&qeb&ob`ljjbka^qflkp&molsfaba&ebobfk&
^ob&klq&ql&_b&`lkpfaboba&dbkbo^iiv&_fkafkd0

Ueb& a^q^& clo& lmbo^qfkd& mobpprob.& lmbo^qfkd& qbjmbo^qrob.& ^ka& proc^`b&
pmbba&pq^qba&fk&qeb&`lirjkp&obmobpbkq&j^ufjrj&s^irbp&^ka&^ob&fkqboob/

i^qba0&Vkabo&buqobjb&tlohfkd&`lkafqflkp&fq&fp&ob`ljjbkaba&klq&ql&rpb&^ii&
j^ufjrj&s^irbp&pfjriq^kblrpiv0

Glo&pmb`f^i&obnrfobjbkqp&+mobpprob.&qbjmbo^qrob.&pmbba.&bq`0,&mib^pb&`lk/
q^`q&lro&`lkpriq^k`v&pbosf`b.&pl&qe^q&prfq^_ib&j^qbof^ip&^ka1lo&abpfdkp&`^k&

_b&ob`ljjbkaba0

Compatibility of seals and operating media / 

cleaning agents 

Erb&ql&qeb&dob^q&afsbopfqv&lc&lmbo^qflk^i&m^o^jbqbop&^ccb`qfkd&cirfaf`&absf`/
bp&^ka&qebfo&fjm^`q&lk&pb^ip.&fq&fp&^_plirqbiv&fjmbo^qfsb&qe^q&j^krc^`qrobop&

lc& qebpb&absf`bp&^mmolsb& pb^ip& clo& crk`qflk^i& ^ka&lmbo^qflk^i&prfq^_fifqv&
rkabo&cfbia&`lkafqflkp0

Groqebojlob.&fk&sfbt&lc&qeb&`lkpfpqbkq&fk`ob^pb&lc&kbtiv&^s^fi^_ib&jbaf^&
rpba&^p&evao^rif`&lfip.& ir_of`^kqp.&^ka&`ib^kfkd&^dbkqp.&pmb`f^i&^qqbkqflk&

fp&fksfqba&ql&qeb&^pmb`q&lc&`ljm^qf_fifqv&tfqe&pb^ifkd&bi^pqljbop&`roobkqiv&
fk&rpb0

Baafqfsbp&`lkq^fkba&fk&_^pb&jbaf^&fk&loabo&ql&bke^k`b&`boq^fk&crk`qflk^i&
`e^o^`qbofpqf`p&j^v&^ccb`q&`ljm^qf_fifqv&`e^o^`qbofpqf`p&lc&pb^ifkd&j^qbof/

^ip0

Glo&qefp&ob^plk.&fq&fp&fjmbo^qfsb&qe^q&^kv&molar`q&bnrfmmba&tfqe&lro&pb^ip&

_b&qbpqba&clo&`ljm^qf_fifqv&tfqe&lmbo^qflk^i&jbaf^&lo&`ib^kfkd&^dbkqp&^m/

molsba&lo&pmb`fcfba&_v&vlr&bfqebo&^q&vlro&mi^kq&lo&_v&jb^kp&lc&cfbia&qbpqp&

moflo&ql&^kv&cfbia&rpb0

Xb&hfkaiv&^ph&vlr&ql&`ljmiv&tfqe&qefp&klqf`b&pfk`b.&^p&^&j^krc^`qrobo&lc&
pb^ip.&tb&^ob&klq&fk&^&mlpfqflk.&^p&^&j^qqbo&lc&mofk`fmib.&ql&mbocloj&pfjri^/
qflkp&lc&^kv&^ka&^ii&`lkafqflkp&mobpbkq&fk&qeb&cfk^i&^mmif`^qflk&klo&lc&hklt/

fkd&qeb&`ljmlpfqflk&lc&qeb&lmbo^qflk^i&jbaf^&^ka&`ib^kfkd&^dbkqp&rpba0&

Design modifications 

Xb&obpbosb&qeb&ofdeq&ql&j^hb&abpfdk&jlafcf`^qflkp&tfqelrq&moflo&klqfcf`^/
qflk0

Qolqlqvmbp&^ka&p^jmibp&
Qolqlqvmbp& ^ka& p^jmibp& ^ob& molar`ba& colj& bumbofjbkq^i& jlriap0& Ueb&

pr_pbnrbkq& pbofbp& molar`qflk& j^v& afccbo& fk& qbojp& lc& molar`qflk& qb`e/
kfnrbp& colj& qeb& molqlqvmb& molar`qflk& rkibpp& pmb`fcf`& ^dobbjbkq& ql& qeb&
`lkqo^ov&t^p&ob^`eba&_bclobe^ka0&

Delivery and services 

Ueb&abifsbov&dr^o^kqbb&+^s^fi^_fifqv&lc&jlriap,&clo&fkafsfar^i&afjbkpflkp&lc&

lro&o^kdb&lc&molar`qp&fp&ifjfqba&ql&^&mbofla&lc&9&vb^op0&

E^j^dba&jlriap.&fk`irafkd&pq^ka^oa&fqbjp.&`^k&lkiv&_b&obmi^`ba&fk&`^pb&

lc&prccf`fbkq&abj^ka0&Nlpq&lc&qeb&afjbkpflkp&pq^qba&fk&qefp&`^q^ildrb&^ob&
kloj^iiv&+_rq&klq&^p&^&j^qqbo&lc&`lropb,&^s^fi^_ib&bu&pql`h0

Glo&qeb&molar`qflk&lc&pj^iibo&nr^kqfqfbp.&pmb`f^i&`ljmlrkap.&^ka&fk&`^pb&
lc&pmb`f^i&molar`qflk&mol`barobp.&tb&obpbosb&qeb&ofdeq&lc&`e^odfkd&^&mol/

o^qba&pe^ob&lc&pbq/rm&`lpqp0&

Bii&abifsbofbp&^ka&pbosf`bp&^ob&pr_gb`q&ql&lro&qbojp0&

Quality systems

&Pro&j^krc^`qrofkd&pfqbp&^ob&`boqfcfba&^``loafkd&ql&JTP&;223&^ka1lo&&JTP1

UT&38;6;0&

Copyright

Bii&ofdeqp&obpbosba&_v&Q^ohbo&I^kkfcfk&Dlomlo^qflk0&Fuqo^`qp&j^v&lkiv&_b&
q^hbk&tfqe&mbojfppflk0&Nlafcf`^qflk&ofdeqp&obpbosba0

Validity

Uefp&bafqflk&prmbopbabp&^ii&moflo&al`rjbkqp0
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7.13&IhW_YUe&Ya[]aYYe]a[&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&96

7.14&J]_&UaX&[Uf&]aXhfgel&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&97

7.15&NUa]gUel&/&\YUg]a[&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&97

7.16&QUWhh`&fYU_f&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&97

7.17&Aha[hf-eYf]fgUag&Wb`cbhaXf&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&98

4##HTP[X]V#cTa\X]^[^Vh&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&55

8.1&BYaYeU_&fY_YWg]ba&We]gYe]U&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&99

8.2&<VeUf]ba&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&99

8.3&<[Y]a[0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&99

8.4&<[Y]a[&gYfgf&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&99

8.5&>bYZZ]W]Yag&bZ&g\Ye`U_&YkcUaf]ba&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&99

8.6&>b`ceYff]ba&fYg&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0100

8.7&O][\gaYff,&gYW\a]WU_&g][\gaYff&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0101

8.8&@_Ufgb`Ye&>b`cUg]V]_]gl&DaXYk&)@>D*&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0101

8.9&@_YWge]WU_&cebcYeg]Yf&bZ&Y_Ufgb`Yef&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0103

8.10&>beebf]ba0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0103

<25425(Emppmqgml(a_sqcb(`w(dpcc(qsjnfsp &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0547

<25426((Emppmqgml(a_sqcb(`w(rfc(dmpk_rgml(md(fwbpmafjmpga(

_agb &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0547

<25427(Gjcarpmafckga_j(amppmqgml &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0547

8.11&BUf&_YU^U[Y&eUgY&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0103

8.12&CUeXaYff&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0105

8.13&Bbh[\-Ebh_Y&YZZYWg&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0106

8.14&&NgbeU[Y,&fgbeU[Y&g]`Y&UaX&W_YUa]a[&bZ&Y_Ufgb`Yef &0&0106

8.15&&>ebff-fYWg]ba&eYXhWg]ba&WUhfYX&Vl&Y_ba[Ug]ba &0&0&0&0&0&0106

8.16&NheZUWY&Z]a]f\&bZ&fYU_&ZUWYf &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0107

8.17&Ae]Wg]ba&UaX&jYUe&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0108

<25;25(Hpgargml &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&054<

<25;26(Yc_p &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0555

<25;27((Klrcp_argml(`cruccl(dpgargml0(uc_p(_lb(rfc(qc_jgle(

(npmacqq&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0556

8.18&P_g]`UgY&Y_ba[Ug]ba &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0112

8.19&OYaf]_Y&fgeYa[g\&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0112

8.20&NgeYff&eY_UkUg]ba&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0112

8.21&D`cUWg&eYf]_]YaWY0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0113

8.22&MUX]Ug]ba&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0113

8.23&>ebff-fYWg]ba&XYZbe`]a[&ZbeWY&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0113

8.24&>b`ceYff]ba&bZ&J-e]a[&Webff-fYWg]ba&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0114

8.25&Qb_h`Y&W\Ua[Y&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0116

8.26&OYUe&eYf]fgUaWY&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0117

8.27&OYaf]_Y&fYg&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0117

5##FdP[Xch#RaXcTaXP &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0--5

9.1&LhU_]gl0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0119

9.2&@iU_hUg]ba&We]gYe]U&Zbe&J-e]a[f&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0119

-,##9P\PVT#P]P[hbXb&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0-.-

10.1&MYdh]eY`Yagf&gb&VY&`Yg&Vl&J-e]a[f&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0121

10.2&&BUc&Ykgehf]ba&n&g\Y&YZZYWgf&bZ&ceYffhe]fUg]ba&0&0&0&0&0&0&0&0&0121

10.3&AU]_heY&XhY&gb&Wb`ceYff]ba&fYg &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0122

10.4&Oj]fgYX&J-e]a[f,&fc]eU_&XYZYWgf&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0123

10.5&@kc_bf]iY&XYWb`ceYff]ba&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0123

10.6&<VeUf]ba&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0124

10.7&A]gg]a[&Yeebef&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0124

--##6__T]SXg0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0-.1

11.1&NgUaXUeXf&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0125

552525(Q1pgle(qr_lb_pbq&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0569

552526(Qrfcp(qr_lb_pbq&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&056:

11.2&N]mY&Webff-eYZYeYaWY&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0127

11.3&HYX]U&>b`cUg]V]_]gl&OUV_Y &0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0&0131

11.4 Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .156
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O-ring sealing

Bk& P/ofkd& pb^i& mobsbkqp& rkabpfo^_ib& ilpp& lc& ^& cirfa& lo& d^p0& Bk&

P/ofkd& fp&^&`fo`ri^o& ofkd&tfqe&^&`fo`ri^o&`olpp/pb`qflk0&Ueb&di^ka&&

elrpbp&qeb&P/ofkd0&Ueb&̀ lj_fk^qflk&lc&qebpb&bibjbkqp.&P/ofkd&̂ ka&

di^ka.&molar`b&qeb&P/ofkd&pb^i0

P/ofkdp&^ob&mobaljfk^kqiv&j^ab&colj&pvkqebqf`&or__bo0&Uebfo&pb^i/

fkd&bccb`q&fp&molar`ba&qeolrde&^uf^i&lo&o^af^i&̀ ljmobppflk0&Bp&or_/

_bo& `ljmlrkap& _be^sb& ^p& fk`ljmobppf_ib& ifnrfap& lc& dob^q& sfp/

`lpfqv& tfqe& efde& proc^`b& qbkpflk.& P/ofkdp& ^ob& abclojba& qeolrde&

pvpqbj&mobpprob&+pbb&cfdrob&_bilt,0&Uefp&^ipl&fk`ob^pbp&`ljmobp/

pflk&lk&qeb&pb^ifkd&proc^`bp0

O-Ring gland

Fig. 1.1  F*^VZT$QRS[^YN`V[Z$`U^[aTU$_e_`RY$\^R__a^R

Advantages of O-rings

30&Xfab&^mmif`^qflk&o^kdb&+mobpprobp.&qlibo^k`bp.&qbjmbo^qrobp.&

jbaf^,

40&Tbic/pb^ifkd&^ka&`ljmobppflk/prmmloqba&pb^ifkd&bccb`q

50&Ol&obqfdeqbkfkd&obnrfoba

60&Ol&`ofqf`^i&qlonrb

70&Tm^`b/p^sfkd&abpfdk

80&Ol&dollsb&pmifqqfkd&obnrfoba

90&Tfjmib&`^i`ri^qflk&lc&dollsb

:0&F^pv&e^kaifkd&^ka&^ppbj_iv

;0&P/ofkd&bkdfkbbofkd&abpfdkp&^ob&`lpq/bccb`qfsb&

Static seal

B&pq^qf`&pb^i& fp&abcfkba&^p&^&pb^i& fk&tef`e&^ag^`bkq&proc^`bp&al&

klq&jlsb&obi^qfsb&ql&b^`e&lqebo&+tfqe&qeb&bu`bmqflk&lc&pj^ii&jlsb/

jbkqp&arb&ql&cirfa&mobpprob,0

Fu^jmibp&lc&pq^qf`&pb^ip&^ob<&pb^ip&rkabo&̂ &_liq&eb^a&lo&ofsbq.&pb^ip&

fk&^&mfmb&`lkkb`qflk.&pb^ip&rkabo&^&ifa&lo&mird0

P/ofkdp&^ob&p^fa&ql&_b&�qeb&_bpq&pq^qf`&pb^i&bsbo&absbilmba�0&Qbo/

e^mp& qeb&j^fk&pqobkdqe& clo& qefp&`i^fj& fp& qe^q& qeb&P/ofkd& fp& �clli/

mollc�0&Ol&obqfdeqbkfkd&fp&obnrfoba&̂ ka&qebob&fp&kl&erj^k&boolo&c^`/

qlo&fc&qeb&P/ofkd&fp&cfqqba&^q&qeb&^mmolmof^qb&pb^ifkd&mlfkqp&tebk&fq&

fp&cfopq&fkpq^iiba&^ka&arofkd&lsboe^ri0&Ueb&P/ofkd&albp&klq&obnrfob&^&

efde&il^afkd&qlonrb&ql&l_q^fk&^&ib^h/cobb&pb^i0&Groqebo&fkcloj^qflk&

`^k&_b&clrka&fk&pb`qflk&5030

Dynamic sealing

Jk&avk^jf`&^mmif`^qflkp.&qeb&m^oqp&ql&_b&pb^iba&jlsb&obi^qfsb&ql&

lkb&^klqebo0&Ueb&afccbobkq& qvmbp&lc&jlsbjbkq&^ob&abp`of_ba&^p&

ob`fmol`^i.&lp`fii^qfkd&lo& olq^qfkd0&P/ofkdp& fkpq^iiba&lk&mfpqlkp&lo&

olap&fk&evao^rif`&`vifkabop&ql&molsfab&ob`fmol`^i&avk^jf`&pb^ifkd&

^ob&jlpq&bccb`qfsb&tebk&rpba&clo&peloq&er_p&^ka&obi^qfsbiv&pj^ii&

af^jbqbop0&Glo&jlob&fkcloj^qflk.&pbb&pb`qflk&5040

O-ring compounds

Xebk&`ellpfkd&^k&P/ofkd&`ljmlrka.&j^kv&c^`qlop&jrpq&_b&q^h/

bk&fkql&^``lrkq.&qeb&j^fk&lkbp&_bfkd&mobpprob&^ka&qbjmbo^qrob&

o^kdbp&^ka&qeb&jbafrj&ql&_b&pb^iba0&B&`ljmlrka&qe^q&fp&klq&^c/

cb`qba&_v&crbi&j^v&klq&_b&prfq^_ib&clo&_lqqib/cfiifkd&j^`efkbp.&^p&

qeb&j^qbof^i&`^k.&rkabo&`boq^fk&`lkafqflkp.&e^sb&^k&bccb`q&lk&qeb&

q^pqb&̂ ka&pjbii&lc&qeb&aofkh0&B&̀ ljmlrka&tef`e&fp&lmqfj^iiv&prfqba&

clo&pqb^j&`^k&_b&kbd^qfsbiv&fkcirbk`ba&_v&^i`leli&lo&^kqfcobbwb&fk&

^&sbef`ib~p&t^qbo&`llifkd&pvpqbj0&Dlkpfabofkd&qeb&krjbolrp&ob/

nrfobjbkqp&j^ab&lk&^k&P/ofkd.&qeb&cfk^i&`elf`b&lc&`ljmlrka&fp&^q&

_bpq&^k&lmqfj^i&`ljmoljfpb0&Groqebo&abq^fiba&fkcloj^qflk&`^k&_b&

clrka&fk&pb`qflk&80
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2  Forms of installation

2.1 Definition of design

P/ofkdp&`^k&_b&rpba&fk&pq^qf`&^mmif`^qflkp&pr`e&^p&`lsbop&lo&mfkp0&

Jc& qeb&j^`efkb&m^oqp&_bfkd&pb^iba&jlsb&obi^qfsb&ql&lkb&^klqebo.&

qeb&P/ofkd&^`qp&^p&^&avk^jf`&pb^i0

Ueb&pb^i&qvmb&abpfdkp&^ob&abcfkba&^p&cliiltp<&

x& Xebk&^&female gland fp&`rq&fk&qeb&lrqpfab&j^`efkb&m^oq.&fq&fp&

obd^oaba&^p&^&�ola&pb^i�0

x& Xebk&^&male gland fp&`rq&fk&qeb&fkpfab&j^`efkb&m^oq.&fq&fp&

obd^oaba&^p&^&�mfpqlk&pb^i�0

x& Xebk&qebob&fp axial compression. fq&fp&obd^oaba&^p&^&�c^`b&

pb^i�0

Fig. 2.1  =RYNXR$TXNZQ$'g^[Q$_RNXh(7$F*^VZT$cV`U$^NQVNX$P[Y\^R__V[Z

Fig. 2.2  DNXR$TXNZQ$'g\V_`[Z$_RNXh(7$F*^VZT$cV`U$^NQVNX$P[Y\^R__V[Z

Fig. 2.3  =NPR$_RNX7$F*^VZT$cV`U$NdVNX$P[Y\^R__V[Z

2.2 Static seals

P/ofkdp&^ob&m^oqf`ri^oiv&prfq^_ib&clo&rpb&fk&pq^qf`&^mmif`^qflkp&_b/

`^rpb& qeb&^mmifba&abcloj^qflk&molar`bp&^&pb^i&bccb`q&tef`e& fk/

`ob^pbp& tfqe& fk`ob^pfkd& pvpqbj& mobpprob0& Ueb& bccb`qfsbkbpp& lc&

qeb&pb^i&fp&fkcirbk`ba&_v&_lqe&^&`loob`qiv/abpfdkba&di^ka&^ka&qeb&

`elf`b&lc&`ljmlrka0

Jk&^ii&^mmif`^qflkp.&fq&fp&`loob`q&ql&pbib`q&^k&P/ofkd&tfqe&qeb larg-

est possible cross-section& ^iiltba& _v& qeb& abpfdk& `lkpqo^fkqp0&

Jk&dbkbo^i&fq&`^k&_b&p^fa&qe^q&^k&P/ofkd&`fo`rjcbobk`b&pelria&klq&

_b&pqobq`eba&jlob&qe^k&8&)&klo&`ljmobppba&jlob&qe^k&3&ql&5%)&

tebk&fkpq^iiba&+jb^proba&_v&qeb&fkkbo&af^jbqbo&lc&qeb&P/ofkd,0

Ueb&e^oakbpp&lc& ^k&P/ofkd& fp& pbib`qba&^``loafkd& ql& qeb&^mmifba&

mobpprob.&qeb&qlibo^k`bp&+^ka&obi^qba&d^m&tfaqep,&^ka&qeb&proc^`b&

cfkfpe&lc&qeb&bibjbkqp&ql&_b&pb^iba0

Ueb&bi^pqf`&bilkd^qflk&lc&jbq^iif`&j^qbof^ip&+b0d0&ifap.&ci^kdbp.&`vi/

fkabo&t^iip&lo&p`obt& glfkqp,&rkabo&mobpprob&jrpq&_b&`lkpfaboba0&

Erb&ql&qefp.&^k&lsbopfwba&`ib^o^k`b&d^m&`^k&l``ro.&tef`e&qeb&P/

ofkd&jrpq&_ofadb0&

Ueb& qvmb&lc&pb^ifkd&mlfkq&^ipl&abmbkap&lk& qeb&jb`e^kf`^i&mol/

`bppfkd0& F`lkljf`& mol`bppfkd& jbqelap& `^k& kb`bppfq^qb& efdebo&

qlibo^k`bp&^ka&qebobclob&i^odbo&̀ ib^o^k`b&d^mp0&C^`h/rm&ofkdp&̀ ^k&

_b&rpba&ql&molqb`q&o^af^iiv/abclojba&P/ofkdp&̂ d^fkpq&bumb`qba&bu/

qorpflk0&

Ueb&Q^o_^h�&_^`h/rm&ofkd&pfwb& ifpq&dfsbp&qeb&obibs^kq&`lkqfkrlrp&

bi^pqljbo&_^`h/rm&ofkdp&prfqfkd&P/ofkd&pfwbp&4/226&ql&4/697&+clo&

jlob&fkcloj^qflk.&pbb&pb`qflk&�Q^o_^h�&_^`h/rm&ofkdp�,0&Glo&pfif/

`lkb&`ljmlrkap.&qeb&^iilt^_ib&d^m&pfwb&fp&72&)&lc&qe^q&kloj^iiv&

^iiltba&tfqe&lqebo&bi^pqljbo&̀ ljmlrkap.&̂ p&qebpb&j^qbof^ip&e^sb&

sbov&mllo&buqorpflk&^ka&qb^o&obpfpq^k`b&molmboqfbp0

Ifde& mrip^qfkd& mobpprob& ^ka& qeb& obpriqfkd& obi^qfsb& jlsbjbkq& lc&

j^`efkb&m^oqp&moljlqb&^ob&qeb&`^rpbp&lc&tb^o&fk&^k&P/ofkd0&Baaf/

qflk^iiv.&bi^pqf`&bilkd^qflk&lc&qeb&fkafsfar^i&`ljmlkbkqp&`^k&obpriq&

fk&^&i^odbo&pb^ifkd&d^m0&Jc&pfdkp&lc&tb^o&^ob&clrka&lk&^&pq^qf`&pb^i.&

tb& ob`ljjbka& fjmolsfkd& qeb&proc^`b& cfkfpe&lo&rpfkd&Viqo^qe^k�&

+mlivrobqe^kb,&P/ofkdp&+pbb&`^q^ildrb&�Qkbrj^qf`&Tb^ip�&lo&�Iv/

ao^rif`&Tb^ip�,0

C
o

m
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O-Ring cross-section d2 [mm]
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1.78 2.62 3.53 5.33 6.99

Fig. 2.4  8PPR\`NOXR$P[Y\^R__V[Z)$QR\RZQRZ`$a\[Z$P^[__*_RP`V[Z$Q
/$
S[^$_`N`VP$

_RNX

AdvanCell
Ex. 1016 - Page 9



54

D)GX]V#=P]SQ^^Z

R_picp(J_llgdgl
Q1Tgle(Fgtgqgml(Gspmnc

2  Forms of installation

2.2.1 Static seals – radial

b +0.2

O d4 H8O d9 f7 O d3 h9

Z

t

r2

r1

15° to 20°

0° to 5°

C

A

B

B

rounded

and flash-free

Fig. 2.5  >XNZQ$VZ$VZ_VQR$RXRYRZ`X

b +0.2

O d6 H9

O d10 H8O d5 f7

Z

t

r1

r2

15° to 20°

0° to 5°

B

A

B

rounded

and flash-free

C

Fig. 2.6  >XNZQ$VZ$[a`_VQR$RXRYRZ`

d
1

d
2

Fig. 2.7  @ZZR^$QVNYR`R^$Q
.$$
)$P^[__*_RP`V[Z$Q

/

X4 g1*
V-2042 m e

1
e

2

( 5294 ( 5254 ( 52=4 529 426 1 428 425 1 427

# -*34 # -*0, # .*0, -*1 426 1 428 425 1 427

( 6244 ( 5294 ( 62:4 529 426 1 428 425 1 427

( 6294 ( 6244 ( 7264 529 426 1 428 425 1 427

# .*2. # .*-, # /*2, -*1 426 1 428 425 1 427

( 7244 ( 6274 ( 72=4 624 428 1 42< 425 1 427

# /*1/ # .*5, # 0*4, .*, 428 1 42< 425 1 427

( 8244 ( 7269 ( 9264 624 428 1 42< 425 1 427

( 9244 ( 8254 ( :294 724 428 1 42< 425 1 427

# 1*// # 0*1, # 3*., /*, 428 1 42< 425 1 427

( :244 ( 9244 ( ;2<4 724 428 1 42< 425 1 427

# 2*55 # 1*5, # 5*2, /*2 42< 1 526 425 1 427

( <244 ( :2<4 54284 824 42< 1 526 425 1 427

( =244 ( ;2;4 552;4 829 42< 1 526 425 1 427

54244 ( <2;4 57244 829 42< 1 526 425 1 427

56244 542:4 592:4 829 42< 1 526 425 1 427

1)%MWT%b^[T`P]RTa%P`T%RP[Rc[PbTS%U`^\%S
3
W9%+%S

4
C8%^`%S

5
U7%+%S

6
C9.

MWT%?DG%DLH%3601%aXhTa%P`T%_`TUT`PQ[T%P]S%aW^e]%WT`T%X]%Q^[S.

Tab. 2.1   >XNZQ$QVYRZ_V[Z_$i$^NQVNX$QRS[^YN`V[Z$

$

NheZUWY KeYffheY NheZUWY&%a]f\&&ebh[\aYff,&
cYeWYagU[Y&&WbagUWg&UeYU&
g

c
&;&50&(

M
U

M
`Uk.

S$`T

C(((amlr_ar(qspd_ac lml1nsj1
q_rgle

52:4 ( :274

C(((amlr_ar(qspd_ac nsjq_rgle 42<4 ( 7264

D(((epmmtc(`_qc(_lb(
qgbcq

lml1nsj1
q_rgle

7264 56294

D(((epmmtc(`_qc(_lb(
qgbcq

nsjq_rgle 52:4 ( :274

E(((qspd_ac(&lgqf(md(
(jc_b1gl(cbec(af_kdcp

1 7264 56294

Tab. 2.2   Ia^SNPR$#ZV_U$^[aTUZR__$i$_`N`VP$_RNX

Ebpfdk&q^_ibp&fk&pb`qflk&50

2.2.2 Static seals – axial

Ueb&P/ofkd&`olpp/pb`qflk&fp&abclojba&fk&^k&^uf^i&afob`qflk0&Bp&qeb&

P/ofkd&j^hbp&^& obi^qfsb&jlsbjbkq&rkabo&mobpprob& il^afkd.& fq& fp&

fjmloq^kq&ql&l_pbosb&qeb&afob`qflk&lc&mobpprob<

x& Jc&mobpprob&^`qp&colj&qeb&fkpfab.&qeb&P/ofkd&pelria&qlr`e&qeb&

di^ka&lrqbo&af^jbqbo&+lmqfj^iiv&`ljmobppba&_v&3&ql&5&)&lc&fqp&

`fo`rjcbobk`b,0

x& Jc&mobpprob&^`qp&colj&qeb&lrqpfab.&qeb&P/ofkd&fkkbo&af^jbqbo&

pelria&qlr`e&qeb&fkkbo&af^jbqbo&lc&qeb&di^ka&+pqobq`eba&_v&rm&

ql&8&),0
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2  Forms of installation

b

O d7

h

H 11

0° bis 5°

B

r2

r1

B

A

+0.1

Fig. 2.8  G^R__a^R$S^[Y$VZ_VQR

 

   

     

   

       

 

    

 

 

Fig. 2.9  G^R__a^R$S^[Y$[a`_VQR

d
1

d
2

Fig. 2.10  

X4 \-2032 V-2042 e
1

e
2

( 5294 ( 5254 ( 52=4 4064 1 4084 4064 1 4084

# -*34 # -*/, # .*0, 4064 1 4084 4064 1 4084

( 6244 ( 5294 ( 62:4 4064 1 4084 4064 1 4084

( 6294 ( 6244 ( 7264 4064 1 4084 4064 1 4084

# .*2. # .*-, # /*2, 4064 1 4084 4064 1 4084

( 7244 ( 6274 ( 72=4 4084 1 40<4 4064 1 4084

( /*1/ # .*4, # 0*4, 4084 1 40<4 4064 1 4084

( 8244 ( 7269 ( 9264 4084 1 40<4 4064 1 4084

( 9244 ( 8244 ( :294 4084 1 40<4 4064 1 4084

# 1*// # 0*/1 # 3*., 4084 1 40<4 4064 1 4084

( :244 ( 9244 ( ;2<4 4084 1 40<4 4064 1 4084

( (2*55 # 1*31 # 5*2, 40<4 1 5064 4064 1 4084

( <244 ( :2<4 54284 40<4 1 5064 4064 1 4084

( =244 ( ;2;4 552;4 40<4 1 5064 4064 1 4084

54244 ( <2;4 57244 40<4 1 5064 4064 1 4084

56244 542:4 592:4 40<4 1 5064 4064 1 4084

MWT%?DG%DLH%3601%aXhTa%P`T%_`TUT`PQ[T%P]S%aW^e]%WT`T%X]%Q^[S.

Tab. 2.3   HRP`NZTaXN^$TXNZQ$QVYRZ_V[Z_$i$NdVNX$P[Y\^R__V[Z$

$

NheZUWY KeYffheY NheZUWY&%a]f\&&ebh[\aYff,&
cYeWYagU[Y&WbagUWg&UeYU&&
g

c
&;&50&(

M
U

M
`Uk.

S$`T

C(((amlr_ar((qspd_ac lml1(
nsjq_rgle

52:4 ( :274

C(((amlr_ar((qspd_ac nsjq_rgle 42<4 ( 7264

D(((epmmtc(`_qc(_lb(
qgbcq

lml1(
nsjq_rgle

7264 56294

D(((epmmtc(`_qc(_lb(
qgbcq

nsjq_rgle 52:4 ( :274

Tab. 2.4   Ia^SNPR$#ZV_U$^[aTUZR__$i$_`N`VP$_RNX

Ebpfdk&ob`ljjbka^qflkp&fk&pb`qflk&50

2.2.3 Static seals – dovetail groove

Ueb&alsbq^fi&dollsb&pe^mb&fp&rpba&tebob&fq&fp&kb`bpp^ov&ql&hbbm&

^k&P/ofkd&fk&fqp&mlpfqflk.&b0d0&arofkd&proc^`b&tloh.&tebk&lmbkfkd&

^ka&`ilpfkd&qllip&lo&j^`efkbp&tebob&lqebotfpb&qeb&P/ofkd&tlria&

aolm&lrq&lc&qeb&di^ka0&Ueb&j^`efkfkd&lc&qeb&di^ka&fp&afccf`riq&^ka&

`lpqiv0

AdvanCell
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2  Forms of installation

S%;%V[P]S%\TP]%SXP\TbT`

MWT%V[P]S%eXSbW%Xa%\TPac`TS%QTU^`T%STQc``X]V%bWT%TSVTa.

KPSXca%`
2
%Xa%aT[TRbTS%a^%bWPb%bWT%H-`X]V%Xa%]^b%SP\PVTS%Sc`X]V%PaaT\Q[g%P]S%

RP]]^b%QT%b`P__TS%X]%bWT%VP_%c]ST`%WXVW%_`Taac`T.

Fig. 2.11  ;[bR`NVX$TXNZQ

d
1

d
2

Fig. 2.12  

X4 \ V-2032 e
2

e
1

1.78 5269 -2027 3062 4254 1 4274 428 1 42:

2.62 6249 -2027 4032 4254 1 4274 42: 1 42<

3.53 62<4 -2027 40:7 4254 1 4274 42< 1 524

5.33 8299 -202: 6057 4254 1 4274 524 1 527

6.99 92<9 -202: 70:7 4254 1 4274 527 1 52:

Tab. 2.5   ;[bR`NVX$TXNZQ$QVYRZ_V[Z_$

$

NheZUWY KeYffheY NheZUWY&%a]f\&&ebh[\aYff,&
cYeWYagU[Y&WbagUWg&UeYU&
g

c
&;&50&(

M
U

M
`Uk.

S$`T

C(((amlr_ar(
(qspd_ac

lml1nsjq_rgle 52:4 ( :274

C(((amlr_ar(
(qspd_ac

nsjq_rgle 42<4 ( 7264

D(((epmmtc(`_qc(
_lb(qgbcq

lml1nsjq_rgle 7264 56294

D(((epmmtc(`_qc(
_lb(qgbcq

nsjq_rgle 52:4 ( :274

Tab. 2.6   Ia^SNPR$#ZV_U$^[aTUZR__$i$_`N`VP$_RNX

2.3 Dynamic seals

Ueb& krj_bo& lc& m^o^jbqbop& ^ccb`qfkd& qeb& pb^ifkd& molmboqfbp& ^ka&

pbosf`b&ifcb&lc&avk^jf`&lo&ob`fmol`^qfkd&pb^ip&fp&c^o&dob^qbo&qe^k&clo&

pq^qf`&pb^ip0&Pp`fii^qfkd&^ka&olq^qfkd&pb^ip&^p&tbii&^p&ob`fmol`^qfkd&

pb^ip&fk&ev`o^rif`p&^ka&mkbrj^qf`p&_bilkd&ql&qefp&`^qbdlov0&

Erb&ql& cof`qflk^i&obpfpq^k`b&qeb&abcloj^qflk&lc&qeb&P/ofkd&`olpp/

pb`qflk&fp&pj^iibo&qe^k&fk&qeb&`^pb&lc&pq^qf`&pb^ip0&

P/ofkdp& fk& evao^rif`& ^ka& mkbrj^qf`& ^mmif`^qflkp& ^iilt& pj^ii&

di^kap0& Jk& qebpb& `^pbp.& P/ofkdp&^ob&rpba& _bpq& clo& peloq& pqolhbp&

^ka&pj^ii&af^jbqbop0&

P/ofkdp&fk&ilkd&pqolhb&^mmif`^qflkp&tfqe&obi^qfsbiv&i^odb&af^jbqbop&

`^k&̂ ipl&_b&rpba&pr``bppcriiv&fc&̀ loob`qiv&cfqqba0&Iltbsbo.&fq&fp&kb`/

bpp^ov&ql&`lkpfabo&^ii&c^`qlop&tef`e&fkcirbk`b&qeb&pb^ifkd&crk`qflk&

^p&b^oiv&^p& fk& qeb&abpfdk&pq^db0&Ueb&`ljmlrka&e^oakbpp& fp&pb/

ib`qba&^``loafkd&ql&qeb&^mmifba&mobpprob&^ka&lqebo&jb`e^kf`^i&ob/

nrfobjbkqp0&Ueb&jlpq&cobnrbkqiv&rpba&P/ofkd&e^oakbpp&fp&_bqtbbk&

92&^ka&:2&Telob&B0

Telria& qeb&ofph&lc&buqorpflk&bufpq& +b0d0&tebob&avk^jf`&pb^ip&^ob&

pr_gb`q&ql&efde&mobpprob,&qtl&_^`h/rm&ofkdp&pelria&_b&cfqqba0&

Ueb&cliiltfkd&c^`qlop&pelria&_b&`lkpfaboba&clo&kbt&abpfdkp<

x& Ueb&`ebjf`^i&bccb`q&lc&qeb&`lkq^`q&jbafrj&lk&qeb&bi^pqljbo

x& Ueb&bccb`q&lc&^ii&tlohfkd&`lkafqflkp&lk&qeb&qeb&pb^i.&pr`e&^p&^&

mlqbkqf^i&efde&qbjmbo^qrob&o^kdb&lo&`e^kdbp&colj&efde&ql&ilt&

qbjmbo^qrobp

x& Ueb&afob`qflk&lc&^mmifba&mobpprob<&albp&qeb&mfpqlk&jlsb&

^d^fkpq&qeb&mobpprob&^ka&c^slro&buqorpflk&fc&kl&_^`h/rm&ofkd&fp&

^`qfkd&^d^fkpq&fq&lo&albp&qeb&pb^i&jlsb&^t^v&colj&qeb&mobp/

probA

x& B&mlqbkqf^i&b``bkqof`fqv&lc&j^`efkb&bibjbkqp&qe^q&`lria&`^rpb&

^&lkb/pfaba&pqobq`efkd&lc&qeb&pb^ifkd&d^m.&tef`e&tlria&fk/

`ob^pb&qeb&ofph&lc&buqorpflk

x& Ueb&obpfpq^k`b&lc&^&j^qbof^i&ql&buqorpflk&`lria&ab`ob^pb&tfqe&

fk`ob^pfkd&cof`qflk/fkar`ba&qbjmbo^qrob

x& Xb^o&m^oqf`ibp&colj&jbq^i&m^oqp&`^rpb&p`lofkd&^ka&ib^h^db&

tebk&`lkq^`qfkd&qeb&pb^ifkd&^ob^

x& Globfdk&j^qbof^i&`^k&bkqbo&qeb&pvpqbj&^ka&`^rpb&ib^h^db&tebk&

^&pe^cq&obqrokp&fkql&^&`vifkabo&`^oovfkd&proc^`b&m^oqf`ibp&tfqe&fq

x& Qobpprob&mb^hp&`^k&_b&j^ohbaiv&efdebo&qebk&pvpqbj&mobpprob&

+rpb&_^`h/rm&ofkd,

x& B&cfkb&ir_of`^qfkd&cfij&`^k&obj^fk&lk&qeb&pb^ifkd&proc^`b&bsbk&

lk`b&qeb&qb`ekf`^i&pb^ifkd/mlfkq&e^p&_bbk&ob^`eba

Sb`fmol`^qfkd&qvmb&pb^ip&^ka&qebfo&di^ka&abpfdk&`^k&_b&pr_afsfa/

ba&fkql&evao^rif`&^ka&mkbrj^qf`&^mmif`^qflkp0

2.3.1 Dynamic seals – hydraulics

Jk&evao^rif`p.&P/ofkdp&^ob&rpba&fk&mfpqlk&^ka&ola&pb^ip0&Uebv&mol/

sfab&dlla&obpriqp&lsbo&^&tfab&o^kdb&lc&mobpprobp&^ka&`^k&_b&rpba&

tfqe&_^`h/rm&ofkdp0

Ueb&^sbo^db&abcloj^qflk&lc&qeb&`olpp/pb`qflk&fp&_bqtbbk&32&^ka&

37&)0&Jq&fp&bppbkqf^i&klq&ql&dl&_bilt&qeb&jfkfj^i&qlibo^k`b&lc&:&).&

^p&`^i`ri^qba&_bilt&lk&qeb&_^pfp&lc&^ii&qlibo^k`bp<

210/.-,+,*/)(',&,%$$

10/.-,,
#,",2!',

a
4jfk

& ?&jfk0&`olpp/pb`qflk

q
j^u

& ?&j^u0&di^ka&abmqe
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Fig. 2.13  8Y[aZ`$[S$NXX[cNOXR$QRS[^YN`V[Z$QR\RZQRZ`$a\[Z$P^[__*_RP`V[Z$Q
/$
$i$

^RPV\^[PN`VZT$_RNX$UeQ^NaXVP

Xebk&rpba&^p&^&mfpqlk&pb^i.&P/ofkdp&`^k&_b&`ljmobppba&_v&3&ql&

5&)&lc&qebfo&`fo`rjcbobk`b0&Ueb&^jlrkq&lc&clo`b&obnrfoba&ql&`lj/

mobpp& qeb& `fo`rjcbobk`b& abmbkap& lk& qeb& P/ofkd& fkkbo& af^jbqbo&

^ka&ab`ob^pbp&tfqe&^k&fk`ob^pfkd&fkkbo&af^jbqbo0

P/ofkdp&j^v&_b&pqobq`eba&_v&rm&ql&8&)&tebk&^ppbj_iba&fk&^&mfp/

qlk&dollsb0

Dljmlrkap&cb^qrofkd&efdebpq&tb^o&obpfpq^k`b&pelria&_b&pbib`q/

ba0&Ueb&`ljmlrka&pelria&klq&peofkh&fk&qeb&jbafrj&klo&_b&pr_/

gb`q&ql&efde&ptbiifkd&tef`e&fk`ob^pbp&cof`qflk&^ka&obar`bp&buqor/

pflk&obpfpq^k`b0

Oloj^iiv.&^&`ljmlrka&e^oakbpp&colj&92&ql&:2&Telob&B&fp&ob`lj/

jbkaba0&Jk&qefp&o^kdb.&^&`ljmoljfpb&_bqtbbk&cof`qflk&^ka&tb^o&

fp&^qq^fkba0&Tlcqbo&P/ofkdp&e^sb&^&efdebo&tb^o&o^qb.&e^oabo&P/ofkdp&

cb^qrob&efdebo&cof`qflk&^q&mobpprobp&rm&ql&372&_^o0

Bq&efde&mobpprobp&qebob&fp&^&ofph&lc&buqorpflk0&Xfqe&i^odb&d^mp&^ka&

efdebo&qbjmbo^qrobp.&_^`h/rm&ofkdp&pelria&_b&rpba0

b +0.2

O d6 H9

O d10 H8O d5 f7

Z

t

r1

r2

15° to 20°

0° to 5°

B

A

B

rounded

and flash-free

C

Fig. 2.14  H[Q$_RNX$i$UeQ^NaXVP$NZQ$\ZRaYN`VP

b +0.2

O d4 H8O d9 f7 O d3 h9

Z

t

r2

r1

15° to 20°

0° to 5°

C

A

B

B

rounded

and flash-free

Fig. 2.15  GV_`[Z$_RNX$i$UeQ^NaXVP$NZQ$\ZRaYN`VP

X4 g1*
V-2042 m e

1
e

2

3072 3052 30;2 3072 4064 1 4084 4054 1 4074

1.78 1.45 2.40 3072 4064 1 4084 4054 1 4074

4022 3092 4082 3072 4064 1 4084 4054 1 4074

4072 4032 5052 3072 4064 1 4084 4054 1 4074

2.62 2.20 3.60 3072 4064 1 4084 4054 1 4074

5022 4082 50;2 30:2 4084 1 40<4 4054 1 4074

3.53 3.05 4.80 30:2 4084 1 40<4 4054 1 4074

6022 5072 7052 30:2 4084 1 40<4 4054 1 4074

7022 6067 8092 4092 4084 1 40<4 4054 1 4074

5.33 4.65 7.10 4092 4084 1 40<4 4054 1 4074

8022 7062 :022 5082 4084 1 40<4 4054 1 4074

6.99 6.20 9.50 5082 4084 1 40<4 4054 1 4074

1)%MWT%b^[T`P]RTa%P`T%RP[Rc[PbTS%U`^\%S
3
W9%+%S

4
C8%^`%S

5
U7%+%S

6
C9.

MWT%?DG%DLH%3601%`TR^\\T]SPbX^]a%P`T%_`TUT`PQ[T%P]S%aW^e]%WT`T%X]%Q^[S.

Tab. 2.7   >XNZQ$QVYRZ_V[Z_$i$QeZNYVP$UeQ^NaXVP$_RNX
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2  Forms of installation

NheZUWY NheZUWY&%a]f\&ebh[\aYff,&
cYeWYagU[Y&WbagUWg&UeYU&&
g

c
&;&50&(

M
U

M
`Uk.

S$`T

C(((amlr_ar(qspd_ac 4284 ( 52:4

D((epmmtc(`_qc(_lb(qgbcq 52:4 ( :274

E(((qspd_ac(&lgqf(md(jc_b1gl(cbec(
af_kdcp

7264 56294

Tab. 2.8   Ia^SNPR*#ZV_U$^[aTUZR__$i$^RPV\^[PN`VZT$_RNX$i$UeQ^NaXVP

2.3.2 Dynamic seals – pneumatic

Qkbrj^qf`&pvpqbjp&^ob&clrka&fk&^&tfab&o^kdb&lc&^mmif`^qflkp&ql/

a^v0&Ueb&cliiltfkd&^as^kq^dbp&e^sb&_bbk&aofsfkd&qeb&rpb&lc&kbt&

pvpqbjp&^p&tbii&^p&qeb&obmi^`bjbkq&lc&bufpqfkd&evao^rif`&pvpqbjp<&&

x& Olk/ci^jj^_ib&mobpprob&jbafrj

x& Mltbo&tbfdeq

x& Mb^h^db&fp&ibpp&`ofqf`^i.&qebobclob&ibpp&a^j^db&ql&bksfolkjbkq

x& Ueb&mobpprob&jbafrj&^fo&albp&klq&`e^kdb&^q&efde&qbjmbo^/

qrobp

x& Dljmbqfqfsb&`lpqp

Ueb&^sbo^db&`ljmobppflk&lc&qeb&P/ofkd&`olpp/pb`qflk&fp&obar`ba&

fk&`ljm^ofplk&tfqe&evao^rif`&^mmif`^qflkp&ql&jfkfjfpb&tb^o0

C
o

m
p

re
s
s
io

n
 [
%

]

O-Ring cross-section d2 [mm]

0

10

20

30

1.78 2.62 3.53 5.33 6.99

Fig. 2.16  8XX[cNOXR$P[Y\^R__V[Z$QR\RZQRZ`$a\[Z$P^[__*_RP`V[Z$Q
/
$i$^RPV\^[PN`*

VZT$_RNX$\ZRaYN`VP

Nfkfjrj&`ljmobppflk&lc&qeb&P/ofkd&`olpp/pb`qflk&fp&kloj^iiv&_b/

qtbbk&6&^ka&9&)&^ka&fk`irabp&^ii&qlibo^k`bp0

210/.-,+,*/)(',&,%$$

10/.-,,
#,",2!',

a
4jfk

& ?&pj^iibpq&`olpp/pb`qflk

q
j^u

& ?&j^ufjrj&di^ka&abmqe

P/ofkdp&^p&ola&pb^ip&^iilt&`ljmobppflk&_v&3&)&ql&5&)&lc& qebfo&

`fo`rjcbobk`b0

Bp&mfpqlk&pb^ip.&qebv&`^k&pqobq`e&ql&8&)&lc&qebfo& fkkbo&af^jbqbo0&

Jk&^aafqflk& ql& pq^ka^oa&j^qbof^ip.& ^&tfab& o^kdb&lc&pmb`f^i& `lj/

mlrkap&tfqe&fjmolsba&cof`qflk&_be^sflro&^ob&^s^fi^_ib0&

Uebpb&`ljmlrkap&`^k&_b&afp`rppba&tfqe&lro&^mmif`^qflk&bkdf/

kbbofkd&abm^oqjbkq0

Q^ohbo& ob`ljjbkap&^&`ljmlrka&e^oakbpp&_bqtbbk&92&^ka&:2&

Telob&B0

X
2

g1* V+0.20 m e
1

e
2

1.78 1.55 2.30 3072 4264 1 4284 4254 1 4274

2.62 2.35 3.10 3072 4264 1 4284 4254 1 4274

3.53 3.15 4.20 30:2 4284 1 5264 4254 1 4274

5.33 4.85 6.40 4092 4284 1 5264 4254 1 4274

6.99 6.40 8.40 5082 4284 1 5264 4254 1 4274

1)%MWT%b^[T`P]RTa%P`T%RP[Rc[PbTS%U`^\%S
3
W9%+%S

4
C8%^`%S

5
U7%+%S

6
C9.

Tab. 2.9   >XNZQ$QVYRZ_V[Z_$i$\ZRaYN`VP$

NheZUWY NheZUWY&%a]f\&ebh[\aYff,&
cYeWYagU[Y&WbagUWg&UeYU&&
g

c
&;&50&(

M
U

M
`Uk.

S$`T

C((amlr_ar(qspd_ac 4284 ( 52:4

D((epmmtc(`_qc(_lb(qgbcq 52:4 ( :274

E(((qspd_ac(&lgqf(md(jc_b1gl(
cbec(af_kdcp

7264 56294

Tab. 2.10   GZRaYN`VP$\V_`[Z$i$"[N`VZT$N__RYOXe$

Pneumatic piston – floating assembly

Qkbrj^qf`& mfpqlkp& ^ob& qvmf`^iiv& abpfdkba& tfqe& cil^qfkd& P/ofkdp0&

Ueb&`olpp/pb`qflk&fp&klq&`ljmobppba.&tef`e&obar`bp&cof`qflk0&Bp&^&

obpriq.&qeb&pb^iba&mfpqlk&jlsbp&jlsbp&tfqe&b^pb&^ka&qeb&P/ofkd&fp&

pr_gb`qba&ql&jfkfj^i&tb^o0

Ueb&lrqbo&af^jbqbo&lc&qeb&P/ofkd&fp&^&ifqqib&i^odbo&qe^k&qeb&`vifkabo~p&

fkkbo&af^jbqbo&ql&bkprob&qeb&pb^ifkd&crk`qflk0&

Ueb&P/ofkd~p&fkkbo&af^jbqbo&a
3
&pelria&klq&qlr`e&qeb&dollsb~p&fkkbo&

af^jbqbo0&Ueb&di^ka&abmqe&jrpq&_b&i^odbo&qe^k&qeb&P/ofkd&`olpp/

pb`qflk0&

Pk&mobpprofp^qflk.&^&`boq^fk&^jlrkq&lc&ib^h^db&`^k&l``ro&rkqfi&qeb&

P/ofkd&fp&fk&`lkq^`q&tfqe&qeb&proc^`b&ql&_b&pb^iba0

Q^ohbo& ob`ljjbkap& ^& `ljmlrka& e^oakbpp& _bqtbbk& 92& ^ka&

:2%Telob&B0&Tq^ka^oa&`ljmlrkap&^ob&rpba&fk&qeb&mobpprob&o^kdb&

rm&ql&38&_^o&^ka&tfqe&qbjmbo^qrobp&rm&ql&:2&�D0

Qib^pb&`lkq^`q&lro&^mmif`^qflk&bkdfkbbofkd&abm^oqjbkq&clo&fkclo/

j^qflk&lk&pmb`f^i&`ljmlrkap&^ka&^ppfpq^k`b&tfqe&pbib`qfkd&j^/

qbof^ip0
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b3
+0.20

O d4 H8O d9 f7 O d3 h9

Z

t

r1

r2

15° to 20°
C

A

B

rounded

and flash-free

Fig. 2.17  

X
2

g1*
V5

-204 m e
1

e
2

1.78 2.00 2.00 3072 4264 1 4284 4254 1 4274

2.62 2.90 3.00 3072 4264 1 4284 4254 1 4274

3.53 3.80 4.00 30:2 4284 1 5264 4254 1 4274

5.33 5.60 6.00 4092 4284 1 5264 4254 1 4274

6.99 7.30 8.00 5082 4284 1 5264 4254 1 4274

1)%MWT%b^[T`P]RT%Xa%P%R^\QX]PbX^]%^U%S
3
W9%+%S

4
C8

Tab. 2.11   >XNZQ$QVYRZ_V[Z_$S[^$"[N`VZT$F*^VZT$i$\ZRaYN`VP$\V_`[Z$

$

NheZUWY NheZUWY&%a]f\&ebh[\aYff,&
cYeWYagU[Y&WbagUWg&UeYU&&
g

c
&;&50&(

M
U

M
`Uk.

S$`T

C((amlr_ar(qspd_ac 4284 ( 52:4

D((epmmtc(`_qc(_lb(qgbcq 52:4 ( :274

E(((qspd_ac(&lgqf(md(jc_b1gl(cbec(
af_kdcp

7264 56294

Tab. 2.12   Ia^SNPR$^[aTUZR__$!$"[N`VZT$F*^VZT

2.4 Drive belts

P/ofkdp&`^k&_b&rpba&^p&ilt&mltbo&qo^kpjfppflk&bibjbkqp0&Uebv&

^ob&klq&lkiv&^&`lpq/bccf`fbkq&plirqflk&_rq&^ipl&lccbo&j^kv&^as^k/

q^dbp&clo&qefp&^mmif`^qflk<

x& Tfjmib&fkpq^ii^qflk

x& Dlkpfpqbkq&qbkpfib&clo`bp

x& Gibuf_ib&rpbp

x& Erb&ql&qeb&bi^pqf`&molmboqfbp&lc&qeb&P/ofkd&`ljmlrkap&qebob&fp&

kl&kbba&ql&rpb&_biq&qbkpflkbop

x& Sb^afiv&^s^fi^_ib&fk&pq^ka^oa&`ljmlrkap&^ka&pfwbp

x& M^odbo&mlpfqflkfkd&qlibo^k`bp&lc&qeb&mriibvp&`^k&_b&_ofadba

Bk&P/ofkd&`ljmlrka& fp&pbib`qba&clo&jfkfjrj&pqobq`e&obi^u^qflk&

+qbkpfib&pbq,&^ka&j^ufjrj&avk^jf`&molmboqfbp0

Ueb&`elf`b&lc&bi^pqljbo&abmbkap&lk&qeb&bksfolkjbkq<

x& Dlkq^`q&jbafrj.&b0d0&lwlkb.&lfi.&dob^pb

x& Ubjmbo^qrobp

Ueb&dbkbo^i&obnrfobjbkqp&^ob<

Hlla&^dbfkd&obpfpq^k`b

x& Xb^o&obpfpq^k`b

x& Sbi^qfsbiv&ilt&qbkabk`v&ql&obqrok&ql&lofdfk^i&pe^mb&rkabo&qbk/

pflk&^ka&qbjmbo^qrob&+pbb&�Hlrde/Klrib&bccb`q�.&pb`qflk&:035,

x& Hlla&_bkafkd&cibuf_fifqv

Fig. 2.18  F\RZ$QR_VTZ$'XRS`()$P^[__RQ$QR_VTZ$'^VTU`(

Compounds for drive belts

Ueb& cliiltfkd& `ljmlrkap& e^sb& molsbk& qebjpbisbp& rkabo& qeb&

^_lsb&`lkafqflkp<

E0540-80

x& Fqevibkb&molmvibkb&afbkb&or__bo&+FQEN,

x& Ubjmbo^qrob&obpfpq^kq&rm&ql&-:2&�D&+j^u&-322&�D,

x& FQEN&fp&klq&obpfpq^kq&ql&jfkbo^i&lfi&^ka&dob^pb

x& Jc&`lkq^`q&tfqe&ir_of`^kq&colj&_b^ofkd&elrpfkd&lo&j^`efkb&m^oqp&

`^kklq&_b&^slfaba.&pfif`lkb&lfi&^ka&dob^pb&pelria&_b&rpba

C0557-70

x& Deilolmobkb&or__bo&+DS,

x& Ubjmbo^qrob&obpfpq^kq&rm&ql&^mmo0&-:2&�D

x& DS&fp&`ljm^qf_ib&tfqe&jfkbo^i&lfip&^ka&dob^pbp

x& Ueb&avk^jf`&molmboqfbp&^ob&klq&^p&dlla&^p&qelpb&lc&FQEN&^ka&

QVS0&Ueb&pqobpp&obi^u^qflk&lc&DS&fp&^p&dlla&^p&qe^q&lc&FQEN0

S0604-70

x& Tfif`lkb&or__bo&+WNR,

x& Ubjmbo^qrob&obpfpq^kq&ql&^mmo0&-322&�D&+j^ufjrj&ql&-372&�D,

x& WNR&fp&kloj^iiv&rpba&tebob&efde&qbjmbo^qrobp&^mmiv

x& Ubkpfib&pqobkdqe&^ka&tb^o&obpfpq^k`b&^ob&mllo&`ljm^oba&ql&

lqebo&`ljmlrkap

P5008

x& Uebojlmi^pqf`&Qlivrobqe^kb&+UQV,

x& Ubjmbo^qrob&obpfpq^kq&rm&ql&^mmo0&-77&�D&+abmbkabkq&lk&obi^/

qfsb&erjfafqv,

x& QVS&fp&klqba&clo&fqp&cfojkbpp.&tb^o&obpfpq^k`b&^ka&ifcbqfjb0&

Cb`^rpb&lc&qefp.&QVS&`^k&_b&^mmifba&fk&abj^kafkd&tlohfkd&

`lkafqflkp&lo&tebk&qo^kpcboofkd&i^odbo&il^ap0

Ueb&cliiltfkd&q^_ib&`ljm^obp&aofsb&_biq&bi^pqljbop&^``loafkd&ql&

qebfo&molmboqfbp&+rpfkd&s^irbp&l_q^fkba&colj&qbpqp&tfqe&qeb&P/ofkd&

pfwb&4/375.&::08&�&408&jj,0

AdvanCell
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Dynamic tensile relaxation:

Ubpqfkd&mbofla<& 94&e

Ubpqfkd&qbjm0<& ollj&qbjmbo^qrob

Eofsb&mriibv<& 3707&jj&af^

Tmbba<& & 3962&omj

Ubkpflk<&& 20:5&O1jj4

Ml^afkd<&& &Nljbkqrj&lc&qeb&aofsbk&mriibv&+`^pq&folk,&8807&

jj&af^&fk&^&qbpq&`v`ib&q^hfkd&5&jfkrqbp&tfqe&37&

pb`lkap&ql&pq^ka&pqfii0

Static tensile relaxation:

Ubpqfkd&mbofla<& 6:&e

Ubjmbo^qrob<& pbb&q^_ib

Qob/qbkpflkfkd<& &20:5& O1jj4& _bqtbbk& qtl& mriibvp& tfqe& 3409& jj&

af^0

Design information

x& Efob`q&`lkq^`q&tfqe&cirfap&pelria&_b&^slfaba.&^p&fq&j^v&`^rpb&

pifmm^db0&Ueb&Nbafrj&Dljm^qf_fifqv&Û _ib&+pbb&^mmbkafu,&ab/

q^fip&`lkq^`q&jbafrj&`ljm^qf_fifqv&tfqe&afccbobkq&bi^pqljbop0

x& Ueb&jfkfjrj&mriibv&af^jbqbo&fp&E
4
&jj&?&8&�&a

4
&+`olpp/pb`/

qflk,0

x& Ueb&P/ofkd&fkkbo&af^jbqbo&a
3
&`^k&pqobq`e&ql&^&j^ufjrj&lc&

37%)&+^sbo^db&bilkd^qflk&_bqtbbk&:&^ka&34&),0

x& Ubkpflk&tebk&cfqqba&^mmo&208&ql&302&O1jj40

x& Dolpp/pb`qflk&a
4
&pelria&_b&dob^qbo&lo&bnr^i&qebk&4084&jj0

Ordering detail

Bii&P/ofkdp&tef`e&^ob&rpba&^p&aofsb&_biqp&^ob&pr_gb`q&ql&^aafqflk^i&

nr^ifqv&fkpmb`qflk&mol`barobp&^ka&fkpmb`qflk&clo&proc^`b&abcb`qp&

rkabo&bilkd^qflk0&P/ofkdp&loaboba&clo&qefp&^mmif`^qflk&pelria&_b&

`laba&^p&cliiltp<&�4/472.&F2762/:2.&aofsb&_biq�0

Calculation of a drive belt: open design

B__obsf^qflkp<

D<& Dbkqbo&ifkb&afpq^k`b&lc&mriibvp&+jj,

E
3
<& Ef^jbqbo&lc&aofsbk&mriibv&+jj,

E
4
<& Ef^jbqbo&lc&aofsb&mriibv&+jj,

T<& Filkd^qflk&^p&^&ab`fj^i&+b0d0&32&)&?&203,

a
3
<& P/ofkd&fkkbo&af^jbqbo&+jj,

a
4
<& P/ofkd&`olpp/pb`qflk&+jj,

M<& Mbkdqe&lc&aofsb&_biq&+jj,

C<& D^i`ri^qflk&c^`qlo

C

D
1

D
2

Fig. 2.19  F\RZ$QR_VTZ

3,&D^i`ri^qflk&lc&P/ofkd&pfwb&a
3
<

hkltk<

E
3
&1&E

4
<& Ef^jbqbo&lc&mriibvp

D<& Dbkqob&ifkb&afpq^k`b&lc&mriibvp

T<& Filkd^qflk&^p&^&ab`fj^i&+b0d0&32&)&?&203,

^,&D^i`ri^qflk&lc&aofsb&_biq&ibkdqe&M<

(D1 – D2)
2

L = 2 C + 1.57 × (D1 + D2) +
4C

_,&D^i`ri^qflk&lc&P/ofkd&fkpfab&af^jbqbo&a
3
<

L
d1 =

3.14 × (1.0 + S)

`,&P/ofkd&fp&pbib`qba&^``loafkd&ql&qeb&P/ofkd&pfwb&ifpq0&Jc&^&pfwb&c^iip&

_bqtbbk&qtl&pfwbp&dfsbk&fk&qeb&q^_ib.&qebk&qeb&pj^iibo&pfwb&pelria&

_b&q^hbk0

4,&D^i`ri^qflk&lc&bilkd^qflk&T<

hkltk<

a
3
<& Jkpfab&af^jbqbo&lc&P/ofkd

D<& Dbkqob&ifkb&afpq^k`b&lc&mriibvp

E
3
&1&E

4
<& Ef^jbqbo&lc&mriibvp

^,&D^i`ri^qflk&lc&aofsb&_biq&M<&+pbb&3^,

=UfY&
Y_Ufgb`Ye

KUe^Ye&
Wb`cbhaX

CUeX-
aYff

?laU`]W&
gYaf]_Y&

&eY_UkUg]ba3,

NgUg]W&gYaf]_Y&eY_UkUg]ba3, ?laU`]W&
VY\Ui]bhe4,

JcYeUg]a[&
gY`cYeUgheY

>b`cUg]V]_]gl&j]g\4,

OY`cYeUgheY

H
]a

Y
eU

_&
b

]_
&

U
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X
&[

eY
U
f
Y

N
]_
]W

b
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Y
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]_
&

U
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X
&[

eY
U
f
Y

R
U
gY
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J
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a

<
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eU
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a

SN\beY&
<T

24&r> 65&r> 80&r>

GRFO G49841<4 <4�7 57 * 58 * 5< * 64 * / ( <4 ,544- � // // // /

ET E499;1;4 ;4�7 58 * 58 * 5= * 66 * 4 ( <4 / // / / /

XOS U4:481;4 ;4�7 65 * ( 6 * ( 9 * ( 6 * / 544 ,594- 4 4 / // 4

VRW R944< =8�7 5= * 65 * 6= * 7: * // ( 99 // // 431 // //

%1)%(D]XbXP[%bT]aX^]%0.83%G/\\2)
2)%dT`g%V^^S:%++,%V^^S:%+,%PdT`PVT:%0,%[X\XbTS%caT:%0/-,%]^b%acXbPQ[T:%-

Tab. 2.13   :[Y\N^V_[Z$[S$RXN_`[YR^VP$Q^VbR$ORX`$\^[\R^`VR_
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_,&D^i`ri^qflk&lc&bilkd^qflk&T&^p&^&ab`fj^i<

L
S = – 1

3.14 × d1

5,&D^i`ri^qflk&lc&`bkqob&ifkb&afpq^k`b&D&lc&mriibvp<

hkltk<&

a
3
<& Jkpfab&af^jbqbo&lc&P/ofkd

T<& Filkd^qflk&^p&^&ab`fj^i&+b0d0&32&)&?&2032,

E
3
&1&E

4
<& Ef^jbqbop&lc&mriibvp

^,&D^i`ri^qflk&lc&c^`qlo&C<

C&?&5036&�&a
3
&�&+T&-&3,&�&3079&�&+E

3
-&E

4
,

_,&Uebob^cqbo&`^i`ri^qflk&lc&`bkqob&ifkb&afpq^k`b&D<

-,+,*-),(,'&%,+,&)$
)

#,"
!

Crossed design

B__obsf^qflkp<

D<& Dbkqbo&ifkb&afpq^k`b&lc&mriibvp&\jj]

E
3
<& Ef^jbqbo&lc&aofsbk&mriibv&\jj]

E
4
<& Ef^jbqbo&lc&aofsb&mriibv&\jj]

T<& Filkd^qflk&^p&^&ab`fj^i&+b0d0&32&)&?&203,

a
3
<& P/ofkd&fkkbo&af^jbqbo&\jj]

a
4
<& P/ofkd&`olpp/pb`qflk&\jj]

M<& Mbkdqe&lc&aofsb&_biq&\jj]

C<& D^i`ri^qflk&c^`qlo

C

D
1

D
2

Fig. 2.20  :^[__RQ$QR_VTZ

3,&D^i`ri^qflk&lc&P/ofkd&pfwb&a
3
<

hkltk<

E
3
&1&E

4
<& Ef^jbqbo&lc&mriibvp

D<& Dbkqob&ifkb&afpq^k`b&lc&mriibvp

T<& Filkd^qflk&^p&^&ab`fj^i&+b0d0&32&)&?&203,

^,&D^i`ri^qflk&lc&aofsb&_biq&ibkdqe&M<

(D1 – D2)
2

L = 2 C + 1.57 × (D1 + D2) +
4C

_,&D^i`ri^qflk&lc&P/ofkd&fkpfab&af^jbqbo&a
3
<

L
d1 =

3.14 × (1.0 + S)

`,&P/ofkd&fp&pbib`qba&^``loafkd&ql&qeb&P/ofkd&pfwb&ifpq0&Jc&^&pfwb&c^iip&

_bqtbbk&qtl&pfwbp&dfsbk&fk&qeb&q^_ib.&qebk&qeb&pj^iibo&pfwb&pelria&

_b&q^hbk0

4,&D^i`ri^qflk&lc&bilkd^qflk&T<

hkltk<

a
3
<& Jkpfab&af^jbqbo&lc&P/ofkd

D<& Dbkqob&ifkb&afpq^k`b&lc&mriibvp

E
3
&1&E

4
<& Ef^jbqbo&lc&mriibvp

^,&D^i`ri^qflk&lc&aofsb&_biq&ibkdqe&M<&+pbb&3^,

_,&D^i`ri^qflk&lc&bilkd^qflk&T&^p&^&ab`fj^i<

L
S = – 1

3.14 × d1

5,&D^i`ri^qflk&lc&`bkqob&ifkb&afpq^k`b&D&lc&mriibvp<

hkltk<

a
3
<& Jkpfab&af^jbqbo&lc&P/ofkd

T<& Filkd^qflk&^p&^&ab`fj^i&+b0d0&32&)&?&2032,

E
3
&1&E

4
<& Ef^jbqbop&lc&mriibvp

^,&D^i`ri^qflk&lc&c^`qlo&C<

C&?&5036&�&a
3
&�&+T&-&3,&�&3079&�&+E

3
-&E

4
,

_,&Uebob^cqbo&`^i`ri^qflk&lc&`bkqob&ifkb&afpq^k`b&D<

-,+,*-),(,'&%,(,&)$
)

#,"
!

Fig. 2.21  GaXXRe$TXNZQ$^NQVa_$

X
2

e
1

62:6 5269-2032

7297 52;4-2032

9277 62:4-2032

:2== 7294-2037

Tab. 2.14   $

Glo&lqebo&`olpp/pb`qflkp&a
4
<

o
3
&?&206;&�&a

4

Troc^`b&olrdekbpp<

S
j^u

& >&805&$j

S
^
& >&308&$j
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2  Forms of installation

2.5 Design and assembly instructions

Mb^h/cobb&pb^ip&^ob&^`efbsba&tebk&molmbo&pb^ifkd&j^qbof^i&fp&pb/

ib`qba&fk&qeb&ofdeq&pfwbp&^ka&prccf`fbkqiv&abclojba0&Dloob`q&abclo/

j^qflk& abmbkap& lk& l_pbos^k`b& lc& j^`efkb& bibjbkq& qlibo^k`bp&

^ka&proc^`b&cfkfpebp0&Jk&mo^`qf`^i&qbojp&^ii&c^`qlop&fkcirbk`fkd&qeb&

pb^i&jrpq&_b&`lkpfaboba0&G^firobp&arb&ql&`^obibpp&abpfdk&`^k&ib^a&

ql&obtlohfkd.&fk`ob^pba&pbosf`fkd.&afp^ppbj_iv.&altkqfjb&lo&mob/

j^qrob&j^fkqbk^k`b&^ka&lqebo&^aafqflk^i&`lpqp0

2.5.1 Chamfers

Ul&c^`fifq^qb&qeb&^ppbj_iv&lc&j^`efkb&m^oqp.&^ka&ql&mobsbkq&a^j/

^dfkd&qeb&pb^ip.&`e^jcbop&^ob&kb`bpp^ov&lk&^ii&ib^afkd&badbp0&Bii&

badbp&jrpq&_b&cobb&colj&_roop&^ka&pe^om&badbp&_bsbiiba0

15°–20°

Fig. 2.22  8__RYOXe$RdNY\XR$[S$\V_`[Z

15°–20°

Fig. 2.23  8__RYOXe$RdNY\XR$[S$^[Q

15°–20°

Lead-in edge chamfer height, x > y

Fig. 2.24  JUR$QVNT^NY$_U[c_$`UR$XRNQVZT$RQTR$PUNYSR^$NZQ$NZ$F*^VZT$ORS[^R$

P[Y\^R__V[Z+$;VYRZ_V[Z$d$_U[aXQ$OR$T^RN`R^$`UNZ$QVYRZ_V[Z$e$`[$RZ_a^R$N$

`^[aOXR*S^RR$N__RYOXe$[\R^N`V[Z+

2.5.2 Traversing of cross drilled ports

Bk&P/ofkd&`^k&_b&peb^oba&tebk&^&pmlli&lo&ola&jlsbp&fk&^&_lob&

_olhbk&_v&`olpp&aofiiba&mloqp0&Ueb&abclojba&P/ofkd&obqrokp&ql&fqp&

lofdfk^i&olrka&`olpp/pb`qflk&^p&fq&bkqbop& qeb&mloq&^ka&fp&peb^oba&

^p&fq&ib^sbp&qeb&aofiiba&^ob^0&Ul&^slfa&qefp.&`lkkb`qflk&elibp&pelria&

_b&obmlpfqflkba0

Z

Fig. 2.25  

Fig. 2.26  @S$^R\[_V`V[ZVZT$_U[aXQ$Z[`$OR$\[__VOXR)$NZ$VZ`R^ZNX$PUNYSR^$V_$^RP[Y*

YRZQRQ+

Fig. 2.27  8$ONXNZPVZT$T^[[bR$VZ$`UR$N^RN$[S$`UR$O[^R$V_$`UR$OR_`$_[Xa`V[Z+$JUR$F*

^VZT$PNZ$^RXNd$NZQ$V_$TaVQRQ$`U^[aTU$`UR$XRNQ*VZ$NZQ$^aZ*[a`$PUNYSR +̂

2.5.3 Impurities and cleaning materials

M^`h&lc&`ib^kifkbpp&lc&P/ofkd&di^kap&ib^ap&ql&ib^h^db0&Ul&bkprob&

molqb`qflk&colj&clobfdk&m^oqf`ibp&lc&pb^ifkd&c^`bp&arofkd&lmbo^qflk.&

fq&fp&kb`bpp^ov&ql&rpb&cfiqbop&lo&ql&mi^k&j^fkqbk^k`b&`v`ibp0

Dib^kfkd&j^qbof^ip&jrpq&_b&̀ ljm^qf_ib&tfqe&qeb&bi^pqljbo0&Hob^pb&

rpba&ql&b^pb&^ppbj_iv&jrpq&^ipl&_b&`ljm^qf_ib0

AdvanCell
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2.5.4 Elongation

P/ofkdp& lo& _^`h/rm& ofkdp& `^k& _b& pqobq`eba arofkd& ^ppbj_iv& kl&

jlob&qe^k&72&)&lc&qebfo&fkkbo&af^jbqbop0&Jq&fp&b^pv&ql&bu`bba&qefp&

s^irb&tfqe& pj^iibo& fkkbo&af^jbqbop.& ^p& qeb&pj^iibo& qeb&af^jbqbo.&

qeb&pllkbo&qeb&pqobq`efkd&mbo`bkq^db&`^k&ob^`e&^&`ofqf`^i&s^irb0

Jq&qebobclob&fp&fjmloq^kq&ql&bkprob&qe^q&qeb&pqobq`e&obj^fkp&fkcboflo&

ql&riqfj^qb&bilkd^qflk&dfsbk&fk&`ljmlrka&a^q^&pebbqp0&Jc&^k&P/ofkd&

fp&pqobq`eba&ql&kb^o&fqp&bi^pqf`&ifjfq&fq&tfii&obqrok&ql&fqp&lofdfk^i&pfwb&

^cqbo&^&peloq&abi^v0

2.5.5 Rolling

P/ofkdp&lc&i^odb&fkkbo&af^jbqbop&^ka&pj^ii&`olpp/pb`qflkp&qbka&ql&

olii&arofkd&̂ ppbj_iv0&Bk&P/ofkd&oliiba&arofkd&cfqqfkd&̀ ^k&ib^a&ql&pmf/

o^i&c^firob&+pbb&pb`qflk&�P/ofkd&c^firob�,&lo&qbka&ql&ib^h0

Fig. 2.28  F*^VZT$#``RQ$^[XXRQ

2.5.6 Sharp edges

P/ofkdp& pelria& klq& _b& ao^tk& lsbo& pe^om& badbp0& Ueob^ap.& pifqp.&

_lobp.&di^kap.&pmifkbp.&bq`0&jrpq&_b&objlsba&lo&`lsboba0&Gfqqfkd&

^fap&^ppfpq&^ppbj_iv&^ka&^slfa&pe^om&badbp0

Fig. 2.29  K_R$[S$N$#``VZT$NVQ

2.5.7 Fitting aids

Stamp 

Location aid 

Fitting back-stop 

Fig. 2.30  K_R$[S$N$_`NY\$NZQ$N$X[PN`V[Z$NVQ

Fig. 2.31  =V``VZT$NVQ$V_$_a\\XRYRZ`RQ$Oe$N$_XRRbR$`[$\^[`RP`$`UR$_RNX$S^[Y$_UN^\$

RQTR_+
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3  Design recommendations

3.1 Static seals

3.1.1 Compression and design dimensions

Piston seal – radial compression

P/ofkd&^ppbj_iv&fk&fkpfab&bibjbkq

O d9O d4 O d3

b

Fig. 3.1  GV_`[Z$_RNX$i$^NQVNX$P[Y\^R__V[Z$

Rod seal – radial compression

P/ofkd&^ppbj_iv&fk&lrqpfab&bibjbkq

O d5 O d10O  d6

b

Fig. 3.2  H[Q$_RNX$i$^NQVNX$P[Y\^R__V[Z

Flange seal – axial compression

Qobpprob& colj& fkpfab<& P/ofkd& lrqpfab& af^jbqbo& jrpq& _b& `lj/

mobppba

b

h O d7

Fig. 3.3  =XNZTR$_RNX$i$NdVNX$P[Y\^R__V[Z$

Qobpprob&colj&lrqpfab<&P/ofkd&fkpfab&af^jbqbo&jrpq&_b&pqobq`eba

b 

h O d  8 

Fig. 3.4  =XNZTR$_RNX$i$NdVNX$P[Y\^R__V[Z

r
1

b

f 7 H8 t

Pressure direction Pressure direction Pressure direction0–5°

r
2
 = 0.2–0.4 mm 

b
2

b
1

b

>ebff-fYWg]ba&
X

2

B_UaX&
XYcg\&g

>b`ceYf-
f]ba

>b`ceYff]ba BebbiY&j]Xg\&V BebbiY&j]Xg\&V
1

BebbiY&j]Xg\&V
2

MUX]hf&e
1

j]g\bhg&VUW^-hc&e]a[ baY&VUW^-hc&e]a[ gjb&VUW^-hc&e]a[f

S``T S``T S``T S(T S``T S``T S``T S``T

52;< �202: 5284 426: 1 429< 59(1(75 6284 1 62:4 & 5072 1 ( 72;4 ( 82:4 1 ( 82<4 4264 1 4284

62:6 �202; 6264 426: 1 42:8 54(1(67 72:4 1 72<4 & 6092 1 ( 82=4 ( 92<4 1 ( :244 4264 1 4284

7297 �2032 62=4 4284 1 42<9 55(1(67 82<4 1 9244 & 70:2 1 ( :244 ( :2<4 1 ( ;244 4284 1 42<4

9277 �2035 8294 429; 1 524< 55(1(64 ;264 1 ;284 & :092 1 ( <2=4 54264 1 54284 4284 1 42<4

:2== �2037 92=4 42<4 1 5279 55(1(5= =2:4 1 =2<4 34022 1 56264 58284 1 542:4 4284 1 42<4

Tab. 3.1   ;R_VTZ$QVYRZ_V[Z_$S[^$F*^VZT_$i$_`N`VP$_RNX
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3.1.2 Piston seal static

Ø d
4

Ø d
9

b
b

2
b

1
b

d
2

d
1

Ø d
3

no back-up ring one back-up ring two back-up rings

KUe^Ye&
ab.

X
1

X
2

V V
1

V
2

X
3

X
4

X
9

+0.2 +0.2 +0.2

0 0 0 \9 C8 Z7

4/228 40; 309: 406 507 608 40; 707 707

7/3;2 5057 309: 406 507 608 506 8 8

4/229 508: 309: 406 507 608 50; 808 807

4/22: 6069 309: 406 507 608 606 9 9

7/7:3 60; 30; 406 507 608 7 90: 90:

4/22; 704: 309: 406 507 608 706 : :

7/7:4 709 30; 406 507 608 709 :07 :07

4/232 8029 309: 406 507 608 806 ; ;

7/274 80:8 309: 406 507 608 906 32 32

4/233 9087 309: 406 507 608 :06 33 33

7/834 :096 309: 406 507 608 :0; 3307 3307

4/234 ;047 309: 406 507 608 ;06 34 34

7/434 ;097 309: 406 507 608 3206 35 35

4/235 320:4 309: 406 507 608 320; 3507 3507

7/835 3303 309: 406 507 608 3306 36 36

4/236 34064 309: 406 507 608 3406 37 37

8/34; 3504; 309: 406 507 608 3506 38 38

4/238 3708 309: 406 507 608 3706 3: 3:

4/239 39039 309: 406 507 608 3906 42 42

4/23: 3:099 309: 406 507 608 3:06 43 43

4/23; 42057 309: 406 507 608 4206 45 45

4/242 430;7 309: 406 507 608 4406 47 47

4/243 45074 309: 406 507 608 4506 48 48

4/244 47034 309: 406 507 608 4706 4: 4:

4/245 4809 309: 406 507 608 4906 52 52

4/246 4:05 309: 406 507 608 4;06 54 54

4/247 4;0:9 309: 406 507 608 5206 55 55

4/248 53069 309: 406 507 608 5406 57 57

4/249 55027 309: 406 507 608 5506 58 58

4/24: 56087 309: 406 507 608 5706 5: 5:

8/376 5805 309: 406 507 608 5906 62 62

4/252 63 309: 406 507 608 6406 67 67

4/253 66039 309: 406 507 608 6706 6: 6:

4/254 69057 309: 406 507 608 6906 72 72

4/255 72074 309: 406 507 608 7406 77 77

4/256 7509 309: 406 507 608 7706 7: 7:

4/257 780:9 309: 406 507 608 7906 82 82

4/258 8202: 309: 406 507 608 8206 85 85

KUe^Ye&
ab.

X
1

X
2

V V
1

V
2

X
3

X
4

X
9

+0.2 +0.2 +0.2

0 0 0 \9 C8 Z7

4/259 85044 309: 406 507 608 8706 8: 8:

4/25: 8806 309: 406 507 608 8906 92 92

4/25; 8;079 309: 406 507 608 8;06 94 94

4/262 94097 309: 406 507 608 9706 9: 9:

4/263 970;4 309: 406 507 608 9906 :2 :2

4/264 :4049 309: 406 507 608 :406 :7 :7

4/265 ::084 309: 406 507 608 :;06 ;4 ;4

4/266 ;60;9 309: 406 507 608 ;906 322 322

4/267 323054 309: 406 507 608 32406 327 327

4/268 329089 309: 406 507 608 32906 332 332

4/269 336024 309: 406 507 608 33906 342 342

4/26: 342059 309: 406 507 608 34406 347 347

4/26; 348094 309: 406 507 608 34906 352 352

4/272 355029 309: 406 507 608 35706 35: 35:

4/332 ;03; 4084 508 609 70: ;05 3507 3507

7/836 ;0;5 4084 508 609 70: ;0: 36 36

4/333 32099 4084 508 609 70: 320: 37 37

7/837 330;3 4084 508 609 70: 330: 38 38

4/334 34059 4084 508 609 70: 340: 39 39

7/838 35033 4084 508 609 70: 3505 3907 3907

4/335 350;6 4084 508 609 70: 36 3: 3:

7/45; 3606: 408; 508 609 70: 3608 3; 3;

7/465 37056 4084 508 609 70: 370: 42 42

4/336 37076 4084 508 609 70: 380: 43 43

4/337 39034 4084 508 609 70: 390: 44 44

7/478 390;8 4084 508 609 70: 3:0: 45 45

4/338 3:094 4084 508 609 70: 3;0: 46 46

4/339 42504; 4084 508 609 70: 420: 47 47

4/33: 430:; 4084 508 609 70: 430: 48 48

4/33; 45069 4084 508 609 70: 450: 4: 4:

4/342 47029 4084 508 609 70: 470: 52 52

4/343 48086 4084 508 609 70: 490: 54 54

4/344 4:046 4084 508 609 70: 4:0: 55 55

4/345 4;0:4 4084 508 609 70: 520: 57 57

4/346 53064 4084 508 609 70: 530: 58 58

4/347 540;; 4084 508 609 70: 550: 5: 5:

4/348 5607; 4084 508 609 70: 570: 62 62

4/349 58039 4084 508 609 70: 580: 63 63

Fig. 3.5  
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KUe^Ye&
ab.

X
1

X
2

V V
1

V
2

X
3

X
4

X
9

+0.2 +0.2 +0.2

0 0 0 \9 C8 Z7

4/34: 59099 4084 508 609 70: 590: 64 64

4/34; 5;056 4084 508 609 70: 5;0: 66 66

4/352 620;6 4084 508 609 70: 6306 67 67

4/353 64074 4084 508 609 70: 650: 6: 6:

4/354 66034 4084 508 609 70: 660: 6; 6;

4/355 6708; 4084 508 609 70: 670: 72 72

4/356 6904; 4084 508 609 70: 690: 74 74

4/357 6:0; 4084 508 609 70: 6;0: 76 76

4/358 72069 4084 508 609 70: 720: 77 77

4/359 74029 4084 508 609 70: 730: 78 78

4/35: 75086 4084 508 609 70: 750: 7: 7:

4/35; 77047 4084 508 609 70: 770: 82 82

4/362 780:4 4084 508 609 70: 790: 84 84

4/363 7:064 4084 508 609 70: 7:0: 85 85

4/364 7;0;; 4084 508 609 70: 820: 87 87

4/365 8308 4084 508 609 70: 830: 88 88

4/366 85039 4084 508 609 70: 850: 8: 8:

4/367 86099 4084 508 609 70: 870: 92 92

4/368 88056 4084 508 609 70: 880: 93 93

4/369 890;7 4084 508 609 70: 890: 94 94

4/36: 8;074 4084 508 609 70: 920: 97 97

4/36; 93034 4084 508 609 70: 930: 98 98

4/372 9408; 4084 508 609 70: 950: 9: 9:

4/373 970:9 4084 508 609 70: 970: :2 :2

4/374 :4044 4084 508 609 70: :70: ;2 ;2

4/375 ::079 4084 508 609 70: ;20: ;7 ;7

4/376 ;60;4 4084 508 609 70: ;70: 322 322

4/377 323049 4084 508 609 70: 3270: 332 332

4/378 329084 4084 508 609 70: 3320: 337 337

4/379 3350;9 4084 508 609 70: 3370: 342 342

4/37: 342054 4084 508 609 70: 3420: 347 347

4/37; 348089 4084 508 609 70: 3520: 357 357

4/382 355024 4084 508 609 70: 3570: 362 362

4/383 35;059 4084 508 609 70: 3620: 367 367

4/384 367094 4084 508 609 70: 3670: 372 372

4/385 374029 4084 508 609 70: 3770: 382 382

4/386 37:064 4084 508 609 70: 3820: 387 387

4/387 386099 4084 508 609 70: 3870: 392 392

4/388 393034 4084 508 609 70: 3970: 3:2 3:2

4/389 399069 4084 508 609 70: 3:20: 3:7 3:7

4/38: 3:50:4 4084 508 609 70: 3:70: 3;2 3;2

4/38; 3;2039 4084 508 609 70: 3;70: 422 422

4/392 3;8074 4084 508 609 70: 4220: 427 427

4/393 4240:9 4084 508 609 70: 4270: 432 432

4/394 42;044 4084 508 609 70: 4320: 437 437

4/395 437079 4084 508 609 70: 4370: 442 442

4/396 4430;4 4084 508 609 70: 4470: 452 452

4/397 44:049 4084 508 609 70: 4520: 457 457

KUe^Ye&
ab.

X
1

X
2

V V
1

V
2

X
3

X
4

X
9

+0.2 +0.2 +0.2

0 0 0 \9 C8 Z7

4/398 456084 4084 508 609 70: 4570: 462 462

4/399 4620;9 4084 508 609 70: 4670: 472 472

4/39: 469054 4084 508 609 70: 4720: 477 477

4/432 3:086 5075 60: 70: 80: 3;06 47 47

7/7;7 3;0: 508 60: 70: 80: 4206 48 48

4/433 42044 5075 60: 70: 80: 4306 49 49

4/434 430:4 5075 60: 70: 80: 4406 4: 4:

4/435 4505; 5075 60: 70: 80: 4606 52 52

4/436 460;; 5075 60: 70: 80: 4706 53 53

7/83: 470:3 5075 60: 70: 80: 4806 54 54

4/437 48079 5075 60: 70: 80: 4906 55 55

4/438 4:039 5075 60: 70: 80: 4;06 57 57

4/439 4;096 5075 60: 70: 80: 5206 58 58

4/43: 53056 5075 60: 70: 80: 5406 5: 5:

4/43; 540;4 5075 60: 70: 80: 5606 62 62

4/442 56074 5075 60: 70: 80: 5706 63 63

4/443 5802; 5075 60: 70: 80: 5806 64 64

4/444 5908; 5075 60: 70: 80: 5;06 67 67

4/445 620:9 5075 60: 70: 80: 6406 6: 6:

4/446 66026 5075 60: 70: 80: 6606 72 72

4/447 69044 5075 60: 70: 80: 6;06 77 77

4/448 7205; 5075 60: 70: 80: 7206 78 78

4/449 75079 5075 60: 70: 80: 7606 82 82

4/44: 78096 5075 60: 70: 80: 7906 85 85

4/44; 7;0;4 5075 60: 70: 80: 7;06 87 87

4/452 8502; 5075 60: 70: 80: 8606 92 92

4/453 88049 5075 60: 70: 80: 8806 94 94

4/454 8;066 5075 60: 70: 80: 8;06 97 97

4/455 94084 5075 60: 70: 80: 9606 :2 :2

4/456 9709; 5075 60: 70: 80: 9806 :4 :4

4/457 9:0;9 5075 60: 70: 80: 9;06 :7 :7

4/458 :4036 5075 60: 70: 80: :606 ;2 ;2

4/459 :7054 5075 60: 70: 80: :806 ;4 ;4

4/45: ::06; 5075 60: 70: 80: :;06 ;7 ;7

4/45; ;3089 5075 60: 70: 80: ;606 322 322

4/462 ;60:6 5075 60: 70: 80: ;806 324 324

4/463 ;:024 5075 60: 70: 80: ;;06 327 327

4/464 32303; 5075 60: 70: 80: 32406 32: 32:

4/465 326059 5075 60: 70: 80: 32606 332 332

4/466 329076 5075 60: 70: 80: 32;06 337 337

4/467 332094 5075 60: 70: 80: 33406 33: 33:

4/468 3350:; 5075 60: 70: 80: 33606 342 342

4/469 339029 5075 60: 70: 80: 33;06 347 347

4/46: 342046 5075 60: 70: 80: 34406 34: 34:

4/46; 345064 5075 60: 70: 80: 34606 352 352

4/472 34807; 5075 60: 70: 80: 34909 354 354

4/473 34;099 5075 60: 70: 80: 3520; 357 357

4/474 3540;6 5075 60: 70: 80: 35606 362 362
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4/475 358034 5075 60: 70: 80: 35806 364 364

4/476 35;04; 5075 60: 70: 80: 35;06 367 367

4/477 364069 5075 60: 70: 80: 36606 372 372

4/478 367086 5075 60: 70: 80: 36806 374 374

4/479 36:0:4 5075 60: 70: 80: 36;06 377 377

4/47: 3730;; 5075 60: 70: 80: 37606 382 382

4/47; 37:056 5075 60: 70: 80: 37;06 387 387

4/482 38608; 5075 60: 70: 80: 38606 392 392

4/483 393026 5075 60: 70: 80: 39606 3:2 3:2

4/484 39905; 5075 60: 70: 80: 39;06 3:7 3:7

4/485 3:5096 5075 60: 70: 80: 3:606 3;2 3;2

4/486 3;202; 5075 60: 70: 80: 3;606 422 422

4/487 3;8066 5075 60: 70: 80: 3;;06 427 427

4/488 42409; 5075 60: 70: 80: 42606 432 432

4/489 42;036 5075 60: 70: 80: 43606 442 442

4/48: 43706; 5075 60: 70: 80: 43;06 447 447

4/48; 4430:6 5075 60: 70: 80: 44606 452 452

4/492 44:03; 5075 60: 70: 80: 44;06 457 457

4/493 456076 5075 60: 70: 80: 45606 462 462

4/494 4620:; 5075 60: 70: 80: 46606 472 472

4/495 469046 5075 60: 70: 80: 46;06 477 477

4/496 47507; 5075 60: 70: 80: 47606 482 482

4/497 48804; 5075 60: 70: 80: 49606 4:2 4:2

4/498 49:0;; 5075 60: 70: 80: 4:606 4;2 4;2

4/499 4;308; 5075 60: 70: 80: 4;606 522 522

4/49: 52605; 5075 60: 70: 80: 53606 542 542

4/49; 54;09; 5075 60: 70: 80: 56606 572 572

4/4:2 57703; 5075 60: 70: 80: 58606 592 592

4/4:3 5:207; 5075 60: 70: 80: 5;606 622 622

4/4:4 627048 5075 60: 70: 80: 63606 642 642

4/4:5 652088 5075 60: 70: 80: 66606 672 672

4/4:6 678028 5075 60: 70: 80: 69606 6:2 6:2

4/547 59069 7055 904 :09 3204 5905 68 68

4/548 62086 7055 904 :09 3204 6305 72 72

7/552 64074 7055 904 :09 3204 6505 74 74

4/549 650:4 7055 904 :09 3204 6805 77 77

4/54: 680;; 7055 904 :09 3204 6905 78 78

7/55: 6:0; 7055 904 :09 3204 6;05 7: 7:

4/54; 72039 7055 904 :09 3204 7305 82 82

4/552 75056 7055 904 :09 3204 7505 84 84

4/553 78074 7055 904 :09 3204 7805 87 87

4/554 7;08; 7055 904 :09 3204 8305 92 92

4/555 840:9 7055 904 :09 3204 8505 94 94

4/556 88026 7055 904 :09 3204 8805 97 97

4/557 8;044 7055 904 :09 3204 9305 :2 :2

4/558 9405; 7055 904 :09 3204 9505 :4 :4

4/559 97079 7055 904 :09 3204 9805 :7 :7

4/55: 9:09 7055 904 :09 3204 :305 ;2 ;2
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4/55; :30;4 7055 904 :09 3204 :505 ;4 ;4

4/562 :7 7055 904 :09 3204 :805 ;7 ;7

4/563 ::04 7055 904 :09 3204 :;05 ;: ;:

4/564 ;306 7055 904 :09 3204 ;305 322 322

4/565 ;608 7055 904 :09 3204 ;805 327 327

4/566 ;909 7055 904 :09 3204 ;;05 32: 32:

4/567 3220;9 7055 904 :09 3204 32305 332 332

4/568 32603 7055 904 :09 3204 32805 337 337

4/569 32905 7055 904 :09 3204 32;05 33: 33:

4/56: 33206 7055 904 :09 3204 33305 342 342

4/56; 33508 7055 904 :09 3204 33805 347 347

4/572 3380: 7055 904 :09 3204 33;05 34: 34:

4/573 342 7055 904 :09 3204 34305 352 352

4/574 34503 7055 904 :09 3204 34505 354 354

4/575 34805 7055 904 :09 3204 34805 357 357

4/576 34;07 7055 904 :09 3204 35305 362 362

4/577 35409 7055 904 :09 3204 35505 364 364

4/578 3570: 7055 904 :09 3204 35805 367 367

4/579 35; 7055 904 :09 3204 36305 372 372

4/57: 36404 7055 904 :09 3204 36505 374 374

4/57; 36706 7055 904 :09 3204 36805 377 377

4/582 36:07 7055 904 :09 3204 37305 382 382

4/583 37309 7055 904 :09 3204 37805 387 387

4/584 37:03 7055 904 :09 3204 38305 392 392

4/585 38606 7055 904 :09 3204 38805 397 397

4/586 3920: 7055 904 :09 3204 39305 3:2 3:2

4/587 39903 7055 904 :09 3204 3:305 3;2 3;2

4/588 3:507 7055 904 :09 3204 3:805 3;7 3;7

4/589 3:;0: 7055 904 :09 3204 3;305 422 422

4/58: 3;804 7055 904 :09 3204 42305 432 432

4/58; 42407 7055 904 :09 3204 42805 437 437

4/592 42:0; 7055 904 :09 3204 43305 442 442

4/593 43704 7055 904 :09 3204 43805 447 447

4/594 44308 7055 904 :09 3204 44305 452 452

4/595 4490; 7055 904 :09 3204 45305 462 462

4/596 45605 7055 904 :09 3204 45805 467 467

4/597 46208 7055 904 :09 3204 46305 472 472

4/598 469 7055 904 :09 3204 47305 482 482

4/599 47505 7055 904 :09 3204 48305 492 492

4/59: 488 7055 904 :09 3204 49305 4:2 4:2

4/59; 49:099 7055 904 :09 3204 4:305 4;2 4;2

4/5:2 4;3069 7055 904 :09 3204 4;305 522 522

4/5:3 526039 7055 904 :09 3204 53305 542 542

4/5:4 54;079 7055 904 :09 3204 56305 572 572

4/5:5 5760;9 7055 904 :09 3204 58305 592 592

4/5:6 5:2059 7055 904 :09 3204 5;305 622 622

4/5:7 627048 7055 904 :09 3204 63305 642 642

4/5:8 652088 7055 904 :09 3204 66305 672 672
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4/5:9 678028 7055 904 :09 3204 69305 6:2 6:2

4/5:: 6:3063 7055 904 :09 3204 6;305 722 722

4/5:; 7280:3 7055 904 :09 3204 73305 742 742

4/5;2 754043 7055 904 :09 3204 76305 772 772

4/5;3 779083 7055 904 :09 3204 79305 7:2 7:2

4/5;4 7:408: 7055 904 :09 3204 7;305 822 822

4/5;5 82:02: 7055 904 :09 3204 83305 842 842

4/5;6 85506: 7055 904 :09 3204 86305 872 872

4/5;7 87:0:: 7055 904 :09 3204 89305 8:2 8:2

4/647 335089 80;; ;08 34 3606 33506 347 347

4/648 3380:6 80;; ;08 34 3606 33:06 352 352

4/649 342024 80;; ;08 34 3606 34206 354 354

4/64: 34503; 80;; ;08 34 3606 34506 357 357

4/64; 348059 80;; ;08 34 3606 34:06 362 362

4/652 34;076 80;; ;08 34 3606 35206 364 364

4/653 354094 80;; ;08 34 3606 35506 367 367

4/654 3570:; 80;; ;08 34 3606 35:06 372 372

4/655 35;029 80;; ;08 34 3606 36206 374 374

4/656 364046 80;; ;08 34 3606 36506 377 377

4/657 367064 80;; ;08 34 3606 36806 37: 37:

4/658 36:07; 80;; ;08 34 3606 36:06 382 382

4/659 373099 80;; ;08 34 3606 37506 387 387

4/65: 37:034 80;; ;08 34 3606 37:06 392 392

4/65; 386069 80;; ;08 34 3606 38:06 3:2 3:2

4/662 3920:4 80;; ;08 34 3606 39506 3:7 3:7

4/663 399039 80;; ;08 34 3606 39:06 3;2 3;2

4/664 3:5074 80;; ;08 34 3606 3::06 422 422

4/665 3:;0:9 80;; ;08 34 3606 3;506 427 427

4/666 3;8044 80;; ;08 34 3606 3;:06 432 432

4/667 424079 80;; ;08 34 3606 42:06 442 442

4/668 437049 80;; ;08 34 3606 43:06 452 452

4/669 4490;9 80;; ;08 34 3606 44:06 462 462

4/66: 462089 80;; ;08 34 3606 45:06 472 472

4/66; 475059 80;; ;08 34 3606 46:06 482 482

4/672 488029 80;; ;08 34 3606 48:06 4:2 4:2

4/673 49:099 80;; ;08 34 3606 4::06 522 522

4/674 4;3069 80;; ;08 34 3606 4;:06 532 532

4/675 526039 80;; ;08 34 3606 52:06 542 542

4/676 5380:9 80;; ;08 34 3606 53:06 552 552

4/677 54;079 80;; ;08 34 3606 55:06 572 572

4/678 564049 80;; ;08 34 3606 56:06 582 582

4/679 5760;9 80;; ;08 34 3606 57:06 592 592

4/67: 589089 80;; ;08 34 3606 58:06 5:2 5:2

4/67; 5:2059 80;; ;08 34 3606 5::06 622 622

4/682 5;5029 80;; ;08 34 3606 5;:06 632 632

4/683 627048 80;; ;08 34 3606 62:06 642 642

4/684 6390;8 80;; ;08 34 3606 63:06 652 652

4/685 652088 80;; ;08 34 3606 65:06 672 672
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4/686 665058 80;; ;08 34 3606 66:06 682 682

4/687 678028 80;; ;08 34 3606 67:06 692 692

4/688 68:098 80;; ;08 34 3606 68:06 6:2 6:2

4/689 6:3068 80;; ;08 34 3606 6::06 722 722

4/68: 6;6038 80;; ;08 34 3606 6;:06 732 732

4/68; 7280:8 80;; ;08 34 3606 72:06 742 742

4/692 754048 80;; ;08 34 3606 75:06 772 772

4/693 779088 80;; ;08 34 3606 77:06 792 792

4/694 7:408: 80;; ;08 34 3606 7::06 822 822

4/695 82:02: 80;; ;08 34 3606 82:06 842 842

4/696 85506: 80;; ;08 34 3606 85:06 872 872

4/697 87:0:: 80;; ;08 34 3606 88:06 8:2 8:2

Tab. 3.2   
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4/228 40; 309: 406 507 608 5 708 5

7/3;2 5057 309: 406 507 608 507 803 507

4/229 508: 309: 406 507 608 6 808 6

4/22: 6069 309: 406 507 608 607 903 607

7/7:3 60; 30; 406 507 608 7 90: 7

4/22; 704: 309: 406 507 608 707 :03 707

7/7:4 709 30; 406 507 608 8 :0: 8

4/232 8029 309: 406 507 608 804 :0: 804

7/274 80:8 309: 406 507 608 9 ;08 9

4/233 9087 309: 406 507 608 : 3208 :

7/834 :096 309: 406 507 608 ; 3308 ;

4/234 ;047 309: 406 507 608 ;07 3403 ;07

7/434 ;097 309: 406 507 608 32 3408 32

4/235 320:4 309: 406 507 608 33 3508 33

7/835 3303 309: 406 507 608 34 3608 34

4/236 34064 309: 406 507 608 35 3708 35

8/34; 3504; 309: 406 507 608 36 3808 36

4/238 3708 309: 406 507 608 38 3:08 38

4/239 39039 309: 406 507 608 3: 4208 3:

4/23: 3:099 309: 406 507 608 3; 4308 3;

4/23; 42057 309: 406 507 608 43 4508 43

4/242 430;7 309: 406 507 608 44 4608 44

4/243 45074 309: 406 507 608 46 4808 46

4/244 47034 309: 406 507 608 47 4908 47

4/245 4809 309: 406 507 608 4: 5208 4:

4/246 4:05 309: 406 507 608 4; 5308 4;

4/247 4;0:9 309: 406 507 608 52 5408 52

4/248 53069 309: 406 507 608 54 5608 54

4/249 55027 309: 406 507 608 56 5808 56

4/24: 56087 309: 406 507 608 57 5908 57

8/376 5805 309: 406 507 608 5: 6208 5:

4/252 63 309: 406 507 608 64 6608 64

4/253 66039 309: 406 507 608 67 6908 67

4/254 69057 309: 406 507 608 6: 7208 6:

4/255 72074 309: 406 507 608 74 7608 74

4/256 7509 309: 406 507 608 77 7908 77

4/257 780:9 309: 406 507 608 7: 8208 7:

4/258 8202: 309: 406 507 608 82 8408 82
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4/259 85044 309: 406 507 608 87 8908 87

4/25: 8806 309: 406 507 608 8: 9208 8:

4/25; 8;079 309: 406 507 608 92 9408 92

4/262 94097 309: 406 507 608 97 9908 97

4/263 970;4 309: 406 507 608 9: :208 9:

4/264 :4049 309: 406 507 608 :7 :908 :7

4/265 ::084 309: 406 507 608 ;2 ;408 ;2

4/266 ;60;9 309: 406 507 608 ;7 ;908 ;7

4/267 323054 309: 406 507 608 322 32408 322

4/268 329089 309: 406 507 608 332 33408 332

4/269 336024 309: 406 507 608 337 33908 337

4/26: 342059 309: 406 507 608 342 34408 342

4/26; 348094 309: 406 507 608 347 34908 347

4/272 355029 309: 406 507 608 357 35908 357

4/332 ;03; 4084 508 609 70: ;07 3509 ;07

7/836 ;0;5 4084 508 609 70: 32 3604 32

4/333 32099 4084 508 609 70: 33 3704 33

7/837 330;3 4084 508 609 70: 34 3804 34

4/334 34059 4084 508 609 70: 3407 3809 3407

7/838 35033 4084 508 609 70: 35 3904 35

4/335 350;6 4084 508 609 70: 36 3:04 36

7/45; 3606: 408; 508 609 70: 37 3;06 37

7/465 37056 4084 508 609 70: 38 4204 38

4/336 37076 4084 508 609 70: 3808 4209 3807

4/337 39034 4084 508 609 70: 39 4304 39

7/478 390;8 4084 508 609 70: 3: 4404 3:

4/338 3:094 4084 508 609 70: 3; 4504 3;

4/339 42504; 4084 508 609 70: 43 4704 43

4/33: 430:; 4084 508 609 70: 44 4804 44

4/33; 45069 4084 508 609 70: 46 4:04 46

4/342 47029 4084 508 609 70: 47 4;04 47

4/343 48086 4084 508 609 70: 4: 5404 4:

4/344 4:046 4084 508 609 70: 4; 5504 4;

4/345 4;0:4 4084 508 609 70: 52 5604 52

4/346 53064 4084 508 609 70: 54 5804 54

4/347 540;; 4084 508 609 70: 55 5904 55

4/348 5607; 4084 508 609 70: 57 5;04 57

4/349 58039 4084 508 609 70: 58 6204 58

Fig. 3.6  

AdvanCell
Ex. 1016 - Page 26



6;

O-Ring Handbook

Parker Hannifin
O-Ring Division Europe

3

3  Design recommendations

KUe^Ye&
ab.

X
1

X
2

V V
1

V
2

X
5

X
6

X
10

+0.2 +0.2 +0.2

0 0 0 Z7 C9 C8

4/34: 59099 4084 508 609 70: 5: 6404 5:

4/34; 5;056 4084 508 609 70: 62 6604 62

4/352 620;6 4084 508 609 70: 64 6804 64

4/353 64074 4084 508 609 70: 65 6904 65

4/354 66034 4084 508 609 70: 67 6;04 67

4/355 6708; 4084 508 609 70: 68 7204 68

4/356 6904; 4084 508 609 70: 6: 7404 6:

4/357 6:0; 4084 508 609 70: 6; 7504 6;

4/358 72069 4084 508 609 70: 72 7604 72

4/359 74029 4084 508 609 70: 74 7804 74

4/35: 75086 4084 508 609 70: 77 7;04 77

4/35; 77047 4084 508 609 70: 78 8204 78

4/362 780:4 4084 508 609 70: 7: 8404 7:

4/363 7:064 4084 508 609 70: 82 8604 82

4/364 7;0;; 4084 508 609 70: 83 8704 83

4/365 8308 4084 508 609 70: 84 8804 84

4/366 85039 4084 508 609 70: 85 8904 85

4/367 86099 4084 508 609 70: 87 8;04 87

4/368 88056 4084 508 609 70: 89 9304 89

4/369 890;7 4084 508 609 70: 8: 9404 8:

4/36: 8;074 4084 508 609 70: 92 9604 92

4/36; 93034 4084 508 609 70: 94 9804 94

4/372 9408; 4084 508 609 70: 97 9;04 97

4/373 970:9 4084 508 609 70: 98 :204 98

4/374 :4044 4084 508 609 70: :7 :;04 :7

4/375 ::079 4084 508 609 70: ;2 ;604 ;2

4/376 ;60;4 4084 508 609 70: ;7 ;;04 ;7

4/377 323049 4084 508 609 70: 322 32604 322

4/378 329084 4084 508 609 70: 332 33604 332

4/379 3350;9 4084 508 609 70: 337 33;04 337

4/37: 342054 4084 508 609 70: 342 34604 342

4/37; 348089 4084 508 609 70: 352 35604 352

4/382 355024 4084 508 609 70: 357 35;04 357

4/383 35;059 4084 508 609 70: 362 36604 362

4/384 367094 4084 508 609 70: 372 37604 372

4/385 374029 4084 508 609 70: 377 37;04 377

4/386 37:064 4084 508 609 70: 382 38604 382

4/387 386099 4084 508 609 70: 392 39604 392

4/388 393034 4084 508 609 70: 397 39;04 397

4/389 399069 4084 508 609 70: 3:2 3:604 3:2

4/38: 3:50:4 4084 508 609 70: 3:7 3:;04 3:7

4/38; 3;2039 4084 508 609 70: 3;2 3;604 3;2

4/392 3;8074 4084 508 609 70: 422 42604 422

4/393 4240:9 4084 508 609 70: 427 42;04 427

4/394 42;044 4084 508 609 70: 432 43604 432

4/395 437079 4084 508 609 70: 442 44604 442

4/396 4430;4 4084 508 609 70: 447 44;04 447

4/397 44:049 4084 508 609 70: 452 45604 452
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4/398 456084 4084 508 609 70: 462 46604 462

4/399 4620;9 4084 508 609 7: 467 46;04 467

4/39: 469054 4084 508 609 7: 472 47604 472

4/432 3:086 5075 60: 70: 80: 3; 4608 3;

7/7;7 3;0: 508 60: 70: 80: 42 4708 42

4/433 42044 5075 60: 70: 80: 43 488 43

4/434 430:4 5075 60: 70: 80: 44 4908 44

4/435 4505; 5075 60: 70: 80: 46 4;08 46

4/436 46;; 5075 60: 70: 80: 47 5208 47

7/83: 470:3 5075 60: 70: 80: 48 5308 48

4/437 48079 5075 60: 70: 80: 49 5408 49

4/438 4:039 5075 60: 70: 80: 4: 5508 4:

4/439 4;096 5075 60: 70: 80: 52 5708 52

4/43: 53056 5075 60: 70: 80: 54 5908 54

4/43; 540;4 5075 60: 70: 80: 55 5:08 55

4/442 56074 5075 60: 70: 80: 57 6208 57

4/443 5802; 5075 60: 70: 80: 58 6308 58

4/444 5908; 5075 60: 70: 80: 5: 6508 5:

4/445 620:9 5075 60: 70: 80: 64 6908 64

4/446 66026 5075 60: 70: 80: 67 7208 67

4/447 69044 5075 60: 70: 80: 6: 7508 6:

4/448 7205; 5075 60: 70: 80: 72 7708 72

4/449 75079 5075 60: 70: 80: 77 8208 77

4/44: 78096 5075 60: 70: 80: 7: 8508 7:

4/44; 7;0;4 5075 60: 70: 80: 82 8708 82

4/452 8502; 5075 60: 70: 80: 87 9208 87

4/453 88049 5075 60: 70: 80: 8: 9508 8:

4/454 8;066 5075 60: 70: 80: 92 9708 92

4/455 94084 5075 60: 70: 80: 97 :208 97

4/456 9709; 5075 60: 70: 80: 9: :508 9:

4/457 9:0;9 5075 60: 70: 80: :2 :708 :2

4/458 :4036 5075 60: 70: 80: :4 :908 :4

4/459 :7054 5075 60: 70: 80: :7 ;208 :7

4/45: ::06; 5075 60: 70: 80: ;2 ;708 ;2

4/45; ;3089 5075 60: 70: 80: ;4 ;908 ;4

4/462 ;60:6 5075 60: 70: 80: ;7 32208 ;7

4/463 ;:024 5075 60: 70: 80: 322 32708 322

4/464 32303; 5075 60: 70: 80: 324 32908 324

4/465 326059 5075 60: 70: 80: 327 33208 327

4/466 329076 5075 60: 70: 80: 332 33708 332

4/467 332094 5075 60: 70: 80: 334 33908 334

4/468 3350:; 5075 60: 70: 80: 337 34208 337

4/469 339029 5075 60: 70: 80: 342 34708 342

4/46: 342046 5075 60: 70: 80: 344 34908 344

4/46; 345064 5075 60: 70: 80: 347 35208 347

4/472 34807; 5075 60: 70: 80: 34: 35508 34:

4/473 34;099 5075 60: 70: 80: 352 35708 352

4/474 3540;6 5075 60: 70: 80: 357 36208 357
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4/475 358034 5075 60: 70: 80: 35: 36508 35:

4/476 35;04; 5075 60: 70: 80: 362 36708 362

4/477 364069 5075 60: 70: 80: 367 37208 367

4/478 367086 5075 60: 70: 80: 36: 37508 36:

4/479 36:0:4 5075 60: 70: 80: 372 37708 372

4/47: 3730;; 5075 60: 70: 80: 377 38208 377

4/47; 37:056 5075 60: 70: 80: 382 38708 382

4/482 38608; 5075 60: 70: 80: 392 39708 392

4/483 393026 5075 60: 70: 80: 397 3:208 397

4/484 39905; 5075 60: 70: 80: 3:2 3:708 3:2

4/485 3:5096 5075 60: 70: 80: 3:7 3;28 3:7

4/486 3;202; 5075 60: 70: 80: 3;2 3;708 3;2

4/487 3;8066 5075 60: 70: 80: 422 42708 422

4/488 42409; 5075 60: 70: 80: 427 43208 427

4/489 42;036 5075 60: 70: 80: 432 43708 432

4/48: 43706; 5075 60: 70: 80: 442 44708 442

4/48; 4430:6 5075 60: 70: 80: 447 45208 447

4/492 44:03; 5075 60: 70: 80: 452 45708 452

4/493 456076 5075 60: 70: 80: 457 46208 457

4/494 4620:; 5075 60: 70: 80: 462 46708 462

4/495 469046 5075 60: 70: 80: 472 47708 472

4/496 47507; 5075 60: 70: 80: 482 48708 482

4/497 48804; 5075 60: 70: 80: 492 49708 492

4/498 49:0;; 5075 60: 70: 80: 4:2 4:708 4:2

4/499 4;308; 5075 60: 70: 80: 522 52708 522

4/49: 52605; 5075 60: 70: 80: 532 53708 532

4/49; 54;09; 5075 60: 70: 80: 552 55708 552

4/4:2 57703; 5075 60: 70: 80: 572 57708 572

4/4:3 5:207; 5075 60: 70: 80: 5:2 5:708 5:2

4/4:4 627048 5075 60: 70: 80: 622 62708 622

4/4:5 652088 5075 60: 70: 80: 652 65708 652

4/4:6 678028 5075 60: 70: 80: 682 68708 682

4/547 59069 7055 904 :09 3204 5: 6809 5:

4/548 62086 7055 904 :09 3204 62 6:09 62

7/552 64074 7055 904 :09 3204 64 7209 64

4/549 650:4 7055 904 :09 3204 67 7509 67

4/54: 680;; 7055 904 :09 3204 6: 7809 6:

7/55: 6:0; 7055 904 :09 3204 72 7:09 72

4/54; 72039 7055 904 :09 3204 74 8209 74

4/552 75056 7055 904 :09 3204 77 8509 77

4/553 78074 7055 904 :09 3204 7: 8809 7:

4/554 7;08; 7055 904 :09 3204 82 8:09 82

4/555 840:9 7055 904 :09 3204 85 9309 85

4/556 88026 7055 904 :09 3204 8: 9809 8:

4/557 8;044 7055 904 :09 3204 92 9:09 92

4/558 9405; 7055 904 :09 3204 97 :509 97

4/559 97079 7055 904 :09 3204 98 :609 98

4/55: 9:09 7055 904 :09 3204 :2 ::09 :2
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4/55; :30;4 7055 904 :09 3204 :4 ;209 :4

4/562 :7 7055 904 :09 3204 :7 ;509 :7

4/563 ::04 7055 904 :09 3204 ;2 ;:09 ;2

4/564 ;306 7055 904 :09 3204 ;4 32209 ;4

4/565 ;608 7055 904 :09 3204 ;7 32509 ;7

4/566 ;909 7055 904 :09 3204 322 32:09 322

4/567 3220;9 7055 904 :09 3204 324 33209 324

4/568 32603 7055 904 :09 3204 327 33509 327

4/569 32905 7055 904 :09 3204 332 33:09 332

4/56: 33206 7055 904 :09 3204 334 34209 334

4/56; 33508 7055 904 :09 3204 337 34509 337

4/572 3380: 7055 904 :09 3204 342 34:09 342

4/573 342 7055 904 :09 3204 344 35209 344

4/574 34503 7055 904 :09 3204 347 35509 347

4/575 34805 7055 904 :09 3204 34: 35809 34:

4/576 34;07 7055 904 :09 3204 352 35:09 352

4/577 35409 7055 904 :09 3204 357 36509 357

4/578 3570: 7055 904 :09 3204 35: 36809 35:

4/579 35; 7055 904 :09 3204 362 36:09 362

4/57: 36404 7055 904 :09 3204 367 37509 367

4/57; 36706 7055 904 :09 3204 36: 37809 36:

4/582 36:07 7055 904 :09 3204 372 37:09 372

4/583 37309 7055 904 :09 3204 377 38509 377

4/584 37:03 7055 904 :09 3204 382 38:09 382

4/585 38606 7055 904 :09 3204 392 39:09 392

4/586 3920: 7055 904 :09 3204 397 3:509 397

4/587 39903 7055 904 :09 3204 3:2 3::08 3:2

4/588 3:507 7055 904 :09 3204 3:7 3;509 3:7

4/589 3:;0: 7055 904 :09 3204 3;2 3;:09 3;2

4/58: 3;804 7055 904 :09 3204 422 42:09 422

4/58; 42407 7055 904 :09 3204 427 43509 427

4/592 42:0; 7055 904 :09 3204 432 43:09 432

4/593 43704 7055 904 :09 3204 442 44:09 442

4/594 44308 7055 904 :09 3204 447 45509 447

4/595 4490; 7055 904 :09 3204 452 45:09 452

4/596 45605 7055 904 :09 3204 457 46509 457

4/597 46208 7055 904 :09 3204 462 46:09 462

4/598 469 7055 904 :09 3204 472 47:09 472

4/599 47505 7055 904 :09 3204 482 48:09 482

4/59: 488 7055 904 :09 3204 492 49:09 492

4/59; 49:099 7055 904 :09 3204 4:2 4::09 4:2

4/5:2 4;3069 7055 904 :09 3204 522 52:09 522

4/5:3 526039 7055 904 :09 3204 532 53:09 532

4/5:4 54;079 7055 904 :09 3204 552 55:09 552

4/5:5 5760;9 7055 904 :09 3204 582 58:09 582

4/5:6 5:2059 7055 904 :09 3204 5:2 5::09 5:2

4/5:7 627048 7055 904 :09 3204 642 64:09 642

4/5:8 652088 7055 904 :09 3204 672 67:09 672
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4/5:9 678028 7055 904 :09 3204 682 68:09 682

4/5:: 6:3063 7055 904 :09 3204 722 72:09 722

4/5:; 7280:3 7055 904 :09 3204 742 74:09 742

4/5;2 754043 7055 904 :09 3204 772 77:09 772

4/5;3 779083 7055 904 :09 3204 782 78:09 782

4/5;4 7:408: 7055 904 :09 3204 822 82:09 822

4/5;5 82:02: 7055 904 :09 3204 842 84:09 842

4/5;6 85506: 7055 904 :09 3204 872 87:09 872

4/5;7 87:0:: 7055 904 :09 3204 8:2 8::09 8:2

4/647 335089 80;; ;08 34 3606 337 34808 337

4/648 3380:6 80;; ;08 34 3606 33: 34;08 33:

4/649 342024 80;; ;08 34 3606 342 35308 342

4/64: 3450;3 80;; ;08 34 3606 347 35808 347

4/64; 348059 80;; ;08 34 3606 34: 35;08 34:

4/652 34;076 80;; ;08 34 3606 352 36308 352

4/653 354094 80;; ;08 34 3606 357 36808 357

4/654 3570:; 80;; ;08 34 3606 35: 36;08 35:

4/655 35;029 80;; ;08 34 3606 362 37308 362

4/656 364046 80;; ;08 34 3606 367 37808 367

4/657 367064 80;; ;08 34 3606 36: 37;08 36:

4/658 36:07; 80;; ;08 34 3606 372 38308 372

4/659 373099 80;; ;08 34 3606 377 38808 377

4/65: 37:034 80;; ;08 34 3606 382 39308 382

4/65; 386069 80;; ;08 34 3606 387 39808 387

4/662 3920:4 80;; ;08 34 3606 392 3:308 392

4/663 399039 80;; ;08 34 3606 3:2 3;308 3:2

4/664 3:5074 80;; ;08 34 3606 3:7 3;808 3:7

4/665 3:;0:9 80;; ;08 34 3606 3;2 42308 3;2

4/666 3;8044 80;; ;08 34 3606 422 43308 422

4/667 424079 80;; ;08 34 3606 432 44308 432

4/668 437049 80;; ;08 34 3606 442 45308 442

4/669 4490;9 80;; ;08 34 3606 452 46308 452

4/66: 462089 80;; ;08 34 3606 462 47308 462

4/66; 475059 80;; ;08 34 3606 472 48308 472

4/672 488029 80;; ;08 34 3606 492 4:308 492

4/673 49:099 80;; ;08 34 3606 4:2 4;308 4:2

4/674 4;3069 80;; ;08 34 3606 522 53308 522

4/675 526039 80;; ;08 34 3606 532 54308 532

4/676 5380:9 80;; ;08 34 3606 542 55308 542

4/677 54;079 80;; ;08 34 3606 562 57308 562

4/678 564049 80;; ;08 34 3606 572 58308 572

4/679 5760;9 80;; ;08 34 3606 582 59308 582

4/67: 589089 80;; ;08 34 3606 592 5:308 592

4/67; 5:2059 80;; ;08 34 3606 5:2 5;308 5:2

4/682 5;5029 80;; ;08 34 3606 622 63308 622

4/683 627048 80;; ;08 34 3606 632 64308 632

4/684 6390;8 80;; ;08 34 3606 642 65308 642

4/685 652088 80;; ;08 34 3606 662 67308 662
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4/686 665058 80;; ;08 34 3606 672 68308 672

4/687 678028 80;; ;08 34 3606 682 69308 682

4/688 68:098 80;; ;08 34 3606 6:2 6;308 6:2

4/689 6:3068 80;; ;08 34 3606 6;2 72308 6;2

4/68: 6;6038 80;; ;08 34 3606 722 73308 722

4/68; 7280:8 80;; ;08 34 3606 742 75308 742

4/692 754048 80;; ;08 34 3606 772 78308 772

4/693 779088 80;; ;08 34 3606 782 79308 782

4/694 7:408: 80;; ;08 34 3606 822 83308 822

4/695 82:02: 80;; ;08 34 3606 832 84308 832

4/696 85506: 80;; ;08 34 3606 872 88308 872

4/697 87:0:: 80;; ;08 34 3606 882 89308 882

Tab. 3.3   
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4/228 40; 309: 406 507 608 805 5 305

7/3;2 5057 309: 406 507 608 809 506 305

4/229 508: 309: 406 507 608 903 50: 305

4/22: 6069 309: 406 507 608 90: 607 305

7/7:3 60; 30; 406 507 608 :05 7 306

4/22; 704: 309: 406 507 608 :09 706 305

7/7:4 709 30; 406 507 608 ;03 70: 306

4/232 8029 309: 406 507 608 ;06 804 305

7/274 80:8 309: 406 507 608 3204 9 305

4/233 9087 309: 406 507 608 33 90: 305

7/834 :096 309: 406 507 608 3403 :0; 305

4/234 ;047 309: 406 507 608 3408 ;06 305

7/434 ;097 309: 406 507 608 3503 ;0: 305

4/235 320:4 309: 406 507 608 3603 33 305

7/835 3303 309: 406 507 608 3606 3304 305

4/236 34064 309: 406 507 608 3709 3407 305

8/34; 3504; 309: 406 507 608 3807 36 305

4/238 3708 309: 406 507 608 3; 3708 305

4/239 39039 309: 406 507 608 42 3907 305

4/23: 3:099 309: 406 507 608 4307 3; 305

4/23; 42057 309: 406 507 608 45 43 305

4/242 430;7 309: 406 507 608 47 44 305

4/243 45074 309: 406 507 608 49 46 305

4/244 47034 309: 406 507 608 4: 48 305

4/245 4809 309: 406 507 608 52 49 305

4/246 4:05 309: 406 507 608 53 4; 305

4/247 4;0:9 309: 406 507 608 55 52 305

4/248 53069 309: 406 507 608 57 54 305

4/249 55027 309: 406 507 608 58 56 305

4/24: 56087 309: 406 507 608 5: 57 305

8/376 5805 309: 406 507 608 5; 5: 305

4/252 63 309: 406 507 608 66 63 305

4/253 66039 309: 406 507 608 69 67 305

4/254 69057 309: 406 507 608 72 6: 305

4/255 72074 309: 406 507 608 76 73 305

4/256 7509 309: 406 507 608 79 76 305
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4/257 780:9 309: 406 507 608 82 79 305

4/258 8202: 309: 406 507 608 85 83 305

4/259 85044 309: 406 507 608 88 86 305

4/25: 8806 309: 406 507 608 8; 89 305

4/25; 8;079 309: 406 507 608 95 92 305

4/262 94097 309: 406 507 608 98 95 305

4/263 970;4 309: 406 507 608 9; 98 305

4/264 :4049 309: 406 507 608 :7 :5 305

4/265 ::084 309: 406 507 608 ;4 :; 305

4/266 ;60;9 309: 406 507 608 ;: ;7 305

4/267 323054 309: 406 507 608 326 324 305

4/268 329089 309: 406 507 608 333 32: 305

4/269 336024 309: 406 507 608 339 337 305

4/26: 342059 309: 406 507 608 345 343 305

4/26; 348094 309: 406 507 608 352 349 305

4/272 355029 309: 406 507 608 358 356 305

4/332 ;03; 4084 508 609 70: 3606 ;04 403

7/836 ;0;5 4084 508 609 70: 3703 32 403

4/333 32099 4084 508 609 70: 38 33 403

7/837 330;3 4084 508 609 70: 3903 34 403

4/334 34059 4084 508 609 70: 3908 3407 403

7/838 35033 4084 508 609 70: 3:05 3504 403

4/335 350;6 4084 508 609 70: 3;03 36 403

7/45; 3606: 408; 508 609 70: 3;0: 3607 403

7/465 37056 4084 508 609 70: 42 3707 403

4/336 37076 4084 508 609 70: 43 3807 403

4/337 39034 4084 508 609 70: 44 3904 403

7/478 390;8 4084 508 609 70: 45 3: 403

4/338 3:094 4084 508 609 70: 46 3; 403

4/339 42504; 4084 508 609 70: 47 43 403

4/33: 430:; 4084 508 609 70: 49 44 403

4/33; 45069 4084 508 609 70: 4: 46 403

4/342 47029 4084 508 609 70: 52 48 403

4/343 48086 4084 508 609 70: 53 49 403

4/344 4:046 4084 508 609 70: 55 4; 403

4/345 4;0:4 4084 508 609 70: 57 52 403

Fig. 3.7  
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4/346 53064 4084 508 609 70: 58 54 403

4/347 540;; 4084 508 609 70: 5: 55 403

4/348 5607; 4084 508 609 70: 5; 57 403

4/349 58039 4084 508 609 70: 63 59 403

4/34: 59099 4084 508 609 70: 65 5: 403

4/34; 5;056 4084 508 609 70: 66 62 403

4/352 620;6 4084 508 609 70: 68 63 403

4/353 64074 4084 508 609 70: 69 65 403

4/354 66034 4084 508 609 70: 6; 67 403

4/355 6708; 4084 508 609 70: 72 68 403

4/356 6904; 4084 508 609 70: 74 6: 403

4/357 6:0; 4084 508 609 70: 76 6; 403

4/358 72069 4084 508 609 70: 77 73 403

4/359 74029 4084 508 609 70: 79 75 403

4/35: 75086 4084 508 609 70: 7: 76 403

4/35; 77047 4084 508 609 70: 82 78 403

4/362 780:4 4084 508 609 70: 84 79 403

4/363 7:064 4084 508 609 70: 85 7; 403

4/364 7;0;; 4084 508 609 70: 87 82 403

4/365 8308 4084 508 609 70: 88 84 403

4/366 85039 4084 508 609 70: 8: 86 403

4/367 86099 4084 508 609 70: 92 87 403

4/368 88056 4084 508 609 70: 93 89 403

4/369 890;7 4084 508 609 70: 95 8: 403

4/36: 8;074 4084 508 609 70: 96 92 403

4/36; 93034 4084 508 609 70: 98 94 403

4/372 9408; 4084 508 609 70: 99 95 403

4/373 970:9 4084 508 609 70: :3 98 403

4/374 :4044 4084 508 609 70: :9 :8 403

4/375 ::079 4084 508 609 70: ;5 :; 403

4/376 ;60;4 4084 508 609 70: 322 ;7 403

4/377 323049 4084 508 609 70: 328 324 403

4/378 329084 4084 508 609 70: 334 32: 403

4/379 3350;9 4084 508 609 70: 33; 336 403

4/37: 342054 4084 508 609 70: 347 343 403

4/37; 348089 4084 508 609 70: 353 349 403

4/382 355024 4084 508 609 70: 35: 356 403

4/383 35;059 4084 508 609 70: 366 362 403

4/384 367094 4084 508 609 70: 372 368 403

4/385 374029 4084 508 609 70: 379 375 403

4/386 37:064 4084 508 609 70: 385 37; 403

4/387 386099 4084 508 609 70: 392 387 403

4/388 393034 4084 508 609 70: 398 394 403

4/389 399069 4084 508 609 70: 3:4 39: 403

4/38: 3:50:4 4084 508 609 70: 3:; 3:6 403

4/38; 3;2039 4084 508 609 70: 3;7 3;3 403

4/392 3;8074 4084 508 609 70: 423 3;9 403

4/393 4240:9 4084 508 609 70: 42: 425 403
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4/394 42;044 4084 508 609 70: 436 432 403

4/395 437079 4084 508 609 70: 442 438 403

4/396 4430;4 4084 508 609 70: 449 444 403

4/397 44:049 4084 508 609 70: 455 44; 403

4/398 456084 4084 508 609 70: 45; 457 403

4/399 4620;9 4084 508 609 70: 468 463 403

4/39: 469054 4084 508 609 70: 474 46: 403

4/432 3:086 5075 60: 70: 80: 47 3; 40:

7/7;7 3;0: 508 60: 70: 80: 480: 42 40:

4/433 42044 5075 60: 70: 80: 49 43 40:

4/434 430:4 5075 60: 70: 80: 4: 44 40:

4/435 4505; 5075 60: 70: 80: 52 46 40:

4/436 46;; 5075 60: 70: 80: 54 47 40:

7/83: 470:3 5075 60: 70: 80: 5408 48 40:

4/437 48079 5075 60: 70: 80: 55 49 40:

4/438 4:039 5075 60: 70: 80: 57 4; 40:

4/439 4;096 5075 60: 70: 80: 58 52 40:

4/43: 53056 5075 60: 70: 80: 5: 54 40:

4/43; 540;4 5075 60: 70: 80: 5; 55 40:

4/442 56074 5075 60: 70: 80: 63 57 40:

4/443 5802; 5075 60: 70: 80: 65 59 40:

4/444 5908; 5075 60: 70: 80: 66 5: 40:

4/445 620:9 5075 60: 70: 80: 69 63 40:

4/446 66026 5075 60: 70: 80: 73 67 40:

4/447 69044 5075 60: 70: 80: 76 6: 40:

4/448 7205; 5075 60: 70: 80: 79 73 40:

4/449 75079 5075 60: 70: 80: 82 76 40:

4/44: 78096 5075 60: 70: 80: 85 79 40:

4/44; 7;0;4 5075 60: 70: 80: 88 82 40:

4/452 8502; 5075 60: 70: 80: 92 86 40:

4/453 88049 5075 60: 70: 80: 95 89 40:

4/454 8;066 5075 60: 70: 80: 98 92 40:

4/455 94084 5075 60: 70: 80: 9; 95 40:

4/456 9709; 5075 60: 70: 80: :4 98 40:

4/457 9:0;9 5075 60: 70: 80: :8 9; 40:

4/458 :4036 5075 60: 70: 80: :; :5 40:

4/459 :7054 5075 60: 70: 80: ;4 :8 40:

4/45: ::06; 5075 60: 70: 80: ;7 :; 40:

4/45; ;3089 5075 60: 70: 80: ;: ;4 40:

4/462 ;60:6 5075 60: 70: 80: 323 ;7 40:

4/463 ;:024 5075 60: 70: 80: 327 ;; 40:

4/464 32303; 5075 60: 70: 80: 32: 324 40:

4/465 326059 5075 60: 70: 80: 333 327 40:

4/466 329076 5075 60: 70: 80: 336 32: 40:

4/467 332094 5075 60: 70: 80: 339 333 40:

4/468 3350:; 5075 60: 70: 80: 342 336 40:

4/469 339029 5075 60: 70: 80: 346 33: 40:

4/46: 342046 5075 60: 70: 80: 349 343 40:
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4/46; 345064 5075 60: 70: 80: 352 346 40:

4/472 34807; 5075 60: 70: 80: 355 349 40:

4/473 34;099 5075 60: 70: 80: 358 352 40:

4/474 3540;6 5075 60: 70: 80: 362 355 40:

4/475 358034 5075 60: 70: 80: 365 359 40:

4/476 35;04; 5075 60: 70: 80: 368 362 40:

4/477 364069 5075 60: 70: 80: 36; 365 40:

4/478 367086 5075 60: 70: 80: 374 368 40:

4/479 36:0:4 5075 60: 70: 80: 377 36; 40:

4/47: 3730;; 5075 60: 70: 80: 37; 374 40:

4/47; 37:056 5075 60: 70: 80: 387 37; 40:

4/482 38608; 5075 60: 70: 80: 393 387 40:

4/483 393026 5075 60: 70: 80: 39: 394 40:

4/484 39905; 5075 60: 70: 80: 3:6 39: 40:

4/485 3:5096 5075 60: 70: 80: 3;2 3:6 40:

4/486 3;202; 5075 60: 70: 80: 3;9 3;3 40:

4/487 3;8066 5075 60: 70: 80: 425 3;9 40:

4/488 42409; 5075 60: 70: 80: 42; 425 40:

4/489 42;036 5075 60: 70: 80: 438 432 40:

4/48: 43706; 5075 60: 70: 80: 444 438 40:

4/48; 4430:6 5075 60: 70: 80: 44: 444 40:

4/492 44:03; 5075 60: 70: 80: 457 44; 40:

4/493 456076 5075 60: 70: 80: 463 457 40:

4/494 4620:; 5075 60: 70: 80: 469 463 40:

4/495 469046 5075 60: 70: 80: 476 46: 40:

4/496 47507; 5075 60: 70: 80: 482 476 40:

4/497 48804; 5075 60: 70: 80: 495 489 40:

4/498 49:0;; 5075 60: 70: 80: 4:7 49; 40:

4/499 4;308; 5075 60: 70: 80: 4;: 4;4 40:

4/49: 52605; 5075 60: 70: 80: 533 527 40:

4/49; 54;09; 5075 60: 70: 80: 558 552 40:

4/4:2 57703; 5075 60: 70: 80: 584 578 40:

4/4:3 5:207; 5075 60: 70: 80: 5:9 5:3 40:

4/4:4 627048 5075 60: 70: 80: 634 628 40:

4/4:5 652088 5075 60: 70: 80: 659 653 40:

4/4:6 678028 5075 60: 70: 80: 685 679 40:

4/547 59069 7055 904 :09 3204 6: 5: 6057

4/548 62086 7055 904 :09 3204 73 63 6057

7/552 64074 7055 904 :09 3204 75 65 6057

4/549 650:4 7055 904 :09 3204 76 66 6057

4/54: 680;; 7055 904 :09 3204 79 69 6057

7/55: 6:0; 7055 904 :09 3204 7; 6; 6057

4/54; 72039 7055 904 :09 3204 82 73 6057

4/552 75056 7055 904 :09 3204 86 76 6057

4/553 78074 7055 904 :09 3204 89 79 6057

4/554 7;08; 7055 904 :09 3204 92 82 6057

4/555 840:9 7055 904 :09 3204 95 85 6057

4/556 88026 7055 904 :09 3204 98 89 6057
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4/557 8;044 7055 904 :09 3204 9; 92 6057

4/558 9405; 7055 904 :09 3204 :5 95 6057

4/559 97079 7055 904 :09 3204 :8 98 6057

4/55: 9:09 7055 904 :09 3204 :; 9; 6057

4/55; :30;4 7055 904 :09 3204 ;4 :4 6057

4/562 :7 7055 904 :09 3204 ;7 :8 6057

4/563 ::04 7055 904 :09 3204 ;: :; 6057

4/564 ;306 7055 904 :09 3204 324 ;4 6057

4/565 ;608 7055 904 :09 3204 327 ;7 6057

4/566 ;909 7055 904 :09 3204 32: ;: 6057

4/567 3220;9 7055 904 :09 3204 333 323 6057

4/568 32603 7055 904 :09 3204 336 327 6057

4/569 32905 7055 904 :09 3204 339 32: 6057

4/56: 33206 7055 904 :09 3204 343 333 6057

4/56; 33508 7055 904 :09 3204 346 336 6057

4/572 3380: 7055 904 :09 3204 349 339 6057

4/573 342 7055 904 :09 3204 352 343 6057

4/574 34503 7055 904 :09 3204 355 346 6057

4/575 34805 7055 904 :09 3204 359 349 6057

4/576 34;07 7055 904 :09 3204 362 352 6057

4/577 35409 7055 904 :09 3204 365 355 6057

4/578 3570: 7055 904 :09 3204 368 358 6057

4/579 35; 7055 904 :09 3204 36; 362 6057

4/57: 36404 7055 904 :09 3204 374 365 6057

4/57; 36706 7055 904 :09 3204 378 368 6057

4/582 36:07 7055 904 :09 3204 37; 36; 6057

4/583 37309 7055 904 :09 3204 384 374 6057

4/584 37:03 7055 904 :09 3204 38: 37; 6057

4/585 38606 7055 904 :09 3204 397 387 6057

4/586 3920: 7055 904 :09 3204 3:3 393 6057

4/587 39903 7055 904 :09 3204 3:9 39: 6057

4/588 3:507 7055 904 :09 3204 3;6 3:6 6057

4/589 3:;0: 7055 904 :09 3204 422 3;2 6057

4/58: 3;804 7055 904 :09 3204 428 3;9 6057

4/58; 42407 7055 904 :09 3204 435 425 6057

4/592 42:0; 7055 904 :09 3204 43; 42; 6057

4/593 43704 7055 904 :09 3204 447 438 6057

4/594 44308 7055 904 :09 3204 454 444 6057

4/595 4490; 7055 904 :09 3204 45: 44: 6057

4/596 45605 7055 904 :09 3204 466 457 6057

4/597 46208 7055 904 :09 3204 473 463 6057

4/598 469 7055 904 :09 3204 479 46: 6057

4/599 47505 7055 904 :09 3204 486 476 6057

4/59: 488 7055 904 :09 3204 498 489 6057

4/59; 49:099 7055 904 :09 3204 4:; 49; 6057

4/5:2 4;3069 7055 904 :09 3204 524 4;4 6057

4/5:3 526039 7055 904 :09 3204 536 527 6057

4/5:4 54;079 7055 904 :09 3204 562 552 6057
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4/5:5 5760;9 7055 904 :09 3204 587 577 6057

4/5:6 5:2059 7055 904 :09 3204 5;3 5:3 6057

4/5:7 627048 7055 904 :09 3204 637 628 6057

4/5:8 652088 7055 904 :09 3204 663 653 6057

4/5:9 678028 7055 904 :09 3204 688 679 6057

4/5:: 6:3063 7055 904 :09 3204 6;4 6:4 6057

4/5:; 7280:3 7055 904 :09 3204 739 729 6057

4/5;2 754043 7055 904 :09 3204 764 755 6057

4/5;3 779083 7055 904 :09 3204 78: 77: 6057

4/5;4 7:408: 7055 904 :09 3204 7;5 7:5 6057

4/5;5 82:02: 7055 904 :09 3204 83: 82; 6057

4/5;6 85506: 7055 904 :09 3204 866 856 6057

4/5;7 87:0:: 7055 904 :09 3204 88; 87; 6057

4/647 335089 80;; ;08 34 3606 349 336 7097

4/648 3380:6 80;; ;08 34 3606 352 339 7097

4/649 342024 80;; ;08 34 3606 356 343 7097

4/64: 34503; 80;; ;08 34 3606 359 346 7097

4/64; 348059 80;; ;08 34 3606 362 349 7097

4/652 34;076 80;; ;08 34 3606 365 352 7097

4/653 354094 80;; ;08 34 3606 368 355 7097

4/654 3570:; 80;; ;08 34 3606 36; 358 7097

4/655 35;029 80;; ;08 34 3606 375 362 7097

4/656 364046 80;; ;08 34 3606 378 365 7097

4/657 367064 80;; ;08 34 3606 37; 368 8097

4/658 36:07; 80;; ;08 34 3606 384 36; 7097

4/659 373099 80;; ;08 34 3606 387 374 7097

4/65: 37:034 80;; ;08 34 3606 394 37; 7097

4/65; 386069 80;; ;08 34 3606 39: 387 7097

4/662 3920:4 80;; ;08 34 3606 3:6 393 7097

4/663 399039 80;; ;08 34 3606 3;3 39: 7097

4/664 3:5074 80;; ;08 34 3606 3;9 3:6 7097

4/665 3:;0:9 80;; ;08 34 3606 425 3;2 7097

4/666 3;8044 80;; ;08 34 3606 432 3;9 7097

4/667 424079 80;; ;08 34 3606 438 425 7097

4/668 437049 80;; ;08 34 3606 44; 438 7097

4/669 4490;9 80;; ;08 34 3606 463 44: 7097

4/66: 462089 80;; ;08 34 3606 476 463 7097

4/66; 475059 80;; ;08 34 3606 489 476 7097

4/672 488029 80;; ;08 34 3606 4:2 489 7097

4/673 49:099 80;; ;08 34 3606 4;4 49; 7097

4/674 4;3069 80;; ;08 34 3606 527 4;4 7097

4/675 526039 80;; ;08 34 3606 53: 527 7097

4/676 5380:9 80;; ;08 34 3606 552 539 7097

4/677 54;079 80;; ;08 34 3606 565 552 7097

4/678 564049 80;; ;08 34 3606 578 565 7097

4/679 5760;9 80;; ;08 34 3606 58: 577 7097

4/67: 589089 80;; ;08 34 3606 5:3 58: 7097

4/67; 5:2059 80;; ;08 34 3606 5;6 5:3 7097
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4/682 5;5029 80;; ;08 34 3606 629 5;6 7097

4/683 627048 80;; ;08 34 3606 63; 628 7097

4/684 6390;8 80;; ;08 34 3606 653 63: 7097

4/685 652088 80;; ;08 34 3606 666 653 7097

4/686 665058 80;; ;08 34 3606 679 666 7097

4/687 678028 80;; ;08 34 3606 692 679 7097

4/688 68:098 80;; ;08 34 3606 6:4 68; 7097

4/689 6:3068 80;; ;08 34 3606 6;7 6:4 7097

4/68: 6;6038 80;; ;08 34 3606 72: 6;7 7097

4/68; 7280:8 80;; ;08 34 3606 742 729 7097

4/692 754048 80;; ;08 34 3606 768 755 7097

4/693 779088 80;; ;08 34 3606 793 77: 7097

4/694 7:408: 80;; ;08 34 3606 7;8 7:5 7097

4/695 82:02: 80;; ;08 34 3606 844 82; 7097

4/696 85506: 80;; ;08 34 3606 869 856 7097

4/697 87:0:: 80;; ;08 34 3606 894 87; 7097

Tab. 3.4   
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3.2 Dynamic seals

Glo& avk^jf`& pb^ip.& lro& ob`ljjbka^qflkp& obcbo& ql& qeb& af^jbqbo&

o^kdb&^ka&^ob&abmbkabkq&rmlk&qeb&`olpp/pb`qflk&qef`hkbpp0&Ueb&

avk^jf`&^mmif`^qflk&lc&P/ofkdp&lsbo&472&jj&af^jbqbo&fp&klq&ob`/

ljjbkaba0

1         5     10           50 100          500 1000

d
2
 [mm]

6.99

5.33

3.53

2.62

1.78

d
1
 [mm]

Fig. 3.8  HRP[YYRZQRQ$VZ_VQR$QVNYR`R^$^NZTR$Q
.
$S[^$F*^VZT_$bN^e$NPP[^QVZT$`[$

P^[__*_RP`V[Z$Q
/

3.2.1 Hydraulic – compression and design 

dimensions

Piston seal – radial compression

P/ofkd&^ppbj_iv&fk&fkpfab&bibjbkq

O d9O d4 O d3

b

Fig. 3.9  GV_`[Z$_RNX$i$^NQVNX$P[Y\^R__V[Z

Rod seal – radial compression

P/ofkd&^ppbj_iv&fk&lrqpfab&bibjbkq

O d5 O d10O  d6

b

Fig. 3.10  H[Q$_RNX$i$^NQVNX$P[Y\^R__V[Z

r
1

b

f 7 H8 t

Pressure direction Pressure direction Pressure direction0–5°

r
2
 = 0.2–0.4 mm 

b
2

b
1

b

>ebff-&
fYWg]ba&X

2

B_UaX&
XYcg\&g

>b`ceYff]ba >b`ceYff]ba BebbiY&j]Xg\&V BebbiY&j]Xg\&V3 BebbiY&j]Xg\&V4 MUX]hf&e3

j]g\bhg&VUW^-hc&
e]a[

baY&VUW^-hc&e]a[ gjb&VUW^-hc&
e]a[f

S``T S``T S``T S(T S``T S``T S``T S``T

52;< �202: 3067 425: 1 4289 ( = 1 69 6284 1 62:4 ( 7294 1 ( 72;4 ( 82:4 1 ( 82<4 4264 1 4284

62:6 �202; 4042 426: 1 42:8 54 1 67 72:4 1 72<4 ( 82;4 1 ( 82=4 ( 92<4 1 ( :244 4264 1 4284

7297 �2032 5027 426; 1 42;4 ( < 1 5= 82<4 1 9244 ( 92<4 1 ( :244 ( :2<4 1 ( ;244 4284 1 42<4

9277 �2035 6087 427; 1 42=7 ( ; 1 5; ;264 1 ;284 ( <2;4 1 ( <2=4 54264 1 54284 4284 1 42<4

:2== �2037 8042 4294 1 5249 ( ; 1 59 =2:4 1 =2<4 56244 1 56264 58284 1 582:4 4284 1 42<4
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3.2.2 Hydraulic – piston seal dynamic

Ø d
4

Ø d
9

b
b

2
b

1
b

d
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Ø d
3

no back-up ring one back-up ring two back-up rings
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4/228 40; 309: 406 507 608 504 8 8

4/229 508: 309: 406 507 608 509 807 807

8/388 50; 30: 406 507 608 604 9 9

4/22: 6069 309: 406 507 608 609 907 907

7/7:3 60; 30; 406 507 608 7 : :

4/22; 704: 309: 406 507 608 709 :07 :07

4/232 8029 309: 406 507 608 804 ; ;

7/274 80:8 309: 406 507 608 904 32 32

4/233 9087 309: 406 507 608 909 3207 3207

7/7:7 : 30:: 406 507 608 : 33 33

7/834 :096 309: 406 507 608 ;04 34 34

4/234 ;047 309: 406 507 608 ;09 3407 3407

7/434 ;097 309: 406 507 608 3204 35 35

4/235 320:4 309: 406 507 608 3304 36 36

8/588 330:; 309: 406 507 608 3404 37 37

4/236 34064 309: 406 507 608 3504 38 38

4/237 36 309: 406 507 608 3604 39 39

8/2:7 37 30: 406 507 608 3704 3: 3:

4/238 3708 309: 406 507 608 3804 3; 3;

4/239 39039 309: 406 507 608 3904 42 42

4/332 ;03; 4084 508 609 70: ;0: 36 36

7/836 ;0;5 4084 508 609 70: 320: 37 37

4/333 32099 4084 508 609 70: 38 3707 3707

7/837 330;3 4084 508 609 70: 330: 38 38

4/334 34059 4084 508 609 70: 340: 39 39

7/838 35033 4084 508 609 70: 350: 3: 3:

4/335 350;6 4084 508 609 70: 360: 3; 3;

7/45; 3606: 4084 508 609 70: 3705 3;07 3;07

4/336 37076 4084 508 609 70: 370: 42 42

7/839 370:: 4084 508 609 70: 380: 43 43

4/337 39034 4084 508 609 70: 390: 44 44

7/478 390;8 4084 508 609 70: 3:0: 45 45

4/338 3:098 4084 508 609 70: 3;0: 46 46

4/339 4204; 4084 508 609 70: 420: 47 47

4/33: 430:; 4084 508 609 70: 440: 49 49

4/33; 45069 4084 508 609 70: 450: 4: 4:

4/342 47029 4084 508 609 70: 470: 52 52

4/343 48086 4084 508 609 70: 490: 54 54

KUe^Ye&
ab.

X
1

X
2

V V
1

V
2

X
3

X
4

X
9

+0.2 +0.2 +0.2

0 0 0 \9 C8 Z7

4/344 4:046 4084 508 609 70: 4:0: 55 55

4/345 4;0:4 4084 508 609 70: 520: 57 57

4/346 53064 4084 508 609 70: 530: 58 58

4/347 540;; 4084 508 609 70: 550: 5: 5:

4/348 56077 4084 508 609 70: 570: 62 62

4/349 58039 4084 508 609 70: 580: 63 63

4/34: 59099 4084 508 609 70: 5:0: 65 65

4/432 3:086 5075 60: 70: 80: 3;03 47 47

7/7;7 3;0: 508 60: 70: 80: 42 48 48

4/433 42044 5075 60: 70: 80: 4303 49 49

4/434 430:4 5075 60: 70: 80: 4403 4: 4:

4/435 4505; 5075 60: 70: 80: 4603 52 52

4/436 460;; 5075 60: 70: 80: 4703 53 53

7/83: 470:3 5075 60: 70: 80: 4803 54 54

4/437 48079 5075 60: 70: 80: 4903 55 55

4/438 4:039 5075 60: 70: 80: 4;03 57 57

4/439 4;096 5075 60: 70: 80: 5203 58 58

4/43: 53056 5075 60: 70: 80: 5403 5: 5:

4/43; 540;4 5075 60: 70: 80: 5603 62 62

4/442 56074 5075 60: 70: 80: 5803 64 64

4/443 5802; 5075 60: 70: 80: 5903 65 65

4/444 5908; 5075 60: 70: 80: 5;03 67 67

7/543 5;08 5075 60: 70: 80: 6203 68 68

4/445 620:9 5075 60: 70: 80: 6403 6: 6:

4/446 66026 5075 60: 70: 80: 6603 72 72

7/257 67058 5075 60: 70: 80: 6803 74 74

4/447 69044 5075 60: 70: 80: 6:03 76 76

7/923 6;04 5075 60: 70: 80: 7203 78 78

4/448 7205; 5075 60: 70: 80: 7303 79 79

4/449 75079 5075 60: 70: 80: 7603 82 82

4/44: 78096 5075 60: 70: 80: 7903 85 85

4/44; 7;0;4 5075 60: 70: 80: 8203 88 88

4/452 8502; 5075 60: 70: 80: 8603 92 92

4/453 88049 5075 60: 70: 80: 8903 95 95

4/454 8;066 5075 60: 70: 80: 9203 98 98

4/455 94084 5075 60: 70: 80: 9603 :2 :2

4/456 9709; 5075 60: 70: 80: 9903 :5 :5

4/457 9:0;9 5075 60: 70: 80: :203 :8 :8

Fig. 3.11  
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4/458 :4036 5075 60: 70: 80: :603 ;2 ;2

4/459 :7054 5075 60: 70: 80: :803 ;4 ;4

4/45: ::06; 5075 60: 70: 80: ;203 ;8 ;8

4/45; ;3089 5075 60: 70: 80: ;603 322 322

4/462 ;60:6 5075 60: 70: 80: ;803 324 324

4/463 ;:024 5075 60: 70: 80: ;;03 327 327

4/464 32303; 5075 60: 70: 80: 32603 332 332

4/465 326059 5075 60: 70: 80: 32803 334 334

4/466 329076 5075 60: 70: 80: 32;03 337 337

4/467 332094 5075 60: 70: 80: 33603 342 342

4/468 3350:; 5075 60: 70: 80: 33803 344 344

4/469 339029 5075 60: 70: 80: 33;03 347 347

4/46: 342046 5075 60: 70: 80: 34403 34: 34:

4/46; 345064 5075 60: 70: 80: 34603 352 352

4/472 34807; 5075 60: 70: 80: 34;03 357 357

4/473 34;099 5075 60: 70: 80: 35403 35: 35:

4/474 3540;6 5075 60: 70: 80: 35603 362 362

4/475 358034 5075 60: 70: 80: 35;03 367 367

4/476 35;04; 5075 60: 70: 80: 36403 36: 36:

4/477 364069 5075 60: 70: 80: 36603 372 372

4/478 367086 5075 60: 70: 80: 36;03 377 377

4/479 36:0:4 5075 60: 70: 80: 37303 379 379

4/47: 3730;; 5075 60: 70: 80: 37603 382 382

4/47; 37:056 5075 60: 70: 80: 37;03 387 387

4/482 38608; 5075 60: 70: 80: 38;03 397 397

4/483 393026 5075 60: 70: 80: 39603 3:2 3:2

4/484 39905; 5075 60: 70: 80: 39;03 3:7 3:7

4/485 3:5096 5075 60: 70: 80: 3:603 3;2 3;2

4/486 3;202; 5075 60: 70: 80: 3;603 422 422

4/547 59069 7055 904 :09 3204 5; 6: 6:

4/548 62086 7055 904 :09 3204 63 72 72

7/552 64074 7055 904 :09 3204 65 74 74

4/549 650:4 7055 904 :09 3204 68 77 77

4/54: 680;; 7055 904 :09 3204 6; 7: 7:

4/54; 72039 7055 904 :09 3204 73 82 82

4/552 75056 7055 904 :09 3204 76 85 85

4/553 78074 7055 904 :09 3204 7; 8: 8:

4/554 7;08; 7055 904 :09 3204 83 92 92

4/555 840:9 7055 904 :09 3204 86 95 95

4/556 88026 7055 904 :09 3204 89 98 98

4/557 8;044 7055 904 :09 3204 93 :2 :2

4/558 9405; 7055 904 :09 3204 96 :5 :5

4/559 97079 7055 904 :09 3204 99 :8 :8

4/55: 9:096 7055 904 :09 3204 :3 ;2 ;2

4/55; :30;4 7055 904 :09 3204 :5 ;4 ;4

4/562 :702; 7055 904 :09 3204 :8 ;7 ;7

4/563 ::049 7055 904 :09 3204 ;3 322 322

4/564 ;3066 7055 904 :09 3204 ;5 324 324
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4/565 ;6084 7055 904 :09 3204 ;8 327 327

4/566 ;909; 7055 904 :09 3204 323 332 332

4/567 3220;9 7055 904 :09 3204 325 334 334

4/568 326036 7055 904 :09 3204 328 337 337

4/569 329054 7055 904 :09 3204 32; 33: 33:

4/56: 33206; 7055 904 :09 3204 333 342 342

4/56; 335089 7055 904 :09 3204 338 347 347

4/572 3380:6 7055 904 :09 3204 33; 34: 34:

4/573 342024 7055 904 :09 3204 343 352 352

4/574 34503; 7055 904 :09 3204 348 357 357

4/575 348059 7055 904 :09 3204 34; 35: 35:

4/576 34;076 7055 904 :09 3204 353 362 362

4/577 354094 7055 904 :09 3204 358 367 367

4/578 3570:; 7055 904 :09 3204 35; 36: 36:

4/579 35;029 7055 904 :09 3204 363 372 372

4/57: 364046 7055 904 :09 3204 368 377 377

4/57; 367064 7055 904 :09 3204 36; 37: 37:

4/582 36:07; 7055 904 :09 3204 373 382 382

4/583 373099 7055 904 :09 3204 378 387 387

4/584 37:034 7055 904 :09 3204 37; 38: 38:

4/585 386069 7055 904 :09 3204 388 397 397

4/586 3920:4 7055 904 :09 3204 393 3:2 3:2

4/587 399039 7055 904 :09 3204 39; 3:: 3::

4/588 3:5074 7055 904 :09 3204 3:8 3;7 3;7

4/589 3:;0:9 7055 904 :09 3204 3;3 422 422

4/58: 3;8044 7055 904 :09 3204 423 432 432

4/58; 424079 7055 904 :09 3204 428 437 437

4/592 42:0;4 7055 904 :09 3204 433 442 442

4/593 437049 7055 904 :09 3204 438 447 447

4/594 443084 7055 904 :09 3204 448 457 457

4/595 4490;9 7055 904 :09 3204 453 462 462

4/596 456054 7055 904 :09 3204 458 467 467

4/597 462089 7055 904 :09 3204 463 472 472

4/666 3;8044 80;; ;08 34 3606 3;90: 432 432

4/667 424079 80;; ;08 34 3606 4290: 442 442

4/668 437049 80;; ;08 34 3606 4390: 452 452

4/669 4490;9 80;; ;08 34 3606 4490: 462 462

4/66: 462089 80;; ;08 34 3606 4690: 482 482
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3.2.3 Hydraulic – rod seal dynamic

b
2

b
1

b

d
2

d
1

Ø d
5

b

Ø d
6

Ø d
10

no back-up ring one back-up ring two back-up 
rings

KUe^Ye&
ab.

X
1

X
2

V V
1

V
2

X
5

X
6

X
10

+0.2 +0.2 +0.2

0 0 0 Z7 C9 C8

4/228 40; 309: 406 507 608 5 70: 5

4/229 508: 309: 406 507 608 507 805 507

8/388 50; 30: 406 507 608 6 80: 6

4/22: 6069 309: 406 507 608 607 905 607

7/7:3 60; 30; 406 507 608 7 : 7

4/22; 704: 309: 406 507 608 707 :05 707

4/232 8029 309: 406 507 608 8 :0: 8

7/274 80:8 309: 406 507 608 9 ;0: 9

4/233 9087 309: 406 507 608 907 3205 907

7/7:7 : 30:: 406 507 608 : 33 :

7/834 :096 309: 406 507 608 ; 330: ;

4/234 ;047 309: 406 507 608 ;07 3405 ;07

7/434 ;097 309: 406 507 608 32 340: 32

4/235 320:4 309: 406 507 608 33 350: 33

8/588 330:; 309: 406 507 608 34 360: 34

4/236 34064 309: 406 507 608 3407 3705 3407

4/237 36 309: 406 507 608 36 380: 36

8/2:7 37 30: 406 507 608 37 390: 37

4/238 3708 309: 406 507 608 38 3:0: 38

4/239 39039 309: 406 507 608 39 3;0: 39

4/332 ;03; 4084 508 609 70: ;07 3509 ;07

7/836 ;0;5 4084 508 609 70: 32 3604 32

4/333 32099 4084 508 609 70: 33 3704 33

7/837 330;3 4084 508 609 70: 34 3804 34

4/334 34059 4084 508 609 70: 3407 3809 3407

7/838 35033 4084 508 609 70: 3507 3909 3507

4/335 350;6 4084 508 609 70: 36 3:04 36

7/45; 3606: 4084 508 609 70: 37 3;04 37

4/336 37076 4084 508 609 70: 38 4204 38

7/839 370:: 4084 508 609 70: 3807 4209 3807

4/337 39034 4084 508 609 70: 39 4304 39

7/478 390;8 4084 508 609 70: 3: 4404 3:

4/338 3:098 4084 508 609 70: 3; 4504 3;

4/339 4204; 4084 508 609 70: 3;07 4509 3;07

4/33: 430:; 4084 508 609 70: 44 4804 44

4/33; 45069 4084 508 609 70: 46 4:04 46

4/342 47029 4084 508 609 70: 47 4;04 47

4/343 48086 4084 508 609 70: 49 5304 49
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4/344 4:046 4084 508 609 70: 4: 5404 4:

4/345 4;0:4 4084 508 609 70: 52 5604 52

4/346 53064 4084 508 609 70: 54 5804 54

4/347 540;; 4084 508 609 70: 55 5904 55

4/348 56077 4084 508 609 70: 57 5;04 57

4/349 58039 4084 508 609 70: 58 6204 58

4/34: 59099 4084 508 609 70: 5: 6404 5:

4/432 3:086 5075 60: 70: 80: 3; 460; 3;

7/7;7 3;0: 508 60: 70: 80: 42 48 42

4/433 42044 5075 60: 70: 80: 43 480; 43

4/434 430:4 5075 60: 70: 80: 44 490; 44

4/435 4505; 5075 60: 70: 80: 46 4;0; 46

4/436 460;; 5075 60: 70: 80: 47 520; 47

7/83: 470:3 5075 60: 70: 80: 48 530; 48

4/437 48079 5075 60: 70: 80: 49 540; 49

4/438 4:039 5075 60: 70: 80: 4: 550; 4:

4/439 4;096 5075 60: 70: 80: 52 570; 52

4/43: 53056 5075 60: 70: 80: 54 590; 54

4/43; 540;4 5075 60: 70: 80: 55 5:0; 55

4/442 56074 5075 60: 70: 80: 57 620; 57

4/443 5802; 5075 60: 70: 80: 58 630; 58

4/444 5908; 5075 60: 70: 80: 5: 650; 5:

7/543 5;08 5075 60: 70: 80: 62 670; 62

4/445 620:9 5075 60: 70: 80: 63 680; 63

4/446 66026 5075 60: 70: 80: 66 6;0; 66

7/257 67058 5075 60: 70: 80: 67 720; 67

4/447 69044 5075 60: 70: 80: 69 740; 69

7/923 6;04 5075 60: 70: 80: 6; 760; 6;

4/448 7205; 5075 60: 70: 80: 72 770; 72

4/449 75079 5075 60: 70: 80: 76 7;0; 76

4/44: 78096 5075 60: 70: 80: 78 830; 78

4/44; 7;0;4 5075 60: 70: 80: 82 870; 82

4/452 8502; 5075 60: 70: 80: 85 8:0; 85

4/453 88049 5075 60: 70: 80: 88 930; 88

4/454 8;066 5075 60: 70: 80: 92 970; 92

4/455 94084 5075 60: 70: 80: 95 9:0; 95

4/456 9709; 5075 60: 70: 80: 98 :30; 98

4/457 9:0;9 5075 60: 70: 80: :2 :70; :2

Fig. 3.12  
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0 0 0 Z7 C9 C8

4/458 :4036 5075 60: 70: 80: :4 :90; :4

4/459 :7054 5075 60: 70: 80: :7 ;20; :7

4/45: ::06; 5075 60: 70: 80: :: ;50; ::

4/45; ;3089 5075 60: 70: 80: ;4 ;90; ;4

4/462 ;60:6 5075 60: 70: 80: ;7 3220; ;7

4/463 ;:024 5075 60: 70: 80: ;: 3250; ;:

4/464 32303; 5075 60: 70: 80: 322 3270; 322

4/465 326059 5075 60: 70: 80: 327 3320; 327

4/466 329076 5075 60: 70: 80: 32: 3350; 32:

4/467 332094 5075 60: 70: 80: 332 3370; 332

4/468 3350:; 5075 60: 70: 80: 336 33;0; 336

4/469 339029 5075 60: 70: 80: 339 3440; 339

4/46: 342046 5075 60: 70: 80: 342 3470; 342

4/46; 345064 5075 60: 70: 80: 347 3520; 347

4/472 34807; 5075 60: 70: 80: 349 3540; 349

4/473 34;099 5075 60: 70: 80: 352 3570; 352

4/474 3540;6 5075 60: 70: 80: 355 35:0; 355

4/475 358034 5075 60: 70: 80: 358 3630; 358

4/476 35;04; 5075 60: 70: 80: 362 3670; 362

4/477 364069 5075 60: 70: 80: 364 3690; 364

4/478 367086 5075 60: 70: 80: 367 3720; 367

4/479 36:0:4 5075 60: 70: 80: 372 3770; 372

4/47: 3730;; 5075 60: 70: 80: 374 3790; 374

4/47; 37:056 5075 60: 70: 80: 382 3870; 382

4/482 38608; 5075 60: 70: 80: 387 3920; 387

4/483 393026 5075 60: 70: 80: 392 3970; 392

4/484 39905; 5075 60: 70: 80: 39: 3:50; 39:

4/485 3:5096 5075 60: 70: 80: 3:6 3:;0; 3:6

4/486 3;202; 5075 60: 70: 80: 3;2 3;70; 3;2

4/547 59069 7055 904 :09 3204 5: 69 5:

4/548 62086 7055 904 :09 3204 64 73 64

7/552 64074 7055 904 :09 3204 65 74 65

4/549 650:4 7055 904 :09 3204 67 76 67

4/54: 680;; 7055 904 :09 3204 6: 79 6:

4/54; 72039 7055 904 :09 3204 72 7; 72

4/552 75056 7055 904 :09 3204 76 85 76

4/553 78074 7055 904 :09 3204 78 87 78

4/554 7;08; 7055 904 :09 3204 82 8; 82

4/555 840:9 7055 904 :09 3204 85 94 85

4/556 88026 7055 904 :09 3204 88 97 88

4/557 8;044 7055 904 :09 3204 92 9; 92

4/558 9405; 7055 904 :09 3204 95 :4 95

4/559 97079 7055 904 :09 3204 98 :7 98

4/55: 9:096 7055 904 :09 3204 :2 :; :2

4/55; :30;4 7055 904 :09 3204 :4 ;3 :4

4/562 :702; 7055 904 :09 3204 :7 ;6 :7

4/563 ::049 7055 904 :09 3204 ;2 ;; ;2

4/564 ;3066 7055 904 :09 3204 ;4 323 ;4
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4/565 ;6084 7055 904 :09 3204 ;7 326 ;7

4/566 ;909; 7055 904 :09 3204 ;: 329 ;:

4/567 3220;9 7055 904 :09 3204 322 32; 322

4/568 326036 7055 904 :09 3204 327 336 327

4/569 329054 7055 904 :09 3204 32: 339 32:

4/56: 33206; 7055 904 :09 3204 332 33; 332

4/56; 335089 7055 904 :09 3204 337 346 337

4/572 3380:6 7055 904 :09 3204 33: 349 33:

4/573 342024 7055 904 :09 3204 342 34; 342

4/574 34503; 7055 904 :09 3204 347 356 347

4/575 348059 7055 904 :09 3204 34: 359 34:

4/576 34;076 7055 904 :09 3204 352 35; 352

4/577 354094 7055 904 :09 3204 355 364 355

4/578 3570:; 7055 904 :09 3204 357 366 357

4/579 35;029 7055 904 :09 3204 362 36; 362

4/57: 364046 7055 904 :09 3204 365 374 365

4/57; 367064 7055 904 :09 3204 367 376 367

4/582 36:07; 7055 904 :09 3204 372 37; 372

4/583 373099 7055 904 :09 3204 374 383 374

4/584 37:034 7055 904 :09 3204 37: 389 37:

4/585 386069 7055 904 :09 3204 387 396 387

4/586 3920:4 7055 904 :09 3204 392 39; 392

4/587 399039 7055 904 :09 3204 39: 3:9 39:

4/588 3:5074 7055 904 :09 3204 3:7 3;6 3:7

4/589 3:;0:9 7055 904 :09 3204 3;2 3;; 3;2

4/58: 3;8044 7055 904 :09 3204 3;7 426 3;7

4/58; 424079 7055 904 :09 3204 422 42; 422

4/592 42:0;4 7055 904 :09 3204 432 43; 432

4/593 437049 7055 904 :09 3204 437 446 437

4/594 443084 7055 904 :09 3204 442 44; 442

4/595 4490;9 7055 904 :09 3204 44: 459 44:

4/596 456054 7055 904 :09 3204 457 466 457

4/597 462089 7055 904 :09 3204 462 46; 462

4/666 3;8044 80;; ;08 34 3606 3;7 42904 3;7

4/667 424079 80;; ;08 34 3606 422 43404 422

4/668 437049 80;; ;08 34 3606 437 44904 437

4/669 4490;9 80;; ;08 34 3606 452 46404 452

4/66: 462089 80;; ;08 34 3606 462 47404 462
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3.2.4 Pneumatic – compression and design 

dimensions

Piston seal – radial compression

P/ofkd&^ppbj_iv&fk&fkpfab&bibjbkq

O d9O d4 O d3

b

Fig. 3.13  GV_`[Z$_RNX$i$^NQVNX$P[Y\^R__V[Z

Rod seal – radial compression

P/ofkd&^ppbj_iv&fk&lrqpfab&bibjbkq

O d5 O d10O  d6

b

Fig. 3.14  H[Q$_RNX$i$^NQVNX$P[Y\^R__V[Z

Floating design – no compression

Ø d
4

b
3

Ø d
3

Ø d
9

Fig. 3.15  =X[N`VZT$QR_VTZ$i$Z[$P[Y\^R__V[Z

r
1

b

f 7 H8 t

Pressure direction0–5°

r
2
 = 0,2–0,4 mm 

b

>ebff-fYWg]ba&X
2

B_UaX&XYcg\&g >b`ceYff]ba >b`ceYff]ba BebbiY&j]Xg\&V MUX]hf&e
1

j]g\bhg&VUW^-hc&e]a[

S``T S``T S``T S(T S``T S``T

52;< �202: 5299 424; 1 4287 8(1(67 6284 1 62:4 4264 1 4284

62:6 �202; 6279 4255 1 428= 8(1(5< 72:4 1 72<4 4264 1 4284

7297 �2032 7259 4259 1 42:4 8(1(5: 82<4 1 9244 4284 1 42<4

9277 �2035 82<9 4266 1 42;7 8(1(57 ;264 1 ;284 4284 1 42<4

:2== �2037 :284 4274 1 42;9 8(1(54 =2:4 1 =2<4 4284 1 42<4
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3.2.5 Pneumatic – piston seal dynamic

Ø d
4

Ø d
9

b
b

2
b

1
b

d
2

d
1

Ø d
3

no back-up ring one back-up ring two back-up rings

KUe^Ye&
ab.

X
1

X
2

V V
3

X
3

X
4

X
9

+0.2 +0.2

0 0 \9 C8 Z7

4/228 40; 309: 406 4 503 8 8

4/229 508: 309: 406 4 508 807 807

8/388 50; 30: 406 4 603 9 9

4/22: 6069 309: 406 4 608 907 907

7/7:3 60; 30; 406 4 60; : :

4/22; 704: 309: 406 4 708 :07 :07

4/232 8029 309: 406 4 803 ; ;

7/274 80:8 309: 406 4 903 32 32

4/233 9087 309: 406 4 908 3207 3207

7/7:7 : 30:: 406 4 :03 33 33

7/834 :096 309: 406 4 ;03 34 34

4/234 ;047 309: 406 4 ;08 3407 3407

7/434 ;097 309: 406 4 3203 35 35

4/235 320:4 309: 406 4 3303 36 36

8/588 330:; 309: 406 4 3403 37 37

4/236 34064 309: 406 4 3503 38 38

4/237 36 309: 406 4 3603 39 39

8/2:7 37 30: 406 4 3703 3: 3:

4/238 3708 309: 406 4 3803 3; 3;

4/239 39039 309: 406 4 3903 42 42

4/332 ;03; 4084 508 5 ;07 36 36

7/836 ;0;5 4084 508 5 3207 37 37

4/333 32099 4084 508 5 3307 38 38

7/837 330;3 4084 508 5 34 3807 3807

4/334 34059 4084 508 5 3407 39 39

7/838 35033 4084 508 5 3507 3: 3:

4/335 350;6 4084 508 5 3607 3; 3;

7/45; 3606: 408; 508 5 37 3;07 3;07

4/336 37076 4084 508 5 3707 42 42

7/839 370:: 4084 508 5 3807 43 43

4/337 39034 4084 508 5 3907 44 44

7/478 390;8 4084 508 5 3:07 45 45

4/338 3:098 4084 508 5 3;07 46 46

4/339 4204; 4084 508 5 4207 47 47

4/33: 430:; 4084 508 5 4407 49 49

4/33; 45069 4084 508 5 4507 4: 4:

4/342 47029 4084 508 5 4707 52 52

4/343 48086 4084 508 5 4907 54 54

KUe^Ye&
ab.

X
1

X
2

V V
3

X
3

X
4

X
9

+0.2 +0.2

0 0 \9 C8 Z7

4/344 4:046 4084 508 5 4:07 55 55

4/345 4;0:4 4084 508 5 5207 57 57

4/346 53064 4084 508 5 5307 58 58

4/347 540;; 4084 508 5 5507 5: 5:

4/348 56077 4084 508 5 5707 62 62

4/349 58039 4084 508 5 5807 63 63

4/34: 59099 4084 508 5 5:07 65 65

4/432 3:086 5075 60: 6 3:07 47 47

7/7;7 3;0: 508 60: 6 42 48 48

4/433 42044 5075 60: 6 420; 49 49

4/434 430:4 5075 60: 6 430; 4: 4:

4/435 4505; 5075 60: 6 450; 52 52

4/436 460;; 5075 60: 6 460; 53 53

7/83: 470:3 5075 60: 6 470; 54 54

4/437 48079 5075 60: 6 480; 55 55

4/438 4:039 5075 60: 6 4:0; 57 57

4/439 4;096 5075 60: 6 4;0; 58 58

4/43: 53056 5075 60: 6 530; 5: 5:

4/43; 540;4 5075 60: 6 550; 62 62

4/442 56074 5075 60: 6 570; 64 64

4/443 5802; 5075 60: 6 580; 65 65

4/444 5908; 5075 60: 6 5:0; 67 67

7/543 5;08 5075 60: 6 5;0; 68 68

4/445 620:9 5075 60: 6 630; 6: 6:

4/446 66026 5075 60: 6 650; 72 72

7/257 67058 5075 60: 6 670; 74 74

4/447 69044 5075 60: 6 690; 76 76

7/923 6;04 5075 60: 6 6;0; 78 78

4/448 7205; 5075 60: 6 720; 79 79

4/449 75079 5075 60: 6 750; 82 82

4/44: 78096 5075 60: 6 780; 85 85

4/44; 7;0;4 5075 60: 6 7;0; 88 88

4/452 8502; 5075 60: 6 850; 92 92

4/453 88049 5075 60: 6 880; 95 95

4/454 8;066 5075 60: 6 8;0; 98 98

4/455 94084 5075 60: 6 950; :2 :2

4/456 9709; 5075 60: 6 980; :5 :5

4/457 9:0;9 5075 60: 6 9;0; :8 :8

Fig. 3.16  
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4/458 :4036 5075 60: 6 :50; ;2 ;2

4/459 :7054 5075 60: 6 :70; ;4 ;4

4/45: ::06; 5075 60: 6 :;0; ;8 ;8

4/45; ;3089 5075 60: 6 ;50; 322 322

4/462 ;60:6 5075 60: 6 ;70; 324 324

4/463 ;:024 5075 60: 6 ;:0; 327 327

4/464 32303; 5075 60: 6 3250; 332 332

4/465 326059 5075 60: 6 3270; 334 334

4/466 329076 5075 60: 6 32:0; 337 337

4/467 332094 5075 60: 6 3350; 342 342

4/468 3350:; 5075 60: 6 3370; 344 344

4/469 339029 5075 60: 6 33:0; 347 347

4/46: 342046 5075 60: 6 343; 34: 34:

4/46; 345064 5075 60: 6 3450; 352 352

4/472 34807; 5075 60: 6 34:0; 357 357

4/473 34;099 5075 60: 6 3530; 35: 35:

4/474 3540;6 5075 60: 6 3550; 362 362

4/475 358034 5075 60: 6 35:0; 367 367

4/476 35;04; 5075 60: 6 3630; 36: 36:

4/477 364069 5075 60: 6 3650; 372 372

4/478 367086 5075 60: 6 36:0; 377 377

4/479 36:0:4 5075 60: 6 3720; 379 379

4/47: 3730;; 5075 60: 6 3750; 382 382

4/47; 37:056 5075 60: 6 37:0; 387 387

4/482 38608; 5075 60: 6 38:0; 397 397

4/483 393026 5075 60: 6 3950; 3:2 3:2

4/484 39905; 5075 60: 6 39:0; 3:7 3:7

4/485 3:50:6 5075 60: 6 3:50; 3;2 3;2

4/486 3;202; 5075 60: 6 3;50; 422 422

4/547 59069 7055 904 8 5:08 6: 6:

4/548 62086 7055 904 8 6208 72 72

7/552 64074 7055 904 8 6408 74 74

4/549 650:4 7055 904 8 6708 77 77

4/54: 680;; 7055 904 8 6:08 7: 7:

4/54; 72039 7055 904 8 7208 82 82

4/552 75056 7055 904 8 7508 85 85

4/553 78074 7055 904 8 7:08 8: 8:

4/554 7;08; 7055 904 8 8208 92 92

4/555 840:9 7055 904 8 8508 95 95

4/556 88026 7055 904 8 8808 98 98

4/557 8;044 7055 904 8 9208 :2 :2

4/558 9405; 7055 904 8 9508 :5 :5

4/559 97079 7055 904 8 9808 :8 :8

4/55: 9:096 7055 904 8 :208 ;2 ;2

4/55; :30;4 7055 904 8 :408 ;4 ;4

4/562 :702; 7055 904 8 :708 ;7 ;7

4/563 ::049 7055 904 8 ;308 322 322

4/564 ;3066 7055 904 8 ;408 324 324
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4/565 ;6084 7055 904 8 ;708 327 327

4/566 ;909; 7055 904 8 32208 332 332

4/567 3220;9 7055 904 8 32408 334 334

4/568 326036 7055 904 8 32708 337 337

4/569 329054 7055 904 8 32:08 33: 33:

4/56: 33206; 7055 904 8 33208 342 342

4/56; 335089 7055 904 8 33706 347 347

4/572 3380:6 7055 904 8 33:06 34: 34:

4/573 342024 7055 904 8 34206 352 352

4/574 34503; 7055 904 8 34706 357 357

4/575 348059 7055 904 8 34:06 35: 35:

4/576 34;076 7055 904 8 35206 362 362

4/577 354094 7055 904 8 35606 367 367

4/578 3570:; 7055 904 8 35:06 36: 36:

4/579 35;029 7055 904 8 36206 372 372

4/57: 364046 7055 904 8 36706 377 377

4/57; 367064 7055 904 8 36:06 37: 37:

4/582 36:07; 7055 904 8 37206 382 382

4/583 373099 7055 904 8 37706 387 387

4/584 37:034 7055 904 8 37:06 38: 38:

4/585 386069 7055 904 8 38706 397 397

4/586 3920:4 7055 904 8 39206 3:2 3:2

4/587 399039 7055 904 8 39:06 3:: 3::

4/588 3:5074 7055 904 8 3:706 3;7 3;7

4/589 3:;0:9 7055 904 8 3;206 422 422

4/58: 3;8044 7055 904 8 42206 432 432

4/58; 424079 7055 904 8 42706 437 437

4/592 42:0;4 7055 904 8 43206 442 442

4/593 437049 7055 904 8 43706 447 447

4/594 443084 7055 904 8 44706 457 457

4/595 4490;9 7055 904 8 45206 462 462

4/596 456054 7055 904 8 45706 467 467

4/597 462089 7055 904 8 46206 472 472

4/666 3;8044 80;; ;08 : 3;906 432 432

4/667 424079 80;; ;08 : 42906 442 442

4/668 437049 80;; ;08 : 43906 452 452

4/669 4490;9 80;; ;08 : 44906 462 462

4/66: 462089 80;; ;08 : 46906 482 482

Tab. 3.9   
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3.2.6 Pneumatic – rod seal dynamic

b
2

b
1

b

d
2

d
1

Ø d
5

b

Ø d
6

Ø d
10

no back-up ring one back-up ring two back-up 
rings

KUe^Ye&
ab.

X
1

X
2

V V
3

X
5

X
6

X
10

+0.2 +0.2

0 0 Z7 C9 C8

4/228 40; 309: 406 4 5 70; 5

4/229 508: 309: 406 4 507 806 507

8/388 50; 30: 406 4 6 80; 6

4/22: 6069 309: 406 4 607 906 607

7/7:3 60; 30; 406 4 7 :03 7

4/22; 704: 309: 406 4 707 :06 707

4/232 8029 309: 406 4 8 :0; 8

7/274 80:8 309: 406 4 9 ;0; 9

4/233 9087 309: 406 4 907 3206 907

7/7:7 : 30:: 406 4 : 3303 :

7/834 :096 309: 406 4 ; 330; ;

4/234 ;047 309: 406 4 ;07 3406 ;07

7/434 ;097 309: 406 4 32 340; 32

4/235 320:4 309: 406 4 33 350; 33

8/588 330:; 309: 406 4 34 360; 34

4/236 34064 309: 406 4 3407 3706 3407

4/237 36 309: 406 4 36 380; 36

8/2:7 37 30: 406 4 37 390; 37

4/238 3708 309: 406 4 38 3:0; 38

4/239 39039 309: 406 4 39 3;0; 39

4/332 ;03; 4084 508 5 ;07 36 ;07

7/836 ;0;5 4084 508 5 32 3607 32

4/333 32099 4084 508 5 33 3707 33

7/837 330;3 4084 508 5 34 3807 34

4/334 34059 4084 58 5 3407 39 3407

7/838 35033 4084 508 5 35 3907 35

4/335 350;6 4084 508 5 36 3:07 36

7/45; 3606: 408; 508 5 3607 3; 3607

4/336 37076 4084 508 5 3707 42 3707

7/839 370:: 4084 508 5 38 4207 38

4/337 39034 4084 508 5 39 4307 39

7/478 390;8 4084 508 5 3: 4407 3:

4/338 3:098 4084 508 5 3; 4507 3;

4/339 4204; 4084 508 5 42 4607 42

4/33: 430:; 4084 508 5 44 4807 44

4/33; 45069 4084 508 5 46 4:07 46

4/342 47029 4084 508 5 47 4;07 47

4/343 48086 4084 508 5 49 5307 49

KUe^Ye&
ab.

X
1

X
2

V V
3

X
5

X
6

X
10

+0.2 +0.2

0 0 Z7 C9 C8

4/344 4:046 4084 508 5 4: 5407 4:

4/345 4;0:4 4084 508 5 52 5607 52

4/346 53064 4084 508 5 54 5807 54

4/347 540;; 4084 508 5 55 5907 55

4/348 56077 4084 508 5 57 5;07 57

4/349 58039 4084 508 5 58 6207 58

4/34: 59099 4084 508 5 5: 6407 5:

4/432 3:086 5075 60: 6 3; 4703 3;

7/7;7 3;0: 508 60: 6 42 4804 42

4/433 42044 5075 60: 6 42 4803 42

4/434 430:4 5075 60: 6 44 4:03 44

4/435 4505; 5075 60: 6 46 5203 46

4/436 460;; 5075 60: 6 47 5303 47

7/83: 470:3 5075 60: 6 48 5403 48

4/437 48079 5075 60: 6 49 5503 49

4/438 4:039 5075 60: 6 4: 5603 4:

4/439 4;096 5075 60: 6 52 5803 52

4/43: 53056 5075 60: 6 54 5:03 54

4/43; 540;4 5075 60: 6 55 5;03 55

4/442 56074 5075 60: 6 57 6303 57

4/443 5802; 5075 60: 6 58 6403 58

4/444 5908; 5075 60: 6 5: 6603 5:

7/543 5;08 5075 60: 6 62 6803 62

4/445 620:9 5075 60: 6 63 6903 63

4/446 66026 5075 60: 6 66 7203 66

7/257 67058 5075 60: 6 67 7303 67

4/447 69044 5075 60: 6 69 7503 69

7/923 6;04 5075 60: 6 6; 7703 6;

4/448 7205; 5075 60: 6 72 7803 72

4/449 75079 5075 60: 6 76 8203 76

4/44: 78096 5075 60: 6 78 8403 78

4/44; 7;0;4 5075 60: 6 82 8803 82

4/452 8502; 5075 60: 6 85 8;03 85

4/453 88049 5075 60: 6 88 9403 88

4/454 8;066 5075 60: 6 92 9803 92

4/455 94084 5075 60: 6 95 9;03 95

4/456 9709; 5075 60: 6 98 :403 98

4/457 9:0;9 5075 60: 6 :2 :803 :2

Fig. 3.17  
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KUe^Ye&
ab.

X
1

X
2

V V
3

X
5

X
6

X
10

+0.2 +0.2

0 0 Z7 C9 C8

4/458 :4036 5075 60: 6 :4 ::03 :4

4/459 :7054 5075 60: 6 :7 ;303 :7

4/45: ::06; 5075 60: 6 :: ;603 ::

4/45; ;3089 5075 60: 6 ;4 ;:03 ;4

4/462 ;60:6 5075 60: 6 ;7 32303 ;7

4/463 ;:024 5075 60: 6 ;: 32603 ;:

4/464 32303; 5075 60: 6 322 32803 322

4/465 326059 5075 60: 6 327 33303 327

4/466 329076 5075 60: 6 32: 3350; 32:

4/467 332094 5075 60: 6 332 33803 332

4/468 3350:; 5075 60: 6 336 34203 336

4/469 339029 5075 60: 6 339 34503 339

4/46: 342046 5075 60: 6 342 34803 342

4/46; 345064 5075 60: 6 347 35303 347

4/472 34807; 5075 60: 6 349 35503 349

4/473 34;099 5075 60: 6 352 35803 352

4/474 3540;6 5075 60: 6 355 35;03 355

4/475 358034 5075 60: 6 358 36403 358

4/476 35;04; 5075 60: 6 362 36803 362

4/477 364069 5075 60: 6 364 36:03 364

4/478 367086 5075 60: 6 367 37303 367

4/479 36:0:4 5075 60: 6 372 37803 372

4/47: 3730;; 5075 60: 6 374 37:03 374

4/47; 37:056 5075 60: 6 382 38803 382

4/482 38608; 5075 60: 6 387 39303 387

4/483 393026 5075 60: 6 392 39803 392

4/484 39905; 5075 60: 6 39: 3:603 39:

4/485 3:50:6 5075 60: 6 3:6 3;203 3:6

4/486 3;202; 5075 60: 6 3;2 3;803 3;2

4/547 59069 7055 904 8 5: 6906 5:

4/548 62086 7055 904 8 64 7306 64

7/552 64074 7055 904 8 65 7406 65

4/549 650:4 7055 904 8 67 7606 67

4/54: 680;; 7055 904 8 6: 7906 6:

4/54; 72039 7055 904 8 72 7;06 72

4/552 75056 7055 904 8 76 8506 76

4/553 78074 7055 904 8 78 8706 78

4/554 7;08; 7055 904 8 82 8;06 82

4/555 840:9 7055 904 8 85 9406 85

4/556 88026 7055 904 8 88 9706 88

4/557 8;044 7055 904 8 92 9;06 92

4/558 9405; 7055 904 8 95 :406 95

4/559 97079 7055 904 8 98 :706 98

4/55: 9:096 7055 904 8 :2 :;06 :2

4/55; :30;4 7055 904 8 :4 ;306 :4

4/562 :702; 7055 904 8 :7 ;606 :7

4/563 ::049 7055 904 8 ;2 ;;06 ;2

4/564 ;3066 7055 904 8 ;4 32306 ;4

KUe^Ye&
ab.

X
1

X
2
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3

X
5

X
6

X
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+0.2 +0.2

0 0 Z7 C9 C8

4/565 ;6084 7055 904 8 ;7 32606 ;7

4/566 ;909; 7055 904 8 ;: 32906 ;:

4/567 3220;9 7055 904 8 322 32;06 322

4/568 326036 7055 904 8 327 33606 327

4/569 329054 7055 904 8 32: 33906 32:

4/56: 33206; 7055 904 8 332 33;06 332

4/56; 335089 7055 904 8 337 34606 337

4/572 3380:6 7055 904 8 33: 34906 33:

4/573 342024 7055 904 8 342 34;06 342

4/574 34503; 7055 904 8 347 35606 347

4/575 348059 7055 904 8 34: 35906 34:

4/576 34;076 7055 904 8 352 35;06 352

4/577 354094 7055 904 8 355 36406 355

4/578 3570:; 7055 904 8 357 36606 357

4/579 35;029 7055 904 8 362 36;06 362

4/57: 364046 7055 904 8 365 37406 365

4/57; 367064 7055 904 8 367 37606 367

4/582 36:07; 7055 904 8 372 37;06 372

4/583 373099 7055 904 8 374 38306 374

4/584 37:034 7055 904 8 37: 38906 37:

4/585 386069 7055 904 8 387 39606 387

4/586 3920:4 7055 904 8 392 39;06 392

4/587 399039 7055 904 8 39: 3:906 39:

4/588 3:5074 7055 904 8 3:7 3;606 3:7

4/589 3:;0:9 7055 904 8 3;2 3;;06 3;2

4/58: 3;8044 7055 904 8 3;7 42606 3;7

4/58; 424079 7055 904 8 422 42;06 422

4/592 42:0;4 7055 904 8 432 43;06 432

4/593 437049 7055 904 8 437 44606 437

4/594 443084 7055 904 8 442 44;06 442

4/595 4490;9 7055 904 8 44: 45906 44:

4/596 456054 7055 904 8 457 46606 457

4/597 462089 7055 904 8 462 46;06 462

4/666 3;8044 80;; ;08 : 3;7 42908 3;7

4/667 424079 80;; ;08 : 422 43408 422

4/668 437049 80;; ;08 : 437 44908 437

4/669 4490;9 80;; ;08 : 452 46408 452

4/66: 462089 80;; ;08 : 462 47408 462

Tab. 3.10   
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3.2.7 Pneumatic – floating assembly dynamic

b
2

b
1

b

d
2

d
1

Ø d
4

b
3 Ø d

3
Ø d

9

KUe^Ye&
ab.

X
1

X
2

V V
3

X
3

X
4

X
9

+0.2 +0.2

0 0 \8 C8 Z7

4/228 40; 309: 406 4 4 8 8

4/229 508: 309: 406 4 5 9 9

8/388 50; 30: 406 4 504 904 904

4/22: 6069 309: 406 4 507 907 907

7/7:3 60; 30; 406 4 6 : :

4/22; 704: 309: 406 4 607 :07 :07

4/232 8029 309: 406 4 707 ;07 ;07

7/274 80:8 309: 406 4 8 32 32

4/233 9087 309: 406 4 9 33 33

7/7:7 : 30:: 406 4 907 3307 3307

7/834 :096 309: 406 4 : 34 34

4/234 ;047 309: 406 4 :07 3407 3407

7/434 ;097 309: 406 4 ; 35 35

4/235 320:4 309: 406 4 32 36 36

8/588 330:; 309: 406 4 33 37 37

4/236 34064 309: 406 4 3307 3707 3707

4/237 36 309: 406 4 35 39 39

8/2:7 37 30: 406 4 36 3: 3:

4/238 3708 309: 406 4 37 3; 3;

4/239 39039 309: 406 4 38 42 42

4/332 ;03; 4084 508 5 :04 36 36

7/836 ;0;5 4084 508 5 :09 3607 3607

4/333 32099 4084 508 5 ;09 3707 3707

7/837 330;3 4084 508 5 3209 3807 3807

4/334 34059 4084 508 5 3304 39 39

7/838 35033 4084 508 5 3404 3: 3:

4/335 350;6 4084 508 5 3409 3:07 3:07

7/45; 3606: 408; 508 5 3509 3;07 3;07

4/336 37076 4084 508 5 3604 42 42

7/839 370:: 4084 508 5 3609 4207 4207

4/337 39034 4084 508 5 3804 44 44

7/478 390;8 4084 508 5 3809 4407 4407

4/338 3:098 4084 508 5 3909 4507 4507

4/339 4204; 4084 508 5 3;04 47 47

4/33: 430:; 4084 508 5 4209 4807 4807

4/33; 45069 4084 508 5 4404 4: 4:

KUe^Ye&
ab.

X
1

X
2

V V
3

X
3

X
4

X
9

+0.2 +0.2

0 0 \8 C8 Z7

4/342 47029 4084 508 5 4604 52 52

4/343 48086 4084 508 5 4709 5307 5307

4/344 4:046 4084 508 5 4904 55 55

4/345 4;0:4 4084 508 5 4:09 5607 5607

4/346 53064 4084 508 5 5204 58 58

4/347 540;; 4084 508 5 5309 5907 5907

4/348 56077 4084 508 5 5504 5; 5;

4/349 58039 4084 508 5 5604 62 62

4/34: 59099 4084 508 5 5804 64 64

4/432 3:086 5075 60: 6 3906 47 47

7/7;7 3;0: 508 60: 6 3:06 48 48

4/433 42044 5075 60: 6 3:0; 4807 4807

4/434 430:4 5075 60: 6 4206 4: 4:

4/435 4505; 5075 60: 6 4406 52 52

4/436 460;; 5075 60: 6 450; 5307 5307

7/83: 470:3 5075 60: 6 4606 54 54

4/437 48079 5075 60: 6 4706 55 55

4/438 4:039 5075 60: 6 480; 5607 5607

4/439 4;096 5075 60: 6 4:06 58 58

4/43: 53056 5075 60: 6 4;0; 5907 5907

4/43; 540;4 5075 60: 6 530; 5;07 5;07

4/442 56074 5075 60: 6 5506 63 63

4/443 5802; 5075 60: 6 560; 6407 6407

4/444 5908; 5075 60: 6 5806 66 66

7/543 5;08 5075 60: 6 5:06 68 68

4/445 620:9 5075 60: 6 5;06 69 69

4/446 66026 5075 60: 6 6406 72 72

7/257 67058 5075 60: 6 650; 7307 7307

4/447 69044 5075 60: 6 670; 7507 7507

7/923 6;04 5075 60: 6 6906 77 77

4/448 7205; 5075 60: 6 6:0; 7807 7807

4/449 75079 5075 60: 6 7406 82 82

4/44: 78096 5075 60: 6 7706 85 85

4/44; 7;0;4 5075 60: 6 7:06 88 88

4/452 8502; 5075 60: 6 8306 8; 8;

4/453 88049 5075 60: 6 8606 94 94

Fig. 3.18  
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X
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X
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+0.2 +0.2

0 0 \8 C8 Z7

4/454 8;066 5075 60: 6 8:06 98 98

4/455 94084 5075 60: 6 9306 9; 9;

4/456 9709; 5075 60: 6 9606 :4 :4

4/457 9:0;9 5075 60: 6 9906 :7 :7

4/458 :4036 5075 60: 6 :206 :: ::

4/459 :7054 5075 60: 6 :506 ;3 ;3

4/45: ::06; 5075 60: 6 :806 ;6 ;6

4/45; ;3089 5075 60: 6 :;06 ;9 ;9

4/462 ;60:6 5075 60: 6 ;406 322 322

4/463 ;:024 5075 60: 6 ;806 326 326

4/464 32303; 5075 60: 6 ;;06 329 329

4/465 326059 5075 60: 6 32406 332 332

4/466 329076 5075 60: 6 32706 335 335

4/467 332094 5075 60: 6 32:06 338 338

4/468 3350:; 5075 60: 6 33406 342 342

4/469 339029 5075 60: 6 33706 345 345

4/46: 342046 5075 60: 6 33:06 348 348

4/46; 345064 5075 60: 6 34306 34; 34;

4/472 34807; 5075 60: 6 34606 354 354

4/473 34;099 5075 60: 6 34:06 358 358

4/474 3540;6 5075 60: 6 35306 35; 35;

4/475 358034 5075 60: 6 35606 364 364

4/476 35;04; 5075 60: 6 35906 367 367

4/477 364069 5075 60: 6 36206 36: 36:

4/478 367086 5075 60: 6 36406 372 372

4/479 36:0:4 5075 60: 6 36806 376 376

4/47: 3730;; 5075 60: 6 36;06 379 379

4/47; 37:056 5075 60: 6 37806 386 386

4/482 38608; 5075 60: 6 38406 392 392

4/483 393026 5075 60: 6 38:06 398 398

4/484 39905; 5075 60: 6 39606 3:4 3:4

4/485 3:50:6 5075 60: 6 3:606 3:; 3:;

4/486 3;202; 5075 60: 6 3;206 3;7 3;7

4/547 59069 7055 904 8 570: 69 69

4/548 62086 7055 904 8 5:0: 72 72

7/552 64074 7055 904 8 620: 74 74

4/549 650:4 7055 904 8 630: 75 75

4/54: 680;; 7055 904 8 660: 78 78

4/54; 72039 7055 904 8 690: 7; 7;

4/552 75056 7055 904 8 730: 85 85

4/553 78074 7055 904 8 760: 88 88

4/554 7;08; 7055 904 8 790: 8; 8;

4/555 840:9 7055 904 8 820: 94 94

4/556 88026 7055 904 8 850: 97 97

4/557 8;044 7055 904 8 880: 9: 9:

4/558 9405; 7055 904 8 920: :4 :4

4/559 97079 7055 904 8 950: :7 :7

4/55: 9:096 7055 904 8 980: :: ::
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4/55; :30;4 7055 904 8 9;0: ;3 ;3

4/562 :702; 7055 904 8 :40: ;6 ;6

4/563 ::049 7055 904 8 :70: ;9 ;9

4/564 ;3066 7055 904 8 ::0: 322 322

4/565 ;6084 7055 904 8 ;40: 326 326

4/566 ;909; 7055 904 8 ;80: 32: 32:

4/567 3220;9 7055 904 8 ;:0: 332 332

4/568 326036 7055 904 8 3230: 335 335

4/569 329054 7055 904 8 3260: 338 338

4/56: 33206; 7055 904 8 32:0: 342 342

4/56; 335089 7055 904 8 3320: 344 344

4/572 3380:6 7055 904 8 3360: 348 348

4/573 342024 7055 904 8 3390: 34; 34;

4/574 34503; 7055 904 8 3420: 354 354

4/575 348059 7055 904 8 3450: 357 357

4/576 34;076 7055 904 8 3480: 35: 35:

4/577 354094 7055 904 8 3520: 364 364

4/578 3570:; 7055 904 8 3550: 367 367

4/579 35;029 7055 904 8 3580: 36: 36:

4/57: 364046 7055 904 8 35;0: 373 373

4/57; 367064 7055 904 8 3640: 376 376

4/582 36:07; 7055 904 8 3670: 379 379

4/583 373099 7055 904 8 36;0: 383 383

4/584 37:034 7055 904 8 3770: 389 389

4/585 386069 7055 904 8 3830: 395 395

4/586 3920:4 7055 904 8 38:0: 3:2 3:2

4/587 399039 7055 904 8 3980: 3:8 3:8

4/588 3:5074 7055 904 8 3:20: 3;4 3;4

4/589 3:;0:9 7055 904 8 3:80: 3;: 3;:

4/58: 3;8044 7055 904 8 3;50: 427 427

4/58; 424079 7055 904 8 3;:0: 432 432

4/592 42:0;4 7055 904 8 4270: 439 439

4/593 437049 7055 904 8 4340: 446 446

4/594 443084 7055 904 8 43:0: 452 452

4/595 4490;9 7055 904 8 4460: 458 458

4/596 456054 7055 904 8 4530: 465 465

4/597 462089 7055 904 8 4580: 46: 46:

4/666 3;8044 80;; ;08 : 3;506 42: 42:

4/667 424079 80;; ;08 : 42206 437 437

4/668 437049 80;; ;08 : 43206 447 447

4/669 4490;9 80;; ;08 : 44706 462 462

4/66: 462089 80;; ;08 : 45706 472 472

Tab. 3.11   
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4  O-rings and Parbak® back-up rings

4.1 Dimensions of O-rings

Bp&^&j^krc^`qrobo&lc&P/ofkdp.&Q^ohbo&`^k&molar`b&^kv&P/ofkd&pfwb&

obnrfoba0&Iltbsbo.& fq& fp&jlob&b`lkljf`& ql&pbib`q& colj&pq^ka^oa&

pfwbp&^s^fi^_ib&bu/pql`h.&m^oqf`ri^oiv&lro&4/uuu&pbofbp&ifpqba&_bilt0

Pro& 4/uuu& pbofbp& `ljmifbp& tfqe& qeb& fkqbok^qflk^iiv& ob`ldkfpba&

Bjbof`^k& Tq^ka^oa& BT& 78:& C0& Uebpb& `olpp/pb`qflk& pfwbp& ^ipl&

e^sb&_bbk&^almqba&_v&EJO&JTP&5823/30

Characteristics of the 2-xxx series

Ueb&4/uuu&pbofbp&colj&Q^ohbo&lccbop&qeb&cliiltfkd&^as^kq^dbp0

30&Ueb&cliiltfkd&`ljmlrkap&^ob&^s^fi^_ib&bu/pql`h<&& &

O2896/92&+OCS.&92&Telob&B,& & & &

O2774/;2&+OCS.&;2&Telob&B,& & & &

F2762/:2&+FQEN.&:2&Telob&B,& & & & &

W2969/97&+GLN.&97&Telob&B,

40&Glo&b^`e&4/uuu&pbofbp&P/ofkd&^k&^mmolmof^qb&Q^ohbo&Q^o_^h�&

_^`h/rm&ofkd&fp&^s^fi^_ib0&Uefp&fp&m^oqf`ri^oiv&fjmloq^kq&fk&qeb&

`^pb&lc&efde&mobpprobp&+pbb&pb`qflk&Q^o_^h�&_^`h/rm&ofkd,0

50&P/ofkdp&lc&qeb&4/uuu&pbofbp&`loobpmlka&ql&qeb&pq^ka^oa&JTP%58230&

2-0xx sizes: cross-section d
2
 = 1.78 mm

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

61445. 42;8 5246

61446. 524; 526;

61447. 5286 5296

61448 52;< 52;<

61449 629; 52;<

6144: 62= 52;<

6144; 72:< 52;<

6144< 828; 52;<

6144= 926< 52;<

61454 :24; 52;<

61455 ;2:9 52;<

61456 =269 52;<

61457 542<6 52;<

61458 56286 52;<

61459 58 52;<

6145: 592: 52;<

6145; 5;25; 52;<

6145< 5<25; 52;<

6145= 64279 52;<

61464 652=9 52;<

61465 67296 52;<

61466 69256 52;<

61467 6:2; 52;<

61468 6<27 52;<

61469 6=2<; 52;<

6146: 7528; 52;<

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

6146; 77249 52;<

6146< 782:9 52;<

6146= 7;2<6 52;<

61474 85 52;<

61475 8825; 52;<

61476 8;279 52;<

61477 94296 52;<

61478 972; 52;<

61479 9:2<; 52;<

6147: :4249 52;<

6147; :7266 52;<

6147< ::28 52;<

6147= :=29; 52;<

61484 ;62;9 52;<

61485 ;92=6 52;<

61486 <626; 52;<

61487 <<2:6 52;<

61488 =82=; 52;<

61489 545276 52;<

6148: 54;2:; 52;<

6148; 558246 52;<

6148< 56427; 52;<

6148= 56:2;6 52;<

61494 57724; 52;<

*%I[TPaT%]^bT%bWT%SXUUT`X]V%R`^aa-aTRbX^]a%U^`%bWTaT%aXhTa.

Tab. 4.1   /*-dd$_VfR_$

$

2-1xx sizes: cross-section d
2
 = 2.62 mm

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

61546 5268 62:6

61547 624: 62:6

61548 62<8 62:6

61549 72:7 62:6

6154: 8286 62:6

6154; 9267 62:6

6154< :246 62:6

6154= ;29= 62:6

61554 =25= 62:6

61555 542;; 62:6

61556 5627; 62:6

61557 572=8 62:6

61558 59298 62:6

61559 5;256 62:6

6155: 5<2;6 62:6

6155; 6426= 62:6
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KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

6155< 652<= 62:6

6155= 6728; 62:6

61564 6924; 62:6

61565 6:2:8 62:6

61566 6<268 62:6

61567 6=2<6 62:6

61568 75286 62:6

61569 762== 62:6

6156: 7829= 62:6

6156; 7:25; 62:6

6156< 7;2;; 62:6

6156= 7=278 62:6

61574 842=8 62:6

61575 86296 62:6

61576 88256 62:6

61577 892:= 62:6

61578 8;26= 62:6

61579 8<2= 62:6

6157: 9428; 62:6

6157; 9624; 62:6

6157< 972:8 62:6

6157= 99269 62:6

61584 9:2<6 62:6

61585 9<286 62:6

61586 9=2== 62:6

61587 :52: 62:6

61588 :725; 62:6

61589 :82;; 62:6

6158: ::278 62:6

6158; :;2=9 62:6

6158< :=296 62:6

6158= ;5256 62:6

61594 ;62:= 62:6

61595 ;92<; 62:6

61596 <6266 62:6

61597 <<29; 62:6

61598 =82=6 62:6

61599 54526; 62:6

6159: 54;2:6 62:6

6159; 5572=; 62:6

6159< 564276 62:6

6159= 56:2:; 62:6

615:4 577246 62:6

615:5 57=27; 62:6

615:6 5892;6 62:6

615:7 59624; 62:6

615:8 59<286 62:6

615:9 5:82;; 62:6

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

615:: 5;5256 62:6

615:; 5;;28; 62:6

615:< 5<72<6 62:6

615:= 5=425; 62:6

615;4 5=:296 62:6

615;5 6462<; 62:6

615;6 64=266 62:6

615;7 65929; 62:6

615;8 6652=6 62:6

615;9 66<26; 62:6

615;: 6782:6 62:6

615;; 6842=; 62:6

615;< 68;276 62:6

Tab. 4.2   /*.dd$_VfR_$

$

$

2-2xx sizes: cross-section d
2
 = 3.53 mm

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

61645 8278 7297

61646 92=8 7297

61647 ;296 7297

61648 =256 7297

61649 54256 7297

6164: 5626= 7297

6164; 572<; 7297

6164< 5928; 7297

6164= 5;248 7297

61654 5<2:8 7297

61655 64266 7297

61656 652<6 7297

61657 6727= 7297

61658 682== 7297

61659 6:29; 7297

6165: 6<25; 7297

6165; 6=2;8 7297

6165< 75278 7297

6165= 762=6 7297

61664 78296 7297

61665 7:24= 7297

61666 7;2:= 7297

61667 842<; 7297

61668 88248 7297

61669 8;266 7297

6166: 9427= 7297

6166; 9729; 7297

6166< 9:2;8 7297
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KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

6166= 9=2=6 7297

61674 :724= 7297

61675 ::26; 7297

61676 :=288 7297

61677 ;62:6 7297

61678 ;92;= 7297

61679 ;<2=; 7297

6167: <6258 7297

6167; <9276 7297

6167< <<28= 7297

6167= =52:; 7297

61684 =82<8 7297

61685 =<246 7297

61686 54525= 7297

61687 54827; 7297

61688 54;298 7297

61689 5542;6 7297

6168: 5572<= 7297

6168; 55;24; 7297

6168< 564268 7297

6168= 567286 7297

61694 56:29= 7297

61695 56=2;; 7297

61696 5762=8 7297

61697 57:256 7297

61698 57=26= 7297

61699 58628; 7297

6169: 5892:8 7297

6169; 58<2<6 7297

6169< 5952== 7297

6169= 59<278 7297

616:4 5:82:= 7297

616:5 5;5248 7297

616:6 5;;27= 7297

616:7 5<72;8 7297

616:8 5=424= 7297

616:9 5=:288 7297

616:: 6462;= 7297

616:; 64=258 7297

616:< 65928= 7297

616:= 6652<8 7297

616;4 66<25= 7297

616;5 678298 7297

616;6 6842<= 7297

616;7 68;268 7297

616;8 69729= 7297

616;9 6::26= 7297

616;: 6;<2== 7297

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

616;; 6=52:= 7297

616;< 74827= 7297

616;= 76=2;= 7297

616<4 79925= 7297

616<5 7<429= 7297

616<6 84926: 7297

616<7 8742:: 7297

616<8 89:24: 7297

Tab. 4.3   /*/dd$_VfR_$

2-3xx sizes: cross-section d
2
 = 5.33 mm

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

4/52; 32068 7055

4/532 34029 7055

4/533 35086 7055

4/534 37046 7055

4/535 380:3 7055

4/536 3:064 7055

4/537 3;0;; 7055

4/538 4307; 7055

4/539 45038 7055

4/53: 46099 7055

4/53; 48056 7055

4/542 490;6 7055

4/543 4;073 7055

4/544 53034 7055

4/545 5408; 7055

4/546 5604; 7055

4/547 59069 7055

4/548 62086 7055

4/549 650:4 7055

4/54: 680;; 7055

4/54; 72039 7055

4/552 75056 7055

4/553 78074 7055

4/554 7;08; 7055

4/555 840:9 7055

4/556 88026 7055

4/557 8;044 7055

4/558 9405; 7055

4/559 97079 7055

4/55: 9:096 7055

4/55; :30;4 7055

4/562 :702; 7055

4/563 ::049 7055

4/564 ;3066 7055
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KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

4/565 ;6084 7055

4/566 ;909; 7055

4/567 3220;9 7055

4/568 326036 7055

4/569 329054 7055

4/56: 33206; 7055

4/56; 335089 7055

4/572 3380:6 7055

4/573 342024 7055

4/574 34503; 7055

4/575 348059 7055

4/576 34;076 7055

4/577 354094 7055

4/578 3570:; 7055

4/579 35;029 7055

4/57: 364046 7055

4/57; 367064 7055

4/582 36:07; 7055

4/583 373099 7055

4/584 37:034 7055

4/585 386069 7055

4/586 3920:4 7055

4/587 399039 7055

4/588 3:5074 7055

4/589 3:;0:9 7055

4/58: 3;8044 7055

4/58; 424079 7055

4/592 42:0;4 7055

4/593 437049 7055

4/594 443084 7055

4/595 4490;9 7055

4/596 456054 7055

4/597 462089 7055

4/598 469024 7055

4/599 475059 7055

4/59: 488029 7055

4/59; 49:099 7055

4/5:2 4;3069 7055

4/5:3 526039 7055

4/5:4 54;079 7055

4/5:5 5760;9 7055

4/5:6 5:2059 7055

4/5:7 627048 7055

4/5:8 652088 7055

4/5:9 678028 7055

4/5:: 6:3063 7055

4/5:; 7280:3 7055

4/5;2 754043 7055

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

4/5;3 779083 7055

4/5;4 7:408: 7055

4/5;5 82:02: 7055

4/5;6 85506: 7055

4/5;7 87:0:: 7055

Tab. 4.4   /*0dd$_VfR_$

$

$

2-4xx sizes: cross-section d
2
 = 6.99 mm

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

4/647 335089 80;;

4/648 3380:6 80;;

4/649 342024 80;;

4/64: 34503; 80;;

4/64; 348059 80;;

4/652 34;076 80;;

4/653 354094 80;;

4/654 3570:; 80;;

4/655 35;029 80;;

4/656 364046 80;;

4/657 367064 80;;

4/658 36:07; 80;;

4/659 373099 80;;

4/65: 37:034 80;;

4/65; 386069 80;;

4/662 3920:4 80;;

4/663 399039 80;;

4/664 3:5074 80;;

4/665 3:;0:9 80;;

4/666 3;8044 80;;

4/667 424079 80;;

4/668 437049 80;;

4/669 4490;9 80;;

4/66: 462089 80;;

4/66; 475059 80;;

4/672 488029 80;;

4/673 49:099 80;;

4/674 4;3069 80;;

4/675 526039 80;;

4/676 5380:9 80;;

4/677 54;079 80;;

4/678 564049 80;;

4/679 5760;9 80;;

4/67: 589089 80;;

4/67; 5:2059 80;;

4/682 5;5029 80;;

AdvanCell
Ex. 1016 - Page 50



95

O-Ring Handbook

Parker Hannifin
O-Ring Division Europe

4

4  O-rings and Parbak® back-up rings

KUe^Ye&ab. DaaYe&X]U`YgYe >ebff-fYWg]ba

X X
2

4/683 627048 80;;

4/684 6390;8 80;;

4/685 652088 80;;

4/686 665058 80;;

4/687 678028 80;;

4/688 68:098 80;;

4/689 6:3068 80;;

4/68: 6;6038 80;;

4/68; 7280:8 80;;

4/692 754048 80;;

4/693 779088 80;;

4/694 7:408: 80;;

4/695 82:02: 80;;

4/696 85506: 80;;

4/697 87:0:: 80;;

Tab. 4.5   /*1dd$_VfR_

Ueb&pfwb&lc&^k&P/ofkd&^ccb`qp&qeb&qtl&jlpq&fjmloq^kq&abpfdk&m^/

o^jbqbop&lc&^k&P/ofkd&pb^i<&bilkd^qflk&lo&`ljmobppflk&^ka&abclo/

j^qflk.&f0b0&qeb&abcloj^qflk&lc&qeb&af^jbqbo&lc&qeb&`olpp/pb`qflk&

tebk&fkpq^iiba0&Sbibs^kq&ob`ljjbka^qflkp&clo&fkpq^ii^qflk&̂ ob&mol/

sfaba&+pbb&pb`qflk&�Ebpfdk&ob`ljjbka^qflkp�,&tef`e.&riqfj^qbiv.&

abmbka&lk&qeb&qvmb&P/ofkd&^mmif`^qflk0&Nfklo&absf^qflkp&colj&qeb&

rmmbo&lo&iltbo&ifjfqp&lc&qeb&fkpq^ii^qflk&ob`ljjbka^qflkp&^ob&mlp/

pf_ib&fk&j^kv&`^pbp&tfqelrq&fjm^fofkd&qeb&crk`qflk&lo&pbosf`b&ifcb&

lc&qeb&pb^i0&Jc&fk&alr_q.&mib^pb&`lkpriq&lro&^mmif`^qflk&bkdfkbbop0

Tolerances

Q^ohbo&mob`fpflk&P/ofkdp&^ob&j^krc^`qroba&ql&sbov&k^oolt&qlibo/

^k`bp0&Uebpb&qlibo^k`bp&^ob&pq^ka^oafwba&fk&EJO&JTP&5823/3&^ka&

molsfaba&fk&qeb&q^_ibp&_bilt0&Uebpb&qlibo^k`bp&^ob&pmb`fcf`&ql&kf/

qofib&_rq^afbkb&or__bo&P/ofkdp.&e^oakbpp&92&JSIE0&Glo&lqebo&`lj/

mlrkap.&fkafsfar^i&j^qbof^i&peofkh^db&c^`qlop&`lria&ib^a&ql&afccbo/

bkq&^``bmq^k`b&tfaqep&^ka&qlibo^k`b&mlpfqflkp0&Jc&qebpb&s^of^qflkp&

^ccb`q&qeb&crk`qflk^i&`e^o^`qbofpqf`p&lc&qeb&molar`q.&fq&fp&kb`bpp^ov&

ql&j^krc^`qrob&^&`loobpmlkafkd&jlria&ql&obj^fk&tfqefk&qeb&pmb`f/

cfba&qlibo^k`b&_^ka0

Ordering example

Jkkbo&af^jbqbo<& 36022&jj

Dolpp/pb`qflk<& 309:&jj

Q^ohbo/Ol0<& 4/237&

Dljmlrka<& O2896/92&+OCS&92.&Telob&B,

P/ofkd.&36&�&309:.&4/237.&O2896/92

>ebff-fYWg]ba&X
2

Ob_YeUaWY

S``T S``T

42<4 ?(b
6
(% 6269 5- � 424<

6269 ?(b
6
(% 7259 5- � 424=

7259 ?(b
6
(% 8294 � 4254

8294 ?(b
6
(% :274 � 4257

:274 ?(b
6
(% <284 � 4259

1)%H][g%dP[XS%U^`%R[Paa%=

Tab. 4.6   J[XR^NZPR_$[S$P^[__*_RP`V[Z_$S[^$F*^VZT_$

Calculation of the inside diameter tolerance

#a
3
&?&�&\+a

3
20;7&�&2022;,&-&2033]

Ueb&bnr^qflk&`^k&_b&rpba&clo&qeb&`^i`ri^qflk&lc&qeb&fkpfab&af^j/

bqbo&+`i^pp&C,&clo&P/ofkdp0

Fu^jmib<&Ulibo^k`b&#a
3
&clo&qeb&fkpfab&af^jbqbo&lc&^k&P/ofkd.&a

3
&?&

622&jj

#a
3
& ?&�&\+62220;7&�&2022;,&-&2033]

#a
3
& ?&�&\+4;8067&�&2022;,&-&2033]

#a3& ?&�&409:&jj
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4.2 O-rings for threaded connectors

Ueob^aba&`lkkb`qlop&^ob&rpba&clo&c^pq&^ka&obif^_ib&glfkfkd&lc&cibu/

f_ib& `lkarfqp1elpbp1qr_bp& ^ka& mirj_fkd1mfmfkd0& Vkifhb& ci^kdb&

`lkkb`qlop&qeob^aba&`lkkb`qlop&fkslisb&kl&tbiafkd&tloh.&tef`e&

j^hbp& fq& b^pfbo& ql&molar`b& qebj&tfqe&pj^ii& kljfk^i& af^jbqbop0&

Uebfo& ^mmif`^qflkp& o^kdb& rm& ql& ^& kljfk^i& af^jbqbo& lc& EO& 52&

+3�%fk`ebp,&^ka&mobpprob&o^qfkdp&lc&rm&ql&pbsbo^i&322&_^o0&&

Dlkkb`qfkd& bibjbkqp& ^ob& afsfaba& fkql& jbq^iif`& ^ka& plcq& pb^ifkd&

qvmbp0&Tlcq& pb^ifkd& qeob^aba&`lkkb`qlop&^ob&rpba& fk& sfoqr^iiv& ^ii&

fkarpqof^i&pb`qlop0&Jk&^aafqflk&ql&`lkpqor`qflk&j^`efkbov.&j^`efkb&

qllip.&evao^rif`&mobppbp&^ka&mi^pqf`&fkgb`qflk&jlriafkd&j^`efkbp.&

qebv& fk`irab& pefm_rfiafkd.& o^fi& qb`eklildv& ^ka& lccpelob& ^mmif`^/

qflkp.&clo&bu^jmib0

Tb^ip& clo& plcq& pb^ifkd& qeob^aba& `lkkb`qlop& ^ob& mofj^ofiv& j^ab&

colj&OCS.&FQEN&^ka&GLN&`ljmlrkap0&Ueb&Q^ohbo&Fkdfkbboba&

N^qbof^ip&Holrm&lccbop&FE/Sfkdp.&P/ofkdp&^ka&jlriaba&m^oqp&fk&^&

tfab&s^ofbqv&lc&`ljmlrkap&clo&qeob^aba&`lkkb`qlop0&Jk&`lj_fk^/

qflk&tfqe&efde/do^ab&`lkkb`qfkd&bibjbkqp& qebv&bkprob&lmqfjrj&

mbocloj^k`b&bsbk&fk&e^ope&^mmif`^qflk&`lkafqflkp0

Bjlkd&lqebo&qefkdp.&plcq&pb^ip&lccbo&qeb&cliiltfkd&^as^kq^dbp<

x& Mlt&ib^h^db&bsbk&fk&ilt/sfp`lpfqv&jbaf^

x& Dljmbkp^qflk&clo&j^krc^`qrofkd&qlibo^k`bp

x& F^pb&lc&rpb

x& Trfq^_fifqv&clo&ob/fkpq^ii^qflk

4.2.1 ISO 6149-1 threaded connectors for metric 

tube fittings and ISO 11926-1 connectors for 

UNF with conical counterbore

1)%MWT%aTP[%ac`UPRT%Xa%_`^ScRTS%a^%bWPb%PfXP[%^`%a_X`P[%RcbbX]V%\P`Za%P`T%Pd^XSTS.%

K
\Pf.

%;%6.3%$\,%K
P
%;%1.6%$\%

?X\T]aX^]a%U^`%bWT%R^]XRP[%R^c]bT`Q^`T%P`T%bPZT]%U`^\%bWT%abP]SP`S.

Fig. 4.1  JU^RNQRQ$P[ZZRP`[^$cV`U$P[ZVPNX$P[aZ`R^O[^R

Xebob&^&mrip^qfkd&mobpprob&bufpqp.&P/ofkdp&clo&qeob^a&N&44&�&307&

^ka&i^odbo&pelria&_b&molar`ba&fk&buqorpflk&obpfpq^kq&mlivrobqe^kb&

Q722:0&Vkabo&pr`e&`lkafqflkp.&P/ofkdp&fk&OCS&^ob&klq&prfq^_ib0

HYge]W&fWeYj&g\eYUX&
&X]`Yaf]ba&=

J-e]a[&X]`Yaf]ba KUe^Ye&beXYe&
WbXY

X3 X4

S``T S``T

O(< � 524 ( :25 �204 52: �202: :15;95

O(54 � 524 ( <25 �204 52: �202: :15=6

O(56 � 529 ( =27 �204 626 �202: :15;74

O(58 � 529 5527 �204 626 �202: :1597:

O(5: � 529 5727 �204 626 �202: :15=7:

O(5< � 529 5927 �204 626 �202: :1=84

O(64 � 529 5;27 �2044 626 �202: :15=:5

O(66 � 529 5=27 �2044 626 �202: :15=;9

O(6; � 624 672: �2046 62= �202; :1=86

O(74 � 624 6:2: �2048 62= �202; ml(pcoscqr

O(77 � 624 6=2: �204; 62= �202; ml(pcoscqr

O(86 � 624 7<2: �2059 62= �202; ml(pcoscqr

O(8< � 624 8:2: �2065 62= �202; ml(pcoscqr

O(:4 � 624 9:2: �2073 62= �202; ml(pcoscqr

Tab. 4.7   F*^VZT$QVYRZ_V[Z_$S[^$@IF$3.16

Compound:& OCS& +B`ovilkfqofib/_rq^afbkb& or__bo,.& buqorpflk& ob/

pfpq^kq.&O2774/;20

Ordering example: JTP& 836;& P/ofkd& clo& jbqof`& cfkb& qeob^aba&

`lkkb`qlo& tfqe& `lkf`^i& `lrkqbo_lob& N& 32& �& 3<& P/ofkd& 8/3;97.&

&O2774/;20

4.2.2 DIN 3865 threaded fitting with 24° seal face for 

DIN 3861 bore type W

d24°

Fig. 4.2  JU^RNQRQ$#``VZT$cV`U$/1m$P[ZVPNX$_RNX$SNPR7$S[^Y$8$S[^$cRXQRQ$P[ZZRP`[^

Fig. 4.3  JU^RNQRQ$#``VZT$cV`U$/1m$P[ZVPNX$_RNX$SNPR7$S[^Y$9$S[^$U[_R$P[ZZRP`[^

AdvanCell
Ex. 1016 - Page 52



97

O-Ring Handbook

Parker Hannifin
O-Ring Division Europe

4

4  O-rings and Parbak® back-up rings

O-Ring

Form A

Form B

Fig. 4.4  8__RYOXe$

OlcY OhVY&bhgYe&
X]U`YgYe

J-e]a[&X]`Yaf]ba KUe^Ye&beXYe&
WbXY

X X3 X4

S``T S``T S``T

jgefr & : & 8022 3072 :147<

jgefr 32 & 9072 3072 :14=5

jgefr 34 & ;022 3072 :1454

jgefr 37 34022 4022 :14:9

jgefr 3: 37022 4022 :1449

jgefr 44 42022 4022 =1649

jgefr 4: 48022 4022 =16:6

jgefr 57 54022 4072 =1744

jgefr 64 5:022 4072 =1785

fc_tw & : & 8022 3072 :147<

fc_tw 32 & 9072 3072 :14=5

fc_tw 34 & ;022 3072 :1454

fc_tw 36 32022 4022 :1447

fc_tw 38 34022 4022 :14:9

fc_tw 42 38052 4062 =15:<

fc_tw 47 42052 4062 :16;9

fc_tw 52 47052 4062 =169=

fc_tw 5: 55052 4062 :18;6

Tab. 4.8   F*^VZT$QVYRZ_V[Z_$NPP[^QVZT$`[$;@E$0532$

Compound:& OCS& +B`ovilkfqofib/_rq^afbkb& or__bo,.& buqorpflk& ob/

pfpq^kq&O2774/;20

Ordering example:&EJO& 5:887&P/ofkd& clo&_lob& qvmb&X&^``loa/

fkd&ql&EJO&5:83.&ifdeq&qvmb.&mfmb&lrqpfab&af^jbqbo&44&jj<&P/ofkd.&

;/427.&O2774/;20

4.2.3 SAE J 514 APR 80 threaded connectors, SAE J 

475 (ISO R 725) screw threads

T

Detail X

X

45°

Fig. 4.5  $

&D`cYe]U_&g\eYUX&
&X]`Yaf]ba&O

OhVY&bhgYe&
X]U`YgYe

J-e]a[&X]`Yaf]ba KUe^Ye&
&beXYe&WbXY

X3 X4

S]aW\T S]aW\T S``T S``T

935: 1(68 5$< & 8029 3085 71=46

73< 1(68 7$5: & 9087 3085 71=47

;35: 1(64 5$8 & :0;4 30:5 71=48

536 1(64 9$5: 32074 30:5 71=49

=35: 1(5< 7$< 330:; 30;: 71=4:

738 1(5: 5$6 38058 4043 71=4<

;3< 1(58 93< 3;03: 4068 71=54

5(535: 1(56 738 45069 40;7 71=56

5(735: 1(56 ;3< 4807; 40;7 71=58

5(935: 1(56 5 4;096 40;7 71=5:

5(935: 1(56 5(538 59069 5022 71=64

5(;3< 1(56 5(536 6508; 5022 71=68

6(536 1(56 6 7;058 5022 71=76

Tab. 4.9   F*^VZT$QVYRZ_V[Z_$NPP[^QVZT$`[$I8<$A$2.1,DI$.3.1.
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4.2.4 MS 33649 threaded connectors, MIL-S-8879 

straight threaded bore

Detail A

45°

120°

Fig. 4.6  

NWeYj&g\eYUX&
H]_-N8879&

X]`Yaf]ba&O

PIEA-
3=

OhVY&
bhgYe&

&X]U`YgYe

OhVY-
WbXY&
ab.

J-e]a[&
&X]`Yaf]ba

KUe^Ye&
beXYe&
WbXY

X3 X4

S]aW\T S]aW\T S``T S``T

427569 1 68 20347 & 4 ( :24; 52:7 71=46

427;94 1 68 203:: & 5 ( ;2:9 52:7 71=47

4287;9 1 64 " 20472 & 6 ( <2=6 52<7 71=48

429444 1 64 20542 & 7 54296 52<7 71=49

429:69 1 5< 20597 & 8 552<= 52=< 71=4:

42:694 1 5< 2065: & 9 5728: 624< 71=4;

42;944 1 5: " 20722 & : 5:27: 6265 71=4<

42<569 1 5: " 20784 & ; 5;2=7 628: 71=4=

42<;94 1 58 " 20847 32 5=25< 628: 71=54

524444 1 56 " 208:: 33 652=6 62=9 71=55

524:69 1 56 20972 34 6728; 62=9 71=56

525<;9 1 56 20:97 36 6:29= 62=9 71=58

527569 1 56 " 30222 38 6=2;8 62=9 71=5:

529444 1 56 " 30347 3: 78286 62=9 71=5<

52:694 1 56 30472 42 7;28; 7244 71=64

52<;94 1 56 30722 46 872:= 7244 71=68

626944 1 56 30972 4: 9724= 7244 71=6<

Tab. 4.10   F*^VZT$QVYRZ_V[Z_$NPP[^QVZT$`[$DI$00316

4.2.5 O-ring seals for MS 33656, compression 

fittings

T

Fig. 4.7  

D`cYe]U_&g\eYUX&
X]`Yaf]ba&O

OhVY&bhgYe&
X]U`YgYe

J-e]a[&X]`Yaf]ba KUe^Ye&
beXYe&
WbXY

X3 X4

S]aW\T S]aW\T S``T S``T

935: 1 68 53< & 8029 3085 71=46

73< 1 68 735: & 9087 3085 71=47

;35: 1 64 538 & :0;4 30:5 71=48

536 1 64 935: 32074 30:5 71=49

=35: 1 5< 73< 330:; 30;: 71=4:

738 1 5: 536 38058 4043 71=4<

;3< 1 58 93< 3;03: 4068 71=54

5(535: 1 56 738 45069 40;7 71=56

5(735: 1 56 ;3< 4807; 40;7 71=58

5(935: 1 56 5 4;096 40;7 71=5:

5(935: 1 56 5(538 59069 5022 71=64

5(;3< 1 56 5(536 6508; 5022 71=68

6(536 1 56 6 7;058 5022 71=76

Tab. 4.11   F*^VZT$QVYRZ_V[Z_$NPP[^QVZT$`[$DI$00323
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 O-rings and Parbak® back-up rings

4.3 Parbak® back-up rings

4.3.1 Introduction

C^`h/rm&ofkdp&^ob&rpba&fk&`lj_fk^qflk&tfqe&P/ofkdp.&qebv&^ob&klq&

pb^ip& qebjpbisbp0& Ueb& P/ofkd& `olpp/pb`qflk& fp& af^jbqof`^iiv& ab/

clojba&tebk&fkpq^iiba.&fk&loabo&ql&bkprob&qeb&obpfifbk`b&lc&qeb&pb^i/

fkd&crk`qflk&+cfd0&60:&qlm&ibcq,0&Xebk&qeb&jbafrj&buboqp& fqp&mobp/

prob.& qeb&P/ofkd& fp&abclojba& qlt^oap& qeb&d^m&_bqtbbk& qeb& qtl&

m^oqp.& qerp&fjmolsfkd&qeb&pb^ifkd&bccb`q& +cfd0&60:&qlm&ofdeq,0& Jc& qeb&

ifjfqp&̂ ob&ob^`eba&+mobpprob&qll&efde.&d^m&qll&i^odb,.&qeb&P/ofkd&tfii&

_b&`ljmobppba&fk&qeb&d^m&+cfd0&60:&_lqqlj&ibcq,0&Jc&mobpprob&`lkqfk/

rbp&ql&ofpb&+cfd0&60:&_lqqlj&ofdeq,.&qeb&P/ofkd&tfii&_b&a^j^dba&_v&

qeb&`ljmobppflk&ql&pr`e&^k&buqbkq&qe^q&fq&tfii&klq&obq^fk&fqp&bi^pqf`&

jbjlov&tebk&mobpprob&fp&obib^pba0

Fig. 4.8  

Sbmb^qba&efde&mobpprofp^qflk&tfii&bsbkqr^iiv&ib^a&ql&qeb&`ljmibqb&

abpqor`qflk&lc&qeb&P/ofkd&+pbb&pb`qflk&3204&�Fuqorpflk�,0&Uefp&tfii&

`^rpb&pb^i& c^firob0&C^`h/rm&ofkdp&^ob&rpba&ql&mobsbkq& qefp0&Uebv&

obar`b&qeb&d^m&lk&qeb&klk/mobpprofpba&pfab&lc&qeb&P/ofkd&pb^i0

Q^o_^h�& _^`h/rm& ofkdp& colj& Q^ohbo& ^ob& molcfiba.& pb^jibpp& ^ka&

j^krc^`qroba&tfqefk&qfdeq&qlibo^k`bp0

P/ofkdp&rpba&fk&`lkgrk`qflk&tfqe&Q^o_^h�&_^`h/rm&ofkdp&^ob&^_ib&

ql&obpfpq&jr`e&efdebo&mobpprobp&qe^k&P/ofkdp&_v&qebjpbisbp&+pbb&

cfd0,0

Pressure Pressure

Fig. 4.9  =aZP`V[Z$[S$NZ$F*^VZT*GN^ONWl$P[YOVZN`V[Z

Advantages of Parbak®&back-up rings

Q^o_^h�& _^`h/rm& ofkdp& ^ob& j^ab& colj& e^oa& bi^pqljbo& `lj/

mlrkap0&Jk&`lj_fk^qflk&tfqe&qebfo&molcfifkd.&mirp&qebfo&`lkqfkrlrp&

^ka&pb^jibpp&abpfdk.&qefp&molsfabp&qeb&P/ofkd&tfqe&j^glo&obpfpq/

^k`b&ql&d^m&buqorpflk0&Bp&^&obpriq.&pb^i&bccb`qfsbkbpp&^ka&pbosf`b&

ifcb&^ob&fjmolsba&^ka&qeb&^mmif`^qflk&mlqbkqf^i&fp&buqbkaba0

x& Ueb&pfdkfcf`^kq&e^oakbpp&^ka&qeb&prmmloqfkd&molcfib&lc&Q^o_^h�&

_^`h/rm&ofkdp&`^rpb&qeb&P/ofkd&ql&kb^oiv&obq^fk&fqp&olrka&pe^mb&

bsbk&rkabo&efde&mobpprob&+cfd0&60;,0&Uefp&fjmolsbp&qeb&pb^ifkd&

bccb`q&^ka&fk`ob^pbp&pbosf`b&ifcb.&m^oqf`ri^oiv&rkabo&efdebo&mobp/

probp0&

x& Qobpprob&^ka&d^m&^ob&obi^qfsb&ql&b^`e&lqebo&tfqe&obpmb`q&ql&bu/

qorpflk0&Uebobclob.&Q^o_^h�&_^`h/rm&ofkdp&`^k&_b&rpba&bfqebo&ql&

`lkqoli&efdebo&mobpprob&lo&ql&^iilt&i^odbo&qlibo^k`bp.&f0b0&i^odbo&

d^mp.&^q&qeb&p^jb&mobpprob0&Uefp&obar`bp&molar`qflk&`lpqp0

x& Q^o_^h�&_^`h/rm&ofkdp&^ob&bi^pqf`.&^p&qebv&^ob&j^krc^`qroba&

colj&pfjfi^o&bi^pqljbop&^p&P/ofkdp0&Biqelrde&qebv&cb^qrob&^&

`lkqfkrlrp&abpfdk.&qebv&`^k&_b&pqobq`eba&^ka&qebobclob&^ob&

b^pfiv&fkpq^iiba0

x& Q^o_^h�&_^`h/rm&ofkdp&^ob&`lkqfkrlrp0&Uefp&jb^kp&qe^q.&bsbk&

^q&sbov&efde&mobpprob.&P/ofkdp&^ob&klq&a^j^dba&_v&qeb&pe^om&

badbp&lc&pmifq&_^`h/rm&ofkdp0&Bp&^&obpriq.&Q^o_^h�&_^`h/rm&

ofkdp&vfbia&ilkdbo&pbosf`b&ifcb&`ljm^oba&tfqe&lqebo&_^`h/rm&

ofkdp0

x& Q^o_^h�&_^`h/rm&ofkdp&vfbia&`lpq&_bkbcfqp&`ljm^oba&tfqe&lqebo&

_^`h/rm&ofkdp0

x& Q^o_^h�&`ljmlrkap&^ob&j^ab&colj&`ljmlrkap&tef`e&^ob&

i^odbiv&^_o^pflk/mollc0&Uefp&fp&fjmloq^kq&clo&ir_of`^qflk&^ka&

qebobclob&pb^i&ifcb.&^p&bsbk&pj^ii&proc^`b&mlobp&^ka&foobdri^of/

qfbp&lc&qeb&j^qfkd&proc^`bp&obj^fk&^p&�ir_of`^kq&ml`hbqp�0&

Q^o_^h�&_^`h/rm&ofkdp&^`qr^iiv&prmmloq&ir_of`^qflk0&Ueb&

Q^o_^h�&`ljmlrka&^_plo_p&^&pj^ii&^jlrkq&lc&qeb&jbafrj.&

tef`e&fp&obq^fkba&_bqtbbk&qeb&P/ofkd&^ka&qeb&_^`h/rm&ofkd&^ka&

`lsbop&qeb&avk^jf`&proc^`bp&tfqe&^&ir_of`^qflk&cfij0

x& Jk&`lkqo^pq.&lqebo&qvmbp&lc&_^`h/rm&ofkdp&+b0d0&QUGF&qvmbp,&cfii&

qeb&jf`ol/cfkb&jbq^i&mlobp&^ka&molsfab&^&pjllqe.&t^u/ifhb&pro/

c^`b&qe^q&mobsbkqp&^_plomqflk&lc&qeb&ir_of`^kq&^ka&^``bibo^qbp&

P/ofkd&tb^o0&Uefp&ofph&albp&klq&bufpq&tfqe&Q^o_^h�&_^`h/rm&

ofkdp0&

Design information

30&I^oakbpp&fp&lkb&lc&qeb&`ofqbof^&clo&P/ofkd&tb^o&fk&avk^jf`&

^mmif`^qflkp0&Dljmlrkap&tfqe&92&ql&:2&Telob&B&e^oakbpp&

^ob&_bpq&prfqba0&I^oabo&P/ofkdp&^ob&ibpp&^_ib&ql&^``lj/

jla^qb&proc^`b&foobdri^ofqfbp.&tef`e&ib^ap&ql&^&qbkabk`v&clo&

ib^h^db.&fk&m^oqf`ri^o&tfqe&ilt&mobpprob&lo&tebk&rkmobp/

profpba0&Jk&^aafqflk.&e^oabo&P/ofkdp&e^sb&dob^qbo&pq^oq/rm&

cof`qflk&^ka&^ob&qebobclob&pr_gb`qba&ql&jlob&pbsbob&tb^o0&

P/ofkdp&qe^q&e^sb&e^oakbpp&s^irbp&_bilt&qeb&o^kdb&lc&92&lo&

:2&Telob%B&e^sb&iltbo&pq^oq/rm&cof`qflk&_rq&^ob&ibpp&obpfpq^kq&

ql&^_o^pflk0

40&Tlcqbo&P/ofkdp&fk&e^oakbpp&o^kdb&_bqtbbk&92&^ka&:2&Telob%B&

lccbo&jlob&c^slro^_ib&pb^ifkd&molmboqfbp&qe^k&sbov&e^oa&

P/ofkdp&_rq&rkabo&efde&mobpprobp&j^v&_b&a^j^dba&_v&buqor/

pflk0&Jk&`lj_fk^qflk&tfqe&Q^o_^h�&_^`h/rm&ofkdp&bsbk&plcqbo&

P/ofkdp&`^k&_b&p^cbiv&rpba&rkabo&efde&mobpprobp0

50&Ueb&Q^o_^h�&loabo&krj_bop&`loobpmlka&ql&qeb&Q^ohbo&P/ofkd&
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4/uuu&pbofbp.&tfqe&tef`e&qebv&^ob&^ppbj_iba0&Ueb&loabo&krj/

_bo&clo&pq^ka^oa&`ljmlrka&O2522/;2&^&Q^o_^h�&_^`h/rm&

ofkd&`loobpmlkafkd&ql&^k&P/ofkd&4/433&fp&:/433.&O2522/;20&

60&Ueb&dollsb&tfaqe&_
3
&lo&_

4
&`^k&_b&clrka&fk&q^_ib%60340&

70&Ueb&proc^`b&cfkfpe&clo&avk^jf`&^mmif`^qflkp&pelria&_b&q^hbk&

colj&q^_ib&60350&Bp&^&dbkbo^i&orib.&qeb&pbosf`b&ifcb&lc&P/ofkdp&

^ka&_^`h/rm&ofkdp&fp&buqbkaba&fk&^``loa^k`b&tfqe&qeb&nr^ifqv&

lc&qeb&proc^`b&cfkfpe0&Ueb&proc^`b&cfkfpe&olrdekbpp&pelria&

kbsbo&_b&ibpp&qe^k&S
j^u

&?&207&�j&.&^p&fq&tlria&_b&qll&pjllqe&

clo&qeb&ir_of`^qfkd&cfij&ql&^aebob&ql&fq0&Bk&fkprccf`fbkq&ir_of`^q/

fkd&cfij&`^k&ib^a&ql&qeb&o^mfa&tb^o&lc&qeb&P/ofkd0&

80&Xebkbsbo&mlppf_ib.&qtl&Q^o_^h�&_^`h/rm&ofkdp&pelria&_b&

molsfaba&ql&obar`b&qeb&ofph&lc&fk`loob`q&cfqqfkd0&

90&Jc&mobpprob&fp&^mmifba&lk&colj&lkb&pfab&^ka&lkiv&lkb&_^`h/rm&

ofkd&fp&rpba.&qebk&qeb&P/ofkd&colj&qeb&mbopmb`qfsb&lc&qeb&af/

ob`qflk&lc&mobpprob&jrpq&_b&fkpq^iiba&fk&colkq&lc&qeb&_^`h/rm&

ofkd0&Jk&lqebo&tloap&fk&qeb&cliiltfkd&loabo<&mobpprob&�&P/ofkd&

�&Q^o_^h�&_^`h/rm&ofkd&+tfqe&fqp&molcfiba&proc^`b&c^`fkd&qeb&

P/ofkd,0&

:0&Ueb&`lokbo&o^afrp&S&^q&qeb&dollsb&_^pb&pelria&_b&^p&pj^ii&

^p&mlppf_ib.&q^hfkd&fkql&^``lrkq&qeb&pqobkdqe&`lkafqflkp&^ka&

qeb&tloh^_fifqv&lc&qeb&m^oqp0&

;0&Ueb&P/ofkd&jrpq&_b&pbib`qba&ql&prfq&qeb&^mmif`^qflk&^ka&q^hb&

^ii&c^`qlop&fkql&^``lrkq&+b0d0&mobpprob.&qbjmbo^qrob.&`lkq^`q&

jbafrj.&sbil`fqv.&pfwb.&bq`0,0&

=UW^-hc&e]a[&
?]`Yaf]ba

R BebbiY&j]Xg\&V3 BebbiY&j]Xg\&V4

baY&VUW^-hc&e]a[ gjb&VUW^-hc&
e]a[f

S``T S``T S``T

<144:(1(<1494 3057 ( 729 1 ( 72; ( 82: 1 & 60:

<1546(1(<15;< 403: ( 82; 1 ( 82= ( 92< 1 & 802

<1645(1(<16<8 5022 ( 92< 1 ( :24 ( :2< 1 & 902

<174=(1(<17=9 6087 ( <2; 1 ( <2= 5426 1 3206

<1869(1(<18;9 70;; 5624 1 5626 5828 1 3608

Tab. 4.12   D[QV#RQ$T^[[bR$cVQ`U_$N^R$ZRPR__N^e$cURZ$a_VZT$GN^ONWl$ONPW*a\$

^VZT_

NheZUWY KeYffheY NgUg]W&fYU_ ?laU`]W&fYU_]a[

NheZUWY&%a]f\&ebh[\aYff,&&
cYeWYagU[Y&WbagUWg&UeYU&g

c
&;&50&(

NheZUWY&%a]f\&ebh[\aYff,&&
cYeWYagU[Y&WbagUWg&UeYU&g

c
&;&50&(

M
U

M
`Uk.

M
U

M
`Uk.

C((amlr_ar(qspd_ac lml1nsjq_rgle 52: ( :27 428 52:

C((amlr_ar(qspd_ac nsjq_rgle 42< ( 726 428 52:

D((epmmtc(`_qc(_lb(qgbcq lml1nsjq_rgle 726 5629 52: :27

D((epmmtc(`_qc(_lb(qgbcq nsjq_rgle 52: ( :27 52: :27

Tab. 4.13   Ia^SNPR$#ZV_U$S[^$F*^VZT$_RNX_

Permissible pressure ranges

Gfd0& 6032& peltp& qeb& buqorpflk& `e^o^`qbofpqf`p& clo& P/ofkdp& j^ab&

colj& bi^pqljbop& lc& s^oflrp& abdobbp& lc& e^oakbpp& abmbkafkd& lk&

mobpprob& ^ka& qeb& j^ufjrj& af^jbqof`^i& `ib^o^k`b0& Jc& pl/`^iiba&

�_ob^qefkd�& fp&bumb`qba.&tef`e&`lria.& clo&bu^jmib.&_b& qeb&`^pb&

tfqe&^&`vifkabo&rkabo&sbov&efde&mobpprob&qefp&jrpq&^ipl&_b&q^hbk&

fkql&^``lrkq0

Fu^jmib<&P/ofkd&`ljmlrka&O2896/92&+92&Telob&B,

Xlohfkd&mobpprob<&322&_^o

Ef^jbqof`^i&`ib^o^k`b&d^m<&2058&jj&j^u0&^``loafkd&ql&qeb&qlibo/

^k`bp&peltk&fk&qeb&ao^tfkd&^ka&2062&jj&tebk&�_ob^qefkd�

Ueb&lmbo^qfkd&mobpprob&^q& qeb&fkqbopb`qflk&lc&qeb&sboqf`^i& ifkb&clo&

^& 206/jj& af^jbqof`^i& `ib^o^k`b& tfqe& qeb& 92& Telob& B& e^oakbpp&

`rosb&fp&^mmolufj^qbiv&5:&_^o0&Xfqelrq&^&_^`h/rm&ofkd.&qeb&P/ofkd&

tlria& qebobclob&_b&mobppba& fkql& qeb&d^m&^q&^kv&mobpprob&^_lsb&

5:&_^o.&tef`e&tlria&abpqolv&qeb&P/ofkd0&Xebk&Q^o_^h�&_^`h/rm&

ofkdp&+kljfk^i&e^oakbpp&;2&Telob&B,&^ob&rpba&fk&^aafqflk&ql&qeb&P/

ofkd.&qeb&af^do^j&peltp&^&mbojfppf_ib&mobpprob&lc&^mmolufj^qbiv&

362&_^o0

Jk&^aafqflk&ql&qeb&s^irbp&dfsbk&fk&qeb&af^do^j&clo&mbojfppf_ib&mobp/

prob&^ka&qeb&i^odbpq&mlppf_ib&af^jbqbo.&abpfdk&obnrfobjbkqp&^ipl&

ob`ljjbka&^&p^cbqv&c^`qlo& fk&loabo&ql&`lkpfabo&^kv&bccb`qp& qe^q&

jfdeq&kbd^qfsbiv&^ccb`q&`ljmobppflk0

Compounds

Q^ohbo&Q^o_^hp�&^ob&^s^fi^_ib&^p&pq^ka^oa&`ljmlkbkqp& fk&`lj/

mlrka&&O2522/;2.&^k&bi^pqljbo&_^pba&lk&^`ovilkfqofib&_rq^afbkb&

or__bo&+OCS,&tfqe&^&e^oakbpp&lc&;2&Telob&B0&Jqp&mevpf`^i&molmbo/

qfbp&j^hb&fq&prfq^_ib&clo&^&tfab&s^ofbqv&lc&^mmif`^qflkp<&

x& Xfab&qbjmbo^qrob&o^kdb

x& Bmmolmof^qb&e^oakbpp

x& Mlkd&ifcb

x& Dljm^qf_fifqv&tfqe&^&tfab&o^kdb&lc&cirfap

O2522/;2& fp& obpfpq^kq& ^d^fkpq& kb^oiv& ^ii& evao^rif`& cirfap.& bu`bmq&

cfob/obpfpq^kq&cirfap&pr`e&^p&Thvaoli.&Qvao^ri.&Ilrdeql/T^cb�.&Iv/

aolEofsb�.&bq`0&Ueb&tlohfkd&qbjmbo^qrob&o^kdb&fp&_bqtbbk&�77&�D&

^ka&-327&�D0

Other compounds

Glo&pmb`f^i&obnrfobjbkqp&qe^q&`^kklq&_b&`lsboba&_v&qeb&pq^ka^oa&

`ljmlrka.& pmb`f^iqv& `ljmlrkap& pr`e& ^p& F5:26/;2& +bqevibkb/

molmvibkb,&lo&W292;/;2&+cirlol`^o_lk,&^ob&^s^fi^_ib0

Q^o_^h�&_^`h/rm&ofkdp&pq^ka^oa&pfwbp&+:/uuu&pbofbp,&tfqe&qlibo^k`/

bp&clo&B.&N.&S.&U&^ka&X&+cfd0&6033,&`^k&_b&clrka&fk&q^_ib&60360
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Extrusion
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Fig. 4.10  ;VNT^NY$S[^$`UR$QR_VTZ$[S$_`N`VP$F*^VZT$_RNXVZT_

Please note:

30&Ueb&af^do^j&fp&_^pba&lk&322.222&mobpprob&`v`ibp&^q&82%`v/

`ibp&1&jfk0&

40&Ueb&^iilt^_ib&d^m&clo&pfif`lkb&^ka&cirlolpfif`lkb&fp&e^ic&qeb&

kloj^i&ob`ljjbkaba&d^m0

50&Ueb&af^do^j&fp&s^ifa&clo&qbjmbo^qrobp&rm&ql&92&�D0

60&Dvifkabo&bum^kpflkp&rkabo&mobpprob&e^sb&klq&_bbk&`lkpfa/

boba0

Fig. 4.11  GN^ONWl$ONPW*a\$^VZT

Parbak® back-up ring 8-xxx sizes 

KUe^Ye&ab. H Rs0.08

S``T S``T

<1448 6288 5279

<1449 7267 5279

<144: 729: 5279

<144; 8278 5279

<144< 9257 5279

<144= 92=8 5279

<1454 :2;7 5279

<1455 <275 5279

<1456 =2=5 5279

<1457 5529: 5279

<1458 5725: 5279

<1459 582;7 5279

<145: 5:277 5279

<145; 5;2=5 5279

<145< 5=295 5279

<145= 6524< 5279

<1464 662:< 5279

<1465 6826: 5279

<1466 692<: 5279

<1467 6;287 5279

<1468 6=247 5279

<1469 742:5 5279

<146: 76265 5279

<146; 772;< 5279

<146< 7927< 5279

<146= 7<29: 5279

<1474 852;7 5279

<1475 882=5 5279

<1476 8<24< 5279

<1477 9526: 5279

<1478 98287 5279

<1479 9;2:5 5279

<147: :42;< 5279

<147; :72=: 5279

<147< :;257 5279

<147= ;4275 5279

<1484 ;728< 5279

<1485 ;:2:: 5279

<1486 <7245 5279

<1487 <=27: 5279

<1488 =92;5 5279

<1489 54624: 5279

<148: 54<285 5279

<148; 5582;: 5279

<148< 565255 5279

<148= 56;28: 5279

<1494 5772<5 5279
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KUe^Ye&ab. H Rs0.08

S``T S``T

<1546 52=: 625<

<1547 62;; 625<

<1548 729: 625<

<1549 8278 625<

<154: 9257 625<

<154; 92=8 625<

<154< :2;7 625<

<154= <275 625<

<1554 =2=5 625<

<1555 5528< 625<

<1556 5724< 625<

<1557 582:: 625<

<1558 5:26: 625<

<1559 5;2<7 625<

<155: 5=287 625<

<155; 65255 625<

<155< 662:< 625<

<155= 6826< 625<

<1564 692<: 625<

<1565 6;28: 625<

<1566 6=247 625<

<1567 742:7 625<

<1568 76265 625<

<1569 772<5 625<

<156: 7927< 625<

<156; 7:2=< 625<

<156< 7<29: 625<

<156= 8425: 625<

<1574 852;7 625<

<1575 87277 625<

<1576 882=5 625<

<1577 8:295 625<

<1578 8<24< 625<

<1579 8=2:< 625<

<157: 9526: 625<

<157; 962<: 625<

<157< 98287 625<

<157= 9:247 625<

<1584 9;2:5 625<

<1585 9=265 625<

<1586 :42;< 625<

<1587 :627< 625<

<1588 :72=: 625<

<1589 :929: 625<

<158: :;257 625<

<158; :<2;7 625<

<158< ;4275 625<

<158= ;52=5 625<

KUe^Ye&ab. H Rs0.08

S``T S``T

<1594 ;728< 625<

<1595 ;:2:: 625<

<1596 <7245 625<

<1597 <=27: 625<

<1598 =92;5 625<

<1599 54624: 625<

<159: 54<285 625<

<159; 5582;: 625<

<159< 565255 625<

<159= 56;28: 625<

<15:4 5772<5 625<

<15:5 58425: 625<

<15:6 58:295 625<

<15:7 5962<: 625<

<15:8 59=265 625<

<15:9 5:929: 625<

<15:: 5;52=5 625<

<15:; 5;<26: 625<

<15:< 5<82:5 625<

<15:= 5=42=: 625<

<15;4 5=;275 625<

<15;5 6472:: 625<

<15;6 654245 625<

<15;7 65:27: 625<

<15;8 6662;5 625<

<15;9 66=24: 625<

<15;: 679285 625<

<15;; 6852;: 625<

<15;< 68<255 625<
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KUe^Ye&ab. H Rs0.1

S``T S``T

<1645 9257 7

<1646 :2;7 7

<1647 <27 7

<1648 =2= 7

<1649 5529: 7

<164: 5725: 7

<164; 582;7 7

<164< 5:277 7

<164= 5;2= 7

<1654 5=28: 7

<1655 65247 7

<1656 662:7 7

<1657 68265 7

<1658 692<5 7

<1659 6;27< 7

<165: 6<2=< 7

<165; 7429: 7

<165< 7625: 7

<165= 772<< 7

<1664 7928< 7

<1665 7;24: 7

<1666 7<2:: 7

<1667 852<7 7

<1668 89245 7

<1669 8<25< 7

<166: 9527: 7

<166; 98297 7

<166< 9;2;5 7

<166= :42<< 7

<1674 :824: 7

<1675 ::2<7 7

<1676 ;4 7

<1677 ;725< 7

<1678 ;:279 7

<1679 ;=297 7

<167: <62; 7

<167; <92<< 7

<167< <=249 7

<167= =6267 7

<1684 =928 7

<1685 =<29< 7

<1686 5452;9 7

<1687 5482=7 7

<1688 54<25 7

<1689 55526< 7

<168: 558289 7

<168; 55;2:7 7

<168< 565255 7

KUe^Ye&ab. H Rs0.1

S``T S``T

<168= 56826< 7

<1694 56;28: 7

<1695 5742:7 7

<1696 5772<5 7

<1697 57:2=< 7

<1698 58425: 7

<1699 587277 7

<169: 58:295 7

<169; 58=2:< 7

<169< 5962<: 7

<169= 59=265 7

<16:4 5:929: 7

<16:5 5;52=5 7

<16:6 5;<26: 7

<16:7 5<82:5 7

<16:8 5=42=: 7

<16:9 5=;275 7

<16:: 6472:: 7

<16:; 654245 7

<16:< 65:27: 7

<16:= 6662;5 7

<16;4 66=24: 7

<16;5 679285 7

<16;6 6852;: 7

<16;7 68<255 7

<16;8 69828: 7

<16;9 6:;25: 7

<16;: 6;=2<: 7

<16;; 6=629: 7

<16;< 74926: 7

<16;= 7742:: 7

<16<4 79:249 7

<16<5 7<528: 7

<16<6 84:256 7

<16<7 875296 7

<16<8 89:2=6 7
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KUe^Ye&ab. H Rs0.13

S``T S``T

<174= 55287 82:9

<1754 57247 82:9

<1755 582: 82:9

<1756 5:26 82:9

<1757 5;2;< 82:9

<1758 5=27< 82:9

<1759 642=: 82:9

<175: 6629: 82:9

<175; 68257 82:9

<175< 692;7 82:9

<175= 6;275 82:9

<1764 6<2=5 82:9

<1765 74286 82:9

<1766 7624< 82:9

<1767 77287 82:9

<1768 7926: 82:9

<1769 7<287 82:9

<176: 852:5 82:9

<176; 882;< 82:9

<176< 8;2=: 82:9

<176= 95257 82:9

<1774 98275 82:9

<1775 9;2:5 82:9

<1776 :42;< 82:9

<1777 :72=: 82:9

<1778 :;257 82:9

<1779 ;4275 82:9

<177: ;728< 82:9

<177; ;:2:: 82:9

<177< ;=2<7 82:9

<177= <7257 82:9

<1784 <:275 82:9

<1785 <=28< 82:9

<1786 =62:: 82:9

<1787 =92<7 82:9

<1788 ==245 82:9

<1789 546275 82:9

<178: 54928= 82:9

<178; 54<2:: 82:9

<178< 5552<8 82:9

<178= 559245 82:9

<1794 55<25= 82:9

<1795 56527: 82:9

<1796 568298 82:9

<1797 56;2;5 82:9

<1798 5742<= 82:9

<1799 57824= 82:9

<179: 57;268 82:9

KUe^Ye&ab. H Rs0.13

S``T S``T

<179; 584285 82:9

<179< 58729= 82:9

<179= 58:2;: 82:9

<17:4 58=2=8 82:9

<17:5 597255 82:9

<17:6 59=28: 82:9

<17:7 5:92<5 82:9

<17:8 5;625: 82:9

<17:9 5;<295 82:9

<17:: 5<82<: 82:9

<17:; 5=5265 82:9

<17:< 5=;29: 82:9

<17:= 6472=5 82:9

<17;4 65426: 82:9

<17;5 65:2:5 82:9

<17;6 6662=: 82:9

<17;7 66=275 82:9

<17;8 6792:: 82:9

<17;9 686245 82:9

<17;: 68<27: 82:9

<17;; 6982;5 82:9

<17;< 6:;285 82:9

<17;= 6<4255 82:9

<17<4 6=62<5 82:9

<17<5 749295 82:9

<17<6 7742=5 82:9

<17<7 79:275 82:9

<17<8 7<52;5 82:9

<17<9 84:2: 82:9

<17<: 876 82:9

<17<; 89;28 82:9

<17<< 8<62;9 82:9

<17<= 94<259 82:9

<17=4 977299 82:9

<17=5 99<2=9 82:9

<17=6 9<8246 82:9

<17=7 :4=286 82:9

<17=8 :782<6 82:9

<17=9 ::4266 82:9

AdvanCell
Ex. 1016 - Page 60



:5

O-Ring Handbook

Parker Hannifin
O-Ring Division Europe

4

4  O-rings and Parbak® back-up rings

KUe^Ye&ab. H Rs0.15

S``T S``T

:/647 33708 70;;

:/648 33:099 70;;

:/649 3430;7 70;;

:/64: 34704 70;;

:/64; 34:05 70;;

:/652 353069 70;;

:/653 356087 70;;

:/654 3590:4 70;;

:/655 363 70;;

:/656 366039 70;;

:/657 369057 70;;

:/658 372074 70;;

:/659 37509 70;;

:/65: 37;058 70;;

:/65; 387093 70;;

:/662 394028 70;;

:/663 39:063 70;;

:/664 3:6098 70;;

:/665 3;3033 70;;

:/666 3;9068 70;;

:/667 4250:3 70;;

:/668 438073 70;;

:/669 44;043 70;;

:/66: 4630;3 70;;

:/66; 476083 70;;

:/672 489053 70;;

:/673 4:2023 70;;

:/674 4;4093 70;;

:/675 527063 70;;

:/676 53:033 70;;

:/677 5520:3 70;;

:/678 565073 70;;

:/679 578043 70;;

:/67: 58:0;3 70;;

:/67; 5:3083 70;;

:/682 5;6053 70;;

:/683 62807 70;;

:/684 63;04 70;;

:/685 6530; 70;;

:/686 66608 70;;

:/687 67905 70;;

:/688 692 70;;

:/689 6:409 70;;

:/68: 6;706 70;;

:/68; 72:03 70;;

:/692 75507 70;;

:/693 77:0; 70;;

:/694 7:605 70;;

KUe^Ye&ab. H Rs0.15

S``T S``T

:/695 82;09 70;;

:/696 85703 70;;

:/697 88207 70;;

Tab. 4.14   $

Jg\Ye&X]`Yaf]baf

KUe^Ye&ab. M O <

S``T S``T S``T

4481494 6265 5268 5258

54615;< 726< 5279 5258

64516<8 8286 526; 5246

74=17=9 :2:9 52=7 5296

86918;9 <2;8 62=; 6288

Tab. 4.15   $

$

N]mY&gb_YeUaWYf

KUe^Ye&ab. H&s

448144= 4259 kk

44=1456 425< kk

456145= 4267 kk

464146= 5244 *

4741485 42<: *

4861494 42;< *

546154; 4259 kk

54<1554 425< kk

555155; 4269 kk

55<156< 5254 *

56=1595 42=9 *

59615:8 42;< *

5:915;< 42;8 *

6451648 425< kk

6481655 4269 kk

656166; 5254 *

66<1679 42=4 *

67:169= 42;< *

6:416;; 42;8 *

6;<16<8 42:; *

74=1759 4269 kk

75:1769 5254 *

76:177< 42=9 *

77=17:6 42;< *

7:717<4 42;8 *

7<517=9 42:; *

869187< 42;< *

87=1896 42;8 *

89718;9 42:; *

Tab. 4.16   $

$
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4  O-rings and Parbak® back-up rings

N]mY&gb_YeUaWYf

KUe^Ye&ab. <&s&``

44816<8 424<

74=1769 4254

86918;9 4257

Tab. 4.17   $

$

$

Ordering information

30&Xebk&loabofkd.&mib^pb&pq^qb&_lqe&pfwb&^ka&`ljmlrka.&b0d0&

:/352.&O2522/;20

40&Q^o_^h�&pfwb&krj_bop&`loobpmlka&ql&P/ofkdp&fk&qeb&4/uuu&

pbofbp&+b0d0&:/433.&O2522/;2&fp&cfqqba&tfqe&qeb&P/ofkd&4/433.&

O2896/92,0
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Ex. 1016 - Page 62



:7

O-Ring Handbook

Parker Hannifin
O-Ring Division Europe

5

5  Other products and accessories

5.1 Rubber moulded parts

Bp&^&j^krc^`qrobo&lc&mob`fpflk&pb^ip&Q^ohbo&ao^tp&lk&buqbkpfsb&

bumbofbk`b&fk&qeb&absbilmjbkq&^ka&mol`bppfkd&lc&bi^pqljbo&`lj/

mlrkap&^q&efde&ibsbip&lc&mob`fpflk0

Uebobclob.&̀ rpqlj/jlriaba&m^oqp&̀ ^k&_b&j^krc^`qroba&̂ ``loafkd&

ql& `rpqljbo& pmb`fcf`^qflkp0& Q^ohbo& prmmifbp& jlriaba& bi^pqljbo&

m^oqp&ql&^&tfab&o^kdb&lc&fkarpqofbp.&pr`e&^p&^rqljlqfsb.&bib`qolk/

f`p.&jb^probjbkq&^ka&`lkqoli.&ifcb&p`fbk`bp1jbaf`^i.&^bolpm^`b.&

clla& mol`bppfkd.& evao^rif`p& ^ka& mkbrj^qf`p& ^p& tbii& ^p& elrpb/

elia&^mmif^k`bp0&Q^ohbo&lccbop&`rpqljbop&^ppfpq^k`b&^p&b^oiv&^p&fk&

qeb&abpfdk&pq^db&fk&loabo&ql&jfkfjfpb&bumbkafqrobp&colj&mi^kkfkd&

qeolrde&ql&molar`qflk&i^rk`e&lc&jlriaba&m^oqp0&Ueb&^mmolmof^qb&

bkdfkbbofkd&abpfdk&lc&qeb&jlriaba&m^oq&`^k&obar`b&`lpqp&^ka&^i/

iltp&^kv&mlqbkqf^i&j^krc^`qrofkd& fpprbp&ql&_b& fabkqfcfba&^ka&ob/

plisba&^q&^k&b^oiv&pq^db0

Wide range of compounds

Pk`b&̂ &abpfdk&fp&cfk^ifpba.&qeb&̀ elf`b&lc&̂ k&̂ mmolmof^qb&̀ ljmlrka&

fp&ab`fpfsb&clo&qeb&̀ ljmlkbkq~p&pr_pbnrbkq&pbosf`b&ifcb0&Jk&loabo&ql&

pbib`q&qeb&^mmolmof^qb&`ljmlrka.&fk&m^oqf`ri^o&clo&or__bo&m^oqp.&fq&

fp&bppbkqf^i&ql&hklt&qeb&mob`fpb&`lkafqflkp&lc&rpb.&^p&bi^pqljbqbo&

`ljmlrkap&`^k&s^ov&dob^qiv&fk&qebfo&mevpf`l/`ebjf`^i&molmboqfbp0&

Q^ohbo&lccbop&^&tfab&o^kdb&lc&`ljmlrkap&qe^q&e^sb&_bbk&molsbk&

fk&^&tfab&o^kdb&lc&^mmif`^qflkp0&Uefp&^pprobp&qe^q&`rpqljbop&ob/

`bfsb&qeb&lmqfjrj&`ljmlrka&clo&qebfo&m^oqf`ri^o&^mmif`^qflk0&

Processing to tight tolerances

Nlriap&^ob&molar`ba&fk/elrpb&ql&qeb&qfdeqbpq&qlibo^k`bp&rpfkd&qeb&

hkltibadb&^`nrfoba&colj&j^kv&vb^op&lc&mol`bppfkd&or__bo&`lj/

mlrkap0&Ueb&pbib`qflk&lc&qeb&molar`qflk&mol`bpp&qebobclob&`^k&_b&

_^pba&lk&qb`ekf`^i&^ka&b`lkljf`&c^`qlop&clo&dob^qbo&cibuf_fifqv&^ka&

bccf`fbk`v0

Quality

Rr^ifqv& ^ppro^k`b& _bdfkp& tfqe& molar`q& absbilmjbkq& ^ka& bkap&

tfqe&m^`h^dfkd&^ka&pefmmfkd& fkpmb`qflkp0&Tbsbk&hbv& fkpmb`qflk&

pq^qflkp&^pprob&fjmb``^_ib&nr^ifqv<

30&Sb`bfsfkd&fkpmb`qflkp&lc&o^t&j^qbof^ip

40&Nfuqrob&fkpmb`qflk&^ka&qbpqfkd&+_^q`e&kl0&pvpqbj,

50&Nlkfqlofkd&lc&molar`qflk&bnrfmjbkq

60&Nlkfqlofkd&lc&molar`qflk&mol`bpp&_^pba&lk&mol`bpp/obibs^kq&

`e^o^`qbofpqf`p

70&322&)&sfpr^i&fkpmb`qflkp

80&Tq^qfpqf`^i&cfk^i&fkpmb`qflk

90&Jkpmb`qflk&lc&m^`h^dfkd&^ka&pefmmfkd

Q^ohbo&nr^ifqv&fp&lkiv&^`efbsba&fc&qeb&molar`q&m^ppbp&qebpb&fkpmb`/

qflk&pq^qflkp&tfqelrq&abcb`qp0

5.2 Assembly grease and lubricants

Mr_of`^kq&lo&dob^pb&fp&rpba&tfqe&^ii&qvmbp&lc&P/ofkd&pb^ip&ql&b^pb&

^ppbj_iv.&obar`b&cof`qflk&^ka&buqbka&pbosf`b&ifcb0

Mr_of`^kqp&rpba&clo&P/ofkd&fkpq^ii^qflk&kl&alr_q&lccbo&qeb&dob^qbpq&

^as^kq^db0&Clqe&qeb&clo`b&obnrfoba&arofkd&^ppbj_iv&^ka&qeb&ofph&

lc&a^j^db&_v&qtfpqfkd&tfii&ab`ob^pb0&Jjmolmboiv&fkpq^iiba&P/ofkdp&

`^k& ib^a& ql&j^`efkb& c^firob& +pbb&`e^mqbo& �Ebpfdk&^ka&^ppbj_iv&

fkpqor`qflkp�,0

Ueb& rpb& lc& ir_of`^kq& fp& m^oqf`ri^oiv& fjmloq^kq& fk& avk^jf`& mkbr/

j^qf`&^mmif`^qflkp0

Xebk&pbib`qfkd&^&ir_of`^kq&qeb&cliiltfkd&obnrfobjbkqp&pelria&_b&

jbq<

30&Ueb&ir_of`^kq&+^ka&fqp&^aafqfsbp,&jrpq&klq&`^rpb&^k&bi^pqljbo&

ql&ptbii&lo&peofkh0

40&Ueb&ir_of`^kq&molmboqfbp&jrpq&obj^fk&`lkpq^kq&^`olpp&qeb&

telib&tlohfkd&qbjmbo^qrob&o^kdb0&Uefp&jb^kp&qe^q&qeb&ir/

_of`^kq&pelria&kbfqebo&_b&orkkv&^q&efde&qbjmbo^qrobp&klo&qll&

plifa&^q&ilt&qbjmbo^qrobp0&

50&Ueb&ir_of`^kq&jrpq&_b&pq^_ib&tfqe&kl&cobb&`lkpqfqrbkqp&tef`e&

jfdeq&d^qebo&lk&qeb&orkkfkd&proc^`b0

60&Ueb&ir_of`^kq&pelria&e^sb&^aebpfsb&molmboqfbp&ql&bkprob&qe^q&

qeb&ir_of`^qfkd&cfij&fp&klq&objlsba&_v&qeb&P/ofkd0

70&Dljm^qf_fifqv&tfqe&qeb&`lkq^`q&jbafrj0

80&Ueb&ir_of`^kq&jrpq&klq&_il`h&pvpqbj&cfiqbop0

Q^ohbo&lccbop&qtl&ir_of`^kqp&`lsbofkd&^&tfab&o^kdb&lc&̂ mmif`^qflkp<&

Q^ohbo&P/Mr_b&^ka&Q^ohbo&Trmbo/P/Mr_b0

Parker O-Lube&

Q^ohbo&P/Mr_b&fp&^&jfkbo^i&lfi/_^pba&ir_of`^kq&`lkq^fkfkd&_^ofrj&

pl^m0& Jq& b^pbp& ^ppbj_iv& ^ka& buqbkap& qeb& pbosf`b& ifcb& lc& or__bo&

pb^ip0

Ueb&_bpq&obpriqp&^ob&l_q^fkba&tebk&_lqe&qeb&pb^i&^ka&fqp&orkkfkd&

proc^`bp&^ob&qob^qba&tfqe&qeb&dob^pb0

Q^ohbo/P/Mr_b&e^p& ^& dlla& obpfpq^k`b& ql&t^qbo.& ^aebobp&tbii& ql&

proc^`bp&^ka&lccbop&dlla&ir_of`^qfkd&molmboqfbp0

Jq& fp&m^oqf`ri^oiv&prfq^_ib& clo& ilt&mobpprob&^mmif`^qflkp&tfqe&pilt&

avk^jf`&ob`fmol`^qfkd.&lp`fii^qfkd&lo&olq^qfkd&jlqflk0

Q^ohbo/P/Mr_b&fp&klq&ob`ljjbkaba&clo&pvpqbjp&tfqe&jf`ol/cfiqbop&

lo&clo&pb^ip&tef`e&^ob&klq&`ljm^qf_ib&tfqe&jfkbo^i&lfip&+b0d0&_rqvi.&

bqevibkb/molmvibkb,0

Q^ohbo&P/Mr_b&fp&^s^fi^_ib&fk&332&d&qr_bp&^ka&fk&38&hd&_r`hbqp0
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Fig. 5.1  GN^WR^$F*CaOR

Technical data

x& Jkdobafbkqp<&Bmmo0&:2&)&jfkbo^i&lfi.&^mmo0&42&)&_^ofrj&pqb^/

o^qb.&j^u0&204&)&t^qbo

x& Tlifafcvfkd&mlfkq<&�6&�D

x& Gi^pemlfkq<&-446&�D

x& Sb`ljjbkaba&qbjmbo^qrob&o^kdb<&�52&�D&ql&-342&�D

Parker Super-O-Lube

Q^ohbo&Trmbo/P/Mr_b&fp&^&pfif`lkb/_^pba&ir_of`^kq&^ka&`ljmibqbp&

qeb& o^kdb& `ljm^qf_ib& tfqe& ^ii& bi^pqljbop& +pfif`lkb& `ljmlrkap&

e^sb& ql&_b&e^kaiba&`^obcriiv=&^mmiv&lkiv&^&jfkfjrj&nr^kqfqv&lc&

Trmbo/P/Mr_b,0&Uefp&ir_of`^kq&fp&klqba&clo&fqp&^aebpfsb&molmboqfbp.&

^aebofkd&tbii&ql&_lqe&jbq^i&^ka&or__bo&m^oqp0&Jq&buef_fqp&^k&rkrpr/

^iiv&tfab&qbjmbo^qrob&o^kdb0&Vkp^qro^qba&`ljmlrkap.&b0d0&OCS.&

^ob&m^oqf`ri^oiv&pbkpfqfsb& ql&lwlkb&`o^`hfkd&rkibpp& qebv&^ob&mol/

qb`qba&tfqe&^&cfkb&cfij&lc&dob^pb0&Trmbo/P/Mr_b&lccbop&qeb&_bpq&ob/

priqp&tebk&^mmifba&^p&^&qefk&cfij&^ka&_bfkd&fkboq.&fq&fp&prfq^_ib&clo&

j^kv&jbaf^0&Trmbo/P/Mr_b&fp&bnr^iiv&prfq^_ib&clo&efde&mobpprob&

^ka&s^`rrj&^mmif`^qflkp0

Jq& fp& klk/qluf`& ^ka& albp& klq& g^j& pvpqbjp& tfqe& jf`olcfiqbop& +ql&

52% $j,0& Q^ohbo& Trmbo/P/Mr_b& fp& ^s^fi^_ib& fk& 77& d& qr_bp& ^ka& fk&

508%hd&lo&3:&hd&_r`hbqp0

Fig. 5.2  GN^WR^$Ia\R *̂F*CaOR

Technical data

x& Jkdobafbkqp<&Tfif`lkb&dob^pb

x& Tlifafcvfkd&mlfkq<&�55&�D

x& Gi^pemlfkq<&-543&�D

x& Sb`ljjbkaba&qbjmbo^qrob&o^kdb<&�77&�D&ql&-422&�D

5.3 O-ring-kits

Ueb&e^kav&`^oovfkd&`^pb&tfqe&Q^ohbo&P/ofkdp&fp&fab^iiv&prfqba&clo&

obm^fop.&^ppbj_iv&gl_p&^ka&tlohpelmp.&^ka&cfk^iiv&mrqp&^k&bka&ql&

qeb&pb^o`e&clo&qeb&ofdeq&P/ofkd0&

Q^ohbo&lccbop& fq& fk&s^oflrp&sbopflkp<&tfqe&P/ofkdp& fk&pbib`qba& fj/

mbof^i&^ka&jbqof`&pq^ka^oa&afjbkpflkp&^ka&^mmolmof^qb&j^qbof^ip&

lo&tfqe&`rpqljfpba&`lkqbkq0&Dljm^`q.&tbii&^oo^kdba&^ka&^it^vp&

tfqefk&ob^`e.&qeb&hfq&molsfabp&qeb&^mmolmof^qb&j^qbof^ip&clo&nrf`h&

rpb0

5.3.1 O-ring Kit No. 2

Ueb&P/ofkd/Lfq&Ol0&4&`lkpfpqp&lc&6;4&P/ofkdp&fk&59&afccbobkq&fjmb/

of^i&pfwbp0&Bii&P/ofkdp&^ob&j^ab&colj&molsbk&Q^ohbo&`ljmlrkap0&

Ueb&hfq&fp&^s^fi^_ib&fk&qeobb&`ljmlrka&sbopflkp<

C^pb&bi^pqljbo<& & OCS

Q^ohbo&`ljmlrka<& O2774/;2

I^oakbpp<& & Telob&B&;2

Q^ohbo&loabo&`lab<& 582624O2774

C^pb&bi^pqljbo<& & OCS

Q^ohbo&`ljmlrka<& O2896/92

I^oakbpp<& & Telob&B&92

Q^ohbo&loabo&`lab<& 582624O2896

C^pb&bi^pqljbo<& & GLN&+Wfqlk,

Q^ohbo&`ljmlrka<& W2969/97

I^oakbpp<& & Telob&B&97

Q^ohbo&loabo&`lab<& 582624W2969

Fig. 5.3  F*^VZT$BV`$E[+$/

J-e]a[&F]g&Ib.&2&n&WbagYag&

Ib. KUe^Ye&ab. ?]`Yaf]ba LhUag]gl

X3 X4

( 5 6144: ( 62=4 � 52;< 76

( 6 6144; ( 72:< � 52;< 76

( 7 6144< ( 828; � 52;< 76

( 8 6144= ( 926< � 52;< 76

( 9 61454 ( :24; � 52;< 76

( : 61455 ( ;2:9 � 52;< 76
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J-e]a[&F]g&Ib.&2&n&WbagYag&

Ib. KUe^Ye&ab. ?]`Yaf]ba LhUag]gl

X3 X4

( ; 61456 ( =269 � 52;< 76

( < 61554 ( =25= � 62:6 57

( = 61555 542;; � 62:6 57

54 61556 5627; � 62:6 57

55 61557 572=8 � 62:6 57

56 61558 59298 � 62:6 57

57 61559 5;256 � 62:6 57

58 6155: 5<2;6 � 62:6 57

59 61654 5<2:8 � 7297 ( =

5: 61655 64266 � 7297 ( =

5; 61656 652<6 � 7297 ( =

5< 61657 6727= � 7297 ( =

5= 61658 682== � 7297 ( =

64 61659 6:29; � 7297 ( =

65 6165: 6<25; � 7297 ( =

66 6165; 6=2;8 � 7297 ( =

J-e]a[&F]g&Ib.&2&n&WbagYag&

Ib. KUe^Ye&ab. ?]`Yaf]ba LhUag]gl

X3 X4

67 6165< 75278 � 7297 ( =

68 6165= 762=6 � 7297 ( =

69 61664 78296 � 7297 ( =

6: 61665 7:24= � 7297 ( =

6; 61666 7;2:= � 7297 ( =

6< 61769 7;28; � 9077 ( :

6= 6176: 842:8 � 9277 ( :

74 6176; 872<6 � 9277 ( :

75 6176< 8:2== � 9277 ( :

76 6176= 9425; � 9277 ( :

77 61774 97278 � 9277 ( :

78 61775 9:296 � 9277 ( :

79 61776 9=2:= � 9277 ( :

7: 61777 :62<; � 9277 ( :

7; 61778 ::248 � 9277 ( :

Tab. 5.1   F*^VZT$BV`$E[+$/$P[Z`RZ`

=UfY&
&Y_Ufgb`Ye

KUe^Ye&
&Wb`cbhaX

CUeXaYff >b_bhe BYaYeU_&Ucc_]WUg]ba&eYWb``YaXUg]ba1*

SN\beY&<T

PDT P4:;81;4 ;4 `j_ai x& pq^ka^oa&`ljmlrka
x& dbkbo^iiv&prfqba&clo&evao^rif`&^ka&mkbrj^qf`&pvpqbjp&`ljm^qf_ib&tfqe&

evao^rif`&lfi.&t^qbo&div`li&+IGD&cirfap,&^ka&lfi&fk&t^qbo&bjripflkp&+IGB&
cirfap,

x& obpfpq^k`b&ql&jfkbo^i&lfi&^ka&jfkbo^i&lfi&molar`qp.&^kfj^i&^ka&sbdbq^_ib&
lfip

PDT P49961=4 =4 `j_ai

HMO X4;8;1;9 ;9 `j_ai x& pq^ka^oa&`ljmlrka
x& clo&efde&qbjmbo^qrobp
x& elq&lfi
x& ^olj^qf`&plisbkqp
x& tfab&`ebjf`^i&obpfpq^k`b
x& cfob/obpfpq^kq&cirfap&tfqe&melpme^qb&bpqbo&^ka&`eilofk^qba&evaol`^o_lk&

_^pb
x& `lmlivjbo

%1)%A^`%\^`T%X]U^`\PbX^]%aTT%FTSXP%>^\_PbXQX[Xbg%MPQ[T,%(aTT%P__T]SXf)

Tab. 5.2   ;R`NVXRQ$VZS[^YN`V[Z$S[^$GN^WR^$F*^VZT$P[Y\[aZQ_$S[^$BV`$E[+$/

5.3.2 O-ring Kit No. 4

Ueb&P/ofkd/Lfq&Ol0&6&`lkfpqp&lc&5:4&P/ofkdp&fk&52&afccbobkq&fjmb/

of^i&pfwbp0&Bii&P/ofkdp&^ob&j^ab&colj&qeb&molsbk&Q^ohbo&`ljmlrka&

O2896/920

C^pb&bi^pqljbo<& & OCS

Q^ohbo&`ljmlrka<& O2896/92

I^oakbpp<& & Telob&B&92

Q^ohbo&loabo&`lab<& 592626O2896
Fig. 5.4  F*^VZT$BV`$E[+$1
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J-e]a[&F]g&Ib.&4&n&WbagYag&

Ib. KUe^Ye&Ib. ?]`Yaf]ba LhUag]gl

X3 X4

( ( : 6144: & 40;2 � 52;< 64

( ( ; 6144; & 508: � 52;< 64

( ( < 6144< & 6069 � 52;< 64

( ( = 6144= & 704: � 52;< 64

( 54 61454 & 8029 � 52;< 64

( 55 61455 & 9087 � 52;< 64

( 56 61456 & ;047 � 52;< 64

554 61554 & ;03; � 62:6 57

555 61555 32099 � 62:6 57

556 61556 34059 � 62:6 57

557 61557 350;6 � 62:6 57

558 61558 37076 � 62:6 57

559 61559 39034 � 62:6 57

55: 6155: 3:098 � 62:6 57

654 61654 3:086 � 7297 54

655 61655 42044 � 7297 54

656 61656 430:4 � 7297 54

657 61657 4505; � 7297 54

658 61658 460;; � 7297 54

659 61659 48079 � 7297 54

65: 6165: 4:039 � 7297 54

65; 6165; 4;096 � 7297 54

65< 6165< 53056 � 7297 54

65= 6165= 540;4 � 7297 54

664 61664 56074 � 7297 54

665 61665 5802; � 7297 54

666 61666 5908; � 7297 54

769 61769 59069 � 9277 ( ;

76: 6176: 62086 � 9277 ( ;

76; 6176; 650:4 � 9277 ( ;

Tab. 5.3   F*^VZT$BV`$E[+$1$P[Z`RZ`

5.3.3 O-ring Kit No. 6

Ueb&P/ofkd/Lfq&Ol0&8&`lkpfpqp&lc&629&P/ofkdp&fk&54&afccbobkq&fjmb/

of^i&pfwbp0&Bii&P/ofkdp&^ob&j^ab&colj&qeb&molsbk&Q^ohbo&`ljmlrka&

O2896/920

C^pb&bi^pqljbo<& OCS

Q^ohbo&`ljmlrka<&O2896/92

I^oakbpp<& Telob&B&92

Q^ohbo&loabo&`lab<&592628O2896

Fig. 5.5  F*^VZT$BV`$E[+$3

J-e]a[&F]g&Ib.&6&n&WbagYag&

Ib. KUe^Ye&Ib. ?]`Yaf]ba LhUag]gl

X3 X4

( ( : 6144: & 40;2 � 52;< 64

( ( < 6144< & 6069 � 52;< 64

( 54 61454 & 8029 � 52;< 64

( 55 61455 & 9087 � 52;< 64

( 56 61456 & ;047 � 52;< 64

( 58 61458 34064 � 52;< 64

554 61554 & ;03; � 52;< 57

555 61555 32099 � 62:6 57

556 61556 34059 � 62:6 57

557 61557 350;6 � 62:6 57

558 61558 37076 � 62:6 57

559 61559 39034 � 62:6 57

55: 6155: 3:098 � 62:6 57

55; 6155; 4204; � 62:6 57

55< 6155< 430:; � 62:6 57

654 61654 3:086 � 7297 54

655 61655 42044 � 7297 54

656 61656 430:4 � 7297 54

657 61657 4505; � 7297 54

658 61658 460;; � 7297 54

659 61659 48079 � 7297 54

65: 6165: 4:039 � 7297 54

65; 6165; 4;096 � 7297 54

65< 6165< 53056 � 7297 54

65= 6165= 540;4 � 7297 54

664 61664 56074 � 7297 54

665 61665 5802; � 7297 54

666 61666 5908; � 7297 54

667 61667 620:9 � 7297 54

668 61668 66026 � 7297 54

669 61669 69044 � 7297 54

66: 6166: 7205; � 7297 54

Tab. 5.4   F*^VZT$BV`$E[+$3$P[Z`RZ`$
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5.3.4 O-ring Kit No. 7

Ueb&P/ofkd/Lfq&Ol0&9&`lkpfpqp&lc&62:&P/ofkdp&fk&54&afccbobkq&jbq/

of`&pfwbp0&Bii&P/ofkdp&^ob&j^ab&colj&qeb&molsbk&Q^ohbo&`ljmlrka&

O2896/920

C^pb&bi^pqljbo<& & OCS

Q^ohbo&`ljmlrka<& O2896/92

I^oakbpp<& & Telob&B&92

Q^ohbo&loabo&`lab<& 592629O2896

Fig. 5.6  F*^VZT$BV`$E[+$4$

J-e]a[&F]g&Ib.&7&n&WbagYag&

Ib. ?]`Yaf]ba LhUag]gl

X3 X4

( ( : ( 7244 � 6244 64

( ( < ( 9244 � 6244 64

( 54 ( :244 � 6244 5<

( 55 ( <244 � 6244 5<

( 56 54244 � 6244 5<

( 58 57244 � 6244 5<

554 54244 � 6294 58

555 56244 � 6294 58

556 58244 � 6294 58

557 59244 � 6294 58

558 5:244 � 6294 58

559 5<244 � 6294 58

55: 64244 � 6294 58

55; 65244 � 6294 58

55< 66244 � 6294 58

654 5<244 � 7294 54

655 64244 � 7294 54

656 66244 � 7294 54

657 67244 � 7294 54

658 69244 � 7294 54

659 6;244 � 7294 54

65: 6<244 � 7294 54

65; 74244 � 7294 54

65< 75244 � 7294 54

J-e]a[&F]g&Ib.&7&n&WbagYag&

Ib. ?]`Yaf]ba LhUag]gl

X3 X4

65= 76244 � 7294 54

664 78244 � 7294 54

665 7:244 � 7294 54

666 7<244 � 7294 54

667 85244 � 7294 54

668 88244 � 7294 54

669 8:244 � 7294 54

66: 94244 � 7294 54

Tab. 5.5   F*^VZT$BV`$E[+$4$P[Z`RZ`$

Further kits

Groqebo&hfqp&clo&NT&55878&+Ur_b&Gfqqfkd&Clpp&Tb^ip,&^ob&^s^fi^_ib&fk&

`ljmlrka&O2774/;2&+Lfq&kl0&:,.&^ka&^``loafkd&ql&qeb&K^m^kbpb&

jbqof`&pq^ka^oa&KJT&C&4623&fk&`ljmlrka&O2896/92&+Lfq&kl0&7,0

5.4 O-ring measuring cone and measuring tape

Ueb&jb^profkd&`lkb&`^k&_b&rpba&clo&nrf`h&̂ ka&^``ro^qb&abcfkfqflk&

lc&4/uuu&P/ofkd&pfwbp&rm&ql&97&jj&af^jbqbo0&Ueb&obcbobk`b&af^j/

bqbo&lc&qeb&`olpp/pb`qflk&fp&b^pfiv&abqbojfkba&rpfkd&qeb&`^if_o^qba&

pilq&fk&qeb&`lkb&_^pb0

Fig. 5.7  ;R`R^YVZN`V[Z$[S$`UR$P^[__*_RP`V[Z
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F^`e&`olpp/pb`qflk&`loobpmlkap&ql&^&jb^profkd&ifkb&lk&qeb&jb^p/

rofkd&`lkb.&b0d0&`olpp/pb`qflk&4084&jj&fp&qeb&4/3uu&pbofbp0&Ueb&

4/3uu&pbofbp& fp&ob^a&colj&qeb&`lkb&afob`qiv&^_lsb&qeb&`^if_o^qflk&

pilq&clo&qeb&4084&jj&pb`qflk0&Ueb&`loobpmlkafkd&fkkbo&af^jbqbo&fk&

jfiifjbqobp&qebk&`^k&_b&q^hbk&colj&qeb&pfwb&ifpq0

Fig. 5.8  ;R`R^YVZN`V[Z$[S$`UR$/*ddd$_VfR$ZaYOR^$cV`U$`UR$YRN_a^VZT$P[ZR

Ueb&jb^profkd&q^mb&prfqp&P/ofkd&af^jbqbop&rm&ql&422&jj&^ka&fp&

rpba&fk&^&pfjfi^o&t^v&^p&qeb&`lkb0&Ueb&afccbobkq&p`^ibp&lk&qeb&q^mb&

^mmiv&ql&qeb&s^oflrp&`olpp/pb`qflkp0

Fig. 5.9  ;R`R^YVZN`V[Z$[S$`UR$F*^VZT$_VfR$a_VZT$`UR$YRN_a^VZT$ONZQ

5.5 O-ring assembly aids

Q^ohbo&e^p&absbilmba&qefp&qlli&hfq&ql&fjmolsb&^ppbj_iv&^ka&afp/

^ppbj_iv0

Uebpb&qllip&j^hb&P/ofkd&^ppbj_iv&^ka&objls^i&jr`e&b^pfbo&^ka&

ebim&^slfa&a^j^db0&Ueb&qtl/m^oq&hfq&`ljbp&fk&^&mi^pqf`&t^iibq0&B&

mi^pqf`&sbopflk&lc&qeb&qlli&hfq&fp&^ipl&^s^fi^_ib&^ka&j^v&_b&rpba&clo&

pbkpfqfsb&proc^`bp0&+Olqb<&Ueb&pq^ka^oa&sbopflk&fp&j^ab&lc&jbq^i0,0

Fig. 5.10  F*^VZT$N__RYOXe$NVQ_

5.6 ParCoat® – the smooth approach to O-ring 

assembly

Q^oDl^q�/qob^qba&P/ofkdp&bk^_ib&cof`qflkibpp&^rqlj^qf`&^ppbj_iv&

tfqe&lkiv&^&jfkfj^i&buboqflk&lc&clo`b0&Ueb&ofkdp&tfii&klq&pqf`h&ql/

dbqebo&arofkd&qeb&cbbafkd&mol`bpp&^ka.&abmbkafkd&lk&qebfo&qvmb.&

`^k&_b&pqobq`eba&_v&jlob&qe^k&372&)&tfqelrq&`^rpfkd&qeb&^kqf/

cof`qflk&`l^qfkd&ql&_ob^h&lo&qb^o0

Vk`l^qba&P/ofkdp.&lk&qeb&lqebo&e^ka.&lcqbk&obnrfob&qtf`b&^p&jr`e&

mobpprob.&tef`e&j^v&obpriq&fk&pb^i&a^j^db&^ka&qeb&g^jjfkd&lc&^p/

pbj_iv&`ljmlkbkqp0&Dlksbkqflk^i&proc^`b&qob^qjbkq&^ka&`l^qfkd&

qb`ekfnrbp.&pr`e&^p&lfifkd.&al&klq&prccf`fbkqiv&fjmolsb&qeb&pifafkd&

^_fifqv&lc&qeb&pb^ip&tefib&̀ lkq^jfk^qfkd&qeb&̂ ppbj_iv&̀ ljmlkbkqp0&

Ebcb`qp&`^rpba&arofkd& qeb&^ppbj_iv&mol`bpp& ib^a& ql&^aafqflk^i&

`lpqp&fk&qbojp&lc&fkpmb`qflkp&^ka&obtloh&tef`e&`ib^oiv&bu`bba&qeb&

obi^qfsbiv&pj^ii&buqo^&`e^odb&clo&Q^oDl^q�/qob^qba&P/ofkdp0&

Q^ohbo~p&ltk&Q^oDl^q�&FI&+pq^ka^oa,&plirqflk&fp&^&mlivjbo&cfij&kl&

qef`hbo&qe^k&^&cbt&jf`ol/jbqobp&tfqe&lrqpq^kafkd&pifafkd&molmbo/

qfbp&qe^q&`^k&_b&^mmifba&ql&qeb&pb^i&tfqelrq&abdo^afkd&qeb&bi^pqf`fqv&

lc&qeb&_^pf`&`ljmlrka0

Ebmbkafkd&lk&qeb&`lkq^`q&jbafrj.&qeb&`l^qfkd&j^v&afpfkqbdo^qb&

fkql& qfkv&m^oqf`ibp& pljb& qfjb& ^cqbo& ^ppbj_iv0& Uefp& afpfkqbdo^qflk&

tfii&kbfqebo&`lkq^jfk^qb&qeb&jbafrj&klo&ib^a&ql&^kv&j^icrk`qflkp0&

Fumlprob&qof^ip&fkslisfkd&qeobb&afccbobkq&qbpq&jbaf^.&cliiltba&_v&^&

pr_pbnrbkq&m^oqf`ib&`lrkq.&e^sb&`lkcfojba&qe^q&qebob&fp&kl&afccbo/

bk`b&_bqtbbk&qeb&jbaf^&_bclob&^ka&^cqbo&bumlprob&ql&Q^oDl^q�0

Benefits

x& Hob^qiv&obar`ba&cof`qflk^i&clo`bp

x& Ol&a^j^db&ql&pb^ip&arofkd&fkpq^ii^qflk&lo&^ppbj_iv

x& G^pqbo.&jlob&`lpq/bccf`fbkq&^ppbj_iv&mol`bpp

x& Jjmolsbp&fkqboc^`f^i&pb^i&qfdeqkbpp.&bpmb`f^iiv&clo&pb^ifkd&

^d^fkpq&d^pbp

x& Tb^ip&tfii&klq&pqf`h&qldbqebo&arofkd&^rqlj^qf`&cbbafkd&mol`bpp

x& Ol&`lkq^jfk^qflk

x& Uo^kpir`bkq&Q^oDl^q�/`l^qfkd&mobsbkqp&ofph&lc&jfurmp&^p&qeb&

_^pf`&bi^pqljbo&`ljmlrka&`lilro&obj^fkp&sfpf_ib

x& Filkd^qflk&`^m^`fqv&^_lsb&372&).&abmbkafkd&lk&qvmb

x& Trfq^_ib&clo&kb^oiv&^ii&pq^ka^oa&bi^pqljbo&qvmbp

x& Bs^fi^_ib&fk&afccbobkq&`lilrop

AdvanCell
Ex. 1016 - Page 68



:=

O-Ring Handbook

Parker Hannifin
O-Ring Division Europe

5

5  Other products and accessories

Groqebojlob.&qeb&`l^qfkd& fp& qo^kpir`bkq.&bk^_ifkd&qeb&bi^pqljbop&

ql&_b&fabkqfcfba&_v&qebfo&pmb`fcf`&`lilrop.&qerp&mob`irafkd&qeb&ofph&

lc&jfu/rmp0

Jq&fp&qvmf`^iiv&^mmifba&arofkd&fkfqf^i.&^rqlj^qf`&^ka&jriqfmib&^ppbj/

_iv&mol`bppbp0&Erb&ql&fqp&jfkfj^i&qef`hkbpp.&Q^oDl^q�&FI&fp&klq&

prfq^_ib&clo&^`efbsfkd&mboj^kbkq&fjmolsbjbkqp&lc&pifafkd&^_fifqv&fk&

avk^jf`&pb^ifkd&^mmif`^qflkp.&clo&fkpq^k`b0

Q^oDl^q�&proc^`b&qob^qjbkq&e^p&_bbk&fkqbdo^qba&fkql&obdri^o&j^k/

rc^`qrofkd&mol`bppbp.&qerp&bkprofkd&crii/p`^ib&fk/mol`bpp&`lkqolip.&

cibuf_fifqv&^ka&peloq& ib^a& qfjbp0&Q^ohbo&molar`bp&`l^qba&P/ofkdp&

colj&kb^oiv&^ii&pq^ka^oa&`ljmlrkap0

Application examples

Brqljlqfsb&bkdfkbbofkd<

x& Bfo/`lkafqflkfkd&ifkbp

x& Grbi&pvpqbj&nrf`h&`lrmifkdp

x& Tbkplop

x& Fib`qof`^i&`lkkb`qflkp

Jkarpqof^i&^mmif`^qflkp<

x& W^isbp&^ka&fkpqorjbkqp

x& Qird&`lkkb`qlop

x& Nb^profkd&absf`bp

x& Gfqqfkdp

KUe>bUgq-OlcY3, KebWYff >bUg]a[&
g\]W^aYff

<ccYUeUaWY PfY4, KeYZYeeYX&
Wb`cbhaXf

>bagU`]aU-
g]ba&bZ&ZYYX-
]a[&Ydh]c-
`Yag

>b_bhe

S``T AYYX]a[ DafgU__Ug]ba Hh_g]c_Y&
UffY`V_l

R_pEm_r�(GJ cj_qrmkcp(
pcqgl

?(9 qmjgb0(bpw //( // / _jj lm rp_lqjsaclr

R_pEm_r�(UKJ ksjrg(amknm1
lclr(t_plgqf

9(1(7 qmjgb0(bpw //( // // GRFO0(PDT0(
HMO0(XOS

lm `j_ai0(
(rp_lqjsaclr

R_pEm_r�(NUV qr_lb_pb(
t_plgqf

9(1(74 qmjgb0(bpw //( // / GRFO0(PDT0(
HMO0(XOS

lm rp_lqjsaclr0(
qckg1k_rr

R_pEm_r�(UHT qgjgamlc1dpcc(
t_plgqf

9(1(54 qmjgb0(bpw //( // / GRFO0(PDT0(
HMO0(XOS

lm kgjiw(
(rp_lqjsaclr

R_pEm_r�(RNW nj_qk_(nmjw1
kcpgq_rgml(WUR

1 qmjgb0(bpw //( // / GRFO0(
PDT0(XOS

lm jgic(`_qga(
(amknmslb

R_pEm_r�(RNU qr_lb_pb(
nj_qk_(nmjw1
kcpgq_rgml

1 qmjgb0(bpw /( / / GRFO0(
PDT0(XOS

lm jgic(`_qga(
(amknmslb

R_pEm_r�(JC f_jmecl_rgml 1 qmjgb0(bpw /( / / slq_rsp_rcb(
,c2e2(PDT-

lm jgic(`_qga(
(amknmslb

R_pEm_r�(VHG RVHG1am_rgle 69(1(84 qmjgb0(bpw //( // // _jj lm epcw(_lb(mrfcp(
amjmspq

R_pEm_r�(UKG Ug1cksjqgml 1 mgjw /( 4 / _jj(cvacnr(
XOS

fgef rp_lqjsaclr

R_pEm_r�(HFC qgjgamlc1dpcc(
t_plgqf

64(1(74 qmjgb0(bpw //( / / _jj lm rp_lqjsaclr

R_pEm_r�(MVY cj_qrmkcp(
pcqgl

?(9 qmjgb0(bpw //( / / GRFO0(
JPDT0(PDT0(
HMO0(HXOS

lm rp_lqjsaclr

1)%Ac`bWT`%IP`>^Pbl%bg_Ta%^]%ST\P]S
2)%-:%]^b%`TR^\\T]STS,%0:%\^ST`PbT[g%acXbPQ[T,%+:%acXbPQ[T,%++:%WXVW[g%acXbPQ[T

Tab. 5.6   GN^:[N`l$*P[N`VZT_$NZQ$_a^SNPR$`^RN`YRZ`$\^[PR__R_$

Ordering example: 

P/ofkd&pfwb<& 4/436&

Dljmlrka<& O2896/92

Q^oDl^q�&Uvmb<& FI
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6  Elastomeric sealing compounds

6.1 General information

Lkltibadb& lc& qeb& jb`e^kf`^i& obnrfobjbkqp& ^ka& qeb&jbaf^& +ev/

ao^rif`&cirfa.&dob^pbp.&plisbkqp.&t^qbo.&bq`0,&tef`e&qeb&j^qbof^i&tfii&

`ljb&fkql&`lkq^`q&tfqe&fp&fjmloq^kq&clo&pbib`qfkd&qeb&^mmolmof^qb&

j^qbof^i0

Ueb& s^pq& j^glofqv& lc& qeb& pb^ip& `lkpfpq& lc& mlivjbo& j^qbof^ip0&

Qlivjbop& ^ob& j^`oljlib`ribp& `ljmlpba& lc& ^& obmbqfqflk& +mliv/

jbofp^qflk.& mliv^aafqflk.& mliv`lkabkp^qflk,& lc& pj^ii& jlib`ri^o&

rkfqp&+jlkljbop,0

Xebk&^&jlkljbo&+b0d0&bqevibkb&d^p,&fp&mlivjbofpba&qeb&obpriq^kq&

molar`q&fp&`^iiba&^&eljlmlivjbo&+b0d0&qeb&mi^pqf`&j^qbof^i&mlivbqe/

vibkb,0&Jc&qtl&lo&jlob&jlkljbop&^ob&fkslisba&fk&qeb&`ljmlpfqflk&

lc&qeb&mlivjbo&+b0d0&bqevibkb&^ka&molmvibkb&d^p,&qeb&mlivjbofp^/

qflk&obpriqp&fk&`lmlivjbop&+b0d0&bqevibkb&molmvibkb&or__bo,0

Fppbkqf^iiv.&qebob&^ob&qeobb&qvmbp&lc&`lmlivjbop0&Ueb&afccbobkqf^/

qflk&_bqtbbk& qebj& abmbkap&lk& qeb&^oo^kdbjbkq&lc& qeb&s^oflrp&

jlkljbop&+b0d0&B&^ka&C,&fk&qeb&j^`oljlib`rib&lc&qeb&`lmlivjbo<

x& Tq^qfpqf`^i&`lmlivjbop&+o^kalj&^oo^kdbjbkq&lc&jlkljbop,

x& Cil`h&`lmlivjbop&+jlkljbo&^oo^kdbjbkqp&fk&_il`hp&lo&pbd/

jbkqp,

x& Ho^cq&`lmlivjbop&+pr_pbnrbkq&mlivjbofp^qflk&lc&jlkljbop&^p&

pfab&`e^fkp&lkql&^k&bufpqfkd&j^fk&mlivjbo&`e^fk,

-A-A-B-A-B-B-A-A-A-B-B-A-B-

LbPbXabXRP[%R^_^[g\T`a

-A-A-A-A-B-B-B-B-B-A-A-A-

=[^RZ%R^_^[g\T`a

-A-A-A-A-A-A-A-A-

B-B-B B-B-B
B`PUb%R^_^[g\T`a

Fig. 6.1  D[Z[YR^$N^^NZTRYRZ`$VZ$P[\[XeYR^_

Qlivjbo&j^qbof^ip&`^k&_b&afsfaba& fkql& clro&dolrmp&^``loafkd& ql&

qebfo&jb`e^kf`^i&abcloj^qflk&molmboqfbp&^q&ollj&qbjmbo^qrob<&

x& Uebojlmi^pqf`p

x& Fi^pqljbop&+?&or__bo&1&`olpp/ifkhba&or__bo,

x& Uebojlmi^pqf`&bi^pqljbop&+UQF,

x& Erolmi^pqf`p

Nlpq&lc&qeb&j^qbof^ip&rpba&clo&pb^ip&^ob&bi^pqljbop&^ka&qebojl/

mi^pqf`&bi^pqljbop&_^pba&lk&_il`h&`lmlivjbop0

6.2 Overview of sealing materials

Tb^ifkd&j^qbof^ip&^ob&jlafcfba&ql&jbbq&qeb&tfab&o^kdb&lc&bufpqfkd&

pb^ifkd&obnrfobjbkqp0&Bp&abmf`qba&_bilt.&qeb&j^qbof^ip&rpba&`^k&

_b&^iil`^qba&ql&qeb&dolrmp&lc&qebojlmi^pqf`p.&bi^pqljbop.&qebojl/

mi^pqf`&bi^pqljbop&lo&arolmi^pqf`p0

6.2.1 Thermoplastics (plastomers)

Uebojlmi^pqf`p& ^ob& klk/`olppifkhba& j^`oljlib`ribp& tef`e& ^ob&

mif^_ib& lo& jlria^_ib0& Ul& mol`bpp& qebj.& qeb& j^qbof^ip& ^ob& crpba&

^ka& plifafcfba& ^d^fk& fk& ^& `lliba& jlria0& Uebv& ^ob& `ljm^o^qfsbiv&

b^pv&ql&mol`bpp&^ka&ob`v`i^_ib0

Bp&qebojlmi^pqf`p&^ob&rpba&_bilt&qeb&di^pp&qo^kpfqflk&qbjmbo^qrob&

qebv&^ob&e^oa&^ka&qebobclob&klq&prfq^_ib&clo&P/ofkdp&fk&pb^ifkd&^m/

mif`^qflkp0

%ETUb:%]^]-R`^aa[X]ZTS%bWT`\^_[PabXRa,%`XVWb:%eXST-\TaWTS%R`^aa[X]ZX]V%^U%T[Pab^\T`a

=[^RZ%_^[g\T`%([TUb),%_^[g\T`%Q[T]S%(RT]b`T)%

MWT`\^_[PabXR%T[Pab^\T`a%([TUb%P]S%RT]b`T),%Sc`^_[PabXRa%i%R[^aT-\TaWTS%

R`^aa[X]ZX]V%(`XVWb)

Fig. 6.2  IPURYN`VP$Q^NcVZT$[S$`UR$YNP^[Y[XRPaXR_$[S$\[XeYR^$YN`R^VNX_

6.2.2 Elastomers

Ueb&_^pf`&j^qbof^i&lc&or__bo&̀ ljmlrkap&lo&bi^pqljbop&fp&rksri`^k/

fpba&or__bo.&tef`e&fp&molar`ba&bfqebo&^p&k^qro^i&or__bo&lk&mi^kq^/

qflkp&lo&j^krc^`qroba&_v&qeb&`ebjf`^i& fkarpqov0&Ueb&jlpq&fjmlo/

q^kq&pvkqebqf`&or__bop&^ob&ifpqba&fk&q^_ib&8030&Glo&jlob&abq^fip&pbb&

pb`qflk&8080

Fi^pqljbof`&`ljmlrkap&`lkpfpq&lc&72&ql&82&)&rksri`^kfpba&or_/

_bo&_^pba&lk& qebfo&tbfdeq0&Ueb& obj^fkabo& fp&j^ab&rm& lc& cfiibop.&

sri`^kfpfkd&^dbkqp.&^``bibo^qlop.&^dbfkd&obq^oa^kqp&^ka&lqebo&^a/

afqfsbp&qe^q&prmmloq&^ka&jlafcv&qeb&molmboqfbp&lc&qeb&o^t&j^qbof^i&

pl&^p&ql&jbbq&qeb&m^oqf`ri^o&obnrfobjbkqp&lc&^&pmb`fcf`&^mmif`^qflk0
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6  Elastomeric sealing compounds

KUe^Ye&Wb`-
cbhaXf1*

>\Y`]WU_&aU`Y <VVeYi]Ug]ba

?DI&DNJ&1629&/&
<NOH&?-1418-79

?DI&DNJ&18064

B)<a^d_(,q_rsp_rcb(a_p`ml(kmjcasjcq(gl(k_gl(k_apm1kmjcasjc(af_gl->

C<<891;4 x& mliv^`ovi^qb&or__bo CEO

(((((1 x& `eilofk^qba&mlivbqevibkb&or__bo EO

(((((1 x& `eilolpriclkvi&mlivbqevibkb&or__bo EUO

G49841<4 x& bqevibkb&molmvibkb&afbkb&or__bo GRFO

(((((1 x& bqevibkb&molmvibkb&or__bo GRO

X4;8;1;9 x& cirlolbi^pqljbo HMO

X7<=:1;4 x& qbqo^cirlobqevibkb&molmvibkb&`lmlivjbob&or__bo HGRO6-

X7<5=1;9 x& cirlolbi^pqljbo
x& IfGirlo�

HMO

X<9891;9 ETa"d^a^#T[Pbc^\Ta HHMO

G)<a^d_(,slq_rsp_rcb(fwbpmecl(a_p`ml(af_gl->

(((((1 x& _rq^afbkb&or__bo DT

E499;1;4 x& `eilolmobkb&or__bo ET

(((((1 x& fpl_rqbkb&fplmobkb&or__bo&+_rqvi&or__bo, KKT

(((((1 x& _oljl_rqvi&or__bo DKKT

(((((1 x& `eilol_rqvi&or__bo EKKT

(((((1 x& fplmobkb&or__bo KT

P4:;81;4 x& ^`ovilkfqofib&_rq^afbkb&or__bo PDT

P79981;9 x& evaoldbk^qba&^`ovilkfqofib&_rq^afbkb&or__bo JPDT

(((((1 x& k^qro^i&or__bo PT

(((((1 x& pqvobkb/_rq^afbkb&or__bo UDT

F)<a^d_(,ugrf(Ugjgamlc(gl(rfc(k_gl(af_gl->

N4:;;1;4 x& cirlolpfif`lkb&or__bo HXOS

(((((1 x& jbqevi&mebkvi&pfif`lkb&or__bo ROS

(((((1 x& jbqevi&mebkvi&sfkvi&pfif`lkb&or__bo ROXS

(((((1 x& jbqevi&pfif`lkb&or__bo OS

U4:481;4 x& jbqevi&sfkvi&pfif`lkb&or__bo XOS

IWTa\^_[PbcXR#T[Pbc^\Tab

R944< x& mlivbpqbo/robqe^kb&+qebojlmi^pqf`, VRW

R9445 x& mlivbqebo1/bpqbo/robqe^kb&+qebojlmi^pqf`, VRW

1)%Ac`bWT`%R^\_^c]Sa%X]%aTRbX^]%6.6
2)%<QQ`TdXPbX^]%^][g%U^`%<LMF%?-1418-79

Tab. 6.1   JUR$YNVZ$`e\R_$[S$_eZ`UR`VP$^aOOR )̂$`URV^$T^[a\_$NZQ$NOO^RbVN`V[Z_$

Fi^pqljbop&rpba&^p&pb^ip.&^ka&m^oqf`ri^oiv&qelpb&rpba&fk&P/ofkdp.&

dr^o^kqbb&ilkd/qboj&obif^_ib&pb^ifkd&mbocloj^k`b&fc&qeb&cliiltfkd&

abpfdk&obnrfobjbkqp&^ob&l_pbosba<

Appropriate elastomer selection

Glo&`ebjf`^i&^ka&qeboj^i&obpfpq^k`b&ql&`lkq^`q&jbaf^.& fq& fp&kb`/

bpp^ov&ql&pbib`q&qeb&^mmolmof^qb&bi^pqljbo0&Gfd0&807&^ka&808&pelt&

qebpb&obpfpq^k`bp0&Nlob&abq^fiba&fkcloj^qflk&`^k&_b&clrka&fk&qeb&

Q^ohbo&Nbaf^&Dljm^qf_fifqv&Û _ib&fk&qeb&Bmmbkafu0

Optimised compounds with consistent properties

Bp&qeb&mevpf`^i&molmboqfbp&lc&or__bo&^ob&bke^k`ba&_v&^aafqfsbp&fk&

loabo& ql&jbbq& qeb&efde&abj^kap&lc& qb`ekf`^i&^mmif`^qflkp.&bsbk&

jfklo&`e^kdbp&ql&^&clojri^qflk&`lria&pboflrpiv& fjm^fo&qeb&molm/

boqfbp&lc&^k&bi^pqljbo.&b0d0&`e^kdb&fk&e^oakbpp.&qbkpfib&pqobkdqe.&

bilkd^qflk&lo&tb^o&obpfpq^k`b0&Ul&mobsbkq&qefp.&Q^ohbo&e^p&bpq^_/

ifpeba&DCJ& +Dlkqoliiba&C^q`e& Jabkqfcf`^qflk,0&Bcqbo& ib^sfkd&qeb&olii&

jfii.&b^`e&j^qbof^i&jfuqrob&ob`bfsbp&^&pbof^i&krj_bo&+_^q`e&krj/

_bo,&^ka& fp&pr_pbnrbkqiv& qbpqba& fk& qeb& i^_lo^qlov0& Jc& qeb&obpriq& fp&

mlpfqfsb&qeb&jfuqrob& fp&^mmolsba&clo&molar`qflk0&Ueb&`ljmlrka&

`e^o^`qbofpqf`p&tef`e&e^sb&_bbk&abqbojfkba&+qef`hkbpp.&e^oakbpp.&

qbkpfib&pqobkdqe.&riqfj^qb&bilkd^qflk,&̂ ob&̂ o`efsba0&Ueb&_^q`e&krj/

_bo&fp&clrka&lk&bsbov&_lu&lc&P/ofkdp0&Jk&qefp&t^v.&^&Q^ohbo&P/ofkd&

`^k&_b&qo^`ba&_^`h&ql&fqp&lofdfk&bsbk&^cqbo&j^kv&vb^op0&
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@_Ufgb`Ye&U__blf&UaX&V_YaXf&
=_YaXf&j]g\&g\Ye`bc_Ufg]W&cb_lb_Y%aYf

=_bW^&Wbcb_l`Yef

VRQ jmu(mp(lm(apmqqjgligle VRW rfcpkmnj_qrga(nmjwspcrf_lcq(,crfcp10(cqrcp1(mp(
(a_p`ml_rc1`_qcb-

VRX ps``cp(nf_qc(apmqqjglicb VRE nmjwcrfcpcqrcp(,amnmjwcqrcpcj_qrmkcp-

VR\ mrfcpq0(lmr(aj_qqg&cb0(c2e2(CEO3RC0(GRFO3RR0(((
GXC3RXFE0(HMO3RXFH0(PDT3RR0(PT3RR

VRC nmjwcrfcp_kgbcq0(nmjwcqrcp_kgbcq

VRU qrwpclc(rpg`jmai(amnmjwkcpq(c2e2

x& TCT&+pqvobkb&_rq^afbk&pqvobkb,

x& TJT&+pqvobkb&fplmobkb&pqvobkb,&

x& TFCT&+pqvobkb&bqevibkb1_rqvibkb&pqvobkb,

6  Elastomeric sealing compounds

Optimum temperature curve during vulcanisation 

Erofkd& sri`^kfp^qflk& qeb& j^qbof^i& qo^kpfqflkp& colj& qeb& mi^pqf`& ql&

qeb&bi^pqf`&pq^qb&+pbb&cfd0,&^ka&qeb&bi^pqljbo&ob`bfsbp&qeb&molmboqv&

tef`e&fp&`or`f^i&clo&pb^ifkd<&obpfifbk`b&+`ljm^ob&tfqe&`ljmobppflk&

pbq.& pb`qflk& :08,0& Ueb& sri`^kfp^qflk& qbjmbo^qrob& abqbojfkbp& qeb&

ob^`qflk&pmbba0&Ueb&lmqfjrj&abdobb&lc&`olpp/ifkhfkd&`^k&lkiv&_b&

^`efbsba&fc&qeb&obnrfoba&qbjmbo^qrob&fp&j^fkq^fkba&qeolrdelrq&qeb&

mol`bpp0

6.2.3 Thermoplastic elastomers (TPE)

Ueb&`ob^qflk&lc&qebojlmi^pqf`&bi^pqljbop&mroprbp&qeb&l_gb`qfsb&lc&

`lj_fkfkd&qeb&molmboqfbp&lc&bi^pqljbop&^ka&qebojlmi^pqf`p0&Ueb&

j^qbof^ip&^ob&or__bo/bi^pqf`&^q&pbosf`b&qbjmbo^qrobp&_rq&^ob&prfq/

^_ib&clo&qebojlmi^pqf`&mol`bppfkd&^q&efdebo&qbjmbo^qrobp0&

Uebojlmi^pqf`&bi^pqljbop&`^k&_b&afsfaba&fkql&qtl&j^fk&dolrmp

30&Fi^pqljbo&^iilvp.&mlivjbo&_ibkap

40&Cil`h&`lmlivjbop&

Elastomer alloys, polymer blends

UQF&j^qbof^ip&̀ ^k&_b&̀ ob^qba&_v&jfufkd&klk/&lo&grpq&pifdeqiv&`olpp/

ifkhba&or__bo&lo&_v&rpfkd&^&avk^jf`&sri`^kfp^qflk&mol`bpp&arofkd&

qeb&jfufkd& lo&_ibkafkd&mol`bpp&pqbm&lc& `olpp/ifkhba&bi^pqljbop&

tfqe&^& qebojlmi^pqf`0&Uefp& obpriqp& fk&^&j^qbof^i&tfqe&bi^pqljbof`&

molmboqfbp& qe^q& fp& prfq^_ib& clo& qebojlmi^pqf`& mol`bppfkd0& Sbmob/

pbkq^qfsbp&lc&qefp&dolrm&^ob&prjj^ofpba&fk&qeb&q^_ib&_bilt0&Ueb&

afp^as^kq^db& lc& qefp& ilt/`lpq& mol`bppfkd& jbqela.& eltbsbo.& fp&

qe^q&`ljmobppflk&pbq&fp&qvmf`^iiv&qll&efde&clo&pb^ifkd&^mmif`^qflkp&

^ka&qe^q&avk^jf`&obpfifbk`b&fp&fjm^foba0

Block copolymers

Pqebo&jbqelap&̂ fj&ql&`lmlivjbofpb&or__bo&^ka&qebojlmi^pqf`&o^t&

j^qbof^ip&lo&ql&pvkqebpfwb&mliv^jfab.&mlivbpqbo.&mlivbqebo&lo&mli/

vrobqe^kb&fk&pbdjbkqp&fk&loabo&ql&^`efbsb&qeb&abpfoba&molmboqfbp&

molcfib0&Uebpb&`lmlivjbop&pe^ob& qeb&molmboqv&lc&mevpf`^i&`olpp/

ifkhfkd&sf^&fkqbo/jlib`ri^o&clo`bp0&Debjf`^i&`olppifkhfkd&albp&klq&

q^hb&mi^`b&fk&qefp&`^pb0&&

Ueb&rpb&lc& qebojlmi^pqf`&mlivrobqe^kbp& +UQV,& fk& qeb&pb^ifkd& fk/

arpqov&e^p&_bbk&pqb^afiv&fk`ob^pfkd&fk&ob`bkq&vb^op&arb&ql&qeb&lrq/

pq^kafkd&tb^o&obpfpq^k`b&lc&qebpb&j^qbof^ip0&Xfqe&obpmb`q&ql&qb^o&

pqobkdqe.&qbkpfib&pqobkdqe.&322&)&jlarirp&^ka&riqfj^qb&bilkd^qflk&

UQV&j^qbof^ip&lccbo&^as^kq^dbp&lsbo&pq^ka^oa&bi^pqljbop0&

Glo&UQV.&e^oa&^ka&plcq&pbdjbkqp&̂ ob&_lkaba&tfqe&b^`e&lqebo&sf^&^&

robqe^kb&ob^`qflk0&Ueb&e^oa&pbdjbkqp&̀ ^k&̂ ddobd^qb&ql&cloj&̀ ovp/

q^iifkb&̂ ob^p&̂ ka&ql&qerp&mevpf`^iiv&̀ olpp/ifkh&qeb&j^`oljlib`ribp0&

Bq&efdebo&qbjmbo^qrobp&qebpb&^ob^p&`^k&_b&`o^`hba.&tef`e&j^hbp&

fq&mlppf_ib&ql&qebojlmi^pqf`^iiv&mol`bpp&qeb&UQV0&Bcqbo&jlriafkd&

qeb&cfkfpeba&m^oq&jrpq&_b&pqloba&^d^fk&^q&efdebo& qbjmbo^qrob&pl&

qe^q&qeb&prmbopqor`qrobp&lc&pbm^o^qba&e^oa&^ka&plcq&pbdjbkqp&`^k&

cloj&^d^fk0&

Cv&s^ovfkd&qeb&e^oa&^ka&plcq&pbdjbkqp&^&i^odb&krj_bo&lc&pmb`fcf/

`^iiv&lmqfjfpba&qebojlmi^pqf`&mlivrobqe^kbp&`^k&_b&^`efbsba0&

Uebojlmi^pqf`&bi^pqljbop.&`ljm^oba&tfqe&sri`^kfpba&bi^pqljbop.&

^ob&jr`e&b^pfbo&ql&mol`bpp&^ka&ql&ob`v`ib&arb&ql&qeb&mlppf_fifqv&lc&

crpfkd0&Iltbsbo.&qefp&ifjfqp&qebfo&rpb&̂ q&efdebo&qbjmbo^qrobp0&Tljb&

molmboqfbp&lc&qeb&jlpq&`ljjlkiv&rpba&UQF&qvmbp&^ob&ifpqba&fk&qeb&

q^_ib&_bilt0&&

Q^oqf`ri^oiv&UQV&pb^ifkd&j^qbof^ip&^ob&`e^o^`qbofpba&_v&sbov&efde&

^_o^pflk&obpfpq^k`b0&Uebv&abifsbo&bu`biibkq&avk^jf`&mbocloj^k`b&

^ka& dlla& tb^qebofkd& ^ka& jbaf^& obpfpq^k`b0& Groqebojlob.& qebv&

e^sb&^as^kq^dbp&fk&qbojp&lc&d^p&qfdeqkbpp&^ka&bumilpfsb&ab`lj/

mobppflk0&Wbov&dlla&lwlkb.&luvdbk&^ka&VW&obpfpq^k`b&^ob&lqebo&

fjmloq^kq&molmboqfbp0&

6.2.4 Duroplastics (duromers)

Erolmi^pqf`p& ^ob& qeobb/afjbkpflk^iiv& `olpp/ifkhba& j^`oljlib/

`ribp0&Uebv&^ob&e^oa&^ka&_ofqqib.&^ka&^iilt&lkiv&sbov& ilt&bi^pqf`&

abcloj^qflk&bsbk&tebk&pr_gb`qba&ql&efde&clo`bp&rm&ql&qeb&ab`lj/

mlpfqflk&qbjmbo^qrob0&

Ul&molar`b&jlriaba&m^oqp&qeb&arolmi^pqf`&jlriafkd&`ljmlrkap&

^ob& foobsbopf_iv&`ebjf`^iiv&`olpp/ifkhba&^ka&obj^fk&afjbkpflk^i/

iv& pq^_ib& rm& ql& qeb& ab`ljmlpfqflk& qbjmbo^qrob0& Dljm^oba& tfqe&

bi^pqljbop&qeb&`olpp/ifkhfkd&abdobb&lc&arolmi^pqf`p&fp&pfdkfcf`^kqiv&

efdebo0&

Ueb&jlpq&fjmloq^kq&arolmi^pqf`p&̂ ob&mebklmi^pqf`p.&̂ jfklmi^pqf`p&

^ka&`olpp/ifkhba&bmluv&lo&rkp^qro^qba&mlivbpqbo&obpfkp0&Uebv&^ob&

klq&rpba&^p&P/ofkdp0

Tab. 6.2   JUR$Y[_`$P[YY[ZXe$a_RQ$JG<$T^NQR_$NZQ$`URV^$ZNYR_$NPP[^QVZT$`[$

@IF$.5-31$
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6  Elastomeric sealing compounds

6.3 Basic elastomers

6.3.1 Acrylonitrile butadiene rubber (NBR)

Uo^ab&k^jbp<

Qbo_rk^k�& M^kubpp

Ofmli�& && [blk

Frolmobkb�& Fkf&Wbop^ifp

Ofqofib&or__bo&+OCS,&fp&qeb&dbkbo^i&qboj&clo&^`ovilkfqofib&_rq^afbkb&

jfuba&mlivjbo0&Ueb&^`ovilkfqofib&`lkqbkq&s^ofbp&fk&qb`ekf`^i&mola/

r`qp&+3:&ql&72&),&^ka&fkcirbk`bp&qeb&molmboqfbp&lc&qeb&bi^pqljbo0&

Ueb&efdebo&qeb&^`ovilkfqofib&`lkqbkq&qeb&_bqqbo&qeb&obpfpq^k`b&ql&lfi&

^ka&crbi0&Bq&qeb&p^jb&qfjb.&bi^pqf`fqv&^ka&`ljmobppflk&pbq&^ob&^a/

sbopbiv&^ccb`qba&+pbb&cfd0,0

Pcqbk&^&`ljmoljfpb&fp&j^ab&^ka&^&jbafrj&^`ovilkfqofib&`lkqbkq&

fp&pbib`qba0
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Fig. 6.3  @Z"aRZPR$[S$`UR$NP^eX[ZV`^VXR$P[Z`RZ`

OCS&e^p&dlla&jb`e^kf`^i&molmboqfbp&^ka&efde&tb^o& obpfpq^k`b&

`ljm^oba&tfqe&lqebo&bi^pqljbop0&OCS&fp&klq&obpfpq^kq&ql&tb^qebo/

fkd&^ka&lwlkb0

Ib^q&obpfpq^k`b<&&rm&ql&-322&�D.&peloqbo&ifcb&-342&�D&+^q&fk`ob^pba&

qbjmbo^qrobp& qeb& pmbba& lc& ^dbfkd& ^``bibo^qbp.&

^dbfkd&fk&lfi&l``rop&^q&^&piltbo&o^qb&qe^k&fk&elq&

^fo,0

Dlia&cibuf_fifqv<&&abmbkafkd& lk& `ljmlpfqflk& _bqtbbk& �42& �D& ^ka&

�77&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<

x& Bifme^qf`&evaol`^o_lkp&+molm^kb.&_rq^kb.&mbqolibrj&lfi.&jfk/

bo^i&lfi&^ka&dob^pb.&afbpbi&crbi.&crbi&lfip,

x& Wbdbq^_ib&^ka&^kfj^i&lfip&^ka&dob^pbp

x& IGB.&IGC&^ka&IGD&cirfap

x& N^kv&afirqba&^`fap.&^ih^if.&p^iq&plirqflkp&^q&ilt&qbjmbo^qrobp

x& X^qbo&+pmb`f^i&`ljmlrkap&rm&ql&-322&�D,

Olq&obpfpq^kq&^d^fkpq<

x& Grbip&tfqe&efde&^olj^qf`&`lkqbkq&+clo&prmbo&crbip&^&pmb`f^i&

`ljmlrka&jrpq&_b&rpba,

x& Bolj^qf`&evaol`^o_lkp&+_bkwbkb,

x& Deilofk^qba&evaol`^o_lkp&+qof`eilobqevibkb,

x& Qli^o&plisbkqp&+hbqlkb.&^`bqlkb.&^`bqf`&^`fa.&bqevibkb/bpqbo,

x& Tqolkd&^`fap

x& Co^hb&cirfa&tfqe&div`li&_^pb

x& Pwlkb.&tb^qebo&^ka&^dbfkd&obpfpq^kq

6.3.2 Butadiene rubber (BR)

Uo^ab&k^jbp<

Crk^�&DC& & M^kubpp

Frolmobkb�&Obl`fp& Fkf&Wbop^ifp

Qliv_rq^afbkb&or__bo&+CS,&fp&jlpqiv&rpba&fk&̀ lj_fk^qflk&tfqe&lqe/

bo&or__bop&ql& fjmolsb&`lia&cibuf_fifqv&^ka&tb^o&obpfpq^k`b0&CS& fp&

mofj^ofiv&rpba& fk& qeb& qvob& fkarpqov.& clo&aofsb&_biqp&^ka&`lksbvlo&

_biqp&^ka&fp&klq&prfq^_ib&clo&rpb&^p&^&pb^ifkd&`ljmlrka0

6.3.3 Butyl rubber (IIR)

Uo^ab&k^jbp<

M^kubpp&Crqvi& & M^kubpp

Fuulk�&Crqvi& & Fuulk

Crqvi& or__bo& +fpl_rqvibkb.& fplmobkb& or__bo.& JJS,& fp& molar`ba& _v&

j^kv&`ljm^kfbp&fk&afccbobkq&do^abp&^ka&afccbop&tfabiv&fk&fplmobkb&

`lkqbkq0&Jplmobkb&fp&rpba&clo&sri`^kfp^qflk0&Crqvi&e^p&^& ilt&mbo/

jb^_fifqv&o^qb&^ka&dlla&bib`qof`^i&fkpri^qfkd&molmboqfbp0

Ib^q&obpfpq^k`b<&rm&ql&^mmo0&352&�D

Dlia&cibuf_fifqv<&altk&ql&^mmo0&�62&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<

x& Ilq&t^qbo&^ka&pqb^j&rm&ql&-352&�D

x& Co^hb&cirfap&lk&div`li&_^pb

x& N^kv&^`fap&+pbb&Nbaf^&Dljm^qf_fifqv&Û _ib&fk&Bmmbkafu,

x& T^iq&plirqflkp

x& Qli^o&plirqflkp.&b0d0&^i`lelip.&hbqlkbp&^ka&bpqbop&

x& Ivao^rif`&cirfap&_^pba&lk&mlivdiv`li&+IGD&cirfap,&^ka&melp/

me^qb&bpqbo&_^pbp&+IGE/S&cirfap,

x& Tfif`lkb&lfi&^ka&dob^pb

x& Thvaoli&722&^ka&9222

x& Pwlkb.&^dbfkd&^ka&tb^qebo&obpfpq^kq

Olq&obpfpq^kq&^d^fkpq<

x& Nfkbo^i&lfi&^ka&dob^pb

x& Grbip

x& Deilofk^qba&evaol`^o_lkp

6.3.4 Chlorobutyl rubber (CIIR)

Uo^ab&k^jbp<

M^kubpp&Deilo_rqvi& M^kubpp&

Fuulk�&Deilo_rqvi& Fuulk
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6  Elastomeric sealing compounds

Deilol_rqvi& or__bo& +DJJS,& fp&molar`ba&_v&`eilofk^qfkd&_rqvi& or_/

_bo0&Jqp&`eilofkb&`lkqbkq&fp&^mmo0&303&)&ql&305&)0&Bm^oq&colj&qeb&

molmboqfbp& lc&_rqvi& or__bo& +JJS,.& `eilol_rqvi& or__bo& +DJJS,& peltp&

fjmolsba&`ljmobppflk& pbq&molmboqfbp& ^ka&`^k&_b&`ljmlrkaba&

tfqe&lqebo&or__bop0

6.3.5 Chloroprene rubber (CR)

Uo^ab&k^jbp<

Oblmobkb& Er&Qlkq�

C^vmobk�& M^kubpp

Deilolmobkb&t^p&lkb&lc&qeb&cfopq&pvkqebqf`&or__bop&^ka&dbkbo^i/

iv&peltp&dlla&lwlkb.&tb^qebo.&^dbfkd&^ka&`ebjf`^i&obpfpq^k`b.&

dlla&jb`e^kf`^i&molmboqfbp&^ka&^k&buqbkaba&qbjmbo^qrob&o^kdb0

Ib^q&obpfpq^k`b<&rm&ql&^mmo0&322&�D&+342&�D,

Dlia&cibuf_fifqv<&altk&ql&^mmo0&�62&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<

x& Nfkbo^i&lfi&lk&m^o^ccfk&_^pb&tfqe&ilt&FDJ&+pbb&pb`qflk&:0:.&b0d0&

BTUN&lfi&kl03,

x& Tfif`lkb&lfi&^ka&dob^pb

x& X^qbo&^ka&^nrblrp&plirqflkp&^q&jlabo^qb&qbjmbo^qrobp

x& Sbcofdbo^kqp&+^jjlkf^.&`^o_lk&aflufab.&coblk.&pbb&Nbaf^&

Dljm^qf_fifqv&Û _ib&fk&Bmmbkafu,

x& Jjmolsba&lwlkb.&tb^qebofkd&^ka&^dbfkd&obpfpq^k`b&`ljm^oba&

tfqe&OCS

Mfjfqba&obpfpq^k`b&^d^fkpq<&

x& O^meqebkb&_^pba&jfkbo^i&lfi&+BTUN&lfip&kl&4&^ka&kl&5,

x& Mlt&jlib`ri^o&^ifme^qf`&evaol`^o_lkp&+molm^kb.&_rq^kb.&crbi,

x& Co^hb&cirfap&tfqe&div`li&_^pb

Olq&obpfpq^kq&^d^fkpq<

x& Bolj^qf`&evaol`^o_lkp&+_bkwbkb,

x& Deilofk^qba&evaol`^o_lkp&+qof`eilobqevibkb,

x& Qli^o&plisbkqp&+hbqlkbp.&bpqbop.&bqebop.&^`bqlkb,

6.3.6 Chlorosulfonyl polyethylene rubber (CSM)

Uo^ab&k^jb<

Ulpl/DTN�& UPTPI

Ueb&bqevibkb&jlkljbo&`lkq^fkp&^aafqflk^i&`eilofkb&^ka&primero&

dolrmp0&Deilofkb&dfsbp&qeb&sri`^kfp^qb&ci^jb&̂ ka&jfkbo^i&lfi&obpfpq/

^k`b&_rq&^ipl&fkcirbk`bp&`lia&cibuf_fifqv0

Ib^q&obpfpq^k`b<&rm&ql&^mmo0&342&�D

Dlia&cibuf_fifqv<&altk&ql&^mmo0&�52&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<&

x& N^kv&^`fap&^ka&^ih^if

x& N^kv&lufafpfkd&jbaf^

x& Tfif`lkb&lfi&^ka&dob^pb

x& X^qbo&^ka&^nrblrp&plirqflkp&

x& Pwlkb.&^dbfkd&^ka&tb^qebo&obpfpq^k`b

Mfjfqba&obpfpq^k`b&^d^fkpq<&

x& Mlt&jlib`ri^o&^ifme^qf`&evaol`^o_lkp&+molm^kb.&_rq^kb.&

mbqoli,

x& Nfkbo^i&lfi&^ka&dob^pb.&ifjfqba&ptbiifkd&fk&^ifme^qf`&lfip&+BTUN&

lfi&Ol0&3.&efde&ptbiifkd&fk&k^meqebkb&^ka&^olj^qf`&lfip&+BTUN&

lfip&Ol0&4&^ka&Ol0&5,

Olq&obpfpq^kq&^d^fkpq<&

x& Bolj^qf`&evaol`^o_lkp&+_bkwbkb,

x& Deilofk^qba&evaol`^o_lkp&+qof`eilobqevibkb,

6.3.7 Epichlorohydrin rubber (CO, ECO)

Uo^ab&k^jb<

Ivaofk�& & [blk

Fmf`eilolevaofk&fp&afsfaba&fkql&qtl&qvmbp<&qeb&eljlmlivjbo&+DP,&

^ka&qeb&`lmlivjbo& +FDP,0&DP&^ka&FDP&_lqe&e^sb&dlla& obpfpq/

^k`b& ql&jfkbo^i&lfip.& crbip&^ka&lwlkb0&Ueb&efde& qbjmbo^qrob& ob/

pfpq^k`b&fp&dlla0&Dljmobppflk&pbq&^ka&`loolpflk&qbkabk`v&lc&qeb&

pb^ifkd&c^`b& fk`ob^pb&^q&-372&�D0&FDP&e^p&dlla&`lia& cibuf_fifqv0&

DP&e^p&efde&obpfpq^k`b&ql&d^p&mbojb^_fifqv0

Ib^q&obpfpq^k`b<&rm&ql&^mmo0&357&�D

Dlia&cibuf_fifqv<&altk&ql&^mmo0&�62&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<

x& Nfkbo^i&lfi&^ka&dob^pb

x& Bifme^qf`&evaol`^o_lkp&+molm^kb.&_rq^kb.&crbi,

x& Tfif`lkb&lfi&^ka&dob^pb

x& X^qbo&^q&ollj&qbjmbo^qrob

x& Pwlkb.&^dbfkd&^ka&tb^qebo&obpfpq^kq

Olq&obpfpq^kq&^d^fkpq<

x& Bolj^qf`&^ka&`eilofk^qba&evaol`^o_lkp

x& Lbqlkbp&^ka&bpqbop

x& Olk/ci^jj^_ib&evao^rif`&cirfap&fk&qeb&dolrmp&IGE/S&^ka&

IGE/T

x& Co^hb&cirfap&tfqe&div`li&_^pb

6.3.8 Ethylene acrylate rubber (AEM)

Uo^ab&k^jb<

W^j^`�& & Er&Qlkq�

Fqevibkb&^`ovi^qb&or__bo&fp&^&jfuba&mlivjbo&lc&bqevibkb&^ka&jb/

qevi&^`ovi^qb&tfqe&qeb&^aafqflk&lc&^&pj^ii&^jlrkq&lc&`^o_luvi^qba&

`rofkd& `olpp/ifkhfkd0& Fqevibkb& ^`ovi^qb& or__bo& fp& klq& ql& _b& `lk/

crpba&tfqe&mliv^`ovi^qb&or__bo&+BDN,0

Ib^q&obpfpq^k`b<&rm&ql&372&�D&+peloq/qboj&rm&ql&397&�D,

Dlia&cibuf_fifqv<&&̂ ``loafkd& ql& ^mmif`^qflk& _bqtbbk& ^mmo0& �52& ^ka&

�62&�D
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Fqevibkb&^`ovi^qb& or__bo&e^p&sbov&efde& obpfpq^k`b& ql&lwlkb&^ka&

luvdbk0& Jqp& obpfpq^k`b&^d^fkpq&jfkbo^i&lfi& fp&dlla&^p& iltbo& qe^k&

qe^q&lc&jlpq& BDN&do^abp0&Fqevibkb&^`ovi^qb& ptbiip& fk&BTUN&lfi&

kl0%3&_v&^mmo0&7&)&ql&32&).&^ka&fk&BTUN&lfi&kl0&5&_v&^mmo0&67&)&

ql&77&)0&Fqevibkb&^`ovi^qb&or__bo&fp&klq&obpfpq^kq&^d^fkpq&hbqlkbp.&

crbip&^ka&_o^hb&cirfap0

6.3.9 Ethylene propylene rubber (EPM, EPDM)

+b^oifbo&^__obsf^qflkp<&BQL.&BQUL.&FQS,

Uo^ab&k^jbp<

Lbiq^k�& & M^kubpp

Wfpq^ilk�& Fuulk

Erqo^i�& & Fkf&Wbop^ifp

Oloabi�& & Elt&Debjf`^ip

FQN& fp&^& or__bo&j^krc^`qroba&^p&^&`lmlivjbo&lc& bqevibkb&^ka&

molmvibkb0&Fqevibkb&molmvibkb&afbkb&or__bo&+FQEN,&fp&molar`ba&

rpfkd&^&qefoa&jlkljbo&^ka&buef_fqp&m^oqf`ri^oiv&_bkbcf`f^i&molmbo/

qfbp&clo&pb^ip&fk&melpme^qb&bpqbo&evao^rif`&cirfap0&Jq&fp&tfabiv&rpba&

fk&_o^hb&pvpqbjp&lmbo^qfkd&tfqe&div`li/_^pba&cirfap0

Ib^q&obpfpq^k`b<&rm&ql&372&�D&+j^u0&3:2&�D&fk&t^qbo&^ka&pqb^j,

Dlia&cibuf_fifqv<&altk&ql&^mmo0&/72&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<

x& Ilq&t^qbo&^ka&pqb^j&rm&ql&-372&�D.&pmb`f^i&`ljmlrkap&rm&ql&

-3:2&�D

x& Co^hb&cirfap&tfqe&div`li&_^pb&rm&ql&-372&�D

x& N^kv&lod^kf`&^ka&fklod^kf`&^`fap

x& Dib^kfkd&^dbkqp.&pla^&^ka&mlq^ppfrj&^ih^ifp

x& Ivao^rif`&cirfap&_^pba&lk&melpme^qb&bpqbo&+IGE/S,&

x& Tfif`lkb&lfi&^ka&dob^pb&

x& N^kv&mli^o&plisbkqp&+^i`lelip.&hbqlkbp.&bpqbop,

x& Thvaoli&722&^ka&9222&

x& Pwlkb.&^dbfkd&^ka&tb^qebo&obpfpq^kq

Olq&obpfpq^kq&^d^fkpq<&

x& Nfkbo^i&lfi&molar`qp&+lfip.&dob^pbp&^ka&crbip,0

6.3.10 Fluorocarbon rubber (FKM)

Uo^ab&k^jbp<

EBJ/FM�& E^fhfk&

Girlobi�& & Evkblk

Ub`klcilk�& Tlis^v&Tlibufp

Wfqlk�& & Er&Qlkq

Girlol`^o_lk& or__bo& fp&klqba&clo& fqp&tfab&o^kdb&lc&^mmif`^qflkp0&

GLN& e^p& ^k& bu`biibkq& obpfpq^k`b& ^d^fkpq& efde& qbjmbo^qrobp.&

lwlkb.&luvdbk.&jfkbo^i&lfi.&pvkqebqf`&evao^rif`& cirfap.& crbip.&^ol/

j^qf`&pr_pq^k`bp&^ka&j^kv&lod^kf`&plisbkqp&^ka&`ebjf`^ip0&Ueb&

ilt&qbjmbo^qrob&obpfpq^k`b&clo&pq^qf`&^mmif`^qflkp&fp&^mmo0&�47&�D&

+pljb&^mmif`^qflkp&^ka1lo&`ljmlrkap&^`efbsb&bccb`qfsb&pb^ifkd&

altk&ql&�72%�D,0&Ueb&d^p&mbojb^_fifqv&fp&sbov&ilt&^ka&pfjfi^o&ql&

_rqvi&or__bo0&Tmb`f^i&GQN&`ljmlrkap&e^sb&^&efdebo&obpfpq^k`b

^d^fkpq&^`fap.&crbip.&t^qbo&^ka&pqb^j0

Bp&̂ &efde/mbocloj^k`b&cirlolbi^pqljbo.&IfGirlo�&lccbop&̀ ebjf`^i&pq^/

_fifqv&`ljm^o^_ib&ql&mbocirlolbi^pqljbop&+GGLN,&fk&kb^oiv&^ii&jbaf^0&

Q^oqf`ri^oiv&fk&mli^o&plisbkqp.&IfGirlo�&buef_fqp&j^glo&^as^kq^dbp&

lsbo&`lksbkqflk^i&GLN&mlivjbop0

IfGirlo�&lccbop&^&tfab&o^kdb&lc&^mmif`^qflk&plirqflkp&fk&^ii&fkarp/

qof^i&pb`qlop0&Golj&`lksbkqflk^i&P/ofkdp&fk&pq^ka^oa&+fjmbof^i&^ka&

jbqof`,& afjbkpflkp& qeolrde& ql& af^meo^djp& ^ka& jlriaba& bkdf/

kbbofkd&m^oqp&^``loafkd&ql&`rpqljbop~&ao^tfkdp.& qeb&`ljmlrka&

`^k&_b&mol`bppba&fk&or__bo/jbq^i&`ljmlpfqbp&^p&tbii0&

Ib^q&obpfpq^k`b<&&rm&ql&422&�D&^ka&efdebo&qbjmbo^qrobp&tfqe&peloq/

bo&ifcbqfjb

Dlia&cibuf_fifqv<&&altk&ql&^mmo0&�47&�D& +pmb`f^i&`ljmlrkap&altk&&

ql&^mmo0&�72&�D,

Debjf`^i&obpfpq^k`b&^d^fkpq<&

x& Nfkbo^i&lfi&^ka&dob^pb.&ilt&ptbiifkd&fk&BTUN&lfip&kl0&3&qeolrde%5

x& Gfob/obpfpq^kq&evao^rif`&cirfap&lc&qeb&IGE&dolrm

x& Tfif`lkb&lfi&^ka&dob^pb

x& Bkfj^i&^ka&sbdbq^_ib&lfi&^ka&dob^pb

x& Bifme^qf`&evaol`^o_lkp&+crbi.&_rq^kb.&molm^kb.&k^qro^i&d^p,

x& Bolj^qf`&evaol`^o_lkp&+_bkwbkb.&qlirbkb,

x& Deilofk^qba&evaol`^o_lkp&+qof`eilobqevibkb&^ka&`^o_lk&qbqo^`eilofab,

x& Grbip.&fk`irafkd&crbip&tfqe&jbqe^kli&`lkqbkq

x& Ifde&s^`rrj

x& Wbov&dlla&lwlkb.&tb^qebo&^ka&^dbfkd&obpfpq^k`b

Olq&obpfpq^kq&^d^fkpq<

x& Qli^o&plisbkqp&+^`bqlkb.&jbqevi&bqebo.&hbqlkb.&bqevi&^`bq^qb.&

af^qevi&bqebo.&aflu^kb,

x& Thvaoli&722&^ka&9222

x& Co^hb&cirfap&lk&div`li&_^pb

x& Bjjlkf^&d^p.&^jfkb.&^ih^ifp

x& Trmboeb^qba&pqb^j

x& Mlt&jlib`ri^o&lod^kf`&^`fap&+clojf`&^ka&^`bqf`&^`fap,

6.3.11 Fluorosilicone rubber (FVMQ)

Uo^ab&k^jbp<

Tfi^pqf`�&& Elt&Dlokfkd

Tfilmobk�& Nljbkqfsb

GWNR&`lkq^fkp& qofcirlolmolmvi&dolrmp&^p&tbii& ^p&jbqevi&dolrmp&

fk&qeb&jlib`rib0&Ueb&jb`e^kf`^i&^ka&mevpf`^i&molmboqfbp&^ob&sbov&

pfjfi^o&ql&WNR0

Iltbsbo.& cirlolpfif`lkb& buef_fqp& pfdkfcf`^kqiv& _bqqbo& obpfpq^k`b&

^d^fkpq&crbip&^ka&jfkbo^i&lfip&^ka&pifdeqiv& ibpp&elq&^fo&obpfpq^k`b&

`ljm^oba&tfqe&pfif`lkb&+WRN,0

Ib^q&obpfpq^k`b<&rm&ql&^mmo0&397&�D&+422&�D&j^u0,

Dlia&obpfpq^k`b<&altk&ql&^mmo0&�77&�D

Debjf`^i&obpfpq^k`b<&p^jb&^p&clo&WNR.&^aafqflk^iiv&obpfpq^kq&^d^fkpq&

x& Bolj^qf`&jfkbo^i&lfip&+b0&d0&JSN&;25&lfi,

x& Grbip

x& Mlt&jlib`ri^o&^olj^qf`&evaol`^o_lkp&+b0&d0&_bkwbkb.&qlirbkb,
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6.3.12  Hydrogenated nitrile butadiene rubber (HNBR)

Uo^ab&k^jbp<

Uebo_^k�& M^kubpp

[bqmli�& & [blk

IOCS&&fp&̂ &pvkqebqf`&or__bo&l_q^fkba&colj&qeb&crii&lo&m^oqf^i&evaol/

dbk^qflk&lc&kfqofib&or__bo&+OCS,0&Ueb&j^fk&afccbobk`bp&`ljm^oba&

tfqe&OCS&^ob&efdebo& qbjmbo^qrob& obpfpq^k`b& +rm& ql&372& �D,&^ka&

dlla&obpfpq^k`b&^d^fkpq&lufa^qfsb&^qq^`hp&+b0d0&lwlkb,0&IOCS&^ipl&

e^p&sbov&dlla&jb`e^kf`^i&molmboqfbp0

Ib^q&obpfpq^k`b<&ql&^mmo0&372�D

Dlia&obpfpq^k`b<&abmbkabkq&lk&`ljmlpfqflk.&altk&ql&�62&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<&

x& Bifme^qf`&evaol`^o_lkp

x& Wbdbq^_ib&^ka&^kfj^i&c^qp&^ka&lfip

x& IGB.&IGC&^ka&IGD&cirfap

x& N^kv&afirqba&^`fap.&_^pbp&^ka&p^iq&plirqflkp&^q&ilt&qbjmbo^qrobp

x& X^qbo&^ka&pqb^j&rm&ql&372&�D

x& Pwlkb.&^dfkd&^ka&tb^qebofkd&obpfpq^kq

6.3.13 Perfluorinated rubber (FFKM)

Uo^ab&k^jbp<

Q^olcirlo�& Q^ohbo

L^iobw�& & Er&Qlkq�

GGLN&e^p&qeb&`ebjf`^i&molmboqfbp&lc&QUGF&+Ubcilk�,&^ka&qeb&bi^p/

qf`& molmboqfbp& lc& GLN& or__bo0& Ueb& mol`bppfkd& lc& mbocirlofk^qba&

or__bo& fp&afccf`riq0&Erb& ql& qeb&jr`e&efdebo&mof`b&lc&mbocirlofk^q/

ba& or__bo& `ljm^oba& tfqe& GLN.& GGLN& fp& lkiv& rpba& fk& ^mmif`^/

qflkp&tebob&lqebo&`ljmlrka&qvmbp&^ob&fkprccf`fbkq0&Tr`e&^mmif`^/

qflkp&+^ddobppfsb&jbaf^&^ka1lo&sbov&efde&qbjmbo^qrobp,&bufpq&fk&qeb&

pbjf`lkar`qlo& fkarpqov.&jb^probjbkq&qb`eklildv&lo&qeb&`ebjf/

`^i&fkarpqov.&clo&bu^jmib0

Ib^q&obpfpq^k`b<&rm&ql&^mmo0&532&�D

Dlia&obpfpq^k`b<&&altk&ql&^mmo0&�37&�D.&pmb`f^i&`ljmlrkap&altk&

ql&�57&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<&

x& Ob^oiv&^ii&`ebjf`^ip

x& Puvdbk.&lwlkb.&tb^qebo&^ka&^dbfkd

x& Wbov&ilt&tbfdeq&ilpp&fk&efde&s^`rrjp&^q&efde&qbjmbo^qrobp

Olq&obpfpq^kq&^d^fkpq<&

x& Debjf`^i&`ljmlrkap&`lkq^fkfkd&cirlofkb&+b0&d0&Goblk&33.&34.&

35.&335.&336,

6.3.14 Polyacrylate rubber (ACM)

Uo^ab&k^jbp<

IvUbjm�& [blk

Oluqfqb�&& VOJNBUJD

BDN&lo&pfjmiv&̂ `ovi^qb&or__bo&̀ lkpfpqp&lc&̂ &_^pb&̂ ka&̂ &̀ olpp/ifkh/

fkd&jlkljbo0&Ueb&_^pf`&jlkljbo&+or__bo&_^pb,&`lkq^fkp&s^oflrp&

^`ovi^qb&bpqbop&tef`e&fkcirbk`b&qeb&mevpf`^i&molmboqfbp&lc&qeb&sri/

`^kfp^qbp0&Fqevi&^`ovi^qb&or__bo&e^p&dlla&eb^q&^ka&jfkbo^i&lfi&ob/

pfpq^k`b&tebob^p&_rqvi&^`ovi^qb&e^p&_bqqbo&`lia&cibuf_fifqv0&B`ovi^qb&

or__bo&e^p&dlla&obpfpq^k`b&^d^fkpq&jfkbo^i&lfi.&luvdbk&^ka&lwlkb&

bsbk&̂ q&efde&qbjmbo^qrobp0&X^qbo&obpfpq^k`b&̂ ka&̀ lia&cibuf_fifqv&^ob&

iltbo&`ljm^oba&tfqe&OCS0

Ib^q&obpfpq^k`b<&rm&ql&̂ mmo0&372&�D&+peloq/qboj&rm&ql&^mmo0&397&�D,

Dlia&cibuf_fifqv<&altk&ql&^mmo0&�42&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<&

x& Nfkbo^i&lfi&+bkdfkb.&db^o&_lu.&BUG&lfi,

x& Pwlkb.&tb^qebo&^ka&^dbfkd&obpfpq^kq

Olq&obpfpq^kq&^d^fkpq<&

x& Co^hb&cirfa&tfqe&div`li&_^pb

x& Bolj^qf`&pr_pq^k`bp&^ka&&`eilofk^qba&evaol`^o_lkp

x& Ilq&t^qbo.&pqb^j

x& B`fap.&^ih^ifp.&^jfkbp

6.3.15 Thermoplastic polyurethane (TPU)

Uo^ab&k^jbp<

Viqo^qe^k�& Q^ohbo

Uebob& ^ob& j^kv& afccbobkq& qvmbp& lc& Uebojlmi^pqf`& Qlivrobqe^kbp&

+UQV,.&abmbkafkd&lk&qeb&`ljmlpfqflk&lc&qeb&mlivlibp&^ka&fpl`v/

^k^qbp&rpba0

Fpqbo/_^pba&UQV&j^qbof^ip&fk&m^oqf`ri^o&^ob&`e^o^`qbofpba&_v&sbov&

dlla&jfkbo^i&lfi&obpfpq^k`b.&bu`biibkq&tb^o&obpfpq^k`b.&efde&qbkpfib&

pqobkdqe&^ka&efde&obpfifbk`b0

Ueolrde&jlafcf`^qflkp&tfqe&lqebo&o^t&j^qbof^ip&pr`e&^p&mlivbqebo&

ilt&qbjmbo^qrob&̂ ka&evaolivpfp&obpfpq^k`b&̀ ^k&_b&fjmolsba0&Pqebo&

jlafcf`^qflkp&j^hb&fq&mlppf_ib&ql&pfdkfcf`^kqiv&fk`ob^pb&qeb&obpfpq/

^k`b&^d^fkpq&_flabdo^a^_ib&lfip&pr`e&^p&pvkqebqf`&bpqbop&^p&tbii0&

H^p&mbojb^_fifqv&fp&`ljm^o^_ib&tfqe&JJS0

Ib^q&obpfpq^k`b<&&rm&ql&^mmo0&:2&�D&+pmb`f^iqv&do^abp&rm&ql&322%�D.&

peloq/qboj&rm&ql&342&�D,

Dlia&obpfpq^k`b<&altk&ql&^mmo0&�67&�D&

Viqo^qe^k�& `ljmlrkap& buef_fq& kl& `lia& bj_ofqqibjbkq.& tef`e&

jb^kp&qe^q&Viqo^qe^k�&P/ofkdp&^ob&klq&abpqolvba&rkabo&jb`e^kf/

`^i&il^afkd&+`lia&_bkafkd&qbpq,&bsbk&`ib^oiv&_bilt&qeb&di^pp&qo^kpf/

qflk&qbjmbo^qrob0
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Debjf`^i&obpfpq^k`b&^d^fkpq<

x& Qrob.&^ifme^qf`&evaol`^o_lkp&+molm^kb.&_rq^kb.&k^meqe^,=&

`lkq^jfk^qflkp&+jlfpqrob.&^i`lelip.&^`faf`&lo&^ih^ifkb&`lj_fk^/

qflkp,&j^v&`ebjf`^iiv&^qq^`h&mlivrobqe^kbp

x& Nfkbo^i&lfip&^ka&dob^pbp&+`boq^fk&^aafqfsbp&j^v&`ebjf`^iiv&^q/

q^`h&pq^ka^oa&j^qbof^ip',

x& Tfif`lkb&lfip&^ka&dob^pbp

x& X^qbo&rm&ql&72&�D

x& Pwlkb&^ka&^dbfkd&obpfpq^kq

Olq&obpfpq^kq&^d^fkpq<

x& Lbqlkbp.&bpqbop.&bqebop.&^i`lelip&^ka&div`libp

x& Ilq&t^qbo.&pqb^j.&^ih^if.&^jfkbp&^ka&^`fap

6.3.16 Silicone rubber (LSR, Q, MQ, VMQ)

Uo^ab&k^jbp<

Fi^pqlpfi�& X^`hbo

Tfilmobk�& Nljbkqfsb

Tfi^pqf`�&& Elt&Dlokfkd

Ueb&qboj&pfif`lkb&or__bo&̀ lsbop&̂ &i^odb&dolrm&lc&j^qbof^ip&fk&tef`e&

jbqevi&sfkvi&pfif`lkb&+WNR,&fp&qeb&jlpq&cobnrbkqiv&rpba&̀ ljmlrka0&

Mfnrfa&pfif`lkb&or__bo&+MTS,&^ipl&_bilkdp&fk&qefp&`^qbdlov0&Jq&`^k&

_b&dfsbk&^ijlpq&^kv&`lilro&^ka&fp&mol`bppba&^p&^&qtl/`ljmlkbkq&

jfu0&Tfif`lkb&bi^pqljbop&^p&^&dolrm&e^sb&^&obi^qfsbiv&mllo&qbkpfib&

pqobkdqe.&qb^o&obpfpq^k`b&^ka&tb^o&obpfpq^k`b0&Iltbsbo.&qebv&e^sb&

j^kv&pmb`f^i&molmboqfbp<&pfif`lkbp&fk&dbkbo^i&e^sb&dlla&eb^q&ob/

pfpq^k`b&rm&ql&-452&�D&^ka&dlla&`lia&cibuf_fifqv&altk&ql&�82&�D.&

tb^qebofkd&obpfpq^k`b.&dlla&fkpri^qfkd&^ka&mevpflildf`^i&molmbo/

qfbp&^ka&dlla&ql&^sbo^db&jbaf^&`ljm^qf_fifqv0

Ib^q&obpfpq^k`b<&&rm&ql&^mmo0&432&�D&+pmb`f^i&do^abp&rm&ql&452&�D,

Dlia&cibuf_fifqv<&&altk&ql&^mmo0&�82&1&�77&�D&+pmb`f^i&do^abp&altk&

ql&�322&�D,

Debjf`^i&obpfpq^k`b&^d^fkpq<

x& Bifme^qf`&bkdfkb&^ka&db^o_lu&lfip&+b0d0&JSN&;23,

x& Bkfj^i&^ka&sbdbq^_ib&lfip&^ka&dob^pb

x& Co^hb&cirfa&tfqe&div`li&_^pb

x& Gfob/obpfpq^kq&evao^rif`&cirfap.&IGE/S&^ka&IGE/T

x& Deilofk^qba&^olj^qf`&evaol`^o_lkp&+b0d0&`ilmebkb,.&`eilolaf/

mebkvi&+fk`i0&ci^jb/obpfpq^kq&fkpri^qlop.&`lli^kq&clo&qo^kpcloj/

bop,

x& X^qbo&rm&ql&-322&�D

x& Efirqba&p^iq&plirqflkp

x& Pwlkb.&^dbfkd&^ka&tb^qebo&obpfpq^kq

Olq&obpfpq^kq&^d^fkpq<

x& Trmboeb^qba&t^qbo&pqb^j&^_lsb&-342&�D

x& B`fap&^ka&^ih^ifp

x& Tfif`lkb&lfi&^ka&dob^pb

x& Mlt&jlib`ri^o&`eilofk^qba&evaol`^o_lkp&+b0d0&qof`eilobqevibkb,

x& Bolj^qf`&jfkbo^i&lfi

x& Grbi

x& Bolj^qf`&evaol`^o_lkp&+b0d0&_bkwbkb.&qlirbkb,

6.3.17 Styrene-butadiene rubber (SBR)

Uo^ab&k^jbp<

Crk^&TF.&TM.&W& M^kubpp

Jkqli�& & Fkf&Wbop^ifp

TCS&mol_^_iv&fp&_bqqbo&hkltk&rkabo&fqp&lia&k^jbp&Crk^&T&lo&HST&

+dlsbokjbkq&or__bo&pqvobkb,&^ka&t^p&cfopq&molar`ba&rkabo&dls/

bokjbkq&̀ lkqoli&_bqtbbk&3;52&̂ ka&3;72&ql&obmi^`b&k^qro^i&or__bo0&

Ueb&_^pf`&jlkljbop&_rq^afbkb&^ka&pqvobkb&qvmf`^iiv&^jlrkq&ql&

^mmo0&4507&)0&B_lrq&lkb&qefoa&lc&qeb&tloia&lrqmrq&lc&TCS&fp&rpba&

fk&qvob&molar`qflk0&Ueb&rpb&lc&TCS&pb^ip&fp&qvmf`^iiv&ifjfqba&ql&div/

`li/_^pba&_o^hb&cirfa&^mmif`^qflkp0

Ib^q&obpfpq^k`b<&rm&ql&^mmo0&322&�D

Dlia&cibuf_fifqv<&altk&ql&^mmo0&�72&�D

Debjf`^i&obpfpq^k`b&^d^fkpq<

x& X^qbo.&^i`leli.&div`li&^ka&`boq^fk&hbqlkbp&+b0d0&^`bqlkb,

x& Co^hb&cirfa&tfqe&div`li&_^pb

x& Tfif`lkb&lfi&^ka&dob^pb

x& Efirqba&t^qbo&plirqflkp.&tb^h&^`qfkd&^`fap.&^ih^ifp&^ka&p^iqp

Olq&obpfpq^kq&^d^fkpq<

x& Nfkbo^i&lfi&^ka&dob^pb.&crbip

x& Bifme^qf`&evaol`^o_lkp&pr`e&^p&molm^kb.&_rq^kb.&mbkq^kb.&

ebu^kb.&ebmq^kb

x& Deilofk^qba&evaol`^o_lkp&pr`e&^p&`eilolcloj.&qof`eilobqevibkb.&

qbqo^`eilofab

x& Pufafpfkd&jbaf^&pr`e&^p&kfqof`&^`fa.&`eoljf`&^`fa.&evaoldbk&

mbolufab.&`eilofkb.&_oljfkb

6.4 Compound selection

Ueb& _^pb& or__bo& ^ka& e^oakbpp& lc& ^k& bi^pqljbo& `ljmlrka& ^ob&

`or`f^i&clo&fqp&obpfpq^k`b&^d^fkpq&qeboj^i.&`ebjf`^i&^ka&jb`e^kf/

`^i&il^ap0

Ueb&Q^ohbo&`ljmlrka&`lab.&b0d0&O2896/92.&`lkq^fkp&qeb&cliilt/

fkd&qtl&hbv&bibjbkqp<

30&&Ueb&qvmb&lc&or__bo&lk&tef`e&qeb&`ljmlrka&fp&_^pba&fp&dfsbk&

_v&qeb&mobcfu&ibqqbo<

B& ?&Qliv^`ovi^qb

C& ?&Crqvi&lo&`eilol_rqvi

D& ?&Deilolmobkb

F& ?&Fqevibkb&molmvibkb&lo&bqevibkb&molmvibkb&afbkb

H& ?&Tqvobkb/_rq^afbkb

M& ?&Girlolpfif`lkb

O& ?&B`ovilkfqofib&_rq^afbkb

Q& ?&Uebojlmi^pqf`&mlivrobqe^kb

T& ?&Tfif`lkb

W& ?&Girlol`^o_lk

Z& ?&Fmf`eiloevaofkb

40&&Ueb& e^oakbpp& o^kdb& lc& ^& `ljmlrka& fp& fkaf`^qba& _v& qeb& cfk^i&

krj_bop.&b0&d0&�92�&jb^kp&qe^q&qeb&e^oakbpp&o^kdb&clo&qeb&obi/

bs^kq&`ljmlrka&fp&92�7&Telob&B&+jb^proba&lk&^&ci^q&mfb`b,0
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I:H

Ibg`T]T*QcbPSXT]T#`cQQT`

JFK

F^[gc`TbWP]T

@@H

:cbg[#QcbPSXT]T#`cQQT`

D:H

DXb`X[T#QcbPSXT]T#`cQQT`

;H

;W[^`^_`T]T#`cQQT`

=;E

=_XRW[^`WgS`X]#`cQQT`

9;C

F^[gPR`g[PbT#`cQQT`

=F<C

=bWg[T]T#_`^_g[T]T#SXT]T#`cQQT`

>LCG

>[c^`^aX[XR^]T#`cQQT`

>AC

>[c^`^#`cQQT`

>AC

>[c^`^#`cQQT`#&?X>[c^`k'

>>AC
FT`"c^`^T[Pab^\T`#&FP`^"c^`k'

*.-- *42 *2- */2 - /2 /-- //2 /2- /4- 0/-42 .-- ./2 .2- .422- JT\_T`Pbc`T##
N!;O

M^`ZX]V#_T`X^S#^U#.)---#W`a+# E][g#PRWXTdTS#c]ST`#_P`bXRc[P`#R^]SXbX^]a#eXbW#a_TRXP[#R^\_^c]Sa

LCG

IX[XR^]T#`cQQT`

?D:H

?gS`^VT]T`PbTS#]Xb`X[T#QcbPSXT]T#`cQQT`

6  Elastomeric sealing compounds

MWTaT%bT\_T`Pbc`T%`P]VTa%P`T%dP[XS%U^`%P__[XRPbX^]a%X]%eWXRW%R^]bPRb%eXbW%\TSXP%

eXbW%P]%PVV`TaaXdT%TUUTRb%^]%bWT%`T[TdP]b%R^\_^c]S%Xa%_`TR[cSTS.%

@fP\_[T:%OFJ:%X]%PX`%c_%b^%+210%m>,%X]%ePbT`%%c_%b^%+100%m>

Fig. 6.4  JRY\R^N`a^R$^NZTR$S[^$bN^V[a_$RXN_`[YR^VP$YN`R^VNX_

Ueb& krj_bo& _bqtbbk& qebpb& qtl& bibjbkqp& obmobpbkqp& ^& `boq^fk&

jfuqrob&clojri^qflk.&tef`e&dr^o^kqbbp&qe^q&qefp&`ljmlrka&fp&^i/

t^vp&molar`ba&^``loafkd&ql&qeb&p^jb&`ljmlpfqflk&^ka&qe^q&qefp&

jfuqrob&e^p&_bbk&̀ ljmobebkpfsbiv&qbpqba&moflo&ql&Q^ohbo&̂ mmols^i0

Selection of base rubber

Nbaf^&`ljm^qf_fifqv&^ka&qbjmbo^qrob&obpfpq^k`b&^ob&qeb&jlpq&fj/

mloq^kq&m^o^jbqbop&clo&pbib`qfkd&^&_^pb&or__bo0&Fu^`q&hkltibadb&

lc&qeb&qbjmbo^qrobp&^ka&jbaf^&+fk`irafkd&ir_of`^kqp&^ka&`ib^kfkd&

^dbkqp,&ql&tef`e&^&pb^i&tfii&_b&bumlpba&fk&^&`lk`obqb&^mmif`^qflk&

fp&qeb&mobobnrfpfqb&clo&pbib`qfkd&^&prfq^_ib&_^pb&or__bo0&

Ueb&qbjmbo^qrob&o^kdbp.&clo&afccbobkq&bi^pqljbo&`ljmlrkap&dfsbk&

fk&cfd0&807&obcbo&ql&ilkd/qboj&qbjmbo^qrobp&fk&qeb&bksfolkjbkq&lc&jb/

af^&tef`e&e^sb&kl&^ddobppfsb&bccb`q&lk&qeb&_^pb&bi^pqljbo&^q&qebpb&

qbjmbo^qrobp0&Xfqe&jlpq&qvmbp&lc&or__bo&molilkdba&lsboeb^qfkd&lc&

^k&bi^pqljbo& fkfqf^iiv& ib^ap& ql& croqebo&`olpp/ifkhfkd&lc& qeb&mlivjbo&

`e^fkp.&f0b0&e^oabkfkd&^ka&efde&mboj^kbkq&abcloj^qflk0&Uefp&ib^ap&

ql&^k&fk`ob^pfkd&kbrqo^ifw^qflk&lc&abcloj^qflk&^ka1lo&`ljmobppflk&

fkar`ba&obpqlofkd&clo`bp0&Xebk&qeb&obj^fkfkd&obpqlofkd&clo`bp&^ob&

kl&ilkdbo&prccf`fbkq&ib^h^db&j^v&l``ro0

Teloq/qboj&bu`bpp&lc& qeb&mbojfppf_ib& ilkd/qboj& qbjmbo^qrobp& fp&

mlppf_ib&ql&^&`boq^fk&buqbkq&+`lkafqflk^i&lk&&jbaf^&

`ljm^qf_fifqv,&_rq&obpriqp&fk&obar`ba&ifcbqfjb&+cfd0&807,0&&

Qo^`qf`^iiv&^ii&bi^pqljbop&prccbo&`e^kdbp&ql&^&dob^qbo&lo&ibppbo&bu/

qbkq&_v&qeb&mevpf`^i&lo&`ebjf`^i&bccb`qp&lc&jbaf^.&tef`e&abmbka&

lk& qeb&`ebjf`^i& `ljmlpfqflk&lc& qeb&bi^pqljbo&^ka& qeb&jbafrj&

^p&tbii&^p&^`qfsb&^j_fbkq&`lkafqflkp0&Pkb&lc&qeb&j^fk&c^`qlop&fp&

qbjmbo^qrob0&Ueb&^ddobppfsbkbpp&lc&qeb&jbafrj&fk`ob^pbp&^p&qeb&

qbjmbo^qrob&ofpbp0

Qevpf`^i&bccb`qp&fkslisb&qtl&`lk`roobkq&mol`bppbp<

30&B_plomqflk&lc&qeb&jbafrj&_v&qeb&bi^pqljbo

40&Fuqo^`qflk&lc&qeb&plir_ib&`ljmlrka&fkdobafbkqp&+m^oqf`ri^oiv&

mi^pqf`fpbop,&colj&qeb&bi^pqljbo&&

Ueb&obpriq&fp&^&slirjb&`e^kdb.&f0b0&ptbiifkd&lo&peofkh^db0&Ueb&ab/

dobb&lc&slirjb&`e^kdb&mofj^ofiv&abmbkap&lk&qeb&qvmb&lc&jbafrj.&

qeb&pqor`qrob&lc&qeb&or__bo&`ljmlrka.&qbjmbo^qrob.&dbljbqof`^i&

pe^mb&+j^qbof^i&qef`hkbpp,.&^ka&lk&qeb&pqobppba&`lkafqflk&lc&qeb&

or__bo&m^oq0&Jk&^&`lkpqo^fkba&pq^qb.&or__bo&ptbiip&pfdkfcf`^kqiv&ibpp&

+rm&ql&72&),&qe^k&fk&^&cobb&pq^qb.&^p&fp&qeb&`^pb&fk&ptbiifkd&qbpqp0
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MWT%SXPV`P\%RP]%^][g%QT%caTS%Pa%P%VcXST[X]T.%MWT%PRbcP[%[XUT-a_P]%^U%P%aTP[%Pb%P%
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Fig. 6.5  ?VTU*`RY\R^N`a^R$XVYV`_$S[^$bN^V[a_$RXN_`[YR^VP$YN`R^VNX_

Ueb&ifjfq&lc&qeb&mbojfppf_ib&slirjb&`e^kdb&abmbkap&lk&qeb&^m/

mif`^qflk0&Glo&pq^qf`&pb^ip.&^&slirjb&ptbiifkd&lc&47&ql&52&)&`^k&_b&

qlibo^qba0&Iltbsbo.&qeb&c^`q&qe^q&ptbiifkd&ib^ap&ql&^&abqboflo^qflk&

lc& qeb&jb`e^kf`^i&molmboqfbp.& ^ka& fk&m^oqf`ri^o& qelpb&molmboqfbp&

tef`e&fjmolsb&buqorpflk&obpfpq^k`b.&jrpq&_b&q^hbk&fkql&^``lrkq0

Jk&avk^jf`&^mmif`^qflkp.&ptbiifkd&ib^ap&ql&fk`ob^pba&cof`qflk&^ka&

^&efde&tb^o&o^qb0&Uebobclob.&^&j^ufjrj&ptbii&_v&32&)&pelria&klq&

_b&bu`bbaba0&Teofkh^db&pelria&_b&^slfaba&_b`^rpb&̀ ljmobppflk&

tfii&_b&obar`ba&^ka&qeb&ofph&lc&ib^h^db&tfii&fk`ob^pb0

Ueb& buqo^`qflk& lc& mi^pqf`fpbo& colj& ^& j^qbof^i& pljbqfjbp& `^k& _b&

`ljmbkp^qba& clo& _v& ^_plomqflk& lc& qeb& `lkq^`q& jbafrj0& Jk& qefp&

`^pb.&aov&eb^q.&^iqelrde&`ljmbkp^qba&clo&_v&^_plomqflk.&`^k&ib^a&

ql&bu`bppfsb&peofkh^db&^ka&ib^h^db&tebk&^k&bi^pqljbo&aofbp&lrq0&

B& `ebjf`^i& ob^`qflk& _bqtbbk& jbafrj& ^ka& bi^pqljbo& `^k& _ofkd&

^_lrq&pqor`qro^i&`e^kdbp&fk&qeb&cloj&lc&croqebo&`olpp/ifkhfkd&lo&ab/

do^afkd0&Ueb&pj^iibpq&`ebjf`^i&`e^kdbp&fk&^k&bi^pqljbo&`^k&ib^a&

ql&pfdkfcf`^kq&`e^kdbp&fk&mevpf`^i&molmboqfbp.&b0d0&bj_ofqqibjbkq0&

Glo&qefp&ob^plk.&qeb&jbafrj&^ka&qeb&`ljmlrka&jrpq&_b&`ljm^q/

f_ib&fk&bsbov&`^pb0&Ueb&prfq^_fifqv&lc&^k&bi^pqljbo&clo&^&pmb`fcf`&^m/

mif`^qflk&`^k&_b&bpq^_ifpeba&lkiv&tebk&qeb&molmboqfbp&lc&_lqe&qeb&

jbafrj&^ka&qeb&bi^pqljbo&^ob&hkltk&rkabo&qvmf`^i&tlohfkd&`lk/

afqflkp0&Jc&^&m^oqf`ri^o&j^qbof^i&prfqp&^&jbafrj.&fq&fp&obcbooba&ql&^p&

_bfkd&�obpfpq^kq�&^d^fkpq&qe^q&jbafrj0&

Gfd0&807&`ljm^obp&qeb&s^oflrp&bi^pqljbof`&j^qbof^ip&^``loafkd&ql&

qebfo&obpfpq^k`bp&^d^fkpq&cobnrbkqiv&rpba&jbaf^0&Nlob&abq^fiba&fk/

cloj^qflk&`^k&_b&clrka& fk& qeb&Q^ohbo&Nbaf^&Dljm^qf_fifqv& Û _ib&

+pbb&Bmmbkafu,.&tef`e&ifpqp&`ljmlrka&ob`ljjbka^qflkp&clo&jlob&

qe^k&^&qelrp^ka&cirfap&^ka&d^pbp0

6.5 Compound selection according to SAE 

and ASTM specifications

Ueb&Bjbof`^k&Tq^ka^oa&Di^ppfcf`^qflk&Tvpqbj& clo&Sr__bo&Qola/

r`qp& fk&Brqljlqfsb&Bmmif`^qflkp.&BTUN&E&4222.& fp&`ljmibu&^ka&

pljbte^q& afccf`riq& ql& rpb& _v& ^mmif`^qflk& bkdfkbbop& ^ka& or__bo&

j^krc^`qrobop0&Ueb&`labp&`lkpfpqfkd&lc&krj_bop&^ka&ibqqbop&^ob&

klq&b^pv&ql&objbj_bo&lo&fkqbomobq0&Vpbop&jrpq&`lab&qebfo&obnrfob/

jbkqp.&f0b0&qo^kpi^qb&qebj&fkql&BTUN&E&4222.&^ka&j^krc^`qrobop&

jrpq&ab`lab&qebj&^d^fk&lo&cfka&qebj&fk&qeb&pq^ka^oa~p&q^_ibp0&Bk&

BTUN&abp`ofmqflk&lc&̂ &pfkdib&or__bo&̀ ljmlrka&j^v&e^sb&^&ibkdqe&

lc&pbsbo^i&ifkbp0&Uefp&j^v&_b&qeb&ob^plk&tev&qeb&pvpqbj&e^p&klq&

_b`ljb&tfabiv&bpq^_ifpeba&lrqpfab&qeb&Vkfqba&Tq^qbp.&bu`bmq&tfqe&

^&cbt&^rqljlqfsb&j^krc^`qrobop&cl`rpba&lk&qeb&V0T0&j^ohbq0&Ueb&

fkarpqov&ebob&qbkap&ql&rpb&fk/elrpb&pq^ka^oap&q^filoba&ql&qeb&pmb/

`fcf`&obnrfobjbkqp&lc&qeb&`ljm^kfbp.&tef`e&^ob&klq&prfq^_ib&clo&^k&

lsbo^o`efkd&`i^ppfcf`^qflk&pvpqbj0
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%1)%%>^\_`TaaX^]%aTb%20%'%\Pf.%PUbT`%70%W/125%m>,%TdP[cPbTS%^]%bTab%_XTRTa%

%PRR^`SX]V%b^%<LMF%?%395

Tab. 6.3   :[Y\[aZQ$_RXRP`V[Z$NPP[^QVZT$`[$I8<$NZQ$8IJD$_\RPV#PN`V[Z_

@_Ufgb`Ye&VUfY KUe^Ye&Wb`cbhaX CUeXaYff >b_bhe <NOH&?&2000&/&N<@&E&200&fcYW]%WUg]ba

SN\beY&<T

GRFO G49841<4 <4�7 `j_ai 6(CC(<59(C57(H5;(GC58

PDT P4:;81;4 ;4�7 `j_ai 6(DH(;64(D78(GQ58(GQ78

PDT P49691:4 :4�7 `j_ai 6(DI(:64(D78(GQ58(GQ78(GH55(GH65(GC58

PDT P4:;81;4 ;4�7 `j_ai 6(DI(;64(D58(D78(GQ58(GQ78(GH55(GH65(GC58

PDT P4;851;9 ;9�7 `j_ai ;(DI(<59(GQ58(GQ78(GH55(GH65(GC58(\5(,;9�9(J_pblcqq-(\65-

PDT P49961=4 =4�7 `j_ai ;(DI(=59(D58(GQ58(GQ78(GH55(GH65(H5;

GRFO G496=1:4 :9�7 `j_ai 6(EC(:64(C69(D88(\5(,:9�9(J_pblcqq-

PDT P4:;81;4 ;4�7 `j_ai 7(EJ(;64(C69(D78(GQ5:(GQ7:

PDT P4;851;9 ;9�7 `j_ai 7(EJ(<59(C69(D78(GQ5:(GQ7:(\5(,;9�9(J_pblcqq-(\63,

PDT P49961=4 =4�7 `j_ai 7(EJ(=59(D78(GQ5:(GQ7:

CEO C4:4;1;4 ;4�7 `j_ai 7(FJ(;59(C6:(D5:(GQ5:(GQ7:(H57

HXOS N4:;;1;4 ;4�7 `jsc 6(HM(;4<(C5:(GC7:(H5=

XOS U49=9194 94�7 pcb 7(IG(949(C5=(D7;(GQ5:(GQ7:(H5:(I55(GC58

XOS U4:571:4 :4�7 pcb 7(IG(:49(C5=(D7;(GQ5:(GQ7:(H5=(I55(GC58

XOS U4:481;4 ;4�7 pcb ;(IG(;4;(C5=(D7;(GQ5:(GQ7:(H5=(I55(GC58

HMO X4;8;1;9 ;9�7 `j_ai 6(JM(;59(C5154(D7;(D7<(GH75(GQ;<(H59(\5(,;9�9(J_pblcqq-

HMO X4<<81;9 ;9�7 `pmul 6(JM(;59(C5154(D7;(D7<(GH75(GQ;6(H59(\5(,;9�9(J_pblcqq-(\6(,`pmul-

HMO X4;8;1;9 ;9�7 `j_ai 8(JM(;59(C5155(D7<(GH75(GQ;<(\5(,;9�9(J_pblcqq-

HMO X4<<81;9 ;9�7 `pmul 8(JM(;59(C5155(D7<(GH75(GQ;<(\5(,;9�9(J_pblcqq-(\6(,`pmul-

HMO X4;4=1=4 =4�7 `j_ai 7(JM(=59(C5154(D7;(D7<(GH75(GQ;<

HMO X4<=81=4 =4�7 `pmul 7(JM(=59(C5154(D7;(D7<(GH75(GQ;<(\5,`pmul-

HMO X4;4=1=4 =4�7 `j_ai 9(JM(=59(C5155(D7<(GH75(GQ;<(H59

HMO X4<=81=4 =4�7 `pmul 9(JM(=59(C5155(D7<(GH75(GQ;<(H59(\5(,`pmul-

PDT P4:;81;4 ;4�7 `j_ai UCG(564(T5(Ej_qq(5

PDT P49961=4 =4�7 `j_ai UCG(L959(Vwnc(5

6  Elastomeric sealing compounds
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6.6 Compounds

>b`cbhaX&
WbXY

@_Ufgb`Ye&
VUfY

CUeX-
aYff

>b_bhe OY`cYeUgheY&
eUa[Y&fgUg]W

KebcYeg]Yf&/&<cc_]WUg]baf

SN\beY&<T Sr>T

E^[hPRah[PcT#adQQTa#&68B'

C<<891;4 CEO ;4�7 `j_ai 164 /594

E^[hRW[^a^_aT]T#GdQQTa#&8G'

E499;1;4 ET ;4�7 `j_ai 184 /544 x& lcqbk&rpba&fk&obcofdbo^kq&+b0d0&S356^&lo&S44,
x& dlla&^dfkd&^ka&p^iq&t^qbo&obpfpq^k`b

E4=881;4 ET ;4�7 pcb 184 /544

:cWh[T]T#_a^_h[T]T#adQQTa#&:E9B'

G496=1:4 GRFO :4�7 `j_ai 194 /594

:,10,)4,-' GRFO <4�7 `j_ai 194 /594 x& pq^ka^oa&`ljmlrka
x& dlla&`ljmobppflk&pbq
x& elq&t^qbo
x& ^fo&ql&372&�D
x& pqb^j&ql&422&�D
x& afirqb&^`fap
x& cfob/obpfpq^kq&evao^rif`&cirfap&&tfqe&melpme^qb&bpqbo&_^pb
x& _o^hb&cirfap&tfqe&klk/jfkbo^i&lfi&_^pb

G7:4=1;4 GRFO ;4�7 `j_ai 194 /594 x& pq^ka^oa&`ljmlrka
x& GEB/`ljmif^kq
x& +FD,&Ol0&3;5714226
x& VTQ&Di^pp&WJ
x& klq&prfq^_ib&clo&rpb&tfqe&jfih&^ka&krqofqflk^i&lfi

G7:;<1<4 GRFO <4�7 tgmjcr 194 /594

G7<481=4 GRFO =4�7 `j_ai 194 /594 x& Q^o_^h�&`ljmlrka

G<99:1;4 GRFO ;4�7 `j_ai 194 /594 x& clo&fkarpqof^i&`llifkd&t^qbo&^mmif`^qflkp
x& fjmolsba&^dbfkd&obpfpq^k`b

G<;871;4 GRFO ;4�7 `j_ai 194 /594 x& GEB/`ljmif^kq
x& +FD,&Ol0&3;5714226
x& clo&clla&fkarpqov
x& BEJ/cobb

G<;<41<4 GRFO <4�7 `j_ai 194 /594 x& pq^ka^oa&clo&aofkhfkd&t^qbo&^mmif`^qflkp
x& ^mmols^ip<&LUX.&X&492.&FO&8:3/3.&X&756
x& GEB/`ljmif^kq&+klq&prfq^_ib&clo&rpb&tfqe&jfih&^ka&krqofqflk^i&lfi(
x& +FD,&Ol0&3;5714226

G<;=41;4 GRFO ;4�7 `j_ai 194 /594 x& pq^ka^oa&clo&aofkhfkd&t^qbo&^mmif`^qflkp
x& ^mmols^ip<&LUX.&XSBT.&X&492.&FO&8:3/3.&X&756.&LJXB
x& GEB/`ljmif^kq&+klq&prfq^_ib&clo&rpb&tfqe&jfih&^ka&krqofqflk^i&lfi(
x& +FD,&Ol0&3;5714226

CXcaX[T#QdcPSXT]T#&C7G'

P49691:4 PDT :4�7 `j_ai 179 544

C,11.)5,-' PDT =4�7 `j_ai 174 544

C,230)3,-' PDT ;4�7 `j_ai 179 544 x& pq^ka^oa&`ljmlrka
x& obpfpq^k`b&ql&jfkbo^i&lfi&^ka&jfkbo^i&lfi&molar`qp.&^kfj^i&^ka&

sbdbq^_ib&lfip
x& dbkbo^iiv&prfqba&clo&evao^rif`&^ka&mkbrj^qf`&pvpqbjp&`ljm^qf_ib&tfqe&ev/

ao^rif`&lfi.&t^qbo&div`li&+IGD&cirfap,&^ka&lfi&fk&t^qbo&bjripflkp&+IGB&cirfap,

P7949194 PDT 94�7 `j_ai 179 544 x& fjmolsba&lwlkb&^ka&tb^qebo/mollc&obpfpq^k`b

P79;91;9 PDT ;9�7 `j_ai 194 544 x& ilt&qbjmbo^qrob&tfqe&fjmolsba&lfi&obpfpq^k`b

P79;<1<4 PDT <4�7 `j_ai 184 544
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>b`cbhaX&
WbXY

@_Ufgb`Ye&
VUfY

CUeX-
aYff

>b_bhe OY`cYeUgheY&
eUa[Y&fgUg]W

KebcYeg]Yf&/&<cc_]WUg]baf

SN\beY&<T Sr>T

=hSa^VT]PcTS#]XcaX[T#QdcPSXT]T#adQQTa#&=C7G'

P79541<9 JPDT <9�7 `j_ai 179 /594

P79561=4 JPDT =4�7 `j_ai 179 /594

P79981;9 JPDT ;9�7 jgefr(
epccl

179 /594

P79;71;9 JPDT ;9�7 `j_ai 179 /594

P7;671<4 JPDT <4�7 `j_ai 179 /594

P7<571;4 JPDT ;4�7 `j_ai 184 /594 x& clo&ilt&qbjmbo^qrobp

P7<751;4 JPDT ;4�7 `j_ai 179 /594 x& prfq^_ib&clo&BaCirb�&4, ql&^mmo0&:2&�D

P7<7;1<9 JPDT <9�7 epccl 179 /594

P<9491;4 JPDT ;4�7 epccl 179 /594 x& prfq^_ib&clo&_flafbpbi&+SNF,&^mmif`^qflkp&rm&ql&:2&�D

P<:<41=4 JPDT =4�7 `j_ai 184 /594 x& clo&ilt&qbjmbo^qrobp

P<<<<1;4 JPDT ;4�7 wcjjmu 179 /594 x& clo&d^p&^ka&t^qbo&^mmif`^qflk
x& ^mmols^i&clo&FO&76;.&FO&8:3/3

IWTa\^_[PbcXR#T[Pbc^\Tab#&J[caPcWP]m'

R8744 VRW =6
�7 wcjjmu 174 /554 y( cvacjjclr(fgef1rckncp_rspc(`cf_tgmsp

y( cvacjjclr(bwl_kga(`cf_tgmsp

R9444 VRW =8
�7 b_pi(epccl 164 /544 y( tcpw(emmb(fwbpmjwqgq(pcqgqr_lac

y( HFC1amknjg_lr

R9445 VRW =8
�7 `pmul 179 /544 y( emmb(fwbpmjwqgq(pcqgqr_lac

R944; VRW <6
�7 epccl0(

rp_lqn_pclr
179 ((/<4 x& pq^ka^oa&`ljmlrka

R944< VRW =8
�7 epccl 179 /544 x& pq^ka^oa&`ljmlrka

R944= VRW =8
�7 epcw 189 ((/=9 y( dmp(jmu(rckncp_rspcq

R9456 VRW =4
�7 pcb 17< /544 y( emmb(fwbpmjwqgq(pcqgqr_lac

R946= VRW =8
�7 l_rspc 164 /544 y( tcpw(emmb(fwbpmjwqgq(pcqgqr_lac

y( HFC1amknjg_lr

R94;4 VRW <7
�7 epccl 179 ((/<9 y( emmb(fwbpmjwqgq(pcqgqr_lac

R94;9 VRW <4
�7 mafpc 189 ((/<4 y( dmp(jmu(rckncp_rspcq

R:444 VRW =9
�7 af_pam_j1

epcw
179 /554 y( tcpw(fgef(kcaf_lga_j(qrpclerf

y( cvrpsqgml(pcqgqr_lac

R:474 VRW =7
�7 mp_lec 179 /549 y( fgef(kcaf_lga_j(qrpclerf

y( cvrpsqgml(pcqgqr_lac

HX[XR^]T#adQQTa#&KBF'

U49=9194 XOS 94�7 pcb 199 /644

U4:481;4 XOS ;4�7 pcb 199 /644 x& pq^ka^oa&`ljmlrka
x& elq&^fo&ql&432&�D
x& luvdbk.&t^qbo&ql&322&�D
x& lkiv&prfq^_ib&^p&pq^qf`&pb^i

U4:571:4 XOS :4�7 pcb 199 /644

U4:581<4 XOS <4�7 pcb 199 /644

AX`dXS#bX[XR^]T#adQQTa#&AHG'

U7:=7194 NUT 94�7 194 /644

U7:=91:4 NUT :4�7 194 /644

U7:=;184 NUT 84�7 194 /644

U7:=<1;4 NUT ;4�7 194 /644
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>b`cbhaX&
WbXY

@_Ufgb`Ye&
VUfY

CUeX-
aYff

>b_bhe OY`cYeUgheY&
eUa[Y&fgUg]W

KebcYeg]Yf&/&<cc_]WUg]baf

SN\beY&<T Sr>T

;[d^a^bX[XR^]T#&;KBF'

N4:;;1;4 HXOS ;4�7 `jsc 1:4 /5;4 x& clo&efde&qbjmbo^qrobp
x& dlla&ilt/qbjmbo^qrob&obpfpq^k`b
x& jlpqiv&cfqqba&tebob&crbi&^ka&lfi&obpfpq^k`b&fp&fjmloq^kq
x& mobaljfk^kq&fk&^fo`o^cq

N4<4:1<4 HXOS <4�7 `jsc 1:4 /5;4 x& ^mmols^ip&clo&jfifq^ov&^ka&^bolpm^`b&^mmif`^qflkp

N77991;4 HXOS ;4�7 wcjjmu 1:4 /5;4 x& rpba&fk&^rqljlqfsb&crbi&`lrmifkdp

N<99=1;4 HXOS ;4�7 `jsc 1:4 /5;4

N<9<91<4 HXOS <4�7 `jsc 1:4 /5;4 x& ^mmols^ip&clo&^bolpm^`b&^mmif`^qflkp

;[d^a^RPaQ^]#&;@B'

X4;4=1=4 HMO =4�7 `j_ai 169 /644

K,303)31-' HMO ;9�7 `j_ai 169 /644 x& pq^ka^oa&`ljmlrka
x& clo&efde&qbjmbo^qrobp
x& elq&lfi
x& ^olj^qf`&plisbkqp
x& tfab&`ebjf`^i&obpfpq^k`b
x& cfob/obpfpq^kq&cirfap&tfqe&melpme^qb&bpqbo&^ka&`eilofk^qba&evaol/

`^o_lk&_^pb
x& `lmlivjbo

X4;:71:4 HMO :4�7 `pmul 169 /644 x& `lmlivjbo

X4<<81;9 HMO ;9�7 `pmul 169 /644 x& `lmlivjbo

X4<=81=4 HMO =4�7 `pmul 169 /644 x& `lmlivjbo

X7:861;9 HMO ;9�7 `j_ai 169 /644 x& qbomlivjbo

X7:;41;4 HMO ;4�7 epccl 169 /644 x& `lmlivjbo

X7:<51<4 HMO <4�7 epccl 169 /644 x& `lmlivjbo

X7;7:1;9 HMO ;9�7 `j_ai 16< /644 x& qbomlivjbo
x& fjmolsba&ilt&qbjmbo^qrob&obpfpq^k`b

X7;7<1;9 HMO ;9�7 `j_ai 164 /644 x& fjmolsba&jbafrj&`ljm^qf_fifqv

X<9=61;9 HMO ;9�7 `jsc 184 /644 x& clo&ilt&qbjmbo^qrobp

X<;471;9 HMO ;9�7 `j_ai 174 /644 x& fjmolsba&ilt&qbjmbo^qrob&obpfpq^k`b
x& prfq^_ib&clo&_flafbpbi&+SNF,&^mmif`^qflkp

X<;661;9 HMO ;9�7 `j_ai 169 /644 x& GEB/`ljmif^kq
x& +FD,&Ol0&3;5714226
x& BEJ/cobb
x& fjmolsba&obpfpq^k`b&^d^fkpq&t^qbo&div`li&^ka&^`fap

X<;941;4 HMO ;4�7 `j_ai 169 /644 x& GEB/`ljmif^kq
x& +FD,&Ol0&3;5714226
x& clla&fkarpqov

X<<461<4 HMO <4�7 `jsc 184 /644 x& clo&ilt&qbjmbo^qrobp

X<<;;1;9 HMO ;9�7 `jsc 194 /644 x& efdeiv&fjmolsba&ilt&qbjmbo^qrob&obpfpq^k`b

X<=<=1<4 HMO <7�7 `j_ai 184 /644 x& clo&ilt&qbjmbo^qrobp
x& fjmolsba&jbafrj&`ljm^qf_fifqv&^ka&jb`e^kf`^i&molmboqfbp
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ETa"d^a^#T[Pbc^\Ta#&EPa^"d^am'

X7;781;4 HHMO ;4�7 `j_ai 169 /684 x& clo&ilt&qbjmbo^qrobp
x& clo&^bolpm^`b

X<9891;9 HHMO ;9�7 `j_ai 159 /744 x& _bpq&`ljmlrka&clo&elq&t^qbo&^ka&pqb^j&^mmif`^qflkp
x& BNT&9479

X<9:61;9 HHMO ;9�7 ufgrc 159 /744 x& clo&efde&qbjmbo^qrob/mi^pj^/^mmif`^qflkp
x& aov&^mmif`^qflkp&fk&pbjf`lkar`qlo&fkarpqofbp

X<9<<1=4 HHMO =4�7 `j_ai 159 /6:4 x& FE&obpfpq^kq
x& Oloplh&N/932

X<=641;9 HHMO ;9�7 `j_ai 159 /6:4 x& dlla&obpfpq^k`b&fk&elq&t^qbo
x& clo&tbq&mol`bppbp&fk&pbjf`lkar`qlo&^mmif`^qflkp

X<=651;9 HHMO ;9�7 ufgrc 159 /6:4 x& mrob&`ljmlrka&clo&pqbofib&^ka&me^oj^`brqf`^i&qb`eklildv
x& clo&lufafpfkd&jbaf^

X<=741;9 HHMO ;9�7 `j_ai 159 /769 x& clo&efde&qbjmbo^qrobp
x& klq&ob`ljjbkabaclo&elq&^ifme^qf`&^jfkb&^ka&t^qbo&pqb^j

X<=751;9 HHMO ;9�7 `j_ai 159 /754 x& clo&efde&qbjmbo^qrobp
x& clo&elq&^ifme^qf`&^jfkb&^ka&t^qbo&pqb^j

X<=941;9 HHMO ;9�7 `j_ai 159 /684 x& GEB/`ljmif^kq
x& +FD,&Ol0&3;5714226
x& BEJ/cobb
x& clo&clla&fkarpqov.&me^oj^`v&^ka&_flqb`eklildv

X<=951;4 HHMO ;4�7 ufgrc 159 /684 x& GEB/`ljmif^kq
x& +FD,&Ol0&3;5714226
x& BEJ/cobb
x& VTQ&Di^pp&WJ
x& clo&me^oj^`v.&_flqb`eklildv&^ka&jbaf`^i&qb`eklildv

HH8441<4 HHMO <4�7 `j_ai 184 /6;9 x& clo&ilt&qbjmbo^qrobp
x& lfi&^ka&d^p
x& `ebjf`^i&Jkarpqofbp
x& FE&obpfpq^kq

ETa"d^a^#T[Pbc^\Ta#&EPa^"d^a#FdP]cd\m'

X<;<;1;9 HHMO ;9�7 `j_ai 164 /674 x& lmqfjfwba&m^fkq.&s^okfpe&^ka&plisbkq&pq^_fifqv

X<<881;9 HHMO ;9�7 l_rspc 164 /674 x& lmqfjfwba&m^fkq.&s^okfpe&^ka&plisbkq&pq^_fifqv

X<=541;9 HHMO <4-:
/7 `j_ai 164 /664 x& fjmolsba&`ebjf`^i&obpfpq^k`b

X<=551;9 HHMO ;9
-:
/7 ufgrc 164 /664 x& fjmolsba&`ebjf`^i&obpfpq^k`b

1)%=^[S%_`X]bTS%R^\_^c]Sa%P`T%2-fff%abP]SP`S%P]S%P`T%PdPX[PQ[T%Tf-ab^RZ.
2)%KTVXabT`TS%b`PST\P`Z%^U%O?<

Tab. 6.4   GN^WR^$P[Y\[aZQ_$NZQ$`URV^$\^[\R^`VR_

>b`cbhaX&
WbXY

@_Ufgb`Ye&
VUfY

CUeX-
aYff

>b_bhe OY`cYeUgheY&
eUa[Y&fgUg]W

KebcYeg]Yf&/&<cc_]WUg]baf

SN\beY&<T Sr>T

=XVW#ETaU^a\P]RT#;[d^a^T[Pbc^\Ta#&=X;[d^am'

X7<5=1;9 HMO ;9�7 `j_ai 169 /694 x& fjmolsba&obpfpq^k`b&^d^fkpq&t^qbo&div`li&^ka&^`fap
x& bu`biibkq&^s^fi^_fifqv&fk&Q^ohbo&pq^ka^oa&afjbkpflkp

X<9781=4 HMO =4�7 `j_ai 169 /694 x& fjmolsba&obpfpq^k`b&ql&bumilpfsb&ab`ljmobppflk&^ka&d^m&buqorpflk
x& lcc/pelob&^ka&mbqol`ebjf`^i&^mmif`^qflkp

X<;741;4 HMO ;4�7 ufgrc 169 /694 x& clla&fkarpqov
x& GEB/`ljmif^kq
x& +FD,&Ol0&3;5714226
x& m^oqf`ri^oiv&prfq^_ib&clo&rpb&tfqe&efde&mol`bppfkd&qbjm0&^ka&^ddobppfsb&jbaf^

X7<961:9 HMO :9�7 `j_ai 169 /694 x& mobcbo^_iv&rpba&clo&jlriaba&crk`qflk^i&`ljmlkbkqp&^ka&jbj/
_o^kbp&1&af^meo^djp

X<99<1;9 HMO ;9�7 epccl 169 /6:4 x& `lilroba&sbopflk

X<<;=1;9 HMO ;9�7 `j_ai 159 /674 x& sbov&dlla&`ebjf`^i&obpfpq^k`b
x& sbov&dlla&s^okfpe&pq^_fifqv
x& GEB/`ljmif^kq
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6.7 Approvals

6.7.1 Compounds for gas supply and consumer 

appliances

Ueb& cliiltfkd& Q^ohbo& `ljmlrkap& ^ob& ^mmolsba& _v& qeb& EWHX&

+Ebrqp`ebo&Wbo_^ka&c�o&H^p&rka&X^ppbo&b0W0&�&Hboj^k&Bppl`f^/

qflk&clo&H^p&^ka&X^qbo,&clo&qeb&dfsbk&^mmif`^qflkp&^ka&klojp0

KUe^Ye&
Wb`cbhaX

Kb_l`Ye >b_bhe NgUaXUeX

P49961=4 PDT `j_ai FKP(GP(98=

P4:;81;4 PDT `j_ai FKP(GP(98=0(XR(84:

P794:1;4 PDT `j_ai FKP(GP(98=

P79;<1<4 PDT `j_ai FKP(GP(98=

P7<6=1;4 PDT `j_ai FKP(GP(98=

P<=461<9 PDT `j_ai -

P<<<<1;4 JPDT wcjjmu FKP(GP(98=0(XR(84:0(XR(:58

U7:=<1;4 XOS pcb FKP(GP(98=

X4;8;1;9 HMO `j_ai FKP(GP(98=

X4<<81;9 HMO `pmul FKP(GP(98=

Tab. 6.5   

6.7.2 Oxygen valves

B``loafkd&ql& qbpqp&`^oofba&lrq&_v&qeb&Ebrqp`ebp&Crkabp^jq&c�o&

N^qbof^imo�crkd&+Hboj^k&Gbabo^i&Brqelofqv&clo&N^qbof^i&Ubpqp,&qeb&

cliiltfkd&`ljmlrkap&j^v&_b&rpba&rm&ql&qeb&pmb`fcfba&qbjmbo^/

qrobp&^ka&mobpprobp0

KUe^Ye&Wb`cbhaX Kb_l`Ye >b_bhe Rbe^]a[&XUgU

SVUeT Sr>T

X4;8;1;9 HMO `j_ai 74 :4

X<9=61;9 HMO `jsc 84 :4

Usncp1Q1Ns`c 1 1 64 <4

Tab. 6.6   

6.7.3 Compounds for the preparation, storage and 

distribution of drinking water

Tb^ifkd&`ljmlrkap&clo&rpb&fk&aofkhfkd&t^qbo&^ka&eb^qfkd&^mmif/

`^qflkp&^ob&pr_gb`q&ql&^&i^odb&krj_bo&lc&^mmols^i&obdri^qflkp&ab/

pfdkba&ql&bkprob&qebfo&e^ojibppkbpp&colj&qeb&pq^db&lc&t^qbo&bu/

qo^`qflk.&qob^qjbkq&^ka&qo^kpmloq&qeolrde&ql&qeb&`lkprjbo~p&q^m0&

Nlpq&`lrkqofbp&fk&qeb&tloia&e^sb&fpprba&qebfo&ltk&aofkhfkd&t^qbo&

obdri^qflkp&fk`irafkd&pmb`fcf`&qbpqp&^ka&ifpqp&lc&^mmolsba&fkdobaf/

bkqp0&Ueb&obdri^qflkp&^ob&`ljmibjbkqba&_v&mevpf`^i&^ka&jf`ol/

_flildf`^i&bu^jfk^qflkp0

KTW

LUX&fp&qeb&ob`ldkfwba&Hboj^k&pq^ka^oa&clo&^ii&absf`bp.&`ljml/

kbkqp&^ka&j^qbof^ip&tef`e&`lkq^`q&aofkhfkd&t^qbo0& Jk&^aafqflk&ql&

Hboj^kv&+LUX,.&Hob^q&Cofq^fk&(WRAS).&qeb&VTB (NSF61).&Go^k`b&

(ACS)&̂ ka&qeb&Obqeboi^kap (KIWA)&e^sb&mr_ifpeba&qebfo&ltk&obdr/

i^qflkp&clo&qebpb&^mmif`^qflkp0&

Q^ohbo~p&P/Sfkd&Efsfpflk&e^p&absbilmba&pbsbo^i&j^qbof^ip&qe^q&^ob&

`boqfcfba&ql&LUX0

KUe^Ye&
Wb`cbhaX

Kb_l`Ye RUgYe&
WbagUWg&
gY`cYe-
UgheY

>b_bhe NgUaXUeX

Sr>T

G598=1;4 GRFO <9(
<6

`j_ai x& XSBT
x& OTG&83

G<;<41<4 GRFO =4((
1

`j_ai x& X492.&LUX
x& FO&8:3/3.&X&756

G<;=41;4 GRFO =4
<9
=4
1

`j_ai x& LUX.&X492
x& XSBT
x& LJXB
x& FO&8:3/3.&X&756

P<<<<1;4 JPDT 1 wcjjmu x& FO&8:3/3.&FO&76;

Tab. 6.7   

6.7.4 Compounds for the food and pharmaceutical 

industry

Tb^ip&`ljfkd& fkql&`lkq^`q&tfqe&molar`qp& fk& clla.&_bsbo^db&^ka&

me^oj^`brqf`^i&molar`qflk&jrpq&_b& obpfpq^kq& ql&�DJQ�& +Dib^kfkd&

fk&Qi^`b,&^ka&�TJQ�&+Tqbofifp^qflk&fk&Qi^`b,&mol`bppbp0&Ueb&pfif`lkb&

j^qbof^ip&^ob&prfq^_ib&clo&rpb&fk&clla&^mmif`^qflkp&tfqe&obpmb`q&ql&

qebfo& mevpflildf`^i& molmboqfbp& _b`^rpb& qebv& ^ob& fkboq& ^p& tbii& ^p&

lalroibpp&^ka&q^pqbibpp0&Jk&^aafqflk&ql&`ebjf`^i&^ka&qeboj^i&ob/

pfpq^k`b.& qeb&pb^ifkd&`ljmlrkap&e^sb&ql&jbbq&s^oflrp&k^qflk^i.&

Frolmb^k&^ka&fkqbok^qflk^i&obdri^qflkp0&

Jk&Hboj^kv.&The Federal Institute for Risk Assessment (BfR)&

fpprbp&ob`ljjbka^qflkp&clo&fkdobafbkqp.&^aafqfsbp.&obpfarbp.&`lk/

q^jfk^qflkp&^ka&mbojfppf_ib&jfdo^qflk&ibsbip&+jfdo^qflk&lo&ib^`e/

fkd,&fk&cllapqrccp&^ka&^kfj^i&cbba0&B``loafkd&ql&CcS&Sb`ljjbk/

a^qflk&YYJ&or__bo&̂ oqf`ibp&̂ ob&dolrmba&fk&clro&̀ ^qbdlofbp&̂ ``loafkd&

ql&qeb&s^oflrp&^mmif`^qflk&`lkafqflkp&qe^q&l``ro&fk&cfbia&rpb&+ibsbip&

_^pba&lk&^&pb^i~p&aro^qflk&lc&`lkq^`q&tfqe&qeb&clla&molar`q,&^ka&

lkb&pmb`f^i&`^qbdlov0&

Bkkbu&J.&Boqf`ib&5&lc&European Regulation (EC) No. 1935/2004&

pq^qbp&qe^q&pb^ifkd&bibjbkqp.&rpfkd&dlla&j^krc^`qrofkd&mo^`qf`bp.&

^ob&ql&_b&molar`ba&fk&pr`e&^&t^v&qe^q.&rkabo&kloj^i&lo&clobpbb/

^_ib&`lkafqflkp&lc&rpb.& qebv&tfii&klq& obib^pb&^kv&`ljmlkbkqp&ql&

cllapqrccp&fk&nr^kqfqfbp&qe^q&tlria&mlpb&^&ofph&ql&erj^k&eb^iqe&lo&

ib^a& ql&^k&rk^``bmq^_ib&^iqbo^qflk&lc& qeb&`ljmlpfqflk&lo&^k& fj/

m^fojbkq&lc&qeb&lod^klibmqf`&molmboqfbp&lc&qeb&clla&molar`qp0

Jk& Sbdri^qflk& +FD,& Ol0& 3;2914228& lk& qeb& Registration.& Evalu-

ation, Authorisation and Restriction of Chemicals (REACH)&

`ebjf`^i&pr_pq^k`bp&^ob&obdfpqboba.&bs^ir^qba.&^mmolsba&^ka&ob/
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6  Elastomeric sealing compounds

pqof`qba&fk&loabo&ql&jfkfjfpb&qeb&ofph&mlqbkqf^i&clo&`lkprjbop.&pr`e&

^p&qeb&rpb&lc&ib^a0

Q^ohbo&e^p&absbilmba&clojri^qflkp&tef`e&^ob&ADI-free (free from 

Animal Derived Ingredients)& _b`^rpb& pr`e& fkdobafbkqp& j^v&

`^rpb&CTF&+_lsfkb&pmlkdfcloj&bk`bme^ilm^qev,0

Ueb&Bjbof`^k&Food and Drug Administration (FDA)&abcfkbp&fk/

dobafbkqp&^ka&j^pp&co^`qflkp&tfqe&j^ufjrj&buqo^`qflk&ibsbip&lk&^&

pl/`^iiba&Xefqb&Mfpq0&Ueb&j^qbof^ip&j^ohba&GEB&jbbq&qeb&obnrfob/

jbkqp&lc&GEB&Ol0&39904822.&DGS&43&+�Sr__bo&Boqf`ibp&Jkqbkaba&

clo&Sbmb^qba&Vpb�,0

3-A Sanitary Standards Inc. (3-A SSI)&fp&^k&fkabmbkabkq&lod^kf/

p^qflk&abaf`^qba&ql&^as^k`fkd&evdfbkf`&bnrfmjbkq&abpfdk&clo&qeb&

V0T0& clla.&_bsbo^db&^ka&me^oj^`brqf`^i& fkarpqofbp0&5/B&TTJ.& clo&

fkpq^k`b.& abcfkbp& pq^ka^oap& ^ka& obnrfobjbkqp& clo& qeb& absbilm/

jbkq.& molar`qflk& ^ka& rpb& lc& a^fov& bnrfmjbkq0& Tb^ip& clo& rpb& fk&

pr`e&bnrfmjbkq&e^sb&ql&m^pp&abcfkba&buqo^`qflk&qbpqp&ql&nr^ifcv0&

Ueb&USP (United States Pharmacopiea)&Class VI&molql`li&`boqf/

cfbp&qeb&_flildf`^i&`ljm^qf_fifqv&tfqe&ifsfkd&lod^kfpjp&^ka&qerp&qeb&

e^ojibppkbpp&lc&pb^ifkd&j^qbof^ip&ql&eb^iqe0&Ueb&jlpq&fjmloq^kq&

qbpq&molql`lip&^ob&ifpqba&_bilt<

VSP Class VI, Part 88& fp&^&_flildf`^i&�fk&sfsl�&ob^`qfsfqv& qbpq0& Jq&

pbosbp&ql&abqbojfkb&qeb&_flildf`^i& ob^`qflk&lc&^kfj^ip&ql&bi^pql/

jbop.&mi^pqf`p&^ka&lqebo&mlivjbof`&j^qbof^ip& fk&afob`q&lo& fkafob`q&

m^qfbkq&`lkq^`q&^ka1lo&qeb&fkgb`qflk&lc&pmb`fcf`&buqo^`qp&colj&qeb&

pb^ifkd&j^qbof^i&rkabo&qbpq0

USP Class VI, part 87 acc. to ISO 10993-1& fp&^&`vqlqluf`fqv&lo&

ob^`qflk&qbpq&tef`e&pbosbp&ql&abqbojfkb&qeb&_flildf`^i&ob^`qfsfqv&lc&

j^jj^if^k&+^kfj^i&lo&erj^k,&̀ bii&`riqrobp&cliiltfkd&afob`q&lo&fkaf/

ob`q&`lkq^`q&tfqe&bi^pqljbop.&mi^pqf`p&^ka&lqebo&mlivjbof`&j^qbof/

^ip&lo&pmb`fcf`&buqo^`qp&colj&qeb&j^qbof^i&rkabo&qbpq0&&

Uebob&^ob&pmb`f^i&^mmif`^qflkp&tef`e&jrpq&klq&`lkq^fk&^kv&plasti-

cisers (phtalates)&̂ p&qebpb&pr_pq^k`bp&^ob&prpmb`qba&lc&^ccb`qfkd&

elojlk^i&_^i^k`b&^ka&_bfkd&`lkar`fsb&ql&fkcboqfifqv.&ifsbo&a^j^db&

^ka&af^_bqbp0&

KUe^Ye&
&Wb`cbhaX

Kb_l`Ye >b_bhe NgUaXUeX

G7:4=1;4 GRFO `j_ai HFC5-0(,GE-(Pm2(5=79364480(
WUR(Ej_qq(XK

G<;871;4 GRFO `j_ai HFC0(,GE-(Pm2(5=79364480(
DdT0(CFK1dpcc

G<;<41<4 GRFO `j_ai HFC5-0(,GE-(Pm2(5=79364480(
DdT

G<;=41;4 GRFO `j_ai HFC5-0(,GE-(Pm2(5=79364480(
DdT

R9444 VRW epccl HFC

R946= VRW l_rspc HFC

U7:=7194 NUT pcbbgqf(
`pmul

HFC0(,GE-(Pm2(5=79364480(
DdT

U7:=91:4 NUT pcbbgqf(
`pmul

HFC0(,GE-(Pm2(5=79364480(
DdT

U7:=;184 NUT pcbbgqf(
`pmul

HFC0(,GE-(Pm2(5=79364480(
DdT

U7:=<1;4 NUT pcbbgqf(
`pmul

HFC0(,GE-(Pm2(5=79364480(
DdT

X4;8;1;9 HMO( `j_ai CFK1dpcc

X<;661;9 HMO `j_ai HFC0(,GE-(Pm2(5=7936448

X<;941;4 HMO `j_ai HFC0(,GE-(Pm2(5=7936448

JgHjsmp�

X<9661;9
HMO ufgrc CFK1dpcc

JgHjsmp�

X<;741;4
HMO ufgrc HFC0(,GE-(Pm2(5=7936448

R_pm#smp�(

X<;861;4(
HHMO ufgrc CFK1dpcc

R_pm#smp�(

X<=941;9
HHMO `j_ai HFC0(,GE-(Pm2(5=79364480(

CFK1dpcc

R_pm#smp�(

X<=951;4
HHMO ufgrc HFC0(,GE-(Pm2(5=79364480(

CFK1dpcc0(WUR(Ej_qq(XK
1)%G^b%acXbPQ[T%U^`%caT%eXbW%\X[Z%P]S%]cb`XbX^]P[%^X[

Tab. 6.8   
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7  Applications

7.1 Automotive industry

Ueb&obnrfobjbkqp&clo&bi^pqljbo&j^qbof^ip&fk&qeb&^rqljlqfsb&fkarp/

qov&^ob&efdeiv&^mmif`^qflk/pmb`fcf`0&Ueb&j^qbof^ip&e^sb& ql&abifsbo&

j^ufjrj&mbocloj^k`b.& m^oqf`ri^oiv& fk& qbojp&lc&`ebjf`^i& obpfpq/

^k`b.&mevpf`^i&molmboqfbp&^ka&`lia&cibuf_fifqv0&Ueb&s^oflrp&fkcirbk`/

fkd&m^o^jbqbop&pr`e&^p&lmbo^qfkd&qbjmbo^qrob.&mobpprob.&bq`0&lo&

qeb&mbojfppf_ib&d^m&afjbkpflkp&jrpq&_b&`lkpfaboba&fk&qeb&`lj/

mlrka&pbib`qflk0&Vkfsbop^iiv&rpba&jbaf^&pr`e&^p&lfip.&`lksbkqflk/

^i& crbip& ^ka& _flcrbip& `^k& mi^v& ^& pfdkfcf`^kq& olib& tfqe& obpmb`q& ql&

`ebjf`^i&mbocloj^k`b0

Ueb&ilt&qbjmbo^qrob&obnrfobjbkqp&clo&j^kv&^mmif`^qflkp&^ob&lcqbk&

_bilt&qeb&_ofqqibkbpp&mlfkqp&clo&bi^pqljbop&ifhb&GLN.&IOCS&^ka&

OCS0&Iltbsbo.&qebob&fp&ifqqib&ib^h^db&fk&pq^qf`&P/ofkd&^mmif`^qflkp.&

^p&qeb&`ofqf`^i&`lkafqflk&fp&lcqbk&_ofadba&_v&qeb&fk`ob^pba&sfp`lpfqv&

lc&qeb&`lia&jbafrj.&^&o^mfa&t^oj/rm&me^pb&lo&jbaf^&fkcirbk`bp&

qe^q&fk`ob^pb&ilt/qbjmbo^qrob&cibuf_fifqv.&bq`0

7.1.1 Engine

General requirements

Ubjmbo^qrob<& �62&ql&3:2&�D&+pljbqfjbp&efdebo,

Nbafrj<&& &Fkdfkb&lfi.&`lli^kq.&crbi.&elq&^fo&^ka&jfuqrobp&lc&

qebpb&jbaf^

<cc_]WUg]ba HYX]h` OY`cYeUgheY&
eUa[Y

>b`cbhaXf

`]a. `Uk. DNJ KUe^Ye

Sr>T

cleglc(mgj(
mgj&jrcp

UCG(mgjq 179 554 PDT( P4:;81;4(

179 594 JPDT( P79981;9(

184 594 JPDT( P7<571;4(

184 594 CEO C<<891;4

184 5;4 CGO CG:4;1:4

184 5;4 CGO CG:4<1;9

199 594 NUT( U<;:61;4(

169 644 HMO X4;8;1;9

179 644 HMO X<;6;1;4

ammj_lr(u_rcp(3(
fc_rgle(agpasgr

u_rcp(3(
ejwamj(kgv

199( 579 NUT U<:;<1:4

194 594 GRFO G<<:;1:4

194 594 GRFO G<99:1;4

ucr(awjglbcpq(
,bgcqcj-

u_rcp(3(
ejwamj(kgv

169 574 HMO X<;661;9

184 574 HMO XI6=61;9

Tab. 7.1   <ZTVZR$N\\XVPN`V[Z_

7.1.2 Brake system

General requirements

Ubjmbo^qrob<& �62&�D&ql&-372&�D

Nbafrj<&& &Tvkqebqf`&_o^hb&cirfa&+b0d0&EPU&6,&tfqe&div`li&lo&

div`li& bqebo& _^pb& ^``loafkd& ql& Ebm^oqjbkq& lc&

Uo^kpmloq^qflk&^ka&TBF&ob`ljjbka^qflkp

Dljmlrkap<& FQEN<&F2762/:2.&F582;/92.&F5:26/92

T^cbqv& fk& _o^hb& pvpqbjp& jrpq& _b& fkqofkpf`0& Q^ohbo& bkprobp& qe^q&

qebpb& obnrfobjbkqp& ^ob& jbq& _v& fqp& efde& j^krc^`qrofkd& nr^ifqv&

pq^ka^oap0

7.1.3 Fuel system

Ueb&`roobkq&bccloqp&_v&`^o&j^krc^`qrobop&ql&buqo^`q&j^ufjrj&lrq/

mrq&colj&sbov&pj^ii&bkdfkbp&j^hbp&fk`ob^pfkd&abj^kap&lk&pb^ip.&

m^oqf`ri^oiv&fk&efdeiv&̀ ofqf`^i&̂ mmif`^qflkp&pr`e&̂ p&fkgb`qflk&pvpqbjp&

^ka& efde/mobpprob& mrjmp0& Bqqbjmqp& ^ob& j^ab& ql& obmi^`b& jlob&

^ka&jlob&`lksbkqflk^i&crbip&_v&obdflk^i&qvmbp&lc&crbi0&Uebpb&j^v.&

eltbsbo.& `^rpb& efdebo& ptbiifkd& lc& bi^pqljbop.& bpmb`f^iiv& fk& qeb&

`^pb&lc&_flcrbip&`lkq^fkfkd&jbqe^kli&lo&bqe^kli0

Qbojfppf_ib& crbi& bjfppflkp& e^sb& _bbk& pfdkfcf`^kqiv& obar`ba& fk&

j^kv&`lrkqofbp&fk&ob`bkq&vb^op0&Uefp&e^p&iba&ql&^&j^ppfsb&fk`ob^pb&

lc&qeb&obnrfobjbkqp&ql&_b&jbq&_v&bi^pqljbo&pb^ip0&Qbojb^qflk&fk&

m^oqf`ri^o.&tef`e&fk`ob^pbp&tfqe&ptbiifkd.&pelria&_b&^slfaba0&Wbov&

dlla& obpriqp& fk& qefp& obpmb`q&e^sb& _bbk&^`efbsba&_v& rpfkd&GLN&

`ljmlrkap&tfqe&^&efde&cirlofkb&`lkqbkq&fk&P/ofkdp0

<cc_]WUg]ba HYX]h` OY`cYeUgheY&
eUa[Y

>b`cbhaXf

`]a. `Uk. DNJ KUe^Ye

Sr>T

dscj(r_li(
qwqrck

pcesj_p(_lb(
qsncp(ncrpmj

179 ( :4 HMO X4;8;1;9(

184 ( :4 HMO X7;7:1;9(

174 ( :4 HMO XY6961:9

bgcqcj(3(
ROG

179 ( :4 HMO X4;8;1;9

qncag_j(dscjq(
,fgef(_jamfmj(
amlrclr0(
qmsp(e_q-

174 ( :4 HMO XY6961:9(

174 ( :4 HMO X5:76;1;9(

179 ( :4 HMO X7;6:1;9

jglcq0(
(amsnjgleq

pcesj_p(_lb(
qsncp(ncrpmj0(
bgcqcj(3(
ROG0(qncag_j(
dscjq

179 644 HMO X<;=61;4

164 644 HMO X5:76;1;9(

194 5;9 HXOS N84;571;4

194 5;9 HXOS N77991;4

glhcargml(
qwqrck0(
t_jtcq0(
glhcarmpq

pcesj_p(_lb(
qsncp((ncrpmj0(
(bgcqcj(3(
ROG0((qncag_j(
dscjq

174 644 HMO X<9<=1;9
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<cc_]WUg]ba HYX]h` OY`cYeUgheY&
eUa[Y

>b`cbhaXf

`]a. `Uk. DNJ KUe^Ye

Sr>T

178 644 HMO X<;6;1;4

17= 644 HMO X<=<=1<4

16< 644 HMO X7;7:1;9

184 644 HMO X<;<51;9

18= 644 HMO X<=4<1<4

Tab. 7.2   8\\XVPN`V[Z_$VZ$SaRX$_e_`RY_

7.1.4 Gearbox

General requirements

Ubjmbo^qrob<& &̂ mmo0&-;2&�D&+peloq/qboj&rm&ql&392&�D,

Nbafrj<&& &Hb^o&lfi&+obcbobk`b&lfi&TBF&;2,&^ka&BUG&lfi&+Ar/

qlj^qf`&To^kpjfppflk&Firfa,&

Dljmlrkap<& OCS<&O2896/92.&O2963/97.&O2774/;2

& & BDN<&B5:94/92

& & GLN<&W2969/97.&W2::6/97.&W::48/97

7.1.5 Air conditioning systems

Ubjmbo^qrob<& �62&�D&ql&^mmo0&;2&�D0

MYZe][YeUag >b`cbhaXf

DNJ KUe^Ye

JHQ5678wd(,RQG(3(RCQ1Qgj- JPDT P79981;9

JHQ5678wd(,RQG(3(RCQ1Qgj- JPDT P<<661;9

JHQ5678wd(,RQG(3(RCQ1Qgj- GRFO G<=451;4

T1578_ GRFO G<97;1;9

T1578_ ET E499;1;4

Tab. 7.3   HRS^VTR^NZ`_$S[^$NV *̂P[ZQV`V[ZVZT$_e_`RY_

7.1.6 Emission reduction through exhaust gas 

treatment

Fjfppflk& obar`qflk& obnrfobjbkqp& clo& `ljjbo`f^i& sbef`ibp& ^ka&

m^ppbkdbo&`^op&^ob&fk`ob^pfkd&tloiatfab0&Jk&TDS&+pbib`qfsb&`^q^/

ivqf`&obar`qflk,&pvpqbjp&pvkqebqf`&rob^&+BaCirb�,&fp&rpba&ql&obar`b&

OPu&bjfppflkp0&Uefp&^nrblrp&rob^&plirqflk& +5407&),& fp&^k&b`l/

`lkp`flrp&`ebjf`^i&rpba&clo&bue^rpq&d^p&mrofcf`^qflk0

Q^ohbo&e^p&absbilmba&prfq^_ib&`ljmlrkap&clo&^mmif`^qflkp&fk&qeb&

cfbia&lc&bue^rpq&d^p&^cqboqob^qjbkq0

FQEN&lo&IOCS&`ljmlrkap&^ob&j^fkiv&rpba.&abmbkafkd&lk&qeb&

lmbo^qfkd&qbjmbo^qrob0

Dljmlrka<& FQEN.&F:778/92

Ubjmbo^qrob<& �72&�D&ql&352&�D

Dljmlrka<& IOCS.&O::;7/97

Ubjmbo^qrob<& �72&�D&ql&372&�D

7.2 Biomedicine

Cfl`ljm^qf_fifqv&^``loafkd&ql&VTQ&Di^pp&JW&^ka&1&lo&JTP&32;;5&fp&

qeb&`bkqo^i&obnrfobjbkq&clo&pb^ifkd&j^qbof^ip&rpba&fk&_fljbaf`fkb0&

Jk&^aafqflk&ql&pfif`lkb.&FQEN.&JS.&GLN&^ka&UQF&`ljmlrkap&^ob&

^s^fi^_ib&clo&qebpb&rpbp0&Ueb&pqbofifp^qflk&mol`bpp&e^p&ql&_b&`lk/

pfaboba&fk&qeb&j^qbof^i&pbib`qflk&^p&tbii&_b`^rpb&klq&^ii&j^qbof^ip&

^ob&prfq^_ib&clo&^ii&jbqelap&tfqelrq&ifjfq^qflkp0

7.3 Chemical processing

Jk&qefp&cfbia&lc&^mmif`^qflk&^ii&bi^pqljbof`&pb^ifkd&`ljmlrkap&^ob&

rpba& klt^a^vp.& colj& OCS& ql& IOCS.& FQEN.& WNR.& GWNR& ^ka&

GLN&qeolrde&ql&GGLN&+efde/mbocloj^k`b&mbocirlolbi^pqljbop,0

Erb&ql&qeb&`lkqfkrlrp&^a^mq^qflk&lc&`ebjf`^i&mol`bppbp&obd^oa/

fkd&lrqmrq&slirjb.&molar`qflk&bccf`fbk`v&^ka&croqebo&molar`q&ab/

sbilmjbkq.& qeb& obnrfobjbkqp& molcfibp& lc& pb^ifkd& `ljmlkbkqp&

`e^kdb&^p&tbii0

Glo&^mmif`^qflkp&fk&tef`e&^k&GLN&e^p&_bbk&rpba&rm&ql&klt.&clo&

bu^jmib.&arb&ql&efdebo& qbjmbo^qrobp&lo&jlob&^ddobppfsb&jbaf^&

lkiv&IfGirlo�&lo&Q^olcirlo�&tfii&abifsbo&qeb&abpfoba&`^m^_fifqfbp&fk&

crqrob0

Ueb& pbib`qba& pb^ifkd& `ljmlrka& fp& qebobclob& abcfkba& _v& qeb& ob/

pmb`qfsb& pmb`fcf`^qflkp0& Q^ohbo& ^mmif`^qflk& bkdfkbbop& tloh& tfqe&

lro&`ljmlrka&i^_&`ebjfpqp&ql&^ppfpq&vlr&fk&pbib`qfkd&qeb&prfq^_ib&

pb^ifkd&`ljmlrkap0

7.4 Environmentally friendly hydraulic fluids

Ueb&fkarpqov&`^k&kl&ilkdbo&fdklob&qeb&fk`ob^pba&abj^ka&clo&qeb&

rpb& lc& _flabdo^a^_ib& mobpprob& qo^kpjfppflk& jbaf^0& Q^oqf`ri^oiv&

fk&jl_fib&evao^rif`p&jlob&^ka&jlob&cirfap&^ob&_bfkd&rpba&tef`e.&

`ljm^oba&ql&jfkbo^i&lfip.&^ob&j^ohba&_v&nrf`hbo&_flildf`^i&abd/

o^a^_fifqv&^ka&iltbo&_flqluf`fqv0&Cflildf`^i&abdo^a^_fifqv&fp&abcfkba&

^p&qeb&lufa^qflk&lc&mobpprob& cirfap&_v&jf`ol/lod^kfpjp&obpriqfkd&

fk&qeb&bka&molar`qp&lc&`^o_lk&aflufab.&t^qbo&^ka&_^`qbof^i&j^qqbo0

DFD/M/325/B/34& +4234,& ^ka& PFDE& 523C& e^sb& _b`ljb& bpq^_/

ifpeba&^p&obibs^kq&qbpq&jbqelap0&

Ueb&jbaf^&fk&rpb&�&lcqbk&obcbooba&ql&^p&_fl&lfip&�&^ob&prjj^ofpba&

fk&qeb&cliiltfkd&q^_ib0&B&mlqbkqf^i&`ebjf`^i&^qq^`h&lc&qeb&pb^i&_v&

qeb&obibs^kq&evao^rif`&cirfa&`^k&_b&^ppbppba&_v&jb^kp&lc&pqlo^db&

qbpqp0

@ai]eba`YagU__l&Ze]YaX_l&\lXeUh_]W&#h]Xf

?DI&DNJ&15380

NhVfgUaWY >bXY

rpgejwacpgbcq(,p_nc(mgj-( JGVI

nmjw_jiwjclc(ejwamj JGRI

qwlrfcrga(cqrcp JGGU

nmjw_jnf_mjc&lq(,RCQ-(_lb(pcj_rcb(
fwbpma_p`mlq

JGRT

Tab. 7.4   
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ClXeUh_]W&#h]X <VVeY-
i]Ug]ba

MYWb``YaXYX&Wb`cbhaX

XlaU`]W fgUg]W

kglcp_j(mgj J0(JN0(
JNR0(
JXNR

PDT0(JPDT0(
HMO0(VRW

PDT0(JPDT0(
HMO0(ET0(VRW

nmjw_jnf_mjc&lq RCQ PDT0(JPDT0(
HMO

PDT0(JPDT0(
HMO0(ET

u_rcp(ejwamj(kgvrspc JHE PDT0(JPDT0(
,HMO5--0(VRW7-

PDT0(JPDT0(
,HMO5--0(
GRFO6-0(VRW7-

mgj1gl1u_rcp(cksjqgml JHCG0(
JHCU

PDT0(JPDT0(
HMO0(VRW7-

PDT0(JPDT0(
HMO0(VRW7-

u_rcp1gl1mgj((cksjqgml JHD PDT0(JPDT0(
HMO0(VRW7-

PDT0(JPDT0(
HMO0(VRW7-

mpe_lmnfmqnf_rc JHF HMO50(GRFO6- HMO5-0(GRFO6-

nmjwmjcqrcp JHFW PDT0(JPDT0(
HMO

PDT0(JPDT0(
HMO

qwlrfcrga(cqrcp JGGU PDT0(JPDT0(
HMO0(VRW7-

PDT0(JPDT0(
HMO0(VRW7-

rpgejwacpgbcq(,p_nc1
qccb(mgjq0(p_ncqccb(
kcrfwj(cqrcp-

JGVI PDT0(JPDT0(
HMO0(VRW7-

PDT0(JPDT0(
HMO0(VRW7-

nmjw_jiwjclc(ejwamjc JGRI PDT5-0(JPDT0(
HMO0(ET0(
GRFO6-

PDT0(JPDT0(
HMO0(ET0(
GRFO6-

qwlrfcrga(
(fwbpma_p`mlq

JGRT PDT0(JPDT0(
HMO0(VRW

PDT0(JPDT0(
HMO0(VRW

`p_ic(#sgb FQV173
FQV18

GRFO GRFO

1)%MTab%`TR^\\T]STS
2)%<Qa^[cbT[g%\X]T`P[%^X[-U`TT
3)%CgS`^[gaXa-abPQX[XaTS%\PbT`XP[

Tab. 7.5   FbR^bVRc$[S$P[Y\[aZQ_$S[^$UeQ^NaXVP$"aVQ_

7.5 Solar systems

Jk&qeb&b^oiv&a^vp&lc&melqlsliq^f`p.&j^krc^`qrobop&afa&klq&bpq^_ifpe&

m^oqf`ri^oiv&efde&obnrfobjbkqp&clo&QW&`lkkb`qlop0&Erb&ql&k^qflk^i&

^ka& fkqbok^qflk^i& obdri^qflkp& clo&tb^qebo1VW&obpfpq^k`b& +b0d0&EI&

8271B3,&lo&klk/ci^jj^_fifqv&+b0d0&JFD&82554/3/4,&qefp&pfqr^qflk&e^p&

pfdkfcf`^kqiv&`e^kdba0

Nlfpqrob&fkqorpflk&`lkqfkrbp&ql&mlpb&^&dbkbo^i&mol_ibj.&^p&jlfp/

qrob&fk`ob^pbp&qeb&`lkq^`q&obpfpq^k`bp0&Uebobclob.&qeb&^mmolmof^qb&

abpfdk&lc&qeb&pb^i&+b0d0&̀ ljmobppflk&clo`b,&̂ ka&qeb&pbib`qflk&lc&qeb&

prfq^_ib&`ljmlrka&`lkqfkrb&ql&_b&bppbkqf^i0&Tmb`fcf`^iiv&clo&qebpb&

^mmif`^qflkp&Q^ohbo~p&mloqclifl& fk`irabp&qeb&VM3925/`boqfcfba&pfif/

`lkb&j^qbof^i&T2826/920&Ueb&TP826/92&j^qbof^i&`^k&^ipl&_b&rpba&

clo&perq/lcc&absf`bp&+cfob&molqb`qflk,0

7.6 Geothermal energy

Hblqeboj^i&bkbodv&obcbop&ql&qeb&rpb&lc&eb^q&pqloba&fk&qeb&`orpq&lc&

qeb&F^oqe0&Ueb&abbmbo&qeb&mbkbqo^qflk&lc&qeb&fkqboflo&pqor`qrob&lc&

qeb&F^oqe.&qeb&efdebo&qeb&qbjmbo^qrob.&tef`e&lk&^sbo^db&fk`ob^pbp&

_v&57&ql&62&�D&mbo&hfiljbqob&lc&mbkbqo^qflk&abmqe0&

W^oflrp&qb`ekf`^i&jbqelap&^ob&_bfkd&rpba&fk&^qqbjmqp&ql&e^okbpp&

qefp&�bkbodv�0&Ueb&pb^ip&lmbo^qfkd& fk& qebpb&^mmif`^qflkp&^ob&qvmf/

`^iiv&`lkcolkqba&tfqe&buqobjb&`lkafqflkp<

x& Ifde&mobpprob

x& Ifde&qbjmbo^qrobp

x& Debjf`^i&obpfpq^k`b

Ueb&GGLN&`ljmlrka&W:;42/97&colj&qeb&Q^olcirlo�&pbofbp.&clo&bu/

^jmib.&e^p&molsba&ql&_b&^&sf^_ib&plirqflk0&Glo&elq&t^qbo&lo&pqb^j&

`lj_fkba&tfqe&^ddobppfsb&jbaf^&qefp&j^qbof^i&fp&qeb&ofdeq&`elf`b0

7.7 Extreme temperatures

7.7.1 High temperatures

Bq&qbjmbo^qrobp&tef`e&^ob&qll&efde&clo&^k&bi^pqljbof`&`ljmlrka.&

abdo^a^qflk& _bdfkp& tfqe& ^& ilpp& lc& pb^i& dbljbqov& lo& fk`ob^pba&

tb^o0& Ueb& qbkabk`v& ql& ptbii& lo& mlpq`rob& fp& ^``bibo^qba& ^q& efde&

qbjmbo^qrobp0

Ueb&`e^kdbp&fk&^&`ljmlrka&^ob&obcbooba&ql&^p&�^dbfkd�0&Ueb&a^j/

^db&ql&^&molar`q&fp&fk`ob^pba&tfqe&pq^qf`&lo&avk^jf`&abcloj^qflk0&

Bdbfkd&obpriqp&fk&qeb&cliiltfkd&mebkljbk^<

Wfpr^i&`e^kdbp<

x& Sbdri^o&`o^`h&m^qqbok

x& Olk/obdri^o&`o^`h&m^qqbok&lo&tofkhiba&proc^`b

x& Ifde&`ljmobppflk&pbq

Nb^pro^_ib&`e^kdbp<&

x& I^oabkfkd&lo&plcqbkfkd&+^``loafkd&ql&`ljmlrka,

x& De^kdb&fk&mevpf`^i&molmboqfbp&+qb^o&pqobkdqe.&bilkd^qflk&^q&

_ob^h.&jlarirp.&bq`0,

Xfqe&fk`ob^pfkd&qbjmbo^qrob&qeb&ir_of`^qfkd&cfij&qefkp&_b`^rpb&qeb&

sfp`lpfqv&lc&qeb&cirfa&ab`ob^pbp.&ib^afkd&ql&^``bibo^qba&pb^i&tb^o0

Fi^pqljbop&e^sb&^&`lbccf`fbkq&lc&qeboj^i&bum^kpflk&tef`e&fp&^m/

molufj^qbiv&qbk&qfjbp&qe^q&lc&jbq^i0&Uefp&jb^kp&qe^q&m^oqf`ri^oiv&

pb^ip&tfqe&^&i^odb&`olpp/pb`qflk&`^k&klqf`b^_iv&bum^ka0&Ueb&efde/

bo&mobpprob&buboqba&lk&qeb&elrpfkd&^ka&orkkfkd&m^oqkbo&ib^ap&ql&

bu`bppfsb&cof`qflk0&M^odbo&di^kap&molsfab&kl&obifbc&fk&pr`e&`^pbp.&

^p&mobil^afkd&fk&`lia&`lkafqflk&j^v&_b`ljb&fkprccf`fbkq0

Gfd0&904&peltp&qeb&qbjmbo^qrob&o^kdbp&clo&^&s^ofbqv&lc&bi^pqljbop0&

Xebob&^&jbaf^&`ljm^qf_fifqv&fp&klq&lmqfj^i.&j^ufjrj&mbojfppf_ib&

qbjmbo^qrobp&j^v&_b&pfdkfcf`^kqiv&iltbo0
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Ueb&`ljm^ofplk&lc&qeb&bi^pqljbop&fk&Û _&908&peltp&qeb&qbjmbo^/

qrob&ifjfqp&̂ p&qeb&j^ufjrj&mboj^kbkq&qbjmbo^qrob&fk&^mmif`^qflkp&

tfqe&pljb&cobnrbkqiv&rpba&jbaf^.&molsfaba&qeb&bi^pqljbo&fp&`lj/

m^qf_ib&tfqe&qeb&obibs^kq&jbafrj0

>b`cbhaXf&
?DI"DNJ&1629

GhVe]WUag&j]g\&
`]aYeU_&b]_&VUfY

RUgYe <]e

PDT 544 ( ;4 ( =4

JPDT 594 5- 574 6- 594

HMO 644 5- 574 6- 644

HMO(JgHjsmp� 644 :- 5<4 6- 694

HHMO 644 :- 674 764 6-

GRFO lmr(pcqgqr_lr 594 ,5<4-9- 594

XOS 594 5- 544 654

HXOS 5;9 5- 544 5;9

GEQ 579 ( 94 579

CEO 594 5- 1( 7- 594

ET 544 ( <4 8- ( =4

VRW 544 94 ,<4-;- 544

1)%<b%bWTaT%bT\_T`Pbc`Ta%[cQ`XRP]ba%STV`PST%PUbT`%P%aW^`b%bX\T.
2)%L_TRXP[%V`PSTa
3)% CXVW%aeT[[X]V%Pb%`^^\%bT\_T`Pbc`T,%WgS`^[gaXa%Pb%WXVWT`%bT\_T`Pbc`Ta
4)%FTSXc\%b^%WXVW%aeT[[X]V%ST_T]SX]V%^]%bT\_T`Pbc`T
%5)%D]%abTP\
6)%%>^\_^c]S%WPa%P%WXVWT`%WTPb%`TaXabP]RT,%Qcb%[cQ`XRP]b%STV`PSTa%Pb%bWTaT%

bT\_T`Pbc`Ta
7)%CgS`^[gaXa-abPQX[XaTS

Tab. 7.6   :[Y\N^V_[Z$[S$RXN_`[YR^_$VZ$N$P[Y\N`VOXR$P[Z`NP`$YRQVaY$NZQ$YNd+$

NXX[cNOXR$`RY\R^N`a^R_$'m:(

7.7.2 Low temperatures

Xebk&`lliba.&or__bo&`ljmlrkap&ilpb&qebfo&bi^pqf`fqv0&Bq&sbov&ilt&

qbjmbo^qrobp&qebv&e^oabk&^ka&e^sb&di^pp/ifhb&co^dfifqv=&qebv&`lria&

pe^qqbo&fc&pqor`h0&Uebob&fp&kl&ofph&lc&a^j^db&ql&P/ofkdp&pqloba&lo&fk/

pq^iiba&fk&pr`e&`lkafqflkp&^p&ilkd&^p&qebv&^ob&klq&pr_gb`qba&ql&^kv&

jb`e^kf`^i& fjm^`q& ^p& cobbwfkd& fp& obsbopf_ib& ^ka& qeb& `ljmlrka&

obd^fkp&fqp&lofdfk^i&molmboqfbp&rmlk&obqrokfkd&ql&kloj^i&qbjmbo^/

qrobp0

Ueb&fkcirbk`b&lc&`lkq^`q&jbaf^&`^k&pifdeqiv&fjmolsb&`lia&cibuf_fifqv&

fk&`^pb&lc&^&slirjb&fk`ob^pb&^ka&pfdkfcf`^kqiv&afjfkfpe&fq&fk&`^pb&lc&

^&slirjb&ab`ob^pb&+qeolrde&buqo^`qflk&lc&qeb&mi^pqf`fpbo,0

Tfif`lkb&+T2826/92,&^ka&cirlolpfif`lkb&+M2899/92,&e^sb&dlla&`lia&

cibuf_fifqv&^ka&pelria&_b&pbib`qba&^``loafkd&ql&qebfo&jbaf^&obpfpq/

^k`b0&Erb&ql&qebfo&mllo&tb^o&obpfpq^k`b&pfif`lkbp&^ob&prfq^_ib&lkiv&

clo&pq^qf`&^mmif`^qflkp0&Groqebo&bi^pqljbop&tfqe&dlla&ilt/qbjmbo/

^qrob&cibuf_fifqv&^ob&DS.&FQEN&^ka&pmb`f^i&IOCS&^ka&GLN&`lj/

mlrkap0

Glo&P/ofkd&`ljmlrkap&jb^probjbkqp&ql&^ppbpp&qbjmbo^qrob/ab/

mbkabkq&`e^kdbp&fk&e^oakbpp.&fjm^`q&obpfifbk`b&^ka&`ljmobppflk&

pbq&e^sb&^ipl&molsba&ql&_b&prfq^_ib&clo&^ppbppfkd&ilt/qbjmbo^qrob&

bi^pqf`fqv&+cfd&905,0&Xefib&^&jriqfqrab&lc&jbqelap&bufpq&clo&qbpqfkd&

ilt/qbjmbo^qrob& obpfpq^k`b& qebfo& `ljm^o^qfsb& s^irb& ^ka& mo^`qf/

`^i&rpb&fp&ifjfqba&ql&^&cbt&`^pbp0&Ueb&US32&qbpqp&`^oofba&lrq&^`/

`loafkd&ql&BTUN&E&354;&+lo&JTP&T&4;43,&e^sb&molsba&^&ob^ifpqf`&

jb^probjbkq& ql& bs^ir^qb& crk`qflk^i& qbjmbo^qrob& ifjfqp& +cfd& 906,0&

Uefp&fkslisbp&322&)&pqobq`efkd&lc&^&pmb`fjbk&^ka&fqp&cobbwfkd&fk&

pqobq`eba& `lkafqflk0& Uebk& qeb& pmb`fjbk& fp& obib^pba& ^q& lkb& bka&

^ka&qeb&qbjmbo^qrob&fp&^iiltba&ql&ofpb&^q&^&`lkqoliiba&o^qb0&Vmlk&

_bfkd&t^ojba&qeb&bi^pqljbo&_bdfkp&ql&obqrok&ql&fqp&lofdfk^i&pe^mb0&

Xebk&;2&)&lc&fqp&bilkd^qflk&fp&ob^`eba.&qeb&`loobpmlkafkd&qbj/

mbo^qrob&fp&qeb&US32&mlfkq0&Uefp&jb^kp&32&)&obqrok&lc&bi^pqf`fqv0&

Dlkqfkrfkd&qeb&qbpq.&72&)&bnr^ip&US72.&bq`0&Ubjmbo^qrob&^q&qeb&

US32&mlfkq&`^k&_b&q^hbk&clo&^ii&bi^pqljbop&ql&abqbojfkb&^&jfkf/

jrj&crk`qflk^i&qbjmbo^qrob0

Jk&mo^`qf`b&^&molmboiv&abpfdkba&pq^qf`&pb^i&j^v&e^sb&^&jfkfjrj&

crk`qflk^i&qbjmbo^qrob&lc&^_lrq&32&�D&iltbo&qe^k&qeb&US32&mlfkq0
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MWT%SXPV`P\%RP]%^][g%QT%caTS%Pa%P%VcXST[X]T.%MWT%PRbcP[%[XUT-a_P]%^U%P%aTP[%Pb%P]%

TfRTaaXdT[g%WXVW%bT\_T`Pbc`T%Xa%ST_T]ST]b%c_^]%bWT%P__[XRPbX^]%P]S%bWT%\TSXc\%

b^%QT%aTP[TS.

Fig. 7.1  ?VTU*`RY\R^N`a^R$XVYV`_$S[^$bN^V[a_$RXN_`[YR^VP$YN`R^VNX_

I:H

Ibg`T]T*QcbPSXT]T#`cQQT`

JFK

F^[gc`TbWP]T

@@H

:cbg[#QcbPSXT]T#`cQQT`

D:H

DXb`X[T#QcbPSXT]T#`cQQT`

;H

;W[^`^_`T]T#`cQQT`

=;E

=_XRW[^`WgS`X]#`cQQT`

9;C

F^[gPR`g[PbT#`cQQT`

=F<C

=bWg[T]T#_`^_g[T]T#SXT]T#`cQQT`

>LCG

>[c^`^aX[XR^]T#`cQQT`

>AC

>[c^`^#`cQQT`

>AC

>[c^`^#`cQQT`#&?X>[c^`k'

>>AC
FT`"c^`^T[Pab^\T`#&FP`^"c^`k'

*.-- *42 *2- */2 - /2 /-- //2 /2- /4- 0/-42 .-- ./2 .2- .422- JT\_T`Pbc`T##
N!;O

M^`ZX]V#_T`X^S#^U#.)---#W`a+# E][g#PRWXTdTS#c]ST`#_P`bXRc[P`#R^]SXbX^]a#eXbW#a_TRXP[#R^\_^c]Sa

LCG

IX[XR^]T#`cQQT`

?D:H

?gS`^VT]T`PbTS#]Xb`X[T#QcbPSXT]T#`cQQT`

MWT%bT\_T`Pbc`T%`P]VTa%VXdT]%P`T%^][g%dP[XS,%U^`%P__[XRPbX^]a%X]%eWXRW%R^]bPRb%eXbW%

\TSXP%bWPb%WPdT%P]%PVV`TaaXdT%TUUTRb%^]%bWT%`T[TdP]b%R^\_^c]S%Xa%_`TR[cSTS.%

@fP\_[T:%OFJ:%X]%PX`%c_%b^%+210%m>,%X]%ePbT`%%c_%b^%+100%m>

Fig. 7.2  JRY\R^N`a^R$^NZTR$S[^$bN^V[a_$RXN_`[YR^VP$YN`R^VNX_
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Temperature [°C]

Hardness [Shore A] 

Impact resilience [%]

Compression set [%]

Fig. 7.3  :UNZTR$VZ$PUN^NP`R^V_`VP_$NPP[^QVZT$`[$`RY\R^N`a^R$[Z$E9H$5-

R
e
tr

a
c
ti
o

n
 [
%

]

Temperature [°C]

Test results:  TR10 = –31.5 °C

TR50 = –24.0 °C

TR70 = –20.0 °C
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–60 –50 –40 –30 –20 –10 0 10 20

Fig. 7.4  JH$`R_`$NPP[^QVZT$`[$8IJD*;$.0/6$,$@IF$I$/6/.$S[^$N$E9H$4-$IU[^R 8$

P[Y\[aZQ

7.8 Gas applications

Xfqe&d^p&^mmif`^qflkp&qebob&fp&^&afpqfk`qflk&j^ab&_bqtbbk&bi^pql/

jbo&`ljmlrkap&clo&pb^ip&^ka&af^meo^djp&fk&d^p&bnrfmjbkq&^`/

`loafkd&ql&EJO&FO&76;&^ka&pb^ifkd&`ljmlrkap&clo&prmmiv& ifkbp&

^ka& `ljmlkbkqp& clo& d^p& ^ka& ifnrfa& evaol`^o_lkp& ^``loafkd& ql&

FO&8:4&+mobsflrpiv&EJO&5757&m^oq&5,0&N^qbof^ip&j^ab&colj&OCS.&

IOCS.&GLN&^ka&pfif`lkb&`ljmlrkap&^ob&^s^fi^_ib&tfqe&qeb&^m/

molmof^qb&^mmols^i0

Tfk`b&k^qro^i&d^p&fp&lalroibpp&mbo&pb.&lalofwfkd&^dbkqp&^ob&^aaba&

ql&bk^_ib&fjjbaf^qb&abqb`qflk&lc&ib^h^db0&Obt&primero/cobb&lalo/

fwfkd&^dbkqp& +b0d0& qeb& qo^ab&k^jb&H^plalo&T/cobb,&^ob&jlob&^d/

dobppfsb&ql&bi^pqljbo&`ljmlrkap&qe^k&qeb&primero/_^pba&lalofw/

fkd&^dbkqp&qe^q&^ob&pqfii&fk&rpb0&B``bmq^_ib&ptbiifkd&s^irbp&fk&ifnrfa&

T/cobb&^ob&lkiv&^`efbsba&_v&IfGirlo�&+GLN,&lo&Q^olcirlo�&+GGLN,&

`ljmlrkap0

7.9 Semiconductor production

Jk& pbjf`lkar`qlo& molar`qflk& mol`bppbp& qebob& fp& kl& mi^`b& clo&

�pq^ka^oa�& pb^ifkd& j^qbof^ip0& Ifdeiv& ^ddobppfsb& `ebjf`^ip& ^ka&

d^pbp.&efde&qbjmbo^qrobp.&efde&s^`rrjp&^ka&mi^pj^p&^ob&^ii&m^oq&

lc&jlabok&`efm&j^krc^`qrofkd0&Jk&pr`e&mol`bppbp&^kv&ib^h^db&lo&

`lkq^jfk^qflk&obpriqp&fk&`lpqiv&altkqfjbp&lo&ilpp&lc&molar`qfsfqv0&

Ue^khp&ql& qebfo&prmboflo&mevpf`^i&molmboqfbp&Q^olcirlo�&j^qbof^ip&

^ob&fab^iiv&prfqba&clo&rpb&fk&mi^pj^&^ka&d^p&^p&tbii&^p&qeboj^i&^ka&

tbq&mol`bppbp0

Q^ohbo&e^p&absbilmba&pmb`f^i&Q^olcirlo�&̀ ljmlrkap&clo&rpb&fk&qeb&

jlpq& ^as^k`ba& pbjf`lkar`qlo& mol`bppbp0& Uebv& tfqepq^ka& efde&

qbjmbo^qrobp&^p&tbii&^p&_bfkd&efdeiv&obpfpq^kq&ql&mol`bpp&jbaf^0&

Ueb&molar`qflk&lc&qebpb&pb^ip&`lkclojp&ql&pmb`f^i&obnrfobjbkqp.&

fk`irafkd&qeb&rpb&lc&`ib^k&ollj&qb`eklildv0&Erofkd&cfk^i& fkpmb`/

qflk.& qeb&m^oqp&^ob&`ib^kba&pbm^o^qbiv&^ka&pr_pbnrbkqiv&m^`hba&

fk&`ib^k&ollj&`lkafqflkp0&Uebpb&mol`barobp&^pprob&qe^q&qeb&pb^ip&

jbbq&VIQ&+Viqo^/Ifde/Qrofqv,&pq^ka^oap0

7.10  Refrigeration and air-conditioning 

technology, propellants

Tb^ip&rpba&fk&̀ llifkd&pvpqbjp&jrpq&_b&̂ _plirqbiv&̀ ljm^qf_ib&tfqe&

qeb&obcofdbo^kq0&Ueb&obcofdbo^kqp&abp`of_ba&^ob&`laba&�S�&^ka&`lk/

pfpq&lc&cirfap&_^pba&lk&cirlofk^qba&^ka&`eilofk^qba&evaol`^o_lkp0

Uo^ab&k^jbp.&b0d0&Goblk.&Gofdbk.&L^iqolk&^ob&rpba& qldbqebo&tfqe&

qeb&qvmb&krj_bo0&Fu^jmibp<&S/356^&`loobpmlkap&ql&Gofdbk&356^.&

Goblk&356^.&L^iqolk&356^0

Gfob&buqfkdrfpefkd&̀ ebjf`^ip&̂ ob&abpfdk^qba&̂ p&e^ilk0&F0d0&S/35C3&

`loobpmlkap&ql&I^ilk&35230

Q^ohbo&`ljmlrka&ob`ljjbka^qflkp&^ob&_^pba&lk&buqbkpfsb&qbpq/

fkd0&Xebk&cfiifkd&qeb&`llifkd&`fo`rfq&^ppbj_iv& fkpqor`qflkp&lc& qeb&

obcofdbo^kq&^ka1lo&j^`efkb&j^krc^`qrobo&jrpq&_b&l_pbosba0
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HYX]h` MYWb``YaXYX&KUe^Ye&
Wb`cbhaX

I=M CI=M @K?H AFH >M

Cjiwj(`clxclc P79981;90(P4:;81;4 5 5 8 5 6

Hpcml0(56 E4<;71;40(E499;1;4 6 6 7 7 5

Hpcml0(56(_lb(CUVO1Qgj(Pm2(6(,94>94(kgvrspc- X55:81;9 6 6 8 5 8

Hpcml0(56(_lb(Uslgqam(8I(,94>94(kgvrspc- X55:81;9 6 6 8 5 8

Hpcml0(57 E4<;71;40(E499;1;4 5 5 5 5 5

Hpcml0(57D5 P4:;81;4 5 5 5 5 5

Hpcml0(58 E4<;71;40(E499;1;4 5 5 5 5 5

Hpcml0(66 E4<;71;40(E499;1;4 8 8 7 8 5

Hpcml0(66(_lb(CUVO1Qgj(Pm2(6(,94>94(kgvrspc- X55:81;9 8 8 8 6 8

Hpcml0(75 G49841<4 8 8 5 8 6

Hpcml0(76 E4<;71;40(E499;1;4 5 5 5 8 5

Hpcml0(556 X55:81;9 6 6 8 5 8

Hpcml0(557 P4:;81;4 5 5 8 6 6

Hpcml0(557(/(fgef(_lb(jmu(_lgjglc(mgj P4:;81;4 5 1 1 1 1

Hpcml0(558 E4<;71;40(E499;1;4 5 5 5 5 5

Hpcml0(558D6 P4:;81;4 6 6 8 6 8

Hpcml0(5590(55: E4<;71;40(E499;1;4 5 5 5 6 5

Hpcml0(568(,afjmpmrcrp_#smpmcrf_lc- X7<5=1;4 1 1 1 1 1

Hpcml0(569(,nclr_#smpmcrf_lc- E4<;71;40(E499;1;4 1 1 5 1 5

Hpcml0(578_(,rcrp_#smpmcrf_lc- P79981;9 1 5 5 1 1

Hpcml0(586` X55:81;9 6 6 8 6 1

Hpcml0(596_(,bg#smpmcrf_lc- X7<5=1;9 1 1 1 1 1

Hpcml0(65< P4:;81;4 5 1 5 5 1

Hpcml0(946 E4<;71;40(E499;1;4 6 6 5 6 5

Hpcml0(DH X55:81;9 6 6 8 5 8

Hpcml0(E75: P4:;81;4 5 1 5 5 1

Hpcml0(E75< E4<;71;40(E499;1;4 5 5 5 6 5

Hpcml0(M1586` E4<;71;40(E499;1;4 5 5 5 8 5

Hpcml0(M1596_ E4<;71;40(E499;1;4 5 5 5 8 5

Oglcp_j(mgj P79981;90(P4:;81;4 5 5 8 5 7

RCI(amknpcqqmp(mgj P55;71;40(P79981;9 5 5 5 6 5

Rmjwmjcqrcp(,RQG-(mgj P55;71;40(P79981;9 5 5 6 6 6

T689d_/(,nclr_#smpm(npmn_lc- E4<;71;40(E499;1;4 1 1 1 8 5

T845_(,97(*(T66(3(57(*(T596_(3(78(*(T568- E4<;71;40(E499;1;4 1 8 5 8 5

T845`(,:5(*(T66(3(55(*(T596_(3(6<(*(T568- E4<;71;40(E499;1;4 1 1 1 1 5

T845a(,77(*(T66(3(59(*(T596_(3(96(*(T568- E4<;71;40(E499;1;4 1 1 1 1 5

T847_(,9(*(T6=4(3(;9(*(T66(3(64(*(T65<- E4<;71;40(E499;1;4 1 1 1 1 5

T847`(,9(*(T6=4(3(9:(*(T66(3(7=(*(T65<- E4<;71;40(E499;1;4 1 1 1 1 5

T848_(,88(*(T569(3(96(*(T587_(3(8(*(T578_- E4<;71;40(E499;1;4 1 5 5 8 5

T849_(,89(*(T66(3(;(*(T596_(3(909(*(T586`(3(8609(*(TE75<- E4<;71;40(E499;1;4 1 1 1 1 5

T84:_(,99(*(T66(3(8(*(T:44_(3(85(*(T586`- E4<;71;40(E499;1;4 1 1 1 1 5

T84;a(,67(*(T76(3(69(*(T569(3(96(*(T578_- E4<;71;40(E499;1;4 1 6 1 8 5

T84;b(,59(*(T76(3(59(*(T569(3(;4(*(T578_- E4<;71;40(E499;1;4 1 1 1 1 5

T84;c(,69(*(T76(3(59(*(T569(3(:4(*(T578_- E4<;71;40(E499;1;4 1 1 1 1 5

T84<_(,8;(*(T66(3(8:(*(T587_(3(;(*(T569- E4<;71;40(E499;1;4 1 1 1 1 5

T84=_(,:4(*(T66(3(69(*(T568(3(59(*(T586`- E4<;71;40(E499;1;4 1 1 1 1 5
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1)%%>^\_PbXQX[Xbg%`PbX]V:%1%;%aPbXaUPRb^`g,%2%;%UPX ,̀%3%;%R^]SXbX^]P[,%4%;%c]aPbXaUPRb^`g,%

-%;%X]acU#RXT]b%SPbP

Tab. 7.7   :[Y\[aZQ$^RP[YYRZQN`V[Z_$S[^$^RS^VTR^NZ`_$'Sa^`UR^$^RS^VTR^NZ`$

$P[Y\N`VOVXV`VR_$NbNVXNOXR$a\[Z$^R]aR_`(

7.11  Food industry  and pharmaceutical 

industry

Tb^ip&`ljfkd& fkql&`lkq^`q&tfqe&molar`qp& fk& clla.&_bsbo^db&^ka&

me^oj^`brqf`^i&molar`qflk&jrpq&_b&obpfpq^kq& ql&�DJQ�& +Dib^kfkd&

fk&Qi^`b,&^ka&�TJQ�&+Tqbofifp^qflk&fk&Qi^`b,&mol`bppbp0&Ueb&pfif`lkb&

j^qbof^ip&^ob&prfq^_ib&clo&rpb&fk&clla&^mmif`^qflkp&tfqe&obpmb`q&ql&

qebfo& mevpflildf`^i& molmboqfbp& _b`^rpb& qebv& ^ob& fkboq& ^p& tbii& ^p&

lalroibpp&^ka&q^pqbibpp0& Jk&^aafqflk&ql&`ebjf`^i&^ka&qeboj^i&ob/

pfpq^k`b.& qeb&pb^ifkd&`ljmlrkap&e^sb&ql&jbbq&s^oflrp&k^qflk^i.&

Frolmb^k& ^ka& fkqbok^qflk^i& obdri^qflkp0& Groqebo& fkcloj^qflk& pbb&

pb`qflk& �80906&Dljmlrkap& clo& qeb& clla& ^ka&me^oj^`brqf`^i& fk/

arpqov�0

7.12 Aerospace

Ueb&̂ bolpm^`b&fkarpqov&abj^kap&qeb&jlpq&colj&bi^pqljbof`&̀ lj/

mlrkap0&Tmb`f^i&j^qbof^ip&lcqbk&jrpq&_b&absbilmba&ql&jbbq&pmb`/

fcf`^qflk& obnrfobjbkqp0& Baafqflk^iiv& j^kv& pmb`f^i& obnrfobjbkqp&

jrpq&_b&jbq&arofkd&qeb&molar`qflk&lc&cfkfpeba&m^oqp.& fk&loabo&ql&

`ljmiv&tfqe&pqof`qbo&p^cbqv&^ka&qb`ekf`^i&abj^kap0&Q^ohbo&e^p&fk/

qolar`ba&qeb&obibs^kq&lod^kfp^qflk^i.&nr^ifqv&^ka&qb`ekf`^i&jb^p/

robp&^ka&fp&qebobclob&^k&^mmolsba&j^krc^`qrobo&clo&qeb&`fsfi&^ka&

jfifq^ov&^bolpm^`b&fkarpqofbp0

Q^ohbo}p& bumbofbk`b& fk& qefp& pb`qlo& e^p& _bbk& d^fkba& _v& tlohfkd&

tfqe&^&s^ofbqv&lc&`rpqljbop&^ka&_bfkd&obmobpbkqba&fk&^&krj_bo&lc&

pq^ka^oafw^qflk&`ljjfqqbbp0

Pro&pbosf`b&`bkqbo&^bolpm^`b&fp&^s^fi^_ib&ql&^asfpb&vlr&lk&plir/

qflkp&clo&vlro&pmb`fcf`&pb^ifkd&obnrfobjbkqp0

7.13 Nuclear engineering

Fi^pqljbop& tef`e& ^ob& molar`ba& clo& bumlprob& ql& o^af^qflk& jrpq&

p^qfpcv&nr^ifqv&^ka&j^qbof^i&qbpqp0&Jk&^aafqflk&ql&o^af^qflk.&qeb&bi^p/

qljbo&^ipl&jrpq&_b&`ljm^qf_ib&tfqe& qeb&`lkq^`q&jbafrj&rkabo&

tlohfkd&`lkafqflkp&+qbjmbo^qrob.&mobpprob.&bq`,0

Jk&qeb&j^glofqv&lc&^mmif`^qflkp.&qeb&o^af^qflk&alp^db&ibsbi&obj^fkp&

_bilt&328&o^a.&^&ibsbi&tef`e&fp&^qq^fkba&^cqbo&vb^op&lc&lmbo^qflk0&

Qo^`qf`^iiv&^ii&bi^pqljbop&prccbo&kl&`e^kdb&fk&qebfo&mevpf`^i&molm/

boqfbp&^q&o^af^qflk&ibsbip&rm&ql&3&N&o^a&+#328&o^a&#326&K1hd,0&Q^ohbo&

e^p&absbilmba&`ljmlrkap&tfqe&obpfpq^k`b&ql&o^af^qflk& ibsbip&lc&

329&o^a&+pbb&pb`qflk&:044&S^af^qflk,0&

HYX]h` MYWb``YaXYX&KUe^Ye&
Wb`cbhaX

I=M CI=M @K?H AFH >M

T84=`(,:9(*(T66(3(69(*(T568(3(54(*(T586`- E4<;71;40(E499;1;4 1 1 1 1 5

T854_(,94(*(T76(3(94(*(T569- E4<;71;40(E499;1;4 1 6 5 8 5

T854a E4<;71;40(E499;1;4 1 1 1 8 5

T855_(,529(*(T56;4(3(<;29(*(T66(3(55(*(T596_- E4<;71;40(E499;1;4 1 1 1 1 5

T855`(,7(*(T56;4(3(=8(*(T66(3(7(*(T596_- E4<;71;40(E499;1;4 1 1 1 1 5

T855a/(,7(*(T56;4(3(=909(*(T66(3(509(*(T596_- E4<;71;40(E499;1;4 1 1 1 1 5

T856_(,;4(*(T66(3(9(*(T65<(3(69(*(T586`- E4<;71;40(E499;1;4 1 1 1 1 5

T857_(,=(*(T65<(3(<<(*(T578_(3(7(*(T:44_- E4<;71;40(E499;1;4 1 1 1 1 5

T858_/(,95(*(T66(3(6<29(*(T568(3(5:29(*(T586`(3(8(*(T:44_- E4<;71;40(E499;1;4 1 1 1 1 5

T858`/(,94(*(T66(3(7=(*(T568(3(=29(*(T586`(3(529(*(T:44_- E4<;71;40(E499;1;4 1 1 1 1 5

T944(,;72<(*(T56(3(6:26(*(T596_- E4<;71;40(E499;1;4 1 1 1 1 5

T946(,8<2<(*(T66(3(9526(*(T559- E4<;71;40(E499;1;4 1 1 1 1 5

T94;(3(T94;_(,94(*(T569(3(94(*(T587_- E4<;71;40(E499;1;4 1 5 5 8 5

T94=(3(T94=_(,88(*(T66(3(9:(*(T65<- E4<;71;40(E499;1;4 1 1 1 1 5

T:44(,l1`sr_lc- P4:;81;4 5 5 8 5 5

T:44_(,gqm`sr_lc- P4:;81;4 5 5 8 5 5

T:55(,kcrfwj(dmpk_rc- E4<;71;40(E499;1;4 8 8 6 1 6

T;5;(,_kkmlg_- E4<;71;40(E499;1;4 8 8 6 8 6

T;88(3(EQ
6
(,a_p`ml(bgmvgbc- G7<481=4 6 6 5 7 6
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7.14 Oil and gas industry

Bmmif`^qflkp& fk& qeb&lccpelob& fkarpqov& pbq&kbt& mol_ibjp& clo& pb^i&

j^krc^`qrobop0&Xlohfkd&`lkafqflkp&^ob&sbov&afccf`riq

x& Bddobppfsb&^ka&s^ofba&`lkq^`q&jbaf^

x& Ifde&mobpprobp

x& Xfab&o^kdb&lc&qbjmbo^qrobp

Dofqf`^i&`lkafqflkp&l``ro&fk&`lkkb`qflk&tfqe

x& Pfi&^aafqfsbp&`^rpfkd&`ebjf`^i&^qq^`h

x& Fumilpfsb&ab`ljmobppflk&+pbb&�Fumilpfsb&ab`ljmobppflk�&fk&

pb`qflk&32,

x& Dib^o^k`b&d^m&buqorpflk&^q&efde&mobpprob

x& Ifde&^ka&ilt&qbjmbo^qrobp

Xlohfkd&`lkafqflkp&s^ov&dob^qiv&ql&il`^qflk&^ka&crk`qflk0

Ubjmbo^qrobp<& rm&ql&-422&�D.&mirp&mb^hp

Xlohfkd&mobpprobp<&322&ql&3222&_^o&^ka&efdebo

Dljmlrkap<& GLN<&W2969/97.&W292;/;2

& & OCS<&O2896/92.&O2774/;2

Tmb`f^ip<& GLN<&W2:7:/;7

Dlkq^`q&lro&bkdfkbbop&clo&jlob&fkcloj^qflk&fk&qefp&^ob^0

>b`cbhaXf CUeXaYff OY`cYeUgheY1*& NgUaXUeX

DNJ KUe^Ye SN\beY&<T Sr>T

PDT P49961=4 ;2�7 174 322

JPDT MC5<71<9 :7�7 194 372 Pmpqmi(O1;54

HMO XI54=1=4 ;2�7 189 427 KUQ(67=7:163
Vmr_j

HHMO H48441<4 :2�7 184 492 KUQ(67=7:163
Vmr_j

1)%KTUT`a%b^%abPbXRP[%P__[XRPbX^]%P]S%bWT%bT\_T`Pbc`Ta%P`T%`^c]STS

Tab. 7.8   FbR^bVRc$[S$_`NZQN^Q$P[Y\[aZQ_$S[^$[VX$NZQ$TN_$VZQa_`^e

7.15 Sanitary / heating

FQEN.&OCS&^ka&pfif`lkb&`ljmlrkap&^ob&qeb&mobaljfk^kq&pb^i/

fkd&j^qbof^ip&rpba&fk&p^kfq^ov&^ka&elrpfkd&qb`eklildv0&Jc&qeb&pb^ip&

`ljb&fkql&̀ lkq^`q&tfqe&aofkhfkd&t^qbo.&̀ ljmlrkap&qe^q&e^sb&_bbk&

^t^oaba&`lrkqov/pmb`fcf`&aofkhfkd&t^qbo&^mmols^ip&^ob&obnrfoba0&

Uvmf`^i& ^mmif`^qflkp& clo&P/ofkdp&^ka& jlriaba&m^oqp&^ob& p^kfq^ov&

cfqqfkdp.&qebojlpq^q&s^isbp.&mrjmp.&t^qbo&jbqbop&lo&t^qbo&mfmb&cfq/

qfkdp0

&&

Jk&^aafqflk&ql&aofkhfkd&t^qbo&^mmols^ip.&pb^ip&clo&mfmb&cfqqfkdp&jrpq&

`lkcloj& ql& qeb& obnrfobjbkqp& pmb`fcfba& _v& FO8:3/3& ^ka& X7560&

Uebpb&j^qbof^i&pq^ka^oap&fk`irab&qbpqfkd&obnrfobjbkqp&tef`e&dfsb&

`lk`irpfsb&fkcloj^qflk&lk&ilkd/qboj&_be^sflro&rkabo&cfbia&^mmif/

`^qflk&lofbkqba&qbpqfkd&`lkafqflkp0

Groqebo& abq^fiba& fkcloj^qflk& ^_lrq& `ljmlrkap& clo& qeb& mobm^o^/

qflk.&pqlo^db&^ka&afpqof_rqflk&lc&aofkhfkd&t^qbo&^ka&luvdbk&s^isbp&

`^k&_b&clrka&fk&pb`qflk&�bi^pqljbof`&pb^ifkd&`ljmlrkap.&^mmols/

^ip�0

>bhagel-fcYW]%W&
Xe]a^]a[&jUgYe&
&UccebiU_f

>bhagel MY`Ue^f

MVY Icpk_lw 1

Y6;4 Icpk_lw Ogapm`gmjmega_j(`cf_tgmsp(
md(rfc(amknmslb

CEU Hp_lac 1

MKYC Vfc(Pcrfcpj_lbq 1

�PQTO(D(9458 Csqrpg_ 1

YTCU Wlgrcb(Mglebmk 1

PUH(:5 WUC 1

Tab. 7.9   :[aZ`^e*_\RPV#P$Q^VZWVZT$cN`R^$N\\^[bNX_$

NgUaXUeX >bhagel MY`Ue^f

GP(:<515 Icpk_lw Rfwqga_j(pcosgpckclr(rm(`c(
kcr(`w(qc_j

Y978 Icpk_lw Nmle1rcpk(`cf_tgmsp(gl(
u_rcp(_r(554("E

Tab. 7.10   I`NZQN^Q_$S[^$a_R$VZ$Q^VZWVZT$cN`R^$N\\XVPN`V[Z_$

7.16 Vacuum seals

Ueb&cliiltfkd&ob`ljjbka^qflkp&pelria&_b&l_pbosba&tebk&pb^i/

fkd&^&s^`rrj<

x& Tbib`q&qeb&`loob`q&P/ofkd&`ljmlrka

x& Ueb&proc^`bp&ql&_b&pb^iba&^ka&qeb&di^ka&jrpq&e^sb&^&pfd/

kfcf`^kqiv&_bqqbo&proc^`b&cfkfpe&qe^k&clo&�kloj^i�&pb^ip&+pbb&

q^_ib%9034,

x& Ueb&P/ofkd&pelria&cfii&qeb&di^ka&+kb^oiv&322&),0&Uefp&jb^kp&qe^q&

i^odbo&`lkq^`q&^ob^p&^ob&`ob^qba&^ka&qeb&afccrpflk&o^qb&qeolrde&

qeb&bi^pqljbo&fp&piltba

x& Ul&fk`ob^pb&bccf`fbk`v&qtl&pb^ip&`^k&_b&cfqqba&fk&q^kabj&fk&

pbm^o^qb&di^kap

x& Ueb&qlq^i&ib^h^db&o^qb&fp&obar`ba&tebk&s^`rrj&dob^pb&+b0d0&

Q^ohbo&Trmbo/P/Mr_b,&fp&rpba

A
tm

o
s
p

h
e
re

Vacuum

Fig. 7.5  LNPaaY$F*^VZT$TXNZQ

Fig. 7.6  ;VYRZ_V[Z_$[S$bNPaaY$TXNZQ)$_`N`VP$N\\XVPN`V[Z
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2 \/2027 V�2027 e

1
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2

52;< 5269 6254 4264 1 4284

62:6 52<9 7254 4264 1 4284

7297 6294 8259 4264 1 4284

9277 72;4 :274 4264 1 4284

:2== 82=4 <264 4264 1 4284

Tab. 7.11   >XNZQ$QVYRZ_V[Z_$[S$bNPaaY$TXNZQ$N`$N\\ +̂$0-$&$QRS[^YN`V[Z$[S$F*

^VZT*P^[__*_RP`V[Z$Q
/$

$

NheZUWY&%a]f\&ebh[\aYff,&cYeWYagU[Y&WbagUWg&
UeYU&g

c
&;&50&(

<&WbagUWg&fheZUWY =&[_UaX&#Ua^f

M
U

M
`Uk.

M
U

M
`Uk.

t_assk 42<4 7264 52:4 :274

rm(541<(Vmpp 4284 52:4 52:4 :274

rm(54155(Vmpp 4254 4284 52:4 :274

Tab. 7.12   Ia^SNPR$#ZV_U$[S$bNPaaY$TXNZQ$

Sbnrfobjbkqp&clo&qeb&P/ofkd&`ljmlrka&^ob<

x& Mlt&d^p&mbojb^qflk&o^qb

x& Hlla.&f0b0&ilt&`ljmobppflk&pbq

x& Nbafrj&`ljm^qf_fifqv

x& Ubjmbo^qrob&`ljm^qf_fifqv

x& Mlt&tbfdeq&ilpp&fk&s^`rrj&

>b`cbhaX BUf&cYe`YUV]_]gl&
WbYZ%W]Yag2*

A&t&10-8

RY][\g&_bff1*

DNJ KUe^Ye    cm3 × cm 

cm2 × s × bar

KKT ( ( ; 405<

ET E499;1;4 ( ( ; 4057

PDT P4:;81;4 ( ( < 504:

P79981;9 ( ( < 504:

HMO X4;8;1;9 ( 57 404=

CEO C4:4;1;4 ( 5: 1

GRO ( 64 407=

OHS N4:;;1;4 587 4069

OXS U4:481;4 67< 4075

1)%OPRcc\%10-6%M̂ ` ,̀%`^^\%bT\_T`Pbc`T,%bTab%_T`X^S%14%SPga

BPa%_T`\TPQX[Xbg%R^]abP]b%A%QPaTS%^]%WT[Xc\%Pb%`^^\%bT\_T`Pbc`T%P]S%[^aa%X]%P%

dPRcc\

N]Xb%A:%(R\2)/a%o%QP`

Tab. 7.13   <XN_`[YR^$\^[\R^`VR_

Glo&jlob&abq^fiba&fkcloj^qflk&pbb&pb`qflk&:033.�H^p&ib^h^db&o^qb�0

7.17 Fungus-resistant compounds

Xfqe&qeb&buqbkaba&rpb&lc&bi^pqljbop&fq&e^p&_b`ljb&kb`bpp^ov&ql&

qbpq&̀ ljmlrka&̀ ljmlkbkqp&clo&crkdrp&fkcbpq^qflk&̂ ka&afppbjfk^/

qflk0&Nf`ol/lod^kfpjp&^ob&klq&lkiv&clrka&fk&qolmf`^i&`ifj^qbp.&_rq&

^ipl&fk&evao^rif`&pvpqbjp.&clo&fkpq^k`b0&Dljmlrkap&̂ ob&qbpqba&^`/

`loafkd&ql&NJM/TUE/:32&C&jbqela&72:0&Ueb&cliiltfkd&q^_ib&peltp&

`ljmlrkap&tef`e&e^sb&m^ppba&qeb&qbpq&+croqebo&̀ ljmlrkap&̂ s^fi/

^_ib&lk&obnrbpq,03,&Q^o_^h�&`ljmlrka

I=M @K?H QHL AFH >M AQHL AAFH

x& O2896/92
x& O2963/97
x& O2774/;2
x& O2522/;23,

x& F2762/:2
x& F2874/;2

x& T2826/92 x& W2969/97
x& W292;/;2

x& D2779/92 x& M2899/92 x& W5:82/97
x& W:767/97

Tab. 7.14   =aZTa_*^R_V_`NZ`$P[Y\[aZQ_$`R_`RQ$NPP[^QVZT$`[$D@C*IJ;*5.-$9)$

DR`U[Q$2-5

AdvanCell
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8  Sealing terminology

8.1 General selection criteria

Ueb&krj_bo&^ka&s^ofbqv&lc&`ofqbof^&tef`e&^ccb`q&^&pb^ifkd&bibjbkq&

^ob&lcqbk&rkabobpqfj^qba&_v&rpbop0&Ueb&`ebjf`^i&molmboqfbp&lc&^&

jbafrj&^ka&qeb&mevpf`^i&tlohfkd&`lkafqflkp&^ob&bppbkqf^i&`ofqbof^&

clo&pbib`qfkd&^k&bi^pqljbo&^ka&abpfdkfkd&^&di^ka0

Ueb&Nbaf^&Dljm^qf_fifqv&Û _ib&+pbb&Bmmbkafu,&molsfabp&fkcloj^/

qflk&lk&qeb&`ebjf`^i&fkcirbk`b&lc&^&jbafrj&lk&^ii&`ljjlkiv&rpba&

bi^pqljbop0&Ueb&q^_ib&fkaf`^qbp&qeb&lmqfj^iiv&prfqba&̀ ljmlrka&clo&

s^oflrp&jbaf^0

Uefp&pb`qflk&abp`of_bp&qeb&hbv&sl`^_ri^ov&rpba&fk&pb^ifkd&qb`ekli/

ldv0&Lkltibadb&lc&qefp&dbkbo^i&qbojfklildv&ebimp&ql&^kptbo&ab/

q^fiba&nrbpqflkp&fk&ibpp&qfjb0

8.2 Abrasion

EJO& 7538& ^_o^pflk& qbpqp& +rpfkd& ^& `vifkabo& `lsboba& tfqe& bjbov&

`ilqe,&fk^abnr^qbiv&obcib`q&`lkafqflkp&fk&cfbia&rpb0&Sb^i&jb`e^kf/

`^i&tb^o&fp&sbov&`ljmibu.&pl&qeb&`ljm^o^qfsb&a^q^&l_q^fkba&^`/

`loafkd&ql&EJO&75738&^ob&e^oaiv&`lk`irpfsb&fk&j^kv&`^pbp0&Xb^o&

_be^sflro&pelria&qebobclob&_b&qbpqba&fk&qeb&obibs^kq&^mmif`^qflk0

IOCS.&OCS.&FQEN.&DS&^ka&GLN&e^sb&dlla&^_o^pflk&obpfpq^k`b&

molmboqfbp0&UQV&+mlivrqebo^kb,&fp&sbov&^_o^pflk/obpfpq^kq0&Tfif`lkb&

^ka&cirlolpfif`lkb&e^sb&mllo&^_o^pflk&obpfpq^k`b0

8.3 Ageing

Bdbfkd&fp&obcib`qba&fk&qeb&abqboflo^qflk&ilpp&lc&mevpf`^i&molmboqfbp&

^ka& abmbkap& lk& qeb& qvmb& lc& or__bo& jlib`ribp& `e^fk0& Ueb& ilkd&

jlib`ri^o&`e^fkp&`lkpfpq&lc&j^kv&pj^iibo&`lkkb`qba&jlib`ribp0&

Uebpb&`lj_fk^qflkp&^ka&lqebo&m^oqp&lc&qeb&jlib`rib&`e^fkp&`^k&

_b&srikbo^_ib&ql&`ebjf`^i&ob^`qflkp0

Ueobb&qvmbp&lc&pr`e&ob^`qflkp&^ob&obi^qba&ql&^dbfkd<

30&Splitting&�&qeb&jlib`rib&ifkhp&^ob&_olhbk&^ka&qeb&j^fk&`e^fk&

fp&obar`ba&ql&peloq&pb`qflkp0&Pwlkb.&VW&ifdeq&^ka&o^afl^`qfs/

fqv&`^rpb&pmifqqfkd0

40&Cross-linking&�&^k&lufa^qflk&mol`bpp&tef`e&`^rpbp&kbt&

`olpp/ifkhp&ql&cloj0&Uefp&mol`bpp&ib^ap&ql&qeb&cloj^qflk&

lc&kbt&jlib`rib&`e^fkp0&Ib^q&^ka&luvdbk&moljlqb&qebpb&

`e^kdbp0

50&Modification of molecule chain side groups through&

chemical reaction&�&^&`lkq^`q&jbafrj&^qq^`hp&qeb&bi^p/

qljbo&^ka&`^rpbp&^&`e^kdb&fk&fqp&jlib`ri^o&pqor`qrob0&Bii&

jb`e^kfpjp&tef`e&ib^a&ql&qeb&abdo^a^qflk&lc&^k&bi^pql/

jbo}p&molmboqfbp&^ob&^`qfs^qba&_v&qeb&bksfolkjbkq0&Tb^ip&^ob&

^it^vp&bumlpba&ql&^dbfkd&fkcirbk`bp.&tebqebo&fk&pqlo^db&

rkabo&tlohfkd&`lkafqflkp0&Jkafsfar^i&bi^pqljbop&e^sb&^&afc/

cbobkq&obpfpq^k`b&ql&^dbfkd0

8.4 Ageing tests

Sr__bo&p^jmibp&^ob&^oqfcf`f^iiv&^dba&fk&eb^q/qob^qfkd&crok^`bp&rk/

abo&^ddo^s^qba&`lkafqflkp&ql&^iilt&`lk`irpflkp&lk&k^qro^i&^dbfkd&

ql&_b&ao^tk&tfqefk&^&peloq&qfjb&pm^k0&Ubpqp&^ob&j^ab&fk&`ljmif/

^k`b&tfqe&EJO&7572:&^ka&pr_gb`q&ql&qbjmbo^qrob&^ka&qfjb&^``loa/

fkd&ql&qeb&bi^pqljbo&qvmb&^ka&tlohfkd&`lkafqflkp.&b0d0

x& OCS&92&elrop&lo&9&a^vp&^q&92&lo&322&�D

x& FQEN&92&elrop&lo&9&a^vp&^q&322&lo&372&�D

x& GLN&92&elrop&lo&9&a^vp&^q&422&lo&472&�D

x& WNR&92&elrop&lo&9&a^vp&^q&422&lo&472&�D

Ueb&cliiltfkd&mevpf`^i&molmboqfbp&^ob&jb^proba&_bclob&^ka&^cqbo&

^dbfkd<&e^oakbpp.&qbkpfib&pqobkdqe.&riqfj^qb&bilkd^qflk&^ka&qbkpfib&

pqobpp& +jlarirp,0&Nfkfjrj&`e^kdb& fkaf`^qbp&^&_bqqbo& obpfpq^k`b&

ql&^dbfkd0

8.5 Coefficient of thermal expansion

Ebmbkafkd&lk&qeb&jfuqrob&clojri^qflk.&bi^pqljbop&pelt&^&`lbccf/

`fbkq&lc&qeboj^i&bum^kpflk&32&qfjbp&dob^qbo&qe^k&qe^q&lc&pqbbi0&Jq&fp&

qebobclob&fjmloq^kq&fk&_loaboifkb&`^pbp&ql&hklt&elt&jr`e&^&pb^i&

peofkhp& fk&`lia&`lkafqflkp&lo&bum^kap&^q&efde&qbjmbo^qrobp&^ka&

elt&qefp&^ccb`qp&qeb&bi^pqf`&clo`b&lk&qeb&pb^i&c^`b0

Bq&ilt&qbjmbo^qrobp&^&obar`ba&bi^pqf`&clo`b&lk&qeb&pb^i&c^`b&`^k&

ib^a&ql&ib^h^db&tebk&^aafqflk^i&peofkh^db&l``rop0&Uebpb&`e^kdbp&

`^k&_b&`lkpfaboba&fk&dollsb&abpfdk0&Jk&avk^jf`&^mmif`^qflkp.&cof`/

qflk&`^k&fk`ob^pb&arb&ql&qeboj^i&bum^kpflk&fk&lmbo^qfkd&qbjmbo^/

qrobp&+bkprob&eb^q&objls^i,0

Xebkbsbo&efde/mbocloj^k`b&bi^pqljbop&pr`e&^p&GGLN&^ob&rpba&

^q&qbjmbo^qrobp&^_lsb&422&�D.&pmb`f^i&^qqbkqflk&jrpq&_b&m^fa&ql&

qeboj^i&bum^kpflk&tebk&abpfdkfkd&qeb&dollsb0&B&qbjmbo^qrob&ofpb&

ql&522&�D&j^v&obpriq&fk&slirjbqof`&bum^kpflk&lc&rm&ql&52&)0&Jc&qeb&

pb^i& fp& rk^_ib& ql& mbocloj& qefp& qeboj^i& bum^kpflk& efde& ibsbip& lc&

pqobpp&l``ro&qe^q&j^v&a^j^db&qeb&pb^i&^ka&j^qfkd&`ljmlkbkqp0

&
HUgYe]U_ N\e]a^U[Y @kcUaf]ba >bYZ%W]Yag&bZ&

YkcUaf]ba

24 gb&n54&r> 24 gb&190&r> mm 

dm × °C 

× 10-3

S``/X`T S``/X`T

PDT 42=4 52<; 55264

ET 5254 626< 572;4

HMO 5274 62;4 5:264

GRFO 5274 62:: 5:244

XOS 52:4 7274 64244

HHMO 6284 82=< 74244

Cjs(645; 425= 427= ( 6274

UU(Vwnc(746 4258 426= ( 52;4

a_qr(gpml 4254 4264 ( 5264

Tab. 8.1   CVZRN^$`UR^YNX$P[RS#PVRZ`$[S$Rd\NZ_V[Z$S[^$RXN_`[YR^_$NZQ$YR`NX_
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8  Sealing terminology

8.6 Compression set

Dljmobppflk& pbq& abp`of_bp& qeb& i^pqfkd& abcloj^qflk& lc& ^& pq^ka/

^oa&p^jmib&lo&cfkfpeba&m^oq&qe^q&e^p&_bbk&abclojba&rkabo&`boq^fk&

`lkafqflkp0

Bp&^&dbkbo^i&orib.&qeb&_bqqbo&qeb&`ljmobppflk&pbq.&f0b0&qeb&iltbo&qeb&

mboj^kbkq&abcloj^qflk&+fk&mbo&`bkq&obi^qba&ql&qeb&abcloj^qflk&lc&

qeb&p^jmib.&qeb&_rqqlk.&qeb&`olpp/pb`qflk,.&qeb&efdebo&qeb&bs^ir^/

qflk&lc&nr^ifqv0

Dljmobppflk&pbq&abmbkap&lk&qeb&bi^pqljbo&_^pb.&jfuqrob&`lj/

mlpfqflk.&j^krc^`qrofkd&`lkafqflkp.&qbpqfkd&qbjmbo^qrob&^ka&qfjb.&

abcloj^qflk&lc&qeb&pmb`fjbk.&qef`hkbpp&lc&qeb&pmb`fjbk&^ka&qeb&

qbpq&jbafrj0

Ubpqp&^ob&mboclojba&^``loafkd& ql&EJO& JTP&:37&lo&BTUN&E&5;7&

Nbqela& C& cliiltfkd& 47& )& `ljmobppflk& tfqe& pqlo^db& fk& ^& eb^q/

qob^qfkd&crok^`b&fk&^fo0&

Bk&^aafqflk^i&qbpq&fk&qeb&jbafrj&+lfi.&pqb^j.&bq`0,&dfsbp&s^irbp&clo&

ptbiifkd.&peofkh^db&bq`0

Ueb&ilt/qbjmbo^qrob&cibuf_fifqv&^ka&qeb&bi^pqf`&`lkafqflk&^q&cobbw/

fkd&qbjmbo^qrobp&`^k&^ipl&_b&bs^ir^qba&_v&qefp&qbpq0&Ul&l_q^fk&^&

`lk`irpfsb&`rosb.&qeb&p^jmibp&^ob&`ljmobppba&^``loafkd&ql&qeb&

^_lsb&qbpq&jbqela.&moldobppfsbiv&colwbk&^ka&jb^proba&^q&qeb&ob/

pmb`qfsb&qbpq&qbjmbo^qrobp&^cqbo&obifbsfkd&qeb&`ljmobppflk0

h
0

h
1

h
2

Fig. 8.1  

h0 – h2

h0 – h1

× 100 (%) Compression set = 

e
2
&?&P/ofkd&`olpp/pb`qflk&lo&lofdfk^i&ebfdeq&lc&qeb&pmb`fjbk

e
3
&?&ebfdeq&lc&abclojba&pmb`fjbk

e
4
&?&ebfdeq&lc&obifbsba&pmb`fjbk&+^cqbo&^&abcfkba&qfjb&abi^v,

Ueb&cliiltfkd&cfdrobp&pelt&qeb&abmbkabk`v&lc&qeb&P/ofkd&`olpp/

pb`qflk&qbpq&s^irbp&^ka&mbo`bkq^db/tfpb&`ljmobppflk0

Compression set depending on 

cross-section compression and 

cross-section diameter d
2

Compression set

test

at T = 200 °C

 t =   70 h

Cross-section d
2

1   1.78 mm

2   6.99 mm

C
o

m
p

re
s
s
io

n
 s

e
t 

[%
]

Cross-section compression [%]

Silicone

VMQ 701

2

Fig. 8.2  

Compression set depending on 

cross-section compression and 

cross-section diameter d
2

Compression set

test

at T = 100 °C

 t =   70 h

Cross-section d
2

1   1.78 mm

2   3.53 mm

3   6.99 mm

C
o

m
p

re
s
s
io

n
 s

e
t 

[%
]

Cross-section compression [%]

Nitrile 

butadiene

NBR 70

1

2

3

Fig. 8.3  

Ueb& obpriqp&l_q^fkba&lk& qeb& qbpqba&bi^pqljbop&e^sb&peltk& qe^q&

qeb&`ljmobppflk&pbq&lc&OCS&`ljmlrkap&fp&jlob&abmbkabkq&lk&

qeb&`olpp/pb`qflk&+p^jmib&qef`hkbpp,&qe^k&qe^q&lc&pfif`lkb&j^qbof/

^ip.&clo&bu^jmib0&Ueb&qobka&lc&qeb&`rosbp&fp&ob^afiv&sfpf_ib&^p&tbii.&

peltfkd&qe^q&qeb&jlpq&c^slro^_ib&mboj^kbkq&abcloj^qflk&fp&fk&qeb&

o^kdb&lc&47&ql&52&)&`ljmobppflk0
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8  Sealing terminology

Compression set test 

at t = 70 h

1: NBR 70

2: High temperature NBR 70

O-Ring cross-section

deformed by 25 %

d
2
 = 3.53 mm

C
o

m
p

re
s
s
io

n
 s

e
t 

[%
]

Test temperature [°C]

1

2

Fig. 8.4  

Compression set against

temperature

Compression set test

at t = 70 h

1: FKM 

2: ACM 

3: EPDM 

4: VMQ

O-Ring cross-section 

compression 25 %

d
2
 = 3.53 mm

Test temperature [°C]

C
o

m
p

re
s
s
io

n
 s

e
t 

[%
]

1

3 2

4

Fig. 8.5  

Ueb&fkcirbk`b&lc&qbjmbo^qrob&lk&qeb&qbpq&obpriqp&tfii&i^odbiv&abmbka&

lk&qeb&_^pb&bi^pqljbo&^ka&fqp&^_fifqv&ql&tfqepq^ka&efde&qbjmbo^/

qrobp0&Bdbfkd&^ka&qeb&abdo^a^qflk&lc&bi^pqf`&or__bo&molmboqfbp&pbq&

fk&^q&efdebo&qbpq&qbjmbo^qrobp&+^ka&molilkdba&qbpq&mboflap,0

Gfd0&:06&peltp&qeb&fk`ob^pba&qbjmbo^qrob&obpfpq^k`b&lc&�efde/qbj/

mbo^qrob&OCS&92�&^p& fjmolsba& +iltbo,& `ljmobppflk&pbq& obpriqp0&

Gfd0&:07&peltp&^&`ljm^ofplk&lc&qeb&bccb`qp&lc&qbjmbo^qrob&lk&lqe/

bo&bi^pqljbop0&GLN&^ka&WNR&pelt&pfdkfcf`^kqiv&iltbo&`ljmobp/

pflk&pbq&obpriqp.&^ka&qeb&̀ rosb&`ib^oiv&fkaf`^qbp&qe^q&qebv&̀ ^k&obpfpq&

qbjmbo^qrobp&fk&bu`bpp&lc&422&�D0

Cv&`lkqo^pq.&tebk&illhfkd&^q&elq&^fo&^p&qeb&`lkq^`q&jbafrj.&qeb&

pqbbm&ofpb&lc&qeb&FQEN&`rosb&fp&klq^_ib0&FQEN&fp&obpfpq^kq&̂ d^fkpq&

elq&^fo&rm&ql&-372&�D&�&&fk&qeb&^`qr^i&^mmif`^qflk&jbafrj.&pqb^j&

^ka&elq&t^qbo.&`ljmobppflk&pbq.&clo&fkpq^k`b&fk&pqb^j.&tlria&_b&

jb^proba&tfqe&ibpp&mboj^kbkq&abcloj^qflk0&Dlksbopbiv.&clo&GLN&

^ka&WRN&^&ao^pqf`&abqboflo^qflk&lc&qeb&s^irbp&^mmifbp&fk&pqb^j&^p&

^&qbpq&jbafrj0

Ueb&af^do^jp&pelt&`ljmobppflk&pbq&qbpqp&`^oofba&lrq&lsbo&^&mb/

ofla&lc&92&elrop0&Teloqbo&qbpqp.&b0d0&clo&44&elrop.&dfsb&_bqqbo&ob/

priqp=&ilkdbo&qbpqp.&b0d0&clo&38:&elrop.&dfsb&tlopb&obpriqp0&Sbpriqp&

lc&`ljmobppflk&pbq&qbpqp&`^k&_b&`ljm^oba&lkiv&tebk&^ii&c^`qlop&

^ccb`qfkd& qeb& qbpq& obpriqp& ^ob& fabkqf`^i.& b0d0& qbpq& jbqela.& pmb`f/

jbk.&dbljbqov.&abcloj^qflk.& qbpqfkd& qfjb&^ka& qbjmbo^qrob.&^ka&

qeb&`lkq^`q&jbafrj0

Ul&pljb&buqbkq&qeb&obpriqp&lc&jb^probjbkqp&^iilt&`lk`irpflkp&ql&

_b&ao^tk&`lk`bokfkd&qeb&pb^i~p&_be^sflro&fk&qeb&m^oqf`ri^o&^mmif/

`^qflk0&Zbq&tfqelrq&hkltibadb&lc&qeb&bu^`q&^mmif`^qflk&`lkafqflkp&

fq&fp&fjmlppf_ib&ql&bs^ir^qb&qeb&bccb`qp&lc&`ljmobppflk&pbq&fk&qeb&

^mmif`^qflk0&Glo&bu^jmib.&pb^ip&tfqe&;2&)&`ljmobppflk&pbq&j^v&

obq^fk&qebfo&pb^ifkd&mbocloj^k`b.&tebob^p&rkabo&`boq^fk&lmbo^qfkd&

`lkafqflkp&^&`ljmobppflk&pbq&lc&jbobiv&82&)&j^v& ib^a& ql&pb^i&

c^firob0

8.7 Tightness, technical tightness

Ueb&qfdeqkbpp&lc&^k&P/ofkd&pb^i&`^k&_b&abp`of_ba&^p&cliiltp<

x& Tq^qf`&pb^i.&_bqtbbk&klk/jlsfkd&j^`efkb&m^oqp<&kl&ilpp&lc&

ifnrfa&jbaf^=&ilpp&lc&d^pblrp&jbaf^&arb&ql&afccrpflk&fp&ql&_b&

bumb`qba0

x& Evk^jf`&pb^i.&_bqtbbk&jlsfkd&j^`efkb&m^oqp<&fk&qeb&`^pb&lc&

ifnrfa&jbaf^&^&cfij&lc&qeb&jbafrj&j^v&_b&mobpbkq&lk&qeb&j^q/

fkd&proc^`b&+arb&ql&qeb&mbosflrpkbpp&lc&qeb&pb^i,&^ka&ib^a&ql&

ib^h^db&ilppbp&^cqbo&^&molilkdba&mbofla&lc&qfjb=&fk&qeb&`^pb&lc&

d^pblrp&jbaf^&qebob&j^v&_b&ilppbp&^q&qeb&j^qfkd&proc^`b0

8.8 Elastomer Compatibility Index (ECI)

Ueb&bccb`q&lc&̂ &jbafrj&lk&^k&bi^pqljbo&j^v&o^kdb&colj&peofkh^db&

ql& pifdeq& ptbiifkd& qeolrde& ql& `ljmibqb& afpfkqbdo^qflk0& Bkv& pr`e&

slirjb&`e^kdb&ib^ap&ql&`e^kdbp&fk&jb`e^kf`^i&molmboqfbp&pr`e&

^p&e^oakbpp.& qbkpfib&pqobkdqe&^ka&riqfj^qb&bilkd^qflk&tef`e&`^k&

ib^a&ql&̀ ljmibqb&pb^i&c^firob0&Jq&pelria&_b&klqba&qe^q&qebpb&fjm^`qp&

j^v&^``bibo^qb&^q&efdebo&qbjmbo^qrobp0

Xfqe&jfkbo^i&lfip&qebpb&mol`bppbp&^ob&^qqof_rqba&ql&qtl&`lkqo^pq/

fkd&ob^`qflkp<&Pk&qeb&lkb&e^ka.&lfi&afccrpbp&fkql&qeb&or__bo&̀ ^rpfkd&

ptbiifkd&ql&^&`ljmlrka/pmb`fcf`&ifjfq0&Uefp&obpriqp&fk&^k&fk`ob^pb&

fk&slirjb0&Pk&qeb&lqebo&e^ka.&bi^pqljbo&^aafqfsbp&pr`e&^p&mi^p/

qf`fpbop.&^kqflufa^kqp&bq`0&`^k&_b&afpplisba&lo&buqo^`qba&colj&qeb&

`ljmlrka.& obpriqfkd& fk& peofkh^db0&Clqe&mol`bppbp&`^k&_b&`lk/

`roobkq0

Ueb&bccb`q&albp&klq&lkiv&abmbka&lk&qeb&`ljmlpfqflk&lc&qeb&bi^p/

qljbo&_rq&^ipl&lk&qeb&evao^rif`&cirfa0&Bk&OCS&bi^pqljbo&`lkq^fkp&

_bqtbbk&37&)&^ka&72&)&^`ovilkfqofib&+BDO,0&Ueb&efdebo&qeb&BDO&
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`lkqbkq.&qeb&_bqqbo&qeb&`ljm^qf_fifqv&tfqe&lfi0&Jk&qeb&jbafrj.&^ol/

j^qf`&`lj_fk^qflkp&+b0d0&_bkwbkb,&`^rpb&^&dob^qbo&ptbiifkd&lc&qeb&

bi^pqljbo&qe^k&p^qro^qba&^ifme^qf`&lkbp.&pr`e&^p&qelpb&clrka&fk&

m^o^ccfk/_^pba&lfi&+b0d0&jbqe^kb,0&Jk&qeb&p^jb&t^v.&^&efde&`lkqbkq&

lc&^olj^qf`p&+b0d0&^p&fk&m^o^ccfk&_^pba&lfip,&ib^ap&ql&^&ilt&qbkabk/

`v&ql&ptbii&+^ipl&tfqe&ilt&BDO&`lkqbkq,0&Dlksbopbiv.&k^meqebkb/

_^pba&lfip&`^rpb&dob^qbo&ptbiifkd.&b0d0&tfqe&OCS0&B&efdebo&BDO&

`lkqbkq&fp&kb`bpp^ov&ql&obpfpq&ptbiifkd&obpriqfkd&colj&k^meqebkb/

_^pba&lfip0&

Jk&loabo&ql&pbib`q&qeb&`loob`q&`ljmlrka&tfqelrq&`^oovfkd&lrq&bu/

qbkpfsb&i^_lo^qlov&qbpqp&Q^ohbo&e^p&absbilmba&^&pfjmib&obcbobk`b&

qbpq& `^iiba& FDJ& +Fi^pqljbo& Dljm^qf_fifqv& Jkabu,0& Fuqbkpfsb& qbpqp&

e^sb&molsba&qe^q&qebob&fp&^&ifkb^o&obi^qflkpefm&_bqtbbk&qeb&FDJ&^ka&

qeb&slirjb&`e^kdb&lc&bi^pqljbop&_^pba&lk&OCS.&BDN.&GLN&^ka&

DS&or__bop0&Cv&rpfkd&qeb&FDJ.& qeb&slirjb&`e^kdb&lc& qeb&^_lsb&

bi^pqljbop&`^k&_b&mobaf`qba&fk&^&jfkbo^i&lfi0&Ueb&FDJ&clo&^k&lfi&fp&

fkfqf^iiv&abqbojfkba&fk&qeb&i^_lo^qlov&+q^_ib&:04,0&Ueb&FDJ&s^irbp&̀ ^k&

_b&milqqba&lk&^&`ljmlrka&pmb`fcf`&do^me&+cfdrobp&:09&^ka&:0:,&^ka&

qeb&bumb`qba&slirjb&`e^kdb&`^k&_b&ob^a&afob`qiv&colj&qeb&sboqf/

`^i&^ufp0&Jk&qefp&t^v&^&ab`fpflk&`^k&_b&q^hbk&obd^oafkd&bi^pqljbo&

`ljm^qf_fifqv&tfqe&lfip0&Uefp&mol`barob&e^p&_bbk&^almqba&fk&qeb&fk/

qbok^qflk^i&JTP&8294&pq^ka^oa&tfqe&Q^ohbo&m^oqf`fm^qflk0

OlcY&bZ&b]_ @_Ufgb`Ye&>b`cUg]V]_]gl&
DaXYk&)@>D*

>GB#DX[#5,-#,CUVO1mgj(Pm2(5- & 404 1 726

DR(Glcpemj(JNR(544 & 509 1 82;

Gqqm(Psrm(J198(,JNR(7:- & 70; 1 :2=

Jmsefrml(JF(64Y364 & 80; 1 ;2=

Gqqm(Psrm(J188(,JNR(5:- & 903 1 <25

FGC(T_lbm(Qgj(JFE(,JNR(7:- & 909 1 <2;

Hgl_(Jwbp_l(75 & :07 1 =29

Ufcjj(Vcjjsq(=67(,JNR(5:- & ;04 1 5426

>GB#DX[#5,.#,CUVO1mgj(Pm2(6- & ;06 1 5428

Gqqm1Vp_dm(Qgj(7; 3407 1 5729

Cegn(H25(Tmrp_(CVH 3408 1 572:

Om`gj(X_a(JNR(5: 3602 1 5924

Ufcjj(Vcjjsq(59 3609 1 592;

Gqqmtgq(L(87 3702 1 5:24

Ufcjj(Qgj(8445 3805 1 5;27

Vcv_am(T_lbm(Qgj(CCC 3807 1 5;29

DR(Glcpemj(JR(64 3;02 1 6424

>GB#DX[#5,/#,CUVO1mgj(Pm2(7- 4502 1 6824

Ufcjj(Vcjjsq(55 540; 1 772=

Ufcjj(Qgj(L[Q 5607 1 7929

Tab. 8.2   <:@$S[^$bN^V[a_$[VX_$

Pk& obnrbpq&tb&^ob&mib^pba& ql& qbpq&^kv&lfi& ql&abqbojfkb& fqp&FDJ0&

Iltbsbo.& ^kv_lav& `^k& qbpq& clo& qeb& FDJ& ^p& cliiltp<& qeb& tbfdeq&

`e^kdb&lc&^&qbpq&bi^pqljbo.&b0d0&OCS&3&ql&JTP&8294.&fp&jb^proba&

^cqbo& fjjbopflk& fk& qeb& obpmb`qfsb& lfi& clo& 38:& elrop& ^q& -322& �D0&

Ueb&FDJ&qebk&fp&pfjmiv&ob^a&colj&cfd0&:08&tef`e&milqp&qeb&tbfdeq&

`e^kdb0
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8.9 Electrical properties of elastomers

Fi^pqljbop&j^v&_b&dlla&fkpri^qlop.&pbjf`lkar`qlop&lo&`lkar`/

qlop.& abmbkafkd& lk& qeb& t^v& qebv& ^ob& rpba0& Ueb& qvmb& lc& or__bo&

^ka&cfiibo&+bib`qof`^iiv&`lkar`qfsb&`^o_lk&_i^`h,&`^k&_b&pbib`qba&ql&

jbbq&bib`qof`^i&obnrfobjbkqp0

Dofqbof^<

30&Fib`qof`^iiv&fkpri^qfkd<&@&32;&Pej&`j=&TCS.&JJS.&FQN.&FQEN.&

WNR.&GLN

40&Bkqf/pq^qf`.&^p&pbjf`lkar`qlo<&327&ql&32;&Pej&`j=&OCS.&DS

50&Fib`qof`^iiv&`lkar`qfsb<&>&327&Pej&`j=&pmb`f^i&`ljmlrkap

Jk&cfbia&rpb&bib`qof`^i&`lkar`qfsfqv&fp&obnrfoba&clo&pb^ip&fk&^mmif`^/

qflkp&tebob&bib`qolpq^qf`&̀ e^odfkd&jrpq&_b&mob`iraba.&pr`e&̂ p&crbi&

q^kh& pb^ip.& aofsb& _biqp.& ^mmif`^qflkp& fk& jbaf`^i& qb`eklildv.& bq`0&

Xebk&pmb`f^i&`ljmlrkap&^ob&obnrfoba.&`^ob&pelria&_b&q^hbk&ql&

bkprob&qe^q&`boq^fk&m^oqp&lc&qeb&`ljmlrka&clojri^qflk&^ob&klq&afp/

plisba&lo&buqo^`qba&_v&qeb&jbafrj&_bfkd&pb^iba.&qebob_v&`e^kd/

fkd&qeb&bib`qof`^i&molmboqfbp0

NBR

FKM

VMQ

EPDM

CR

102   104    106     108    1010      1012    1014   1016    1018    1020

[         ]

Fig. 8.9  I\RPV#P$RXRP`^VPNX$^R_V_`NZPR$'NPP[^QVZT$`[$;@E$20263(

8.10 Corrosion

Tljbqfjbp&jbq^i&proc^`bp&fk&`lkq^`q&tfqe&bi^pqljbop&pelt&pfdkp&

lc&`loolpflk0&Uefp&fp&^&`ebjf`^i&^qq^`h&rmlk&^&jbq^i&proc^`b0&Ueb&

s^oflrp&qvmbp&lc&`loolpflk&e^sb&abcfkfqb&`e^o^`qbofpqf`p&̂ ka&`^k&_b&

abp`of_ba&^p&dbkbo^i&`loolpflk.&mfqqfkd.&d^m&`loolpflk&^ka&fkqbo/

`ovpq^iifkb&`loolpflk0

Ueb& mobpbk`b& lc& `loolpflk& tebob& jbq^ip& ^ka& bi^pqljbop& ^ob& fk&

`lkq^`q&j^v&e^sb&afccbobkq&`^rpbp<

x& Gobb&primero&fk&pq^ka^oa&or__bo&nr^ifqfbp

x& Gloj^qflk&lc&evaol`eilof`&^`fa&tebob&^k&bi^pqljbo&`lkq^fkp&

`eilofkb

x& Fib`qol`ebjf`^i&mol`bppbp

8.10.1 Corrosion caused by free sulphur

Tljb&or__bo&`ljmlrkap&^ob&sri`^kfpba&rpfkd&bibjbkq^i&primero&

fk&`lj_fk^qflk&tfqe&sri`^kfp^qflk&^``bibo^qlop0&Ueb&i^odbpq&m^oq&lc&

qeb&primero&rpba&clojp&pq^_ib&`olpp/ifkhfkd&_ofadbp&_bqtbbk&qeb&

or__bo&jlib`ribp0&Uefp&primero&obj^fkp&`ebjf`^iiv&`lj_fkba&^ka&

`^kklq& _b& buqo^`qba0& Iltbsbo.& qebob& fp& ^it^vp& ^& pj^ii& obpfar^i&

^jlrkq&lc&cobb&lo&rk`lj_fkba&primero0

Xebk&fk&`lkq^`q&tfqe&^kv&lc&^&krj_bo&lc&jbq^ip&^ka&^iilvp&+b0d0&

pfisbo.&`lmmbo.&ib^a,&qeb&cobb&primero&qbkap&ql&cloj&jbq^i&primefabp&

tef`e& `^rpb& afp`lilrofkd& ^ka& `loolpflk& a^j^db0& Groqebojlob.&

^&ob^`qflk&_bqtbbk&jbq^i&^ka&primero&`^k&ib^a&ql&j^icrk`qflkp.&

clo& fkpq^k`b.&tebk&pb^ip&clo&jlsfkd&j^`efkb&m^oqp&qbka&ql&pqf`h&

lk`b& j^`efkb& lmbo^qflk& fp& obprjba& ^cqbo& molilkdba& altkqfjb0&

Ul&^slfa&pr`e&`loolpflk&lo&j^icrk`qflk.&qeb&rpb&lc&^ primero/cobb&

`ljmlrka&fp&ob`ljjbkaba0

8.10.2  Corrosion caused by the formation of 

hydrochloric acid

Dljmlrkap&qe^q&`lkq^fk&`eilofkb.&pr`e&^p&DS.&FDP.&DP&^ka&ql&

^&ibppbo&buqbkq&BDN.&qbka&ql&obib^pb&evaol`eilof`&^`fa&^ka&`^rpb&

`loolpflk& tebk&rpba& fk&efde& qbjmbo^qrobp& lo& fc& lqebotfpb& fkcir/

bk`ba&_v&qebfo&bksfolkjbkq0&Bmmolmof^qbiv&`ljmlpba&or__bo&jfu/

qrobp&`lkq^fk&prfq^_ib&pq^_fifwbop&+b0d0&jbq^i&lufabp,&tef`e&fkef_fq&

evaol`eilof`&^`fa0&Ivaol`eilof`&^`fa&^ipl&`^k&_b&clojba&^olrka&

`ljmlrkap&tef`e&^ob&cobb&colj&`eilofkb&+b0d0&TCS&^ka&OS,&fc&qebv&

`lkq^fk&lod^kf`&`eilofkb&`lj_fk^qflkp&pr`e&^p&`eilofk^qba&m^o^c/

cfk&+^&ci^jb&obq^oa^kq,0

8.10.3 Electrochemical corrosion

Ueb&cloj^qflk&lc&pj^ii&d^is^kf`&`biip +il`^i&bibjbkqp, fp&qeb&j^fk&

jb`e^kfpj&obpmlkpf_ib&clo&qeb&̀ loolpflk&lc&jbq^ip0&B&d^is^kf`&̀ bii&

fp& clojba&tebk& qtl&afccbobkq&kl_ib&jbq^ip& qlr`e0&B&`lkar`qfsb&

ifnrfa.&f0b0&^k&bib`qolivqb&plirqflk.&fp&qeb&mobobnrfpfqb&clo&qebpb&bib`/

qol`ebjf`^i&mol`bppbp0

Biilvp&j^ab&rm&colj&afccbobkq&jbq^i&me^pbp&lo&̀ ovpq^ip&̀ ^k&_b&a^j/

^dba&_v fkqbo`ovpq^iifkb `loolpflk&tebk&pj^ii&il`^i&̀ biip&̂ ob&clojba0&

Jc&bib`qol`ebjf`^i&`loolpflk&mofj^ofiv&l``rop&fk&qeb&sf`fkfqv&lc&or_/

_bo&`ljmlkbkqp& +pr`e&^p&pb^ip,&qefp&albp&klq&kb`bpp^ofiv&jb^k&

qe^q&qeb&or__bo&`ljmlrka&fp&qeb&`^rpb0

Jq&fp&afccf`riq&ql&p^v&ql&te^q&buqbkq&qebob&fp&̂ &̀ loobi^qflk&_bqtbbk&bib`/

qol`ebjf`^i&`loolpflk&^ka&or__bo&^p&qeb&j^qfkd&`ljmlkbkq0&Jq&fp&̂ p/

prjba&qe^q&`lkabkp^qflk&^``rjri^qbp&_bqtbbk&qeb&or__bo&^ka&qeb&

jbq^i& tef`e& qldbqebo& tfqe& lqebo& abmlpfqp& `^rpbp& bib`qol`ebjf`^i&

`loolpflk0&Ueb&qvmb&lc&jbq^i&^iilv.&proc^`b&olrdekbpp.&jbq^i&pqor`/

qrob.&qbjmbo^qrob&^ka&erjfafqv&^ii&mi^v&^&j^glo&m^oq&fk&qefp0

8.11 Gas leakage rate

Bii&bi^pqljbop&^iilt&mobpprofpba&d^p&ql&mbkbqo^qb.&mbojb^qb&^ka&

bp`^mb&colj&qeb&j^qbof^i&lk&qeb&klk/mobpprofpba&pfab0&Ueb&mbo/

jb^_fifqv&o^qb&abmbkap&lk&qeb&qvmb&lc&d^p.&_^pb&bi^pqljbo.&qbj/

mbo^qrob&^ka&mobpprob0&Qbojb^_fifqv&fp&fjmloq^kq.&clo&fkpq^k`b.&fk&

s^`rrj&^ka&d^p& qb`eklildv& +pbb&pb`qflk&8034&�Fksfolkjbkq^iiv&

cofbkaiv&evao^rif`&cirfap�,0
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Calculation of leakage rate

Ueb&o^qb&lc&d^p&ib^h^db&qeolrde&^k&P/ofkd&`^k&_b&`^i`ri^qba&^p&^k&

^mmolufj^qflk&tebk&qeb&bi^pqljbo&mbojb^qflk&o^qb&fp&hkltk&clo&

qeb&tlohfkd&qbjmbo^qrob0&Ueb&cliiltfkd&q^_ibp&dfsb&s^oflrp&d^pbp&

tfqe&qebfo&d^p&mbojb^_fifqv&`lbccf`fbkqp0

Ueb&cliiltfkd&clojri^&molsfabp&^&rpbcri&^mmolufj^qflk<

L # 0.4 × F × d
1
 × P × Q (1 – S)2

tebob<&

M& #&^mmolufj^qb&ib^h^db&o^qb&+`j51pb`0,

G& #&mbojb^_fifqv&`lbccf`fbkq&+colj&q^_ib,

a
3
& #&P/ofkd&fkkbo&af^jbqbo&+jj,

Q& #&afccbobkqf^i&mobpprob&+_^o,

R& #&&̀ loob`qflk&c^`qlo&abmbkafkd&lk&`ljmobppflk&^ka&pro/

c^`b&ir_of`^qflk&+cfd&:032,

T& #& `ljmobppflk&lc&P/ofkd&`olpp/pb`qflk&bumobppba&^p&^&

ab`fj^i&+b0d0&42&)&`ljmobppflk.&f0b0&T&?&2042,,

Ueb& obpriq&lc& qefp& clojri^& fp&lkiv&^& olrde&^mmolufj^qflk&^p&d^p&

mbojb^_fifqv& s^ofbp& _bqtbbk&afccbobkq& bi^pqljbop& tfqe& qeb& p^jb&

mlivjbo&^ka&pljb&^pprjmqflkp&^ob&lkiv&^mmolufj^qflkp&^p&tbii0

Uebpb&^pprjmqflkp&^ob<

30&Ueb&`olpp/pb`qflk&lc&qeb&abclojba&P/ofkd&fp&ob`q^kdri^o0

40&Ueb&^ob^&lc&qeb&`ljmobppba&P/ofkd&fp&qeb&p^jb&^p&qe^q&lc&qeb&

klk/`ljmobppba&P/ofkd0

50&Ueb&mbojb^_fifqv&o^qb&lc&^&d^p&fp&molmloqflk^i&ql&qeb&afccbobk/

qf^i&mobpprob0

1

1: dry O-Ring

2: lubricated O-Ring Parker Super-O-Lube
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Q)%%BPa%\XV`PbX^]%bW`^cVW%ac`UPRT%X``TVc[P`XbXTa%X]%bWT%aTP[X]V%P`TPa%]^b%R^\_[TbT[g%

#[[TS%Qg%bWT%aTP[X]V%\PbT`XP[

Fig. 8.11  

HYX]h`:&ClXeb[Ya

=UfY&
&Y_Ufgb`Ye

KUe^Ye&
Wb`cbhaX

OY`cYeUgheY BUf&cYe`YUV]_]gl&
WbYZ%W]Yag1*

Sr>T

UDT 1 ( 69 ( ( 76

UDT 1 ( 94 ( ( ;:

KKT 1 ( 79 ( ( 5:

KKT 1 569 ( 6<4

GRFO 1 ( 84 ( ( 89

GRFO 1 ( =4 ( 794

HMO 1 ( =4 ( 5:4

ET 1 ( 84 ( 5<4

PDT P4;851;9 ( 84 ( ( 56

PDT P4;851;9 ( <4 ( ( <<

CEO C4:4;1;4 ( 84 ( ( 94

CEO C4:4;1;4 ( =4 ( 5;4

CEO C4:4;1;4 594 ( =44

VRW 1 ( 84 ( ( ( 9

UDT 1 ( 84 ( ( 8;

UDT 1 564 ( 984

XOS 1 ( 84 5444

XOS 1 ( =4 6444

XOS 1 594 :444

1)%BPa%_T`\TPQX[Xbg%R^TU#RXT]b%A%o%10-8((R\%o%R\3)/R\2%o%a%o%QP`)

MWTaT%dP[cTa%P`T%bWT%PdT`PVT%^U%dP`X^ca%`Tac[ba%P]S%\Pg%dP`g%ST_T]SX]V%^]%bWT%

R^\_^c]S.

Tab. 8.3   $

$

HYX]h`:&I]geb[Ya

=UfY&Y_Ufgb`Ye OY`cYeUgheY BUf&cYe`YUV]_]gl&
WbYZ%W]Yag1*

Sr>T

UDT 69 ( ( 8

UDT 94 ( 58

KKT 69 ( ( 4269

KKT 94 ( ( 5269

HMO 74 ( ( 4269

HMO 94 ( ( 5
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HYX]h`:&I]geb[Ya

=UfY&Y_Ufgb`Ye OY`cYeUgheY BUf&cYe`YUV]_]gl&
WbYZ%W]Yag1*

Sr>T

VRW 67 ( ( 425;

VRW <4 ( ( 72<

HXOS 69 ( 84

ET 74 ( ( 5

ET <9 ( 5;

PDT 64 ( ( 429

PDT <4 ( 58

XOS 74 594

XOS 94 684

1)%BPa%_T`\TPQX[Xbg%R^TU#RXT]b%A%o%10-8((R\%o%R\3)/R\2%o%a%o%QP`)

MWTaT%dP[cTa%P`T%bWT%PdT`PVT%^U%dP`X^ca%`Tac[ba%P]S%\Pg%dP`g%ST_T]SX]V%^]%bWT%

R^\_^c]S.

Tab. 8.4   $

HYX]h`:&CY_]h`

=UfY&
&Y_Ufgb`Ye

KUe^Ye&
Wb`cbhaX

OY`cYeUgheY BUf&cYe`YUV]_]gl&
WbYZ%W]Yag1*

Sr>T

UDT 1 ( 69 ( ( 56

KKT 1 ( 69 ( ( ( ;

KKT 1 594 ( 684

GRO 1 ( 69 ( ( 64

GRO 1 ( <4 ( ( :5

GRO 1 594 ( 764

HMO X4;8;1;9 ( 69 ( ( 57

HMO X4;8;1;9 ( <4 ( 575

HMO X4;8;1;9 594 ( 8=4

HXOS 1 ( 69 ( 587

HXOS 1 ( <4 ( 8:4

HXOS 1 594 ( =;4

ET E499;1;4 ( 69 ( ( ( ;

ET E499;1;4 ( <4 ( ( :4

ET E499;1;4 594 ( 5<;

PDT P4:;81;4 ( 69 ( ( ( <

PDT P4:;81;4 ( <4 ( ( ::

CEO C4:4;1;4 ( 69 ( ( 5:

CEO C4:4;1;4 ( <4 ( 554

CEO C4:4;1;4 594 ( 754

VRW 1 ( 69 ( ( ( 8

VRW 1 ( <4 ( ( 78

UDT 1 ( 69 ( ( 5;

XOS U4:481;4 ( 69 ( 67<

XOS U4:481;4 ( <4 ( 9:4

XOS U4:481;4 594 5694

1)%BPa%_T`\TPQX[Xbg%R^TU#RXT]b%A%o%10-8((R\%o%R\3)/R\2%o%a%o%QP`)

MWTaT%dP[cTa%P`T%bWT%PdT`PVT%^U%dP`X^ca%`Tac[ba%P]S%\Pg%dP`g%ST_T]SX]V%^]%bWT%R^\_^c]S.

Tab. 8.5   

HYX]h`:&>UeVba&X]bk]XY

=UfY&Y_Ufgb`Ye OY`cYeUgheY BUf&cYe`YUV]_]gl&
&WbYZ%W]Yag1*

Sr>T

UDT 69 ( ( ;4

UDT 74 ( ( =4

UDT 94 ( 644

HXOS 69 ( 95;

ET 69 ( ( 5;

ET 94 ( ( 94

PDT 64 ( ( ( :

VRW 64 ( ( 54

XOS 64 5694

1)%BPa%_T`\TPQX[Xbg%R^TU#RXT]b%A%o%10-8((R\%o%R\3)/R\2%o%a%o%QP`)

MWTaT%dP[cTa%P`T%bWT%PdT`PVT%^U%dP`X^ca%`Tac[ba%P]S%\Pg%dP`g%ST_T]SX]V%^]%bWT%

R^\_^c]S.

Tab. 8.6   

8.12 Hardness

I^oakbpp&fp&abp`of_ba&^p&qeb&obpfpq^k`b&lc&^&_lav&^d^fkpq&fkqor/

pflk&lc&^&e^oabo&_lav&lc&^&`boq^fk&pe^mb&^q&^&abcfkba&`ljmobp/

pfsb&clo`b&tfqefk&^&`boq^fk&mbofla&lc&qfjb0&I^oakbpp&fp&jb^proba&fk&

rkfqp&lc&Telob&lo&JSIE&+Jkqbok^qflk^i&Sr__bo&I^oakbpp&Ebdobbp,0&

Dljm^o^_ib& s^irbp& tbob& abqbojfkba& lk& pq^ka^oa& p^jmibp& ^ka&

^ob&pq^qba&fk&abdobbp&lc&Telob&B0&Ueb&e^oakbpp&lc&cfkfpeba&`lj/

mlkbkqp&fp&rpr^iiv&jb^proba&fk&JSIE0&I^oakbpp&s^irbp&l_q^fkba&

lk&qeb&cfkfpeba&m^oq&qvmf`^iiv&afccbo&colj&qelpb&lc&pq^ka^oa&p^jmibp&

^p&m^oq&qef`hkbpp.&`rosba&proc^`bp&lo&s^irbp&jb^proba&^olrka&qeb&

badbp&^ob&klq&`ljm^o^_ib&^ka&qeb&jb^probjbkq&qb`ekfnrbp&s^ov0

I^oakbpp&qbpqp&^ob&mboclojba&^``loafkd&ql

x& Telob&B&e^oakbpp.&EJO&JTP&983;/3

x& C^ii&fkabkq^qflk&e^oakbpp.&JSIE.&EJO&JTP&6:.&Qofk`fmib&N

Tlcqbo&P/ofkd&j^qbof^i&pbqqibp&jlob&b^pfiv&fkql&qeb&jf`olcfkb&fjmbo/

cb`qflkp&fk&qeb&proc^`b&ql&_b&pb^iba&qe^k&e^oabo&j^qbof^i0&Uefp& fp&

^as^kq^dblrp&tebob&pvpqbj&mobpprob&fp& ilt=&kloj^iiv&efde&pvp/

qbj&mobpprob&tlria&`^rpb&qefp&bccb`q&tfqe&^&e^oabo&P/ofkd0&Glo&qefp&

ob^plk.&tb&ob`ljjbka&P/ofkdp&j^ab&colj&plcqbo&`ljmlrkap&clo&

rpb&fk&ilt&mobpprob&^mmif`^qflkp.&^p&qebv&e^sb&^&_bqqbo&pb^ifkd&bc/

cb`q&qe^k&e^oa&lkbp0&Jk&pbkpfqfsb&^mmif`^qflkp&tebob&qeb&clo`b&ob/

nrfoba&ql&abcloj&qeb&P/ofkd&fp&`ofqf`^i.&mib^pb&`lkpriq&cfdrobp&:048&

ql&:0520&Ueb&clo`b&obnrfoba&ql&abcloj&^k&P/ofkd&lc&^&dfsbk&e^oa/

kbpp&_v&^&dfsbk&mbo`bkq^db&`^k&_b& clrka& fk& qeb& q^_ibp0&Glo& fk/

pq^k`b.&qefp&^mmifbp&ql& i^odb&P/ofkdp&tef`e&j^v&obnrfob&efde&^p/

pbj_iv&clo`bp&lo&tebk&rpfkd&mi^pqf`&abpfdk&bibjbkqp&tef`e&e^sb&

^&iltbo&jb`e^kf`^i&pqobkdqe&qe^k&jbq^ip0&Jk&qebpb&`^pbp&qeb&obpfi/

fbk`b&lc&qeb&P/ofkdp&j^v&`^rpb&pqor`qro^i&afpqloqflkp&^ka&abclo/

j^qflk&lc&qeb&abpfdk&bibjbkqp0

&Jk&avk^jf`&^mmif`^qflkp&qeb&e^oakbpp&lc&qeb&P/ofkd&fp&bsbk&jlob&

fjmloq^kq0&Hbkbo^iiv&fq&fp&qorb&ql&p^v&qe^q&clo&qeb&p^jb&di^ka&abmqe.&

^& e^oabo& P/ofkd& peltp& efdebo& _ob^h^t^v& ^ka& avk^jf`& cof`qflk0&

Dlksbopbiv.&qeb&e^oabo&`ljmlrka&e^p&^&iltbo&`lbccf`fbkq&lc&cof`/
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qflk0&I^oabo&`ljmlrkap&e^sb&^&efdebo& obpfpq^k`b& ql&d^m&buqor/

pflk0&Jk&efde&mobpprob&pvpqbjp&e^oabo&P/ofkdp&^ob&rpba&^p&ci^kdb&

pb^ip=&P/ofkdp&tfqe&^&Q^o_^h�&_^`h/rm&ofkd&^ob&rpba&fk&mfpqlk&lo&

ola&pb^ip&ql&mobsbkq&d^m&buqorpflk0

8.13 Gough-Joule effect

Jc&^&cobbiv&prpmbkaba&or__bo&pqofm&fp&il^aba&tfqe&^&tbfdeq&^ka&pr_/

pbnrbkqiv& eb^qba.& qeb& pqofm& tfii& `lkqo^`q& ^ka& ifcq& qeb& il^a0& Dlk/

sbopbiv.&^k&rkil^aba&pqofm&tebk&eb^qba&bum^kap&ql&qeb&`lbccf`fbkq&

lc&bum^kpflk&clo&qe^q&or__bo0&Uefp&mebkljbklk&lc&`lkqo^`qflk&fp&

obcbooba&ql&^p&Hlrde/Klrib&bccb`q&^ka&l``rop&lkiv&tebk&eb^qfkd&^&

mobsflrpiv&pqobq`eba&or__bo&l_gb`q0

Fu^jmib<&

Bk&P/ofkd&^p&^&o^af^i&pe^cq&pb^i0&Xebk&rpfkd&P/ofkdp&tfqe&^k&fkkbo&

af^jbqbo&pj^iibo& qe^k&qeb&pe^cq&af^jbqbo& qeb&P/ofkd& fp&pqobppba0&

Ueb&P/ofkd&eb^qp&rm&arb&ql&cof`qflk&^ka&`lkqo^`qp0&Uefp& ib^ap&ql&

bsbk&efdebo&cof`qflk&^ka&^&ofpb&fk&qbjmbo^qrob0&G^firob&lc&qeb&P/ofkd&

fp&`e^o^`qbofpba&_v&^&e^oa&^ka&_ofqqib&P/ofkd&proc^`b0

Jk&mo^`qf`^i&qbojp.&qefp&jb^kp&qe^q&i^odbo&P/ofkdp&tfqe&`lkqolii^_ib&

`ljmobppflk&^ka&^k&fkkbo&af^jbqbo&bu`bbafkd&qeb&pe^cq&af^jbqbo&

_v&3&ql&5&)&pelria&_b&rpba.&tfqe&qeb&lrqbo&m^oq&lc&qeb&di^ka&`lj/

mobppfkd&qeb&P/ofkd0

8.14  Storage, storage time and cleaning of 

elastomers

Qolmboiv& pqloba& or__bo& molar`qp& `^k& obq^fk& qebfo& molmboqfbp& clo&

j^kv&vb^op&tfqelrq&^kv&^mmob`f^_ib&`e^kdbp0&Vkc^slro^_ib&pqlo/

^db&`lkafqflkp.&eltbsbo.&tfii&nrf`hiv&j^hb&pb^ip&rkrp^_ib0

Storage conditions

Tq^ka^oa& `lkafqflkp& clo& pqlo^db.& `ib^kfkd.& ^ka& j^fkqbk^k`b& lc&

or__bo&molar`qp&e^sb&_bbk&abcfkba&_v&EJO&9938&^ka&JTP&44520&

Ueb&cliiltfkd&fp&^k&buqo^`q&ifpqfkd&qeb&j^fk&`lkafqflkp&ql&_b&jbq&_v&

pqlo^db&c^`fifqfbp<

x& Sllj&qbjmbo^qrob&^mmolufj^qbiv&-37&�D.&_rq&klq&ql&bu`bba&

-47&�D

x& Mlt&qbjmbo^qrobp&altk&ql&/32&�D&j^u0.&bu`bmq&clo&`eilol/

mobkb&or__bop&+DS,.&tef`e&pelria&klq&_b&pqloba&_bilt&-34&�D

x& Sbi^qfsb&erjfafqv&_bilt&87&)

x& Erpq/cobb.&jlabo^qbiv&sbkqfi^qba&^qjlpmebob

x& Tefbiaba&o^af^qlop.&il`^qba&^q&^&jfkfjrj&afpq^k`b&lc&3&jbqob&

colj&qeb&pqloba&molar`qp

x& Ol&afob`q&bumlprob&ql&prkifdeq

x& Ol&plro`bp&lc&ifdeq&tfqe&efde&VW&`lkqbkq0&VW&o^vp&dbkbo^qb&

lwlkb.&tef`e&a^j^dbp&bi^pqljbo&molar`qp

x& Glo&p^cbqv&ob^plkp&+cfob&e^w^oa,.&^kv&lmbo^qflk&lc&bib`qof`^i&

absf`bp.&jlqlop&^ka&bnrfmjbkq&molkb&ql&`^rpb&pm^ohp&fp&mol/

ef_fqba&fk&pqlo^db&^ob^p

x& Qolar`qp&pelria&_b&pqloba&fk&pb^iba&+tbiaba,&mlivbqevibkb&

_^dp.&tef`e&^ob&fjmbojb^_ib&ql&ifdeq.&^ka&m^`hba&fk&_lubp

x& Fi^pqljbo&molar`qp&pelria&_b&pqloba&fk&^&j^kkbo&qe^q&mobsbkqp&

qebfo&abcloj^qflk

x& Xebk&pqlofkd&absf`bp&tfqe&or__bo&`ljmlkbkqp.&lkiv&bi^pql/

jbo/`ljm^qf_ib&mobpbos^qfsbp&pelria&_b&rpba

Storage time

B&`or`f^i& bibjbkq& abqbojfkfkd& qeb&pqlo^db& mbofla&lc& bi^pqljbop&

fp&qeb&qfjb&lc&sri`^kfp^qflk0&Q^ohbo&j^ohp&m^`hfkd&_^dp&tfqe&qeb&

j^krc^`qrofkd&a^qb0&�3R25�.&clo&bu^jmib.&jb^kp&m^oqp&molar`ba&

fk&qeb&cfopq&nr^oqbo&lc&42250

Bp&^&dbkbo^i& orib.& ^ii& bi^pqljbo&molar`qp& pelria&_b&`eb`hba& ql&

`lkcfoj&qe^q&qebv&^ob&fk&molmbo&`lkafqflk&moflo&ql&fkpq^ii^qflk0&Obd/

^qfsb& `e^kdbp& `^rpba& _v& fk^mmolmof^qb& pqlo^db& `^k& rpr^iiv& _b&

abqb`qba& _v& sfpr^i& fkpmb`qflkp0& Uebpb& fkslisb& qeb& cliiltfkd& hbv&

`e^o^`qbofpqf`p<& `lkq^jfk^qflk.& `o^`hfkd.& e^oabkfkd.& plcqbkfkd.&

pqf`hfkbpp&^ka&afp`lilro^qflk0

Glo&`ofqf`^i&lo&p^cbqv/obibs^kq&^mmif`^qflkp.& fq& fp&ob`ljjbkaba&ql&

cliilt&EJO&;2::.&Bbolpm^`b.&tef`e&ifjfqp&qeb&ob`ljjbkaba&pqlo/

^db&mbofla&ql&62&nr^oqbop0&

Uefp& mbofla& j^v& _b& buqbkaba& ^cqbo& fkpmb`qfkd& qeb& m^oqp& clo& qeb&

^_lsb/jbkqflkba&`e^o^`qbofpqf`p0&Ueb& i^_lo^qlofbp&lc& qeb&Q^ohbo&

pb^i&j^krc^`qrofkd&mi^kqp&lccbo&qebpb&fkpmb`qflkp&^p&^&pbosf`b&ql&

rpbop0

Ueb&pqlo^db&mbofla&bkap&tebk&qeb&`ljmlkbkqp&^ob&fkpq^iiba0

Cleaning

Sr__bo&molar`qp&pelria&_b&`ib^kba&rpfkd&^&`ib^k&`ilqe&^ka&qbmfa&

t^qbo0& Qbqoli.& _bkwbkb.& qrombkqfkb.& bq`0& ^ob& klq& prfq^_ib0& Te^om/

badba&lo&mlfkqba&l_gb`qp.&pr`e&^p&tfob&_orpebp.&dofkafkd&m^mbo.&

bq`0&jrpq&klq&_b&rpba&lk&qeb&molar`qp0&Eovfkd& or__bo&molar`qp&

kb^o&o^af^qlop1eb^qbop&fp&klq&ob`ljjbkaba0

8.15  Cross-section reduction caused by 

elongation

Xebk&^k&P/ofkd&fp&pqobq`eba.& fqp&`olpp/pb`qflk&_b`ljbp&ls^i0& Jk&

`ofqf`^i&pb^ifkd&^mmif`^qflkp&qefp&`e^kdb&fk&`olpp/pb`qflk&jrpq&_b&

klqba.&^p&fq&obar`bp&qeb&abcloj^qflk&lc&qeb&P/ofkd&af^jbqbo0&Ueb&

`loob`qflk&fk&dollsb&abmqe&q&lo&e&fp&q^hbk&fkql&^``lrkq&fk&qeb&ab/

pfdk&me^pb0

Fig. 8.12  XRS`7$aZ_`^R`PURQ$F*^VZT)$^VTU`7$_`^R`PURQ$F*^VZT
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Stretch of inner diameter d
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Fig. 8.13  ;RP^RN_R$[S$P^[__*_RP`V[Z$QVNYR`R^$Q
/
$QaR$`[$RX[ZTN`V[Z$[S$VZZR^$

QVNYR`R^$Q
.

8.16 Surface finish of seal faces

Bjlkd&lqebo&qefkdp.&qeb&nr^ifqv&lc&qeb&cfkfpe&lc&qeb&pb^i~p&j^qfkd&

proc^`b&^ka&qeb&_lqqlj&lc&qeb&dollsb&e^sb&^&`or`f^i&bccb`q&lk&qeb&

pbosf`b&ifcb&lc&^&pb^ifkd&bibjbkq0&Xfqe&obpmb`q&ql&olrdekbpp&s^irbp&

clo&pb^ifkd&proc^`bp&&^&afpqfk`qflk&fp&j^ab&_bqtbbk&pq^qf`&^ka&av/

k^jf`&proc^`bp0&Ueb&pb`qflk&�Glojp&lc&fkpq^ii^qflk�&dfsbp&abq^fiba&

fkcloj^qflk&^_lrq&qeb&afccbobkq&^mmif`^qflkp&^ka&qeb&ob`ljjbka/

ba&j^ufjrj&proc^`b&olrdekbpp0&Qbocb`q&proc^`b&cfkfpe&`^kklq&_b&

^`efbsba0&B&proc^`b&`^k&_b&milqqba&lk&^&o^kdb&lc&s^of^qflkp.&colj&

afjbkpflk^i&absf^qflkp&+EJO&ibsbi&3,&ql&proc^`b&rkari^qflk&+ibsbi&4,&

^ka&afccbobkq&abdobbp&lc&olrdekbpp&+ibsbip&4&ql&7,.&^p&fiirpqo^qba&_v&

cfdrob&:0360&Uebpb&ibsbip&`^k&_b&prmbofjmlpba0

P)%?X\T]aX^]P[%STdXPbX^]a

Q)%Lc`UPRT%c]Sc[PbX^]a%

R)%K^cVW]Taa

S)%Lc_T`X\_^aXbX^]%(eXbW%P%^`%Q)

Fig. 8.14  Ia^SNPR$#ZV_U$_`^aP`a^R

Troc^`b& cfkfpe&lcqbk& fp& nr^kqfcfba& fk& qbojp&lc& S
q
& ^ka& S

^
& +pbb& cfd0&

:037,0&S
q
&fp&qeb&sboqf`^i&afpq^k`b&_bqtbbk&qeb&efdebpq&^ka&qeb&ilt/

bpq&mlfkqp& fk&^& olrdekbpp&molcfib&lsbo&^& qo^`b& ibkdqe& i
j
0&S

q
& fp& fk/

`ob^pfkdiv&_bfkd&obmi^`ba&_v&S
j^u

.&qeb&j^ufjrj&abmqe&lc&olrde/

kbpp0&S
j^u

&fp&qeb&dob^qbpq&pfkdib&olrdekbpp&clrka&fk&7&`lkpb`rqfsb&

fkafsfar^i& qo^`b& ibkdqep& i
b
0& Jk& cfdrob& :037.& olrdekbpp& abmqe& [

6&
?&

S
j^u

0& Jk&qefp&jb^probjbkq.&S
j^u

&jfdeq&klq&_b&qeb&efdebpq&olrde/

kbpp&mb^h&^p&fp&^it^vp&qeb&`^pb&clo&S
q
0

Ueb&jfaaib&olrdekbpp&s^irb&S
^
& fp&qeb&^ofqejbqf`&jb^k&lc&^ii&^_/

plirqb&olrdekbpp&s^irbp&tfqefk&qeb&qo^`b&ibkdqe&i
j
0&S

w
.&qeb&^sbo^db&

olrdekbpp&s^irb&lc&7&̀ lkpb`rqfsb&qo^`b&ibkdqep&i
b
&fp&lcqbk&mobcbooba&

ql&S
^
0

Jc& S
^
& fp& hkltk.& S

w
& `^k& _b& q^hbk& colj& cfd0& :038& ^ka& sf`b& sbop^0&

Gfd0&:038& fp& q^hbk&colj&DIN 4768, part 1.&^qq^`ejbkq&30&Telria&

S
w
&ob^`e&qeb&rmmbo&ifjfq&lc&qeb&do^me&fq&`^k&_b&^pprjba&qe^q&qeb&

pmb`fcfba&S
^
&s^irbp&tfii&klq&_b&bu`bbaba0&Ueb&iltbo&ifjfqp&tlria&

_b&rpba&fc&qeb&S
[&
s^irb&fp&mobp`of_ba0

Gfk^iiv.& qeb&abmqe&lc&olrdekbpp&S
m
& fp&^ipl&lc& fkqbobpq0&Uefp& fp&qeb&

sboqf`^i&afpq^k`b&_bqtbbk&qeb&efdebpq&mlfkq&^ka&qeb&`bkqob&ifkb&lc&

^&olrdekbpp&molcfib0
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W^irbp&clo&S
q
&^ob&lc&sbov&ifqqib&^ppfpq^k`b&fk&ob^`efkd&^&`lk`irpflk&

obd^oafkd&qeb&prfq^_fifqv&lc&^&proc^`b&olrdekbpp&colj&qeb&pb^ifkd&

mlfkq& lc& sfbt0& Û _ib& :09& peltp& qe^q& clo& ^& pfjfi^o& S
q
& ^ii& ibsbip& lc&

olrdekbpp&`^k&_b&molar`ba0&S
^
&s^irbp&^ilkb&^ob&^ipl&rkprfq^_ib&

clo&`ljm^ofplk&_b`^rpb&molcfibp&8&^ka&9&e^sb&qeb&p^jb&S
^
&s^irb0&

W^irb&S
m
&^ka1lo&il^a&^ob^&q

m
&jrpq&^ipl&_b&`lkpfaboba0

B&pq^qf`&pb^ifkd&proc^`b&S
q
&"&805&$j&+lia<&"""&olrdekbpp&EJO&5363=&

kbt<&!S
q
&805&olrdekbpp&EJO&JT2&3524,&fp&olrdebo&qe^k&^&avk^j/

f`&proc^`b0&Tb^i&j^krc^`qrobop&ob`ljjbka&^&olrdekbpp&S
q&
"&407&

$j&clo&^&avk^jf`&pb^ifkd&proc^`b&+S
^
&?&2047&ql&207&$j&,&+lia<&"""&

olrdekbpp&EJO&5363=&kbt<&!S
q
&407&olrdekbpp&EJO&JTP&3524,&tebk&

qeb&il^a&^ob^&fp&lsbo&72&).&lo&tebk&qeb&proc^`b&cfkfpe&olrdekbpp&

S
m
&fp&rkabo&72&)0&Uebpb&ifjfq^qflkp&lcqbk&^ob&lsboillhba.&kbsbo/

qebibpp& qeb& `lkkb`qflk& _bqtbbk& proc^`b& cfkfpe& ^ka& il^a& ^ob^& fp&

sbov&fjmloq^kq&_b`^rpb&^k&�lmbk�&molcfib&`^k&e^sb&pe^om&badbp&

+b0d0&molcfibp&4&ql&8&fk&q^_ib&:09,0&Uebpb&lmbk&molcfibp&^ob&^&molar`q&

lc&`rqqfkd&mol`bppbp&pr`e&^p&qrokfkd&lo&dofkafkd0&B&jr`e& i^odbo&

il^a&^ob^&fp&molar`ba&_v&`lia&clojfkd&mol`bppbp&pr`e&^p&oliifkd.&

ao^tfkd&lo&pfkhfkd0

Lc`UPRTa%_`^ScRTS%Qg%`^[[T`%Qc`]XaWX]V%(R^[S%U^`\TS%ac`UPRT)%

Lc`UPRTa%_`^ScRTS%Qg%]^`\P[%\PRWX]X]V

Fig. 8.17  

Jq&̀ ^k&_b&`ib^oiv&pbbk&colj&cfd0&:039&qe^q&proc^`bp&molar`ba&_v&olii/

bo&_rokfpefkd&e^sb&kl&pe^om&mb^hp&tef`e&`^k&`^rpb&a^j^db&ql&^&

pb^i0&Groqebojlob.&qeb&s^iibvp&cloj&mlqbkqf^i&ir_of`^qflk&obpboslfop&

tef`e&fjmolsb&qeb&avk^jf`&_be^sflro&lc&^&pb^i0

Jk&mo^`qf`b.& fq&jrpq&_b&^pproba& qe^q&^ii& qebpb& olrdekbpp&s^irbp.&

tef`e&^ob&jb^proba&lsbo&^& sbov& peloq& ibkdqe.& ^ob&^ipl&s^ifa& clo&

qeb& telib& proc^`b0& Groqebojlob& �& ^q& ib^pq& clo& proc^`b& `ljm^of/

plkp&�&qeb&obcbobk`b&ibkdqep&jrpq&_b&pq^qba0&Pqebotfpb&qeb&molcfib&

ebfdeqp&tfii&afccbo0

8.17 Friction and wear

P/ofkdp&`lkq^`q&qeb&pb^ifkd&proc^`bp&&arb&ql&qebfo&obpfifbk`b&^ka&

af^jbqof`&`ljmobppflk.&mirp&qeb&prmbofjmlpba&pvpqbj&mobpprob0&

Xebk&qebpb&proc^`bp&^ob&jlsba&obi^qfsb&ql&b^`e&lqebo&qeb&obpriq/

fkd&cof`qflk&e^p&qtl&`lkpbnrbk`bp<&lkb&lc&qebj&fp&tb^o&^ka&qeb&

lqebo&fp&^&obar`qflk&lc&qeb&`vifkabo~p&qrokfkd&clo`b.&tef`e&fp&afjfk/

fpeba&_v&qeb&clo`b&kbbaba&ql&`lmb&tfqe&cof`qflk0

8.17.1 Friction

Jk&avk^jf`&^mmif`^qflkp&^&afpqfk`qflk&jrpq&_b&j^ab&_bqtbbk&pq^q/

f`&cof`qflk.&tef`e&e^p&ql&_b&lsbo`ljb&tebk&jlqflk&pq^oqp.&^ka&av/

k^jf`&cof`qflk&tebk&jlqflk&fp&fk&moldobpp0&Ueb&mol_ibj&lc&pq^qf`&

cof`qflk&fp&m^oqf`ri^oiv&pfdkfcf`^kq&fk&qeb&`^pb&lc&lp`fii^qfkd&jlqflk.&

clo&fkpq^k`b&fk&`vifkabop0

Ueb&avk^jf`&cof`qflk&lc&pb^ip&abmbkap&lk&^&jriqfqrab&lc&c^`qlop0&Jq&

fp&mo^`qf`^iiv&fjmlppf_ib&ql&mob`fpbiv&nr^kqfcv&qebpb&c^`qlop.&bpmb/

`f^iiv&pfk`b&lkiv&sbov&cbt&lc&qebj&`^k&_b&bu^`qiv&obmolar`ba0&Uefp&
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fp&̂ ipl&tev&fq&fp&afccf`riq&ql&j^hb&mobaf`qflkp&̂ _lrq&qeb&cof`qflk&ql&_b&

bumb`qba&clo&fkafsfar^i&molar`qp0&Ueb&jlpq&fjmloq^kq&c^`qlop&^ob<

Related to the seal:

x& Hbljbqov&lc&qeb&pb^i&fk`irafkd&j^krc^`qrofkd&qlibo^k`b&^ka&

qerp&mobil^afkd

x& I^oakbpp&^ka&qbuqrob&lc&qeb&j^qbof^i

x& Dlbccf`fbkq&lc&cof`qflk&lc&qeb&aov&^ka&ir_of`^qba&`ljmlrka

x& Ttbii&^ka&qbjmbo^qrob&`e^o^`qbofpqf`p

Related to the hydraulic fluid:

x& Gloj^qflk&lc&^&ir_of`^qfkd&cfij&^ka&ir_of`^kq&afpqof_rqflk

x& Mbsbi&^ka&qbjmbo^qrob/abmbkabk`v&lc&sfp`lpfqv

Related to the working conditions:

x& Xlohfkd&mobpprob

x& Sr__fkd&sbil`fqv.&qvmb&lc&j^qbof^i&^ka&proc^`b&cfkfpe&lc&jbq^i&

pb^ifkd&proc^`bp

x& N^`efkfkd&qlibo^k`bp

x& Buf^i&il^ap&^ka&drfabp&lk&mfpqlkp

Nlpq&lc&qebpb&c^`qlop&al&klq&e^sb&pfkdri^o&_rq&`rjri^qfsb&bccb`qp&

_v&lsboi^mmfkd&tfqe&lqebo&fkcirbk`bp0

Xebk&^&pb^i&c^`b&jlsbp&qeb&pb^i&dlbp&qeolrde&qtl&cof`qflk&me^p/

bp0&Xebk&jlqflk&pq^oqp&colj&obpq.&^&`lkafqflk&lc&_lrka^ov&cof`qflk&

qvmf`^iiv&bufpqp& +mofj^ofiv&plifa&lo&aov& cof`qflk&tfqe& cbt& ir_of`^qba&

cfbiap&$&^mmo0&?&205,0&Uefp& fp& cliiltba&_v&^&tfab& o^kdb&lc&jfuba&

cof`qflk&tebob&qeb&`lbccf`fbkq&lc&cof`qflk&`^k&aolm&^p&ilt&^p&2028&ql&

202:&^``loafkd&ql&qeb&molmloqflk&lc&ir_of`^qflk&1&klkir_of`^qba&^o/

b^p&+cfd0&:03:,0&Ueb&^ob^&lc&mrobiv&evaolavk^jf`&cof`qflk&`^k&o^obiv&

_b&^`efbsba&tfqe&pb^ip0&Uefp&fp&^ipl&tebob&ib^h^db&arb&ql&qeb&`lk/

pfpqbkq&ir_of`^qflk&cfij&eb^sfiv&fk`ob^pbp0
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*7)(-543769721

',-32-,18&76543769721

%($2679,5%

#
2

(
4"

6
7(

1
95

2
45

!
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Hydraulic seals

Ueb&`ljmlrka&fkcirbk`bp&cof`qflk&sf^&fqp&pifafkd&molmboqfbp.&tef`e&

j^v&s^ov&dob^qiv.&^ka&sf^& fqp&e^oakbpp.&tef`e&^ccb`qp& qeb&abclo/

j^qflk&rkabo&mobpprob0&Xfqe&fk`ob^pfkd&mobpprob&cof`qflk&j^v&fk/

`ob^pb&molmloqflk^iiv&ql&qeb&pnr^ob&lc&qeb&jb^k&pmb`fcf`&`ljmobp/

pflk0

Ueb&tlohfkd&mobpprob&abqbojfkbp& qeb&pfwb&lc& qeb&d^m&rkabo& qeb&

pb^i&^ka&qerp&qeb&qef`hkbpp&lc&qeb&ir_of`^qfkd&cfij0&Uebobclob.&qeb&

bccb`qp&afccbo&abmbkafkd&lk&qeb&pb^i~p&dbljbqov0&Xfqe&P/ofkdp&cof`/

qflk& fk`ob^pbp& fk& molmloqflk& ql& qeb& ofpfkd& mobpprob& tebob^p& ifm&

pb^ip&pelt&^&pqbbmbo&ofpb&arb&ql&qeb&o^af^i&bccb`q&lc&qeb&mobpprob0&

Xfqe&qefp&qvmb&lc&pb^i&bsbk&abq^fip&fk&qeb&dbljbqov&`^k&j^hb&^&pfd/

kfcf`^kq&afccbobk`b&fk&cof`qflk0

Iltbsbo.&^p&cof`qflk&lkiv&m^oqf^iiv&abmbkap&lk&qeb&ibsbi&lc&tloh/

fkd&mobpprob&fq&fp&fjmloq^kq&ql&jfkfjfpb&cof`qflk&m^oqf`ri^oiv&fk&ilt/

mobpprob&`lkafqflkp0

Uefp&`^k&lkiv&_b&^`efbsba& ql&^& ifjfqba&buqbkq.& qelrde.&^p&^&ab/

`ob^pb& fk& `lkq^`q& clo`b& ^rqlj^qf`^iiv& obpriqp& fk& efdebo& ib^h^db0&

Xefib& qefp&abmbkabk`v&j^v&_b& fkcirbk`ba&_v& qeb&dbljbqofbp&lc&

qeb&pb^ip&tfqefk&`boq^fk&ifjfqp.&^&`elf`b&_bqtbbk&ilt&cof`qflk&^ka&

efde&qfdeqkbpp&fp&lcqbk&fkbsfq^_ib0

Jk& ^aafqflk.& qebob& j^v& _b& fkprccf`fbkq& dbljbqof`& pq^_fifqv.& tef`e&

abmbkap&lk&qeb&ptbiifkd&_be^sflro&fk&qeb&mobpprob&cirfa0&

Trccf`fbkq&ir_of`^qflk.&tef`e&fp&l_sflrpiv&fjmloq^kq&fk&qefp&qvmb&lc&

cof`qflk&fpprb.&pbbjp&ql&_b&^pproba&tebk&rpfkd&jfkbo^i&lfi&^p&qeb&

evao^rif`&cirfa0&Iltbsbo.&klq&lkiv&qeb&sfp`lpfqv&lc&qeb&jbafrj&_rq&

^ipl&qeb&dbljbqov&lc&qeb&pb^i&^d^fk&mi^vp&^&olib&fk&qefp&^p&fq&fkcir/

bk`bp&qeb&qef`hkbpp&lc&qeb&ir_of`^qfkd&cfij.&^jlkd&lqebo&qefkdp0&Jk&

qeb&tlopq&`^pb.&qeb&pb^i&`^k&ork&aov&_b`^rpb&qeb&ir_of`^qfkd&cfij&

t^p&tfmba&lcc0&Biqelrde&qeb&pb^i&tfii&_b&sbov&qfdeq&fk&qefp&`^pb.&fq&

tfii&^ipl&tb^o&c^pqbo0&Pk&qeb&lqebo&e^ka.&dlla&ir_of`^qflk&lc&pb^ip.&

f0b0&^&prccf`fbkqiv&qef`h&ir_of`^qfkd&cfij.&`^k&`^rpb&rkabpfo^_ib&ib^h/

^db0

Ueb&lmqfjrj&`lkafqflk&fp&^&obi^qfsbiv&qefk&ir_of`^qfkd&cfij&tfqe&prc/

cf`fbkq&^aebpfsb&molmboqfbp0&

Qofk`fm^iiv.&fk`ob^pfkd&mfpqlk&pmbba&e^p&^&mlpfqfsb&bccb`q&_b`^rpb&

cof`qflk&ab`ob^pbp0&Iltbsbo.&fk&qbojp&lc&^_plirqb&s^irbp&qebob&^ob&

j^glo&afccbobk`bp.&abmbkafkd&lk&elt&eb^sfiv&qeb&ir_of`^qfkd&cfij&

fp&tfmba&lcc0&Ueb&ab`ob^pb&fk&cof`qflk&fp&^qqof_rqba&ql&qeb&c^`q&qe^q&

^&pr_pq^kqf^i&ir_of`^qfkd&cfij&fp&clojba&^q&efdebo&sbil`fqv0&Uefp.&_v&

qeb&t^v.&^ipl&^mmifbp&ql&e^oabo&`ljmlrkap0&Xefib&fk&qeb&o^kdb&lc&

iltbo&pmbbap&qeb&cof`qflk&`lbccf`fbkqp&dob^qiv&s^ov&^q&afccbobkq&mobp/

probp.&qebv&qbka&ql&bnr^ifpb&^q&efdebo&pmbbap0&

Gof`qflk& fp& afob`qiv& fkcirbk`ba& _v& qeb& pb^i& af^jbqbo& _b`^rpb& qeb&

tb^o&^ob^&fp&dob^qbo0&Ueb&proc^`b&olrdekbpp&lc&qeb&jbq^iif`&pb^i/

fkd&^ob^p&e^p&qeb&p^jb&bccb`q0&Ueb&dob^qbo&fq&fp.&qeb&jlob&�jbq^iif`&

fpi^kap�&^ob&clojba&pl&qe^q&qeb&pb^i&^d^fk&lmbo^qbp&fk&qeb&o^kdb&lc&

jfuba&cof`qflk0
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Bp& fk&j^kv&lqebo&^ob^p&pq^qf`&_ob^h/lrq&cof`qflk&lc&bi^pqljbop&fp&

pfdkfcf`^kqiv&efdebo& qe^k&avk^jf`&cof`qflk0&Bm^oq& colj&`ljmlrka&

qvmb&^ka&pb^i&dbljbqov.&qbkabk`v&ql&^aebpflk.&abcloj^qflk.&qeb&

altkqfjb&^ka&qeb&proc^`b&cfkfpe&mi^v&^&olib& fk& fk`ob^pfkd&_ob^h/

lrq& cof`qflk0&Ueb& ilkdbo& qeb&altkqfjb.& qeb&jlob&lfi& fp& pnrbbwba&

colj&qeb&pb^i&c^`b&arb&ql&mobil^afkd0&Jk&qefp&`lkafqflk&qeb&ibsbi&lc&

pq^oqfkd&cof`qflk&^mmol^`ebp&qe^q&clo&aov&cof`qflk&^ka&j^v&ofpb&ql&^&

ibsbi&lc&rm&ql&32&qfjbp&qe^q&clrka&fk&orkkfkd&cof`qflk&+cfdrobp&:03:&

^ka&:03;,0&Glo&qeb&p^jb&`lkafqflkp.&cof`qflk&^q&efde&qbjmbo^qrob&+?&

ilt&sfp`lpfqv,&fp&efdebo&_b`^rpb&qeb&ir_of`^qfkd&cfij&fp&lcqbk&fkqbo/

ormqba0

.
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Fig. 8.20  =^VP`V[Z$S[^PR$VZ$^RXN`V[Z$`[$\^R__a^R$NZQ$bRX[PV`e$i$P[Y\NP`$^[Q$_RNX$

6- IU[^R$8

Ueb&jlpq&fjmloq^kq&c^`qlop&`^k&_b&pbbk&fk&cfdrob&:0420&Ibob&cof`/

qflk&fp&peltk&^p&^&crk`qflk&lc&mobpprob&^ka&sbil`fqv0&Gfd0&:042&fp&

s^ifa&lkiv&clo&^&pmb`fcf`&pb^i&fk&^&m^oqf`ri^o&^mmif`^qflk0&Glo&lqebo&

pb^ip&^ka&^mmif`^qflkp&qeb&fkqboabmbkabk`b&s^ofbp0&Ueb&stick-slip 

effect&fp&^ipl&obi^qba&ql&qeb&cof`qflk&^q&qeb&pb^ifkd&c^`b0&Bp&fk&qefp&

`^pb&cof`qflk.&lo&jlob&mob`fpbiv&qeb&afccbobk`b&_bqtbbk&pq^qf`&^ka&

avk^jf`&cof`qflk.&mi^vp&^k&fjmloq^kq&olib.&qefp&mebkljbklk&fp&^ipl&

obi^qba&ql&qeb&^mmif`^qflk&^ka1lo&rpb&lc&pb^ip&j^ab&colj&bi^pql/

jbop&tebob&qefp&afccbobk`b&fp&m^oqf`ri^oiv&i^odb0&

Ueb&qeobb&cliiltfkd&`lkafqflkp&jrpq&pfjriq^kblrpiv&_b&mobpbkq&clo&

pqf`h/pifm&ql&l``ro

x& Tq^qf`&cof`qflk&fp&`lkpfpqbkqiv&efdebo&qe^k&avk^jf`&cof`qflk.&

tef`e&ob^`ebp&^&jfkfjrj&ibsbi&^q&^&orkkfkd&sbil`fqv&s&$jfk&

+pbb&Tqof_b`h&`rosb.&cfd0&:03:,

x& Ueb&orkkfkd&sbil`fqv&fp&_bilt&s&$jfk

x& Qltbo&fp&qo^kpjfqqba&qeolrde&^k&bi^pqf`&_lav.&rpr^iiv&qeb&`lj/

mobppf_ib&lfi&`lirjk&tebk&rpfkd&^&`vifkabo0

Ul&^ppfpq&fk&qeb&bumi^k^qflk&lc&qeb&qboj&pqf`h/pifm.&mib^pb&obcbo&ql&

cfd0&:0430&Ul&^``bibo^qb&^&j^pp&j&colj&wbol&ql&j^ufjrj&sbil`fqv.&

qeb&pq^qf`&$
I
&jrpq&_b&lsbo`ljb&_v&^&clo`b&G

3
0&Ueb&pmofkd&bibjbkq&

fp&il^aba&tfqe&G
3
&^ka&tfqe&fk`ob^pfkd&sbil`fqv&qeb&cof`qflk&s^irb&$

I
&

ab`ob^pbp&ql&$
H
&^ka&qeb&clo`b&ql&G

4
0&Ueb&^jlrkq&lc&clo`b&pqloba&fk&

qeb&pmofkd&^``bibo^qbp&qeb&j^pp&bsbk&croqebo0&Pk`b&qefp&clo`b&e^p&

_bbk&`ljmibqbiv&pmbkq.&qeb&j^pp&fp&ab`bibo^qba&_v&qeb&fk`ob^pfkd&

cof`qflk&fk&afob`qflk&$
I
0&Uefp&fk&qrok&obnrfobp&^klqebo&ofpb&fk&clo`b&ql&

^&ibsbi&kb^o&lc&G
3
.&^ka&qeb&mol`bpp&fp&obmb^qba0

Velocity [V]

C
o
e
ff
ic

ie
n
t 
o

f 
fr

ic
ti
o
n

 [
µ

]

Fig. 8.21  Ie_`RY$QVNT^NY$S[^$_`VPW*_XV\$RSSRP`

Uebobclob.&^&`boq^fk&obi^qflk&_bqtbbk&pb^ifkd&cof`qflk&^ka&qeb&j^pp&

fkslisba&fk&jlqflk&+mfpqlk&^ka&il^a,&tfqe&fqp&pifafkd&pmbba&fp&`or/

`f^i0&Pc& qebpb& qeobb& m^o^jbqbop& cof`qflk& fp& qvmf`^iiv& qeb&lkiv&lkb&

qe^q&̀ ^k&_b&fkcirbk`ba0&Uefp&obnrfobp&̂ &dlla&̀ lloafk^qflk&_bqtbbk&

qeb&pb^i.&ir_of`^qfkd&cfij&^ka&j^qfkd&proc^`b&tfqe&jfkfj^i&avk^jf`&

cof`qflk&^ka& c^slro^_ib&pq^qf`& cof`qflk0&Dboq^fk& fjmolsbjbkqp&`^k&

^ipl&_b&^`efbsba&_v&j^hfkd&qeb&pvpqbj&pqfccbo.&obnrfofkd&qeb&pj^ii/

bpq&mlppf_ib&lfi&slirjb&rkabo&mobpprob&lk&qeb&evao^rif`&pfab0

Ueb&pbm^o^qflk&lc& qeb& ir_of`^qfkd& cfij&^ipl&`^rpbp& o^af^i&lp`fii^/

qflkp&lc&qeb&pb^i0&Jq&e^p&_bbk&klqba&qe^q&tebk&rpfkd&lfip&tfqe&dlla&

tbqqfkd& mbocloj^k`b& qebpb& mebkljbk^& afa& klq& l``ro& tfqe& qeb&

p^jb&pb^ip&^ka&fk&qeb&p^jb&lmbo^qfkd&`lkafqflkp0

Pneumatic seals

Jk&mofk`fmib&qeb&p^jb&`lkafqflkp&^mmiv&ebob&^p&clo&evao^rif`&pb^ip.&

bu`bmq& qe^q& pljb& lc& qeb& _lrka^ov& `lkafqflkp& ^ob& pfdkfcf`^kqiv&

^ddo^s^qba& fk&qeb&`^pb&lc&mkbrj^qf`&pb^ip0&Uefp&m^oqf`ri^oiv&^m/

mifbp&ql&qeb&ibpp&c^slro^_ib&ir_of`^qflk&`lkafqflkp.&tef`e&^ob&lkiv&

olrdeiv&`ljm^o^_ib&ql&lfi/cld&ir_of`^qflk&qe^q&fp&kl&ilkdbo&abpfo/

^_ib.&^p&qeb&ir_of`^qfkd&cfij&fp&`lkqfkr^iiv&obmibkfpeba&_v&qeb&`lk/

pq^kq&prmmiv&lc&kbt&ir_of`^kq0

Jc&dob^pb&ir_of`^qflk&fp&rpba&qeb&ir_of`^qfkd&cfij&̀ ^kklq&_b&obkbtba&

^p&kbt&ir_of`^kqp&^ob&klq&_bfkd&cba&fkql&qeb&pvpqbj0&Ueb&cfij&^`qr/

^iiv&afjfkfpebp&colj&pqolhb&ql&pqolhb&arb&ql&_bfkd&�tfmba&lcc�&_v&

qeb&pb^ifkd&ifmp0&Uefp&mol`bpp&lc&�ir_of`^kq&tb^o�&abmbkap&lk&qeb&

qef`hkbpp&lc&qeb&lofdfk^i&cfij&^ka&qeb&pifafkd&pmbba&lc&qeb&mfpqlk&

pb^i&+cfd0&:044,0
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Bd^fk.&qefp&jb^kp&qe^q&qeb&pbib`qflk&lc&^&iltbo&pifafkd&pmbba&tfii&

ib^a&ql&^&`loobpmlkafkd&ab`ob^pb&lc& obpfar^i& cfij& qef`hkbpp0&Bi/

qelrde&qefp&�ir_of`^kq&tb^o�&fp&obi^qfsbiv&pj^ii&qeb&`l^q&lc&ir_of`^kq&

fkqolar`ba&lk&^ppbj_iv&`^k&_b&bumb`qba&ql&e^sb&tlok&lcc&^cqbo&

^&cbt&pqolhbp&^ka&ilt&sbil`fqv&ql&^k&buqbkq&qe^q&^q&kl&qfjb&arofkd&

lmbo^qflk&^&evaolavk^jf`& ir_of`^kq& cfij&`^k&_b& obpqloba&lk& qeb&

orkkfkd&proc^`bp0

Cob^haltk&lc& qeb& ir_of`^qfkd& cfij&^cqbo& ilkd&lmbo^qflk&riqfj^qbiv&

obpriqp&fk&`lkq^`q&_bqtbbk&qeb&pb^i&^ka&qeb&jbq^i&proc^`bp0&Uefp&

j^hbp& qeb& pb^i& lmbo^qb& fk& qeb& jfuba& cof`qflk& o^kdb& ^ka& qeb& fk/

`ob^pb& fk& cof`qflk& `^rpbp& efde& tb^o0& Uebobclob.& olrkaba& pb^ifkd&

badbp&e^sb&_bbk&absbilmba&clo&mkbrj^qf`&pb^ip.&tef`e&kl&ilkdbo&

�&lo&ibpp&pbsbobiv&�&tfmb&lcc&qeb&ir_of`^kq&cfij0&Xefib&qefp&e^p&ifqqib&

bccb`q&lk&pq^qf`&cof`qflk&fq&klq^_iv&^ccb`qp&avk^jf`&cof`qflk0
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_VZTXR$_`^[WR

Jc& pilt& mkbrj^qf`& mfpqlk& sbil`fqfbp& ^ob& ^`efbsba& _v& `lkqoliifkd&

prmmiv&^fo& cilt& qebob& fp&^&efdebo& ofph&lc&pqf`h/pifm0&Te^om&pb^ifkd&

badbp&^ka&^&peloq& pb^i& ifm& e^sb&^k& rkc^slro^_ib&bccb`q&ebob&^p&

tbii0&B&olrdebo&proc^`b&lc&qeb&jbq^iif`&j^qfkd&proc^`b&c^slrop&qefp&

_lrka^ov&`lkafqflk&^ka&proc^`bp&tef`e&^ob&qll&bsbk&^ka&mlifpeba&

^ob&`lkar`fsb&ql&pqf`h/pifm&^p&tbii0
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8.17.2 Wear

Gof`qflk& `^rpbp& tb^o0& Iltbsbo.& cof`qflk& `^k& _b& ^kqf`fm^qba& ^ka&

q^hbk&fkql&`lkpfabo^qflk&fk&qeb&abpfdk&pq^db0&Ueb&tb^o&o^qb&elt/

bsbo&fp&afccf`riq&ql&mobaf`q&_rq&afob`qiv&dlsbokp&qeb&ifcbqfjb&lc&^k&P/

ofkd&^ka&qeb&cobnrbk`v&lc&j^fkqbk^k`b0&

Ueb&abj^kap&j^ab&lk&pb^ifkd&absf`bp&qla^v&jb^k&qe^q.&fk&j^kv&

`^pbp.&evaolavk^jf`& ir_of`^qflk& fp&bifjfk^qba&_b`^rpb&lc& qeb& fk/

`ob^pba&tfmb/lcc&bccb`q0&Uefp&jb^kp&qeb&pb^i&^it^vp&lmbo^qbp&fk&qeb&

jfuba&cof`qflk&o^kdb&^ka&clo&qefp&ob^plk&tb^o&obpfpq^k`b&abmbkap&

lk

x& Qolmboqfbp&lc&qeb&`ljmlrka

x& Mr_of`^qfkd&molmboqfbp&lc&qeb&jbafrj

x& Qolmboqfbp&lc&qeb&j^qfkd&proc^`b&

x& Xlohfkd&`lkafqflkp

Xb^o&fk&cirfa&^mmif`^qflkp&`^k&_b&afsfaba&fkql&clro&dolrmp<
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Scoring wear&absbilmp&tfqe&jbq^i/ql/jbq^i&`lkq^`q&fk&jfuba&cof`/

qflk&^ob^p&tebob&_lqe&j^qbof^ip&qbka&ql&cloj&jfuba&`ovpq^ip0&IQM&

lfip&ebim&ql&mobsbkq&qefp&_b`^rpb&lc&qebfo&^aafqfsbp0&Iltbsbo.&qebpb&

^aafqfsbp&e^sb&kl& fkcirbk`b&or__bo1pqbbi&lo& or__bo1jbq^i&`lj_f/

k^qflkp0

Fatigue wear&_b`ljbp&bsfabkq&qeolrde&pqor`qrob&illpbkfkd&^ka&

tebk&m^oqf`ibp&^ob&obib^pba&colj&qeb&jbq^i&pqor`qrob&^ka&fp&rpr^iiv&

qeb&obpriq&lc&mrip^qfkd&il^ap0

Corrosion wear&j^kfcbpqp&fqpbic&fk&qeb&cloj&lc&orpq&^ka&`^k&klo/

j^iiv&_b&obar`ba&_v&prfq^_ib&^aafqfsbp0&Tb^ip&^ob&klq&afob`qiv&^c/

cb`qba&_v&qeb&̂ _lsb&qvmbp&lc&tb^o0&Iltbsbo.&qeb&molar`qp&lc&qebpb&

qvmbp&lc&tb^o&`^k&moljlqb&pb^i&tb^o&fc&qeb&pb^i&`ljbp&fkql&`lk/

q^`q&tfqe&qebj0

Abrasive wear&lk&qeb&lqebo&e^ka&`^k&^ccb`q&_lqe&jbq^iif`&m^oqp&

^ka&pb^ip0&Nbq^ip&^ob&^_o^aba&_v&e^oa&`ljmlrkap&lo&_v&e^oa&clo/

bfdk&j^qqbo& fk&qeb&jbafrj0&Glo&pb^ip.&^&olrde&j^qfkd&proc^`b&fp&

rpr^iiv&qeb&`^rpb&lc&^_o^pflk&lc&qeb&obi^qfsbiv&plcq&bi^pqljbo&pro/

c^`bp0

8.17.3  Interaction between friction, wear and the 

sealing process

Jk&loabo&ql&l_q^fk&^&qolr_ib/cobb&pb^ifkd&mol`bpp.&qeb&orkkfkd&`lk/

afqflkp& fk& qeb& `ib^o^k`b& d^m& jrpq& _b& pq^_ib0& Iltbsbo.& pq^_fifqv&

fp&afccf`riq& ql&^`efbsb&_b`^rpb&qeb&obibs^kq&m^o^jbqbop&lcqbk&^`q&

`lksbopbiv0

Ueb&cfopq&`lkpfabo^qflk&fp&qeb&ir_of`^qfkd&cfij&fk&qeb&`ib^o^k`b&d^m0&

Ul&bpqfj^qb&cof`qflk.&ifcbqfjb&^ka&ib^h^db.&fq&fp&kb`bpp^ov&ql&hklt&

qeb&tfaqe&lc&qeb&d^m&^ka&elt&fq&s^ofbp&rkabo&tlohfkd&`lkafqflkp0&

Ul&hbbm&cof`qflk&^p&ilt&^p&mlppf_ib.&qeb&ir_of`^qfkd&cfij&pelria&_b&

c^foiv&pr_pq^kqf^i0&Uefp.&eltbsbo.&`^k&obpriq&fk&ib^h^db&_b`^rpb&qeb&

�qef`h�& cfij& fp&tfmba&lcc& qeb&proc^`b&arofkd& qeb& obqrok&pqolhb0&Bq&

qeb&lqebo&buqobjb.&^&i^`hfkd&ir_of`^qfkd&cfij&`^rpbp&mol_ibjp&arb&

ql&efde&cof`qflk0&Ueb&bccb`qfsbkbpp&lc&^&pb^i&^ka&cof`qflk&^ob&qebob/

clob&fksbopbiv&molmloqflk^i0&Cbpfabp&qeb&abmqe&^ka&qeb&tfaqe&lc&qeb&

`ib^o^k`b&d^m.&qeb&pb^i&e^oakbpp&fp&^ipl&hkltk&ql&e^sb&^k&bccb`q0&

Ueb& e^oakbpp& abqbojfkbp& qeb& bi^pqf`fqv& lc& qeb& pb^i& ^ka& ^pprobp&

qe^q&qeb&pb^i&dfsbp&t^v&ql&qeb&ir_of`^qfkd&cfij&rkabo&mobpprob0&Ueb&

fkpq^kq^kblrp&sfp`lpfqv&lc&qeb&cirfa&`ib^oiv&^ipl&mi^vp&^k&fjmloq^kq&

olib0

Jq& fp& pqfii& klq& hkltk& tef`e& c^`qlop& fkcirbk`b& qeb& ir_of`^qfkd& cfij&

lo&te^q& qeb&`lkpbnrbk`bp&j^v&_b0&B&plcq&`ljmlrka&c^slrop&^&

qef`hbo& cfij0& Iltbsbo.& e^oa& ^ka& plcq& `ljmlrkap& _be^sb& afccbo/

bkqiv&^q&efde&sbil`fqfbp.&^q&tef`e&e^oabo&`ljmlrkap&ebim&ql&cloj&^&

ir_of`^qfkd&cfij&tebob^p&̂ &plcq&̀ ljmlrka&tfii&efkabo&qefp&_v&pqolkd&

^aebpflk&ql&qeb&orkkfkd&proc^`b0

Ueb& ir_of`^qfkd&cfij& fp&sbov& fjmloq^kq&_rq& fp&lkiv&lkb&lc&qeb&c^`/

qlop&^ccb`qfkd&pb^i&cof`qflk0&Pqebo&c^`qlop&^ob.&clo&bu^jmib.&qeb&pb^i&

`ljmlrka.&pb^i&pe^mb.&mobpprob.&sbil`fqv.&^ka&`e^kdbp&fk&afob`/

qflk0&Pcqbk&j^kv&lc&qebpb&c^`qlop&^ob&afccf`riq&ql&jb^prob&lo&obmol/

ar`b0&Jq&fp&qebobclob&rkabopq^ka^_ib&qe^q&pb^i&j^krc^`qrobop&`^k&

lkiv&dfsb&`rpqljbop&nr^kqfcfba&fkcloj^qflk&obd^oafkd&cof`qflk&^ka&

tb^o&clo&^k&fkafsfar^i&pb^i&tebk&^ii&m^o^jbqbop&^ccb`qfkd&qeb&pb^i&

^ob&hkltk&^ka&obmolar`f_ib0&Uefp&mob`irabp&^kv&dbkbo^ifp^qflk&lc&

jb^probjbkqp&l_q^fkba&fk&mevpf`^i&i^_lo^qlov&qbpqp0&Ueb&_lrka/

^ov&`lkafqflkp&lc&qbpqp&`^k&kbsbo&criiv&`loobpmlka&ql&qelpb&lc&qeb&

obibs^kq&^mmif`^qflk0&

8.18 Ultimate elongation

Viqfj^qb&bilkd^qflk&+bilkd^qflk&^q&_ob^h,&fp&qeb&bilkd^qflk&jb^p/

roba&^p&^&mbo`bkq^db&lc&qeb&lofdfk^i&ibkdqe&^q&qeb&jljbkq&lc&orm/

qrob&lc&^&pmb`fjbk&rkabo&qbkpfib&il^a0&Ueb&qbpq&fp&`^oofba&lrq&^`/

`loafkd&ql&EJO&757260

Ueb&riqfj^qb&bilkd^qflk&s^irb&`^k&_b&rpba&ql&^ppbpp&`boq^fk&^p/

pbj_iv& `lkafqflkp& ^ka& qeb& kb`bpp^ov& bum^kpflk.& bpmb`f^iiv& clo&

pj^iibo& P/ofkdp0& Dljm^oba& ql& qeb& s^irbp& l_q^fkba& lk& pq^ka^oa&

pmb`fjbkp.&qeb&riqfj^qb&bilkd^qflk&lc&cfkfpeba&m^oqp&fp&iltbo&arb&

ql&cloj&c^`qlo&qe^q&fp&ql&_b&`lkpfaboba0

8.19 Tensile strength

Ubkpfib&pqobkdqe&fp&jb^proba&fk&O1jj4&^ka&fp&qeb&clo`b&fk&O&qe^q&fp&

kb`bpp^ov&ql&qb^o&rm&^&pq^ka^oa&pmb`fjbk&obi^qba&ql&qeb&pmb`fjbk&

`olpp/pb`qflk&fk&jj�0

Filkd^qflk&o^qbp&^ob&pmb`fcfba&fk&qeb&EJO&pq^ka^oa&

x& 722&jj1jfkrqb&clo&qeb&pq^ka^oa&ofkdp&^ka&qeb&T3&pq^ka^oa&pmb`fjbk

x& 422&jj1jfk&clo&T4.&T5&^ka&T6.&pq^ka^oa&pmb`fjbkqp

x& Ubpqp&^ob&mboclojba&^``loafkd&ql&EJO&75726

Jk&mo^`qf`^i&qbojp.&qeb&obpriqp&lc&qebpb&qbpqp&al&klq&^ppfpq&qeb&rpbo&

fk&pbib`qfkd&^&`ljmlrka&_b`^rpb&^k&^ppbj_iba&P/ofkd&albp&klq&

obiv&lk&fqp&qbkpfib&pqobkdqe&fk&loabo&ql&pb^i&bccb`qfsbiv0&Bp&tfqe&riqf/

j^qb&bilkd^qflk.&qbkpfib&pqobkdqe&abmbkap&lk&dbljbqov0&P/ofkdp&

^ka& Q^o_^h�& _^`h/rm& ofkdp& tfqe& pj^ii& `olpp/pb`qflkp& j^v& klq&

^`efbsb&qeb&obpriqp&lc&pq^ka^oa&pmb`fjbkp0

8.20 Stress relaxation

Tqobpp& obi^u^qflk&lc& bi^pqljbop& fp& qeb& obar`qflk& lc& pqobpp& fk& qeb&

abclojba& bi^pqljbo& obpriqfkd& colj& mevpf`^i& ^ka& `ebjf`^i& mol/

`bppbp0&Ueb&obar`qflk&lc&pqobpp&fp&j^ab&bsfabkq.&clo&bu^jmib.&_v&

qeb&do^ar^i&ab`ob^pb&lc&qeb&fkebobkq&pb^ifkd&clo`b&lc&P/ofkdp&lsbo&

qfjb0

Mfhb&`ljmobppflk&pbq.&pqobpp&obi^u^qflk&fp&abmbkabkq&lk&qeb&m^o/

qf`ri^o&qvmb&lc&bi^pqljbo.&jfuqrob&`ljmlpfqflk.&mol`bppfkd&m^o^j/

bqbop.&abcloj^qflk.&j^qbof^i&qef`hkbpp.&qfjb.&qbjmbo^qrob&^ka&jb/

af^&fkcirbk`b0

B& i^odb& krj_bo& lc& qbpq& pq^ka^oap& ^ka& qbpq& ofdp& ^ob& ^s^fi^_ib& ql&

jb^prob& pqobpp& obi^u^qflk& rkabo& i^_lo^qlov& `lkafqflkp0& Ueb&

jlpq& `ljjlk& qbpq& pq^ka^oap& ^ob& EJO& 75759.& JTP& 55:6& ^ka&

BTUN%E%83690&B&afpqfk`qflk&fp&j^ab&_bqtbbk&`lkqfkrlrp&^ka&afp/

`lkqfkrlrp& jb^probjbkqp0& Xfqe& `lkqfkrlrp& jb^probjbkqp& qeb&

bi^pqf`&clo`b&fp&`lkqfkrlrpiv&jb^proba&lkifkb.&tebob^p&tfqe&afp/

`lkqfkrlrp& jb^probjbkqp& qeb& qbpq& pmb`fjbk&jrpq& _b& objlsba&

colj&qeb&abcloj^qflk&qbpq&ofd&ql&jb^prob&qeb&bi^pqf`&clo`b0

Tfk`b& qeb&s^oflrp&qbpq&jbqelap&dfsb&`ib^oiv&afccbofkd& obpriqp.&lkiv&

qelpb& obpriqp& jb^proba& rkabo& bu^`qiv& qeb& p^jb& `lkafqflkp& ^ob&
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`ljm^o^_ib&tfqe&b^`e&lqebo0&Xfqe&obd^oa&ql&bs^ir^qfkd&qeb&mboclo/

j^k`b&`^m^_fifqv&lc&^&pb^i.&pqobpp&obi^u^qflk&s^irbp&^ob&jlob&`lk/

`irpfsb&qe^k&`ljmobppflk&pbq.&pfk`b&tfqe&pqobpp&obi^u^qflk&qeb&ob/

q^fkba&pb^ifkd& clo`b& fp&jb^proba.&klq& qeb& obj^fkfkd&abcloj^qflk0&

Zbq&bsbk&qeb&obpriqp&lc&^&pqobpp&obi^u^qflk&jb^probjbkq&lkiv&̂ iilt&^&

plrka&`lk`irpflk&ql&_b&ao^tk&`lk`bokfkd&qeb&pb^ifkd&mbocloj^k`b&

fk&cfbia&^mmif`^qflk&fc&qeb&^mmif`^qflk&`lkafqflkp&^ob&^ipl&`lkpfaboba0

8.21 Impact resilience

Jjm^`q&lo&ob_lrka&obpfifbk`b&pbosbp&ql&^ppbpp&qeb&bi^pqf`&_be^s/

flro&lc&bi^pqljbop0&Ueb&qbpq&fp&mboclojba&^``loafkd&ql&EJO&757340&

Uefp&qbpq&molsfabp&obcbobk`b&mlfkqp&clo&avk^jf`&_be^sflro&̂ ka&or_/

_bo&molmboqfbp&tebk&qeb&bi^pqljbo&obqrokp&ql&fqp&lofdfk^i&pq^qb&^cqbo&

_bfkd&pr_gb`qba&ql&pel`h/ifhb&il^ap0&Tb`qflk&�Mlt&Ubjmbo^qrobp�&

bs^ir^qbp&`lia&cibuf_fifqv&abmbkafkd&lk&qbjmbo^qrob&^ka&_^pba&lk&

hkltibadb&lc&fjm^`q&obpfifbk`b.&e^oakbpp&^ka&`ljmobppflk&pbq0

8.22 Radiation

Fi^pqljbop&ilpb&qebfo&cibuf_fifqv&tfqe&fk`ob^pfkd&ibsbip&lc&o^af^qflk0&

S^af^qflk&fp&^&jbafrj&tef`e&`^rpbp&qeb&mlivjbo&`e^fkp&ql&`olpp/

ifkh&lo&ql&_ob^h&altk0&Dolpp/ifkhfkd&abkpfqv&fk`ob^pbp&^ilkd&tfqe&

^& ofpb& fk& o^af^qflk& ibsbip0&Bq& qeb&p^jb& qfjb.& qbkpfib&pqobkdqe&^ka&

riqfj^qb&bilkd^qflk&ab`ob^pb.&tebob^p&e^oakbpp&^ka&jlarirp&fk/

`ob^pb0&Ueb&bi^pqljbo&tfii& _b`ljb&_ofqqib& fc& o^af^qflk&`lkqfkrbp0&

Dlksbopbiv.&_rqvi&or__bo&JJS&_b`ljbp&plcq&^ka&pqf`hv0

Jk&dbkbo^i&qbojp&bi^pqljbop&e^sb&obpfpq^k`b&ql&o^af^qflk&ibsbip&lc&3&

N&o^a&?&328&o^a&tfqelrq&ilpfkd&qebfo&bi^pqf`&molmboqfbp0&

3&N&o^a&fp&^&alp^db&ibsbi&tef`e&kloj^iiv&tlria&_b&ob^`eba&^cqbo&

vb^op&lc&lmbo^qflk0&Bq&32&N&o^a&+?&329&o^a,&mevpf`^i&molmboqfbp&^ob&

^ccb`qba0& Jk&loabo&ql&^ppbpp&qeb&s^oflrp&`e^kdbp.&qbpqp&ql&abqbo/

jfkb&qeb&t^vp& fk&tef`e&qeb&pb^i& fp&^ccb`qba&^ob&kb`bpp^ov0&Xfqe&

P/ofkdp.&qeb&`e^kdb&fk&`ljmobppflk&pbq&fp&kl&alr_q&qeb&hbv&c^`qlo0&

Ueb&jlpq&prfq^_ib&`ljmlrka&fp&FQEN0

Jk&^aafqflk&ql&o^af^qflk&obpfpq^k`b.&^ii&lqebo&hbv&m^o^jbqbop&pr`e&

^p&jbafrj.&qbjmbo^qrob&^ka&mobpprob.&bq`0&jrpq&_b&`lkpfaboba&fk&

qeb&pbib`qflk&lc&^&prfq^_ib&`ljmlrka0

Acceptable change in physical properties

No noticeable change due to radiation
exposure

Fig. 8.25  

8.23 Cross-section deforming force

Ueb&clo`b&kb`bpp^ov&ql&abcloj&^k&P/ofkd&`olpp/pb`qflk&_v&^&dfsbk&

^jlrkq& +fk&mbo&`bkq,&abmbkap&lk&qeb&`ljmlrka&jlarirp0&Bp& fq&

fp&obi^qfsb&ql&pb^i&dbljbqov.&fq&fp&dfsbk&clo&afccbobkq&P/ofkd&`olpp/

pb`qflkp0&Bp&^&rpbo&tfii& qvmf`^iiv&lkiv&hklt& qeb&afjbkpflkp&^ka&

e^oakbpp.&qeb&cliiltfkd&af^do^jp&+cfd0&:048&ql&:052,&pelt&qeb&obi^/

qflkpefm&_bqtbbk&e^oakbpp.&`ljmobppflk&^ka&`olpp/pb`qflk0&Ueb&

fkcloj^qflk&obcbop&ql&^ii&bi^pqljbop.&tef`e&fp&tev&qeb&abcloj^qflk&

clo`bp&^ob&dfsbk&clo&b^`e&e^oakbpp&`i^pp&+pbb&:048&ql&:052,0&Ueb&

clo`bp&obnrfoba&ql&abcloj&bi^pqljbop&arofkd&^ppbj_iv&lc&ci^kdbp.&

clo&bu^jmib.&̀ ^k&_b&l_q^fkba&colj&qeb&af^do^jp.&̂ ka&clo`bp&tef`e&

^ccb`q&pb^ip&lk&ibpp&obpfifbkq&mi^pqf`&m^oqp&`^k&^ipl&_b&bpqfj^qba0

Hardness

[Shore A] d
2
 = 1.78 mm
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]

Deformation force [N/cm]1)

1)%ET]VbW%^U%H-`X]V%eXSbW%(R\)

Fig. 8.26  
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Hardness

[Shore A] d
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Deformation force [N/cm]1)

1)%ET]VbW%^U%H-`X]V%RX`Rc\UT`T]RT%(R\)

Fig. 8.27  
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Deformation force [N/cm]1)
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Fig. 8.28  
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Deformation force [N/cm]1)

1)%ET]VbW%^U%H-`X]V%RX`Rc\UT`T]RT%(R\)

Fig. 8.29  

Hardness
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Deformation force [N/cm]1)

1)%ET]VbW%^U%H-`X]V%RX`Rc\UT`T]RT%(R\)

Fig. 8.30  

8.24 Compression of O-ring cross-section

Ueb&P/ofkd&`olpp/pb`qflk&fp&abclojba&tebk&^ppbj_iba&^ka&qerp&

pq^oqp&qeb&pb^ifkd&mol`bpp&lk&qeb&`lkq^`q&proc^`bp0&Ueb&jfkfjrj&

`ljmobppflk&abmbkap&lk&qeb&qvmb&lc&^mmif`^qflk0&Jkprccf`fbkq&ab/

cloj^qflk&`^k& ib^a& ql&^&322&)&`ljmobppflk&pbq& fk&^&sbov&peloq&

qfjb0&Fu`bppfsb&`ljmobppflk&tfii&ib^a&ql&^&efde&mbo`bkq^db/tfpb&

mboj^kbkq&abcloj^qflk0

Jk&avk^jf`&^mmif`^qflkp.& qeb&P/ofkd&j^v&dbkbo^qb&efdebo&cof`qflk&

clo`bp&^ka&eb^q0

Ueb&`e^o^`qbofpqf`&`rosbp&peltk&fk&cfdrobp&:053&ql&:055&q^hb&fkql&

^``lrkq&bilkd^qflk.&`olpp/pb`qflk&obar`qflk&^ka&jbq^i&qlibo^k`/

bp.&^ka&bccb`qfsb&pb^ifkd&fp&^`efbsba&rkabo&kloj^i&`lkafqflkp0

Hrfabifkbp&`^k&s^ov& clo&pmb`f^i&^mmif`^qflkp0& Jkcirbk`bp&pr`e&^p&

lsbo/pqobq`eba& ofkdp.& `olpp/pb`qflk& obar`qflk.& fkcirbk`b& lc& qbj/

mbo^qrob.&`vifkabo&_ob^qefkd.&b``bkqof`fqv.&bq`0&jrpq&_b&q^hbk&fkql&

^``lrkq0
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Fig. 8.33  GR^YV__VOXR$P[Y\^R__V[Z$V_$QR\RZQRZ`$a\[Z$P^[__*_RP`V[Z$Q
/
$i$^RPV\*

^[PN`VZT$_RNX$\ZRaYN`VP

>ebff-
fYWg]ba

Ib`]aU_&
X]`Yaf]ba

Ob_YeUaWY N`U__Yfg&
f]mY

GUe[Yfg&
f]mY

S``T S``T S``T

b
5

552<= � ( 425= 552;44 5624<4

b
6

( 52;< � ( 424< ( 52;44 ( 52<:4

b
7

56264 f= 56259; 562644

b
8

59244 J< 592444 59246;

b
=

59244 d; 582=:: 582=<8

Tab. 8.9   $

Fig. 8.34  MV`U$\R^SRP`$P[ZPRZ`^VPV`e
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Fig. 8.35  MV`U$YNdVYaY$^NQVNX$\XNe

0.05

Fig. 8.36  MV`U$YNdVYaY$RPPRZ`^VPV`e$NZQ$Z[Z*P[ZPRZ`^VP$\V_`[Z$NZQ$T^[[bR$

QVNYR`R^_

Calculation example for a dynamic piston seal – hydraulic:

A&Dlk`bkqof`fqv&+cfd0&:056,

j^u0&di^ka&abmqe&q
j^u

?

?&207&�&+a
6j^u

&�&a
5jfk

,

?&207&�&+370249&�&340379,&?&30657&jj

jfk0&P/ofkd&`olpp/pb`qflk&a
4jfk

&?&3092&jj

obar`ba&`olpp/pb`qflk&^q&6&)&bilkd^qflk&+cfd0&:035,<&5&)

obar`ba&`olpp/pb`qflk&a
4}
&?&20;9&�&3092&?&3087&jj

jfk0&abcloj^qflk<&a
4}
&&�&q

j^u
&?&3087&�&30657&?&20437&jj

fk&)<

d2' – tmax

d2'

1.65 – 1.435

1.65 
= 13 %= 

B&tfqe&j^u0&o^af^i&mi^v&+cfd0&:057,

j^u0&di^ka&abmqe&q
j^u

?

?&207&�&+a
;j^u

&�&a
5jfk

,&-&a
6j^u

&�&a
;j^u

?&207&�&+360;:6&�&340379,&-&370249&�&360;:6&?&30679&jj

jfk0&abcloj^qflk<&a
4}
&�&q

j^u
&?&3087&�&30679&?&203;5&jj

fk&)<

d2' – tmax

d2'

1.65 – 1.457

1.65 
= 11.7 %=

C&tfqe&j^u0&o^af^i&mi^v&^ka&j^ufjrj&b``bkqof`fqv&lc&dollsb&_^pb&

tfqe&mfpqlk&af^jbqbo&+cfd0&:058,&

j^u0&di^ka&abmqe&q
j^u

&?

?&207&�&+a
;j^u

&�&a
5jfk

,&-&a
6j^u

�&a
;j^u

&-&F``bkqof`fqv

?&207&�&+360;:6&�&340379,&-&370249&�&360;:6&-&2027&?&30729&jj

jfk0&abcloj^qflk<&a
4}
&�&q

j^u
&?&3087&�&3029&?&20365&jj

fk&)<

d2' – tmax

d2'

1.65 – 1.507

1.65 
= 8.7 %= 

Ueb&bu^jmib&peltp& qeb&bccb`q&tef`e&P/ofkd&bilkd^qflk&^ka&b`/

`bkqof`fqv&lc&j^`efkb&bibjbkqp&̀ ^k&e^sb&lk&af^jbqof`&abcloj^qflk&

^ka&P/ofkd&pb^ifkd&`^m^_fifqv0

8.25 Volume change

P/ofkdp&`ljb& fk&`lkq^`q&tfqe&^&tfab&o^kdb&lc&jbaf^0&Bii&jbaf^.&

tebqebo.&d^p.&s^mlro&lo&cirfa.&qbka&ql&_b&^_plo_ba&_v&qeb&or__bo&

^ka&`^k&^ccb`q&qeb&j^qbof^i&fk&s^oflrp&t^vp<

&

x& Qevpf`^iiv

x& Debjf`^iiv

De^kdbp&arb&ql physical effects&`^k&_b&abp`of_ba&_v&qtl&mol/

`bppbp&qe^q&`^k&^`q&`lk`roobkqiv<&

30&Ueb&bi^pqljbo&^_plo_p&qeb&jbafrj0

40&Ueb&jbafrj&buqo^`qp&plir_ib&mloqflkp&colj&qeb&bi^pqljbo&+fk&

m^oqf`ri^o.&mi^pqf`fpbop,0

Ueb&obpriq&fp&^&`e^kdb&fk&slirjb<

tebk&fqbj&3&fp&dob^qbo&qe^k&4.&qeb&obpriq&fp&swelling=&

tebk&fqbj&4&fp&dob^qbo&qe^k&3.&shrinkage&l``rop0

Ueb&buqbkq&lc&slirjb&`e^kdb&j^fkiv&abmbkap&lk&qeb&qvmb&lc&jb/

afrj.&qeb&bi^pqljbo&`ljmlpfqflk.&qbjmbo^qrob.&dbljbqof`^i&pe^mb&

+j^qbof^i&qef`hkbpp,.&^ka&qeb&pqobpp&pq^qb&lc&qeb&or__bo&m^oq0&Xebk

`ljmobppba&^k&P/ofkd&ptbiip&_v&rm&ql&72&)&ibpp qe^k& fk&^& cobb&

pq^qb&^p&fp&qeb&`^pb&fk&ptbii&qbpqp0

Bp&bi^pqljbop&e^sb&^&`olpp/ifkhba&pqor`qrob.&ptbiifkd&fp&obpqof`qba0&

Jq&ob^`ebp&^&ifjfq&^ka&qebk&obj^fkp&qeb&p^jb0&

De^kdbp&fk&slirjb.&_lqe&mlpfqfsb&^ka&kbd^qfsb.&obpriq&fk&`e^kdbp&

lc&qeb&mevpf`^i&bi^pqljbo&molmboqfbp.&b0d0&e^oakbpp.&bi^pqf`fqv.&qbk/

pfib&pqobkdqe.&riqfj^qb&bilkd^qflk.&^ka&ilt&qbjmbo^qrob&_be^sflro0&

Uebpb&`e^kdbp&`^k.&^``loafkd&ql&qebfo&fkqbkpfqv.&ib^a&ql&^&abdo^/

a^qflk&lc& qeb&bi^pqljbo&^ka&bsbk&ql&`ljmibqb& crk`qflk^i& c^firob0&

Glo&^aafqflk^i&fkcloj^qflk&obd^oafkd&qeb&`ljm^qf_fifqv&tfqe&jfkbo^i&

lfi.&pbb&pb`qflk&�FDJ&�&Fi^pqljbo&Dljm^qf_fifqv&Jkabu�0

B&chemical attack& l``rop&tebk& qeb&jbafrj& ob^`qp&`ebjf`^iiv&

tfqe&qeb&bi^pqljbo.&qerp&`^rpfkd&pqor`qro^i&`e^kdbp& +b0d0&croqebo&

`olpp/ifkhfkd&lo&abdo^a^qflk,0&Fsbk&qeb&pj^iibpq&`ebjf`^i&`e^kdb&

fk&^k&bi^pqljbo&`^k&ib^a&ql&^&pboflrp&`e^kdb&fk&mevpf`^i&molmbo/

qfbp& +b0d0& bj_ofqqibjbkq,0& Ueb& `ljm^qf_fifqv& lc& bi^pqljbop& tfqe& ^&

jbafrj& fp& buqobjbiv& fjmloq^kq0& Lkltfkd& qeb& molmboqv& `e^kdbp&

j^hbp&fq&mlppf_ib&ql&^ppbpp&qeb&prfq^_fifqv&lo&klk/prfq^_fifqv&lc&^&

dfsbk&bi^pqljbo&clo&^&pmb`fcf`&jbafrj0&Glo&jlob&fkcloj^qflk.&pbb&

qeb&Nbaf^&Dljm^qf_fifqv&Û _ib&+pbb&^mmbkafu,0
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8.26 Tear resistance

Ub^o& obpfpq^k`b& +O1jj,& fp&abcfkba&^p& qeb&j^ufjrj& clo`b&tef`e&

`^rpbp&^&kf`h&fk&^&abcfkba&pmb`fjbk&ql&molm^d^qb&fkql&^&qb^o0&Ueb&

qbpq&fp&`^oofba&lrq&^``loafkd&ql&EJO&JTP&56/3&lk&^&pqo^fdeq&lo&^k/

diba&pmb`fjbk0&

Ub^o&obpfpq^k`b&fp&^&jb^prob&lc&pbkpfqfsfqv&ql&klq`ebp&tef`e&jfdeq&

_b&`^rpba&_v&fjmrofqfbp&lo&arofkd&^ppbj_iv0

8.27 Tensile set

Ueb&qbkpfib&pbq&abp`of_bp&qeb&qbkabk`v&lc&^k&bi^pqljbo&ql&ilpb&fqp&

bi^pqf`&jbjlov&^cqbo&^&mbofla&lc&bilkd^qflk&rkabo&il^a0&Ueb&qbpq&fp&

`^oofba&lrq&^``loafkd&ql&EJO&JTP&44:7&^ka&fqp&obpriqp&abmbka&lk<

x& Ueb&mbofla&lc&qfjb&^ka&qbjmbo^qrob&lc&qbpqfkd

x& Ueb&`olpp/pb`qflk&^ka&pfwb&lc&pmb`fjbkp

x& Filkd^qflk

x& Dllifkd&fk&pqobq`eba&lo&obifbsba&`lkafqflk

Ueb&qbkpfib&pbq&^ka&qeb&`ljmobppflk&pbq&abp`of_b&qeb&bi^pqf`&_b/

e^sflro&lc&^&or__bo&`ljmlrka0

AdvanCell
Ex. 1016 - Page 117



O-Ring Handbook

Parker Hannifin
O-Ring Division Europe55<

8  Sealing terminology

AdvanCell
Ex. 1016 - Page 118



55=

D)GX]V#=P]SQ^^Z

R_picp(J_llgdgl
Q1Tgle(Fgtgqgml(Gspmnc

9

9  Quality criteria

9.1 Quality

Jk& `ljmif^k`b& tfqe& qeb& abcfkfqflk& lc& nr^ifqv& dfsbk& _v& EHR.&

Ebrqp`eb&Hbpbiip`e^cq& c�o&Rr^ifq�q& +Hboj^k&Tl`fbqv& clo&Rr^ifqv,.&

fq&fp&lro&mlif`v&ql&molar`b&nr^ifqv&_v&pbib`qfkd&qeb&_bpq&j^qbof^ip.&

rpfkd&^as^k`ba&molar`qflk&jbqelap.&ofdlolrp&molar`qflk&jlkf/

qlofkd&^ka&`lkqfkrlrp&qo^fkfkd&lc&lro&bjmilvbbp&ql&j^krc^`qrob&

nr^ifqv&molar`qp<

�Rr^ifqv& fp& qeb& `lkafqflk& lc& ^& molar`q& lo& pbosf`b& tef`e& j^hbp&

fq& prfq^_ib& clo& fqp& mromlpb& ^ka& `ljmivfkd& tfqe& bufpqfkd& obnrfob/

jbkqp.�&+EHR&44.&3;96,0

Bp&nr^ifqv&e^p&ql&pq^oq&^q&qeb&plro`b&^ka&`^kklq&_b&fkpmb`qba&fkql&

^&molar`q.&tb&e^sb&abpfdkba&̂ &pvpqbj&ql&orib&lrq&fkcirbk`bp&tef`e&

kbd^qfsbiv&^ccb`q&qeb&nr^ifqv&lc&lro&molar`qp0&

Pro&Jkqbdo^qba&N^k^dbjbkq&Tvpqbj&+JNT,.&`lkpfpqfkd&lc&Rr^ifqv&

N^k^dbjbkq.& Fksfolkjbkq^i& N^k^dbjbkq& ^ka& P``rm^qflk^i&

Ib^iqe&*&T^cbqv.&tef`e&abp`of_bp&^ii&qeb&^`qflkp&q^hbk&fk&qebpb&^o/

b^p&̂ ka&fp&̀ lkpq^kqiv&̂ ifdkba&tfqe&qeb&qb`eklildv&̀ roobkqiv&rpba&fk&

lro&molar`qflk&mol`bppbp&^p&tbii&^p&qb`ekf`^i&obnrfobjbkqp.&fp&^k&

bu^jmib&lc&lro&mboj^kbkq&pqofsfkd&clo&`lkqfkrlrp&fjmolsbjbkq0&

Xb&e^sb& _bbk&EJO&FO& JTP& ;223& `boqfcfba&pfk`b&3;;5& ^ka& JTP1

UT%38;6;&pfk`b&42240

9.2 Evaluation criteria for O-rings

Ueb&`ofqbof^&clo&bs^ir^qfkd&qeb&j^krc^`qrofkd&nr^ifqv&lc&P/ofkdp&^ob&

abcfkba&fk&EJO&JTP&5823/5&+pbb&q^_ib&;03,0&Ueb&mbojfppf_ib&ifjfqp&

^ob&ifpqba&fk&q^_ib&;04&^ka&pr_afsfaba&fkql&ibsbip&�O�.&�T�&^ka&�DT�0

Level N

Ueb& ifjfq& s^irbp& clo& mbojfppf_ib& P/ofkd& proc^`b& absf^qflkp& `loob/

pmlka& ql& qeb& efde& obnrfobjbkqp& clo& fkarpqof^i& ^mmif`^qflkp0& Uebv&

^ob&̂ mmif`^_ib&ql&_lqe&pq^qf`&̂ ka&avk^jf`&P/ofkd&pb^ip0&Qbojfppf_ib&

abcb`qp&al&klq&^ccb`q& qeb&P/ofkd}p& crk`qflk0& Jkpmb`qflkp&lc&^ii&P/

ofkdp&^``loafkd&ql&ibsbi&O&^ob&pq^ka^oa&mo^`qf`b&fk&lro&lmbo^qflkp0

Level S

Jk&pmb`f^i&^mmif`^qflkp.&b0d0&fk&qeb&^bolpm^`b&fkarpqov.&bsbk&pqof`q/

bo&ifjfqp&clo&mbojfppf_ib&abcb`q&pfwbp&^ob&pbq0&Uefp&obnrfobp&^&`lk/

pfabo^_iv&efdebo&j^krc^`qrofkd&^ka& fkpmb`qflk&bccloq.&tef`e&pfd/

kfcf`^kqiv&fk`ob^pbp&qeb&mof`b&lc&qebpb&P/ofkdp0

Ueb&^aafqflk^i&obnrfobjbkq&clo&�Mbsbi&T�&nr^ifqv&jrpq&_b&pq^qba&fk&

qeb&mro`e^pb&loabo&^ilkd&tfqe&qeb&^mmif`^qflk1fkqbkaba&mromlpb0&

Pro&pq^ka^oa&P/ofkdp&^ob&̂ ii&fkpmb`qba&^``loafkd&ql&�Mbsbi&O�&+pbb&

^_lsb,0

Level CS

Mbsbi&DT&j^hbp&qeb&efdebpq&abj^kap&fk&proc^`b&nr^ifqv0&Uefp&ibsbi&

pelria&_b&obpbosba&clo&`ofqf`^i&pmb`f^i&^mmif`^qflkp.&^p&qebpb&qli/

bo^k`bp&`^k&lkiv&_b&^`efbsba&_v&efdeiv&pmb`f^i&molar`qflk&^ka&

fkpmb`qflk&mol`bppbp0&Ueb&`lpq&lc&ibsbi&DT&P/ofkdp&fp&`loobpmlka/

fkdiv&efde0

-&" .&

/& 0&

1& 2&

f

e

b

Q

\

c

a
d

d

=]_["RScWOaW]\""" DTT`Sa =]_["RScWOaW]\"]T"b^^S_"

O\R"Z]dS_"VOZcS`

:][PW\SR"!O`V("

]TT`Sa"O\R"S\a_f"^]W\a`

=ZO`V

=ZO_W\U

C]aQV

=Z]d"ZW\S` ;S^_S``W]\` <\a_f"^]W\a

;SPb__W\U"O_SO

Fig. 9.1  =[^Y$NZQ$_a^SNPR$#ZV_U$QRSRP`_
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A][.&
Ib.

?Yi]Ug]ba ?Y%a]g]ba

5- Hmpk(bctg_rgml snncp(_lb(jmucp(Q1pgle(f_jtcq(msr(md(_jgelkclr(mp(slctcl

5- Qddqcr mddqcr(Q1pgle(f_jtcq(bsc(rm(bgqnj_ackclr(dpmk(mlc(n_pr(md(rfc(kmsjb(rm(_lmrfcp

5- Hmpk(bctg_rgml(md(snncp(
_lb(jmucp(f_jtcq

apmqq1qcargml(p_bgsq(bgddcpclr(gl(c_af(f_jd(md(Q1pgle0(a_sqcb(`w(bgddcpclr(bgkclqgmlq(gl(rfc(rum(
f_jtcq(md(rfc(kmsjb

6- Emk`glcb(#_qf0(mddqcr(
_lb(clrpw(nmglrq

_(amk`gl_rgml(md(#_qf0(mddqcr(_lb(clrpw(nmglrq

6- Hj_qf &jk1jgic(k_rcpg_j(_pmslb(rfc(n_prgle(jglc(ml(rfc(gllcp(_lb3mp(msrcp(bg_kcrcp,q-0(a_sqcb(`w(_(qcn_p_1
rgml(gl(rfc(kmsjb(mp(glqsd&agclr(bc`sppgle

6- Hj_pgle amlrglsmsq(pgbec(md(k_rcpg_j(ml(rfc(n_prgle(jglc(a_sqcb(`w(uc_p(md(kmsjb(#_lecq(mp(cvacqqgtcjw(
pmslbcb(kmsjb(amplcpq

7- Pmraf _(qfpgli_ec(_r(rfc(n_prgle(jglc(ugrf(_(j_pec(~W�(mp(~Y�1qf_ncb(apmqq1qcargml

8- Dspp(_pc_ _(#_rrclcb(_lb(mdrcl(pmsef(_pc_(_jmle(rfc(gllcp(_lb3mp(msrcp(bg_kcrcp,q-(md(rfc(Q1pgle0(a_sqcb(`w(
bc`sppgle

9- Hjmu(jglcq _(rfpc_b1jgic(pcacqq0(mdrcl(asptcb0(lmr(tcpw(bccn(_lb(ugrf(pmslbcb(#_lecq(a_sqcb(`w(cj_qrmkcp(
#mu(jglcq(gl(rfc(kmsjb

:- Glrpw(nmglr qf_jjmu0(qmkcrgkcq(rpg_lesj_p0(pcacqq(_r(rfc(n_prgle(jglc(ml(rfc(gllcp(_lb3mp(msrcp(bg_kcrcp,q-(
a_sqcb(`w(bcdmpkgrw(gl(kmsjb(#_lecq(_r(rfc(n_prgle(jglc

:- Fcnpcqqgmlq qspd_ac(bcdcarq(ufgaf(_pc(kmqrjw(gppcesj_p(gl(qf_nc0(a_sqcb(`w(rfc(pckmt_j(md(glajsqgmlq(dpmk(rfc(
qspd_ac0(gknpglrq(md(kmsjb(gkncpdcargmlq0(_gp(`s``jcq(mp(_l(glamknjcrcjw1&jjcb(kmsjb

1 Hmpcgel(k_rcpg_j _jj(glajsqgmlq(md(dmpcgel(k_rcpg_j(ml(rfc(Q1pgle(qspd_ac0(glajsbgle(amlr_kgl_rgml0(gknspgrgcq0(cra2

Tab. 9.1   Je\R$NZQ$QR_P^V\`V[Z$[S$S[^Y$NZQ$_a^SNPR$#ZV_U$QRSRP`$

$ %

?
Y
i
]U

g]
b

a
&3

,

?
]`

Y
a

f
]b

a
&4

, GYiY_&I GYiY_&N GYiY_&>N

X
2
&UWWbeX]a[&gb&?DI&DNJ&3601-3 X

2
&UWWbeX]a[&gb&?DI&DNJ&3601-3 X

2
UWWbeX]a[&gb&?DI&DNJ&3601-3

;&0.8 ;&2.25 ;&3.15 ;&4.50 ;&6.30 ;&0.8 ;&2.25 ;&3.15 ;&4.50 ;&6.30 ;&0.8 ;&2.25 ;&3.15 ;&4.50 ;&6.30

!&2.25 !&3.15 !&4.50 !&6.30 !&8.40 !&2.25 !&3.15 !&4.50 !&6.30 !&8.40 !&2.25 !&3.15 !&4.50 !&6.30 !&8.40

5- c 424< 4254 4257 4259 4259 424< 424< 4254 4256 4257 4248 4248 424: 424: 424<

6- v 4254 4256 4258 425: 425< 4254 4254 4257 4259 4259 424; 424; 4254 4257 4257

6- w 4254 4256 4258 425: 425< 4254 4254 4257 4259 4259 4254 4254 4257 4257 4257

7- e 425< 426; 427: 4297 42;4 4254 4259 4264 4264 4274 lmr(ncpkgqqg`jc

7- s 424< 424< 4254 4254 4257 424< 424< 4254 4254 4257 lmr(ncpkgqqg`jc

8- l 5, 5, 5,

9- t 52946, 52946, :2946, :2946, :2946, 52946, 52946, 52446, 92446, 92446, 52947, 52947, 52947, 829:7, 809:7,

9- i 424< 424< 424< 424< 424< 4249 4249 4249 4249 4249 4249 4249 4249 4249 4249

:- u 42:4 42<4 5244 5274 52;4 4259 4269 4284 42:7 5244 424< 4257 425< 4269 427<

:- u 1 1 1 1 1 1 1 1 1 1 42575, 42695, 427<5, 42955, 42;:5,

:- r 424< 424< 4254 4254 4257 424< 424< 4254 4254 4257 424< 424< 4254 4254 4257

Hmpcgel(k_rcpg_j(lmr(ncpkgqqg`jc lmr(ncpkgqqg`jc lmr(ncpkgqqg`jc

%1)%LTT%bPQ[T%9.1
%2)%%LTT%#V.%9.1
3)%%?TdXPbX^]a%U`^\%bWT%`^c]S%R`^aa-aTRbX^]%P`T%_T`\XaaXQ[T%XU%bWT%!Pb%aTRbX^]%

a\^^bW[g%Y^X]a%bWT%`^c]S%P]S%S
2
%Xa%\PX]bPX]TS.

%4)%0.05%o%S
1
%^`%dP[cT%d,%ST_T]SX]V%^]%eWXRW%Xa%[P`VT`

%5)%0.03%o%S
1
%^`%dP[cT%d,%ST_T]SX]V%^]%eWXRW%Xa%[P`VT`

Tab. 9.2   CVYV`_$S[^$\R^YV__VOXR$Y[aXQ$NZQ$_a^SNPR$QRSRP`_
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10  Damage analysis

10.1 Requirements to be met by O-rings

Jq& fp&lcqbk&afccf`riq& ql&abqbojfkb&tebqebo&abpfdk&m^o^jbqbop.& ^p/

pbj_iv&boolop&lo&`e^kdbp& fk&tlohfkd&`lkafqflkp&^ob&obpmlkpf_ib&

clo&P/ofkd&c^firob0&Jk&j^kv&`^pbp.&c^riqp&^ob&`^rpba&_v&pbsbo^i&afc/

cbobkq&c^`qlop&qe^q&l``ro&pfjriq^kblrpiv0

Pmqfjrj&ifcbqfjb&^ka&obif^_fifqv&`^k&lkiv&_b&^`efbsba&_v&obar`fkd&

qeb&mol_^_fifqv&lc& pb^i& c^firob& qeolrde&dlla&abpfdk&mo^`qf`b.& qeb&

`loob`q& pbib`qflk& lc& `ljmlrkap.& mo^`qf`^i& qbpqp& ^ka& qo^fkba&^p/

pbj_iv&mboplkkbi0

Ueb&cliiltfkd&abp`ofmqflkp&̀ e^o^`qbofpb&qeb&jlpq&cobnrbkq&qvmbp&lc&

P/ofkd&c^firobp.&^ka&abp`of_b&elt&qebpb&`^k&_b&`loob`qba0

Tfk`b&pb^ip&^ob&rpba&fk&^&tfab&o^kdb&lc&^mmif`^qflkp.&qeb&obpriqfkd&

obnrfobjbkqp&j^v&afccbo&^p&tbii0&

Uvmf`^i&obnrfobjbkqp&fk`irab<

x& Nbaf^&obpfpq^k`b

x& Ubjmbo^qrob&obpfpq^k`b

x& Qobpprob&obpfpq^k`b

x& B_o^pflk&obpfpq^k`b

x& Tm^`b/p^sfkd&abpfdk

x& Fu`e^kdb^_fifqv

Ptfkd&ql&qeb&afsbopfqv&lc&̂ mmif`^qflkp&̂ ka&qeb&c^`q&qe^q&qeb&obi^qfsb/

iv&pfjmib&dbljbqov&fp&pmb`fcfba.&`ebjf`^i&^ka&mevpf`^i&molmboqfbp&

^ob&m^oqf`ri^oiv&̀ ofqf`^i&c^`qlop0&Uefp&fp&tebob&Q^ohbo~p&cfbia&̂ mmif`^/

qflk&`lkpriqfkd&prmmloq&`ljbp&fk&ql&ebim&fabkqfcv&qeb&j^qbof^i&_bpq&

prfqfkd&qeb&rpbo~p&kbbap&colj&qeb&tfab&o^kdb&lc&pvkqebqf`&or__bo&

`ljmlrkap&̂ s^fi^_ib&lo&ql&pbib`q&qeb&lkb&qe^q&lccbop&^&sf^_ib&`lj/

moljfpb&clo&qeb&s^oflrp&obnrfobjbkqp0

Vpr^iiv.&abcb`qp&^ob&bsfabkq&afob`qiv&lk&qeb&P/ofkd0&Uefp&bk^_ibp&

`loob`qflkp&ql&_b&j^ab.&pr`e&^p&`e^kdfkd&qeb&`ljmlrka0

10.2  Gap extrusion – the effects of 

pressurisation

Ueb&pb^ifkd&bccb`q&lc&^k&P/ofkd&obpriqp&colj&fqp&bi^pqf`fqv&fk&^&`lj/

mobppba.& klk/mobpprofpba& pq^qb& _bqtbbk& qtl& pb^ifkd& ^ob^p& +cfd0&

3203,0&Xebk&mobpprob&fp&_rfiq&rm.&P/ofkdp&_be^sb&ifhb&fk`ljmobpp/

f_ib&cirfap&^ka&fk`ob^pb&qebfo&`lkq^`q&mobppfkd&clo`b&lk&qeb&pb^ifkd&

^ob^p&molmloqflk^iiv& ql& qeb&mobpprob& +cfd0&3204,0&Xfqe&ofpfkd&mobp/

prob.&^k&fk`ob^pfkdiv&i^odbo&P/ofkd&slirjb&fp&mobppba&fkql&qeb&pb^i/

fkd&d^m.&peb^op&lcc&�&fp&�mbbiba&lcc�&�&lo&fp&pr_gb`qba&ql&�kf__ifkd�&

_v&qeb&_ob^qefkd&lc&qeb&j^`efkb&+cfd0&3205,0

Fig. 10.1  ;aR$`[$V`_$RXN_`VP$ORUNbV[a^$`UR$F*^VZT$RdR^`_$V`_$_RNXVZT$RSSRP`$VZ$`UR$

P[Y\^R__RQ)$Z[Z*\^R__a^V_RQ$_`N`R$OR`cRRZ$`c[$_RNXVZT$N^RN_+

Fig. 10.2  FZ$\^R__a^V_VZT)$`UR$F*^VZT$NP`_$XVWR$NZ$VZP[Y\^R__VOXR$"aVQ)$RdR^`VZT$N$

\^R__a^R$[Z$`UR$TXNZQ$\^[\[^`V[ZNX$`[$`UR$_e_`RY$\^R__a^R

Fig. 10.3  8`$UVTUR^$\^R__a^R$N$XN^TR^$F*^VZT$b[XaYR$V_$\a_URQ$VZ`[$`UR$TN\+$8$

ONPW*a\$^VZT$\^RbRZ`_$TN\$Rd`^a_V[Z+

Pressure

Fig. 10.4  JUR$ONPW*a\$^VZT$[Z$`UR$Z[Z*\^R__a^V_RQ$_VQR$\^RbRZ`_$TN\$Rd`^a_V[Z+

�Qbbiba�& lo& �kf__iba�& proc^`bp& obmobpbkq& qeb& jlpq& `ljjlk& P/

ofkd&abcb`q0&Jq&`^rpbp&qeb&buqoraba&P/ofkd&slirjb&ql&_b&g^jjba&fk&

qeb&d^m&^ka&ql&_b&mbbiba&lcc&+cfd0&3207&ql&3209,0

Fig. 10.5  <d`^aQRQ$F*^VZT
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10  Damage analysis

Fig. 10.6  <d`^aQRQ$F*^VZT

Fig. 10.7  GRRXRQ$F*^VZT

Fuqorpflk&j^v&l``ro&tfqe<

x& Evk^jf`&pb^ifkd

x& Tq^qf`&pb^ifkd&tfqe&mrip^qfkd&mobpprob

x& Tq^qf`&pb^ifkd&tfqe&efde&mobpprob

x& Cob^qefkd&j^`efkb&m^oqp

x& Fu`bppfsbiv&i^odb&d^mp

Ueb&j^fk&ob^plkp&^ob&hkltk0&Ueb&kbba&clo&b`lkljf`^i&mol`bpp/

fkd&mol`bppfkd&lcqbk&ib^ap&ql&bu`bppfsb&qlibo^k`bp&^ka&qebobclob&

bu`bppfsbiv&i^odb&d^mp0&Ueb&lqebo&`^rpb&tef`e&dlbp&i^odbiv&rkkl/

qf`ba&fp&qeb&qbkabk`v&lc&ifap.&ci^kdbp&lo&`vifkabop&ql&cibu&^ka&qe^q&lc&

_liqp&ql&pqobq`e&rkabo&il^a0

Jk&qebpb&`^pbp.&qeb&fkkbo&pqobkdqe&lc&qeb&bi^pqljbo&`ljmlrka&fp&

kl&ilkdbo&prccf`fbkq&ql&obqo^`q&c^pqbo&qe^k&qeb&j^`efkb&m^oq&tef`e&fp&

lmbkfkd&qeb&d^m0&Po&qeb&pqobkdqe&lc&qeb&bi^pqljbo&fp&bu`bbaba&̂ ka&

m^oqp&lc&qeb&P/ofkd&peb^o&lcc&^ka&^ob&mrpeba&fkql&qeb&d^m0

Fuqorpflk& obpfpq^k`b&`^k& _b& bs^ir^qba&rpfkd& jlarirp&s^irbp& ^q&

322&)&bilkd^qflk&+jb^proba&fk&O1jj4,0&Jc&kl&jlarirp&s^irbp&^ob&

^s^fi^_ib.&e^oakbpp&`^k&_b&rpba&^p&qeb&`ofqboflk&clo&buqorpflk&ob/

pfpq^k`b0

Qevpf`^i&molmboqfbp& +pqobpp&s^irbp,&`^k&abqboflo^qb&^p&^& obpriq&lc&

bumlprob&ql&efde&qbjmbo^qrobp&^ka&ptbiifkd0

Fuqorpflk&c^firob&`^k&^ipl&_b&`^rpba&_v&qeb&cliiltfkd&fkcirbk`bp<

x& P/ofkd&j^qbof^i&tef`e&fp&qll&plcq

x& Qevpf`^i&^ka1lo&`ebjf`^i&fkcirbk`bp&+ptbiifkd.&`e^kdb&fk&e^oa/

kbpp&bq`0,

x& Joobdri^o&d^mp&`^rpba&_v&b``bkqof`fqv

x& Te^om&badbp&fk&P/ofkd&di^ka

x& Psbocfiiba&di^ka

x& P/ofkd&j^qbof^i&qe^q&plcqbkp&^q&efdebo&qbjmbo^qrobp

Jc&buqorpflk&l``rop&_b`^rpb&lc&qeb&c^`qlop&ifpqba&^_lsb.&P/ofkd&c^fi/

rob&`^k&_b&mobsbkqba&_v&qeb&cliiltfkd&jb^probp<

x& Ufdeqbk&qlibo^k`bp&ql&obar`b&d^m&afjbkpflk

x& Gfq&^&_^`h/rm&ofkd

x& Jk`ob^pb&e^oakbpp&lc&P/ofkd&`ljmlrka

x& Deb`h&jbaf^&`ljm^qf_fifqv

x& Sbpqof`q&qlibo^k`bp&qe^q&ib^a&ql&b``bkqof`fqv&lo&`e^kdb&j^`efkb&

m^oqp&qe^q&`^rpb&_ob^qefkd

x& De^kdb&di^ka&o^afrp&+^q&ib^pq&2032&ql&2062&jj,

Gfd0&3207&^ka&3208&pelt&qeb&o^kdbp&fk&tef`e&_^`h/rm&ofkdp&jrpq&_b&

rpba&arb& ql&efde&mobpprobp&^ka1lo& i^odb&af^jbqbo&`ib^o^k`b0&Utl&

_^`h/rm&ofkdp&jrpq&_b&rpba&clo&ob`fmol`^qfkd&pb^ifkd&^mmif`^qflkp0

10.3 Failure due to compression set

Dljmobppflk&pbq.&qeb&m^oqf^i&lo&qlq^i&ilpp&lc&^k&bi^pqljbo�p&bi^p/

qf`&jbjlov.&fp&^klqebo&`ljjlk&c^firob0&Xebk&^k&P/ofkd&kl&ilkdbo&

bi^pqf`^iiv&`lkq^`qp&qeb&pb^ifkd&^ob^p&fqp&pb^ifkd&bccb`q&`b^pbp0

Ueb&j^fk&`^rpb&lc&qefp&`^k&_b&^qqof_rqba&ql&qeb&`ljmlrka&^ka&qeb&

tlohfkd&`lkafqflkp0&

Ueb&bi^pqf`fqv&lc&qeb&j^qbof^i&abmbkap&lk&qeb&`ljmlpfqflk&lc&qeb&

or__bo&^ka&qeb&tlohfkd&qbjmbo^qrob&^p&tbii&^p&lk&qeb&qvmb&^ka&

aro^qflk&lc&qeb&abcloj^qflk.&mirp&qeb&`ljmlrka~p&^dbfkd&molmboqv&

^ka&`ebjf`^i&obpfpq^k`b0&Ueb&pb^ifkd&bccb`q&lc&^k&P/ofkd&ab`fpfsb/

iv&abmbkap&lk&ilt&`ljmobppflk&pbq0&Dljmobppflk&pbq&abp`of_bp&

bi^pqf`&_be^sflro&fk&tlohfkd&`lkafqflkp&^ka&^`olpp&qeb&pb^i~p&pbo/

sf`b&ifcb&+`ljm0&pb`qflk&:08,0

Ueb&abdo^a^qflk&lc&bi^pqf`&molmboqfbp&`^k&dbkbo^iiv&_b&bumi^fkba&

_v&qeb&ilpp&lc&`olppifkh&pfqbp&_bqtbbk&jlib`rib&`e^fkp&lo&^p&qeb&

`ob^qflk& lc& kbt& pfqbp& +_olrdeq& ^_lrq& _v& qeb& prmmiv& lc& bkbodv& /&

e^oabkfkd,0&Ueb&`ljmobppflk&pbq&^q&ilt&qbjmbo^qrobp&fp&dbkbo^iiv&

obsbopf_ib0& Bq& efdebo& qbjmbo^qrobp& qeb& bi^pqf`fqv& obqrokp& ^ka& qeb&

pb^ifkd&clo`b&^`qp&^d^fk0&Uefp&dfsbp&^&obcbobk`b&mlfkq&clo&qeb&ilt/

qbjmbo^qrob&cibuf_fifqv&lc&qeb&bi^pqljbo0

Ueb&`^rpbp&lc&efde&`ljmobppflk&pbq&^ka&qeb&obpriqfkd&ilpp&lc&qeb&

pb^ifkd&bccb`q&^ob<

x& Qllo&`ljmlrka&nr^ifqv

x& Xolkd&di^ka&abpfdk&+fkprccf`fbkq&lo&bu`bppfsb&abcloj^qflk&fk/

`ob^pbp&qeb&mbo`bkq^db/tfpb&`ljmobppflk&pbq.&pbb&pb`qflk&:08,

x& Xlohfkd&qbjmbo^qrob&efdebo&qe^k&bumb`qba&+or__bo&e^oabkp,

x& Dlkq^`q&tfqe&fk`ljm^qf_ib&jbafrj

G^firobp&lc&qefp&hfka&`^k&_b&^slfaba&_v&qeb&cliiltfkd&`e^kdbp<
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x& Tbib`q&bi^pqljbo&prfq^_ib&clo&tlohfkd&`lkafqflkp

x& Vpb&^&dlla&nr^ifqv&`ljmlrka&jfu&tfqe&ilt&`ljmobppflk&pbq

x& Sbar`b&pvpqbj&qbjmbo^qrob&^q&pb^i

x& Sbar`b&cof`qflk&eb^q

x& Deb`h&P/ofkd&j^qbof^i

x& Vpb&`loob`q&di^ka&abpfdk

Fig. 10.8  ;NYNTR$\N``R^Z$PNa_RQ$Oe$UVTU$P[Y\^R__V[Z$_R`

10.4 Twisted O-rings, spiral defects

Uebpb&qvmbp&lc&a^j^db&^mmb^o&fk&^&qvmf`^i&cloj0&Fuqbok^i&`e^o^`/

qbofpqf`p&^ob&pmfo^i/pe^mba&j^ohfkdp&lo&`rqp&fk&qeb&P/ofkd&proc^`b&

tef`e&qvmf`^iiv&ib^a&ql&abpqor`qflk&+cfd0&320;&^ka&32032,0

Ueb&a^j^db&dbkbo^iiv&l``rop&^p&cliiltp<

x& Jk&avk^jf`&^mmif`^qflkp.&qefp&abcb`q&`^k&l``ro&_b`^rpb&lc&

s^ovfkd&`ljmobppflk&lc&qeb&P/ofkd&`olpp/pb`qflk&arb&ql&lrq/

lc/olrkakbpp&lo&b``bkqof`fqv&lc&qeb&`ljmlkbkqp&ql&_b&pb^iba0&

Uerp.&m^oqp&lc&qeb&P/ofkd&tfii&pifab.&tefib&lqebop&olii0&Uefp&ib^ap&

ql&pmfo^i&j^ohp&lo&`rqp&arb&ql&qtfpqfkd&lc&qeb&P/ofkd0&Uebv&rpr/

^iiv&e^sb&^k&^kdib&_bilt&67�0

x& Jk&pq^qf`&^mmif`^qflkp.&qeb&P/ofkd&e^p&qvmf`^iiv&_bbk&qtfpqba&

arofkd&fqp&fkpq^ii^qflk&fk&qeb&di^ka0&Erb&ql&^k&rkc^slro^_ib&o^qfl&

_bqtbbk&qeb&`olpp/pb`qflk&^ka&qeb&fkkbo&af^jbqbo&+i^odb&af^j/

bqbo&^ka&pj^ii&`olpp/pb`qflk,&qeb&P/ofkd&oliip&lk&qeb&^ppbj_iv&

^ob^&fkql&qeb&di^ka0

Fig. 10.9  JcV_`RQ$F*^VZT$cV`U$_\V^NX$YN^WVZT_

Fig. 10.10  JcV_`RQ$F*^VZT$cV`U$Pa`_$VZ$_a^SNPR

Ueb&`^rpbp&lc&a^j^db&^ob<

x& Prq/lc/olrka&^ppbj_iv&`ljmlkbkqp

x& F``bkqof`&^ppbj_iv&`ljmlkbkqp=&sbov&olrde&proc^`bp

x& Olk/bufpqbkq&lo&mllo&ir_of`^qflk

x& P/ofkd&j^qbof^i&qll&plcq&+i^`h&lc&afjbkpflk^i&pq^_fifqv,

x& Jkprccf`fbkq&pqolhb&pmbba&+ir_of`^qfkd&cfij&`^k&_b&mrpeba&^t^v,

x& Bppbj_iv&boolo&+P/ofkd&fkpq^iiba&fk&oliiba&`lkafqflk,

Vkc^slro^_ib&`olpp/pb`qflk/fkkbo&af^jbqbo&o^qfl

G^firobp&lc&qefp&hfka&`^k&_b&^slfaba&_v&qeb&cliiltfkd&`e^kdbp<

x& Sbar`b&lrq/lc/olrkakbpp&lo&b``bkqof`fqv&lc&j^`efkb&m^oqp

x& Tj^iibo&abcloj^qflk&lc&P/ofkd&`olpp/pb`qflk&af^jbqbo

x& Fkprob&ir_of`^qflk

x& Jjmolsb&proc^`b&cfkfpe

x& Vpb&e^oabo&P/ofkd

x& Dellpb&^&i^odbo&`olpp/pb`qflk/fkkbo&af^jbqbo&o^qfl

x& D^obcri&^ppbj_iv&tfqe&rpb&lc&ir_of`^kq&+b0d&Q^ohbo&P/Mr_b&lo&

Trmbo/P/Mr_b,

10.5 Explosive decompression

Tfk`b&^ii&bi^pqljbop&^ob&mbojb^_ib.&mobpprofpba&d^pbp&tfii&mbk/

bqo^qb&qeb&pb^ifkd&j^qbof^i0&Ueb&efdebo&qeb&mobpprob&qeb&jlob&d^p&

fp&mobppba&fkql&qeb&pb^i0&Jc&qeb&^j_fbkq&mobpprob&^olrka&qeb&pb^i&fp&

obar`ba&nrf`hiv.&qeb&d^p&fkpfab&qeb&pb^i&tfii&bum^ka&^ka&bp`^mb.&

lo& qebob& tfii& _b&^& cloj^qflk&lc&_ifpqbop&lk& qeb&proc^`b0&Tljb&lc&

qebpb&_ifpqbop&j^v&_ropq&^ka&a^j^db&qeb&proc^`b0&Uefp&mol`bpp&fp&

`^iiba&bumilpfsb&ab`ljmobppflk0&B&pb^i~p&prp`bmqf_fifqv&ql&a^j^db&

abmbkap.&clo&bu^jmib.&lk&mobpprob.&ab`ljmobppflk&qfjb.&qeb&qvmb&

lc&d^p.&qvmb&lc&`ljmlrka&^ka&qeb&P/ofkd&`olpp/pb`qflk0&E^j^db&

o^obiv&l``rop&_bilt&52&_^o0&Hbkbo^iiv.&DP
4
&d^p& fp&jlob& ifhbiv& ql&

ib^a&ql&_ifpqbofkd&^ka&proc^`b&abpqor`qflk&qe^k&kfqoldbk.&vbq&^kv&

`ljmobppba&d^p&j^v&`^rpb&qefp&qvmb&lc&proc^`b&abpqor`qflk&^cqbo&

praabk&ab`ljmobppflk&+cfd0&32033,0

Fig. 10.11  F*^VZT$QNYNTRQ$Oe$Rd\X[_VbR$QRP[Y\^R__V[Z
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Xebkbsbo& qebob& fp&^kv& fkaf`^qflk&lc&pr`e&a^j^db&qeb&jbob&rpb&

lc&P/ofkdp&tfqe&^&pj^iibo&`olpp/pb`qflk&j^v&objbav&qefp&pfqr^qflk&

_b`^rpb&qefp&obar`bp&qeb&cobb&proc^`b0&Oloj^iiv.&qeb&qbkabk`v&ql&

_ifpqbo&fp&obar`ba&^p&e^oakbpp&fk`ob^pbp0

Dljmlrkap&tfqe&sbov&efde&d^p&mbojb^_fifqv&o^qbp&�&pr`e&^p&pfif/

`lkb&̀ ljmlrkap&�&tfii&obib^pb&qeb&d^p&fkpfab&jlob&nrf`hiv&fk&̀ ^pb&

lc&o^mfa&ab`ljmobppflk&qe^k&qelpb&tfqe&sbov&ilt&d^p&mbojb^_fifqv&

o^qbp.&pr`e&^p&_rqvi&`ljmlrkap0

Ueb& cliiltfkd& `ljmlrkap& pelt& dlla& obpfpq^k`b& ql& bumilpfsb&

ab`ljmobppflk<& O2774/;2& +OCS,.& LC385/;2& +IOCS,.& W345:/;7&

+GLN,&tfqe&OPSTPL&N/932&obpmb`qfsbiv&`boqfcfba&ql&JTP&45;58/40

Nb^probp&ql&mobsbkq&P/ofkd&abpqor`qflk&_v&bumilpfsb&ab`ljmobp/

pflk<

x& Fuqbka&qfjb&clo&ab`ljmobppflk&pl&qe^q&qeb&d^p&qe^q&e^p&afc/

crpba&fkql&qeb&pb^i&`^k&bp`^mb&jlob&piltiv

x& Sbar`b&qeb&`olpp/pb`qflk

x& Tbib`q&^k&P/ofkd&`ljmlrka&tfqe&dlla&obpfpq^k`b&^d^fkpq&

bumilpfsb&ab`ljmobppflk

10.6 Abrasion

P/ofkdp& rpba& fk& avk^jf`& ^mmif`^qflkp& ^ob& molkb& ql& cof`qflk& ^ka&

qerp&^_o^pflk0&Ueb&cliiltfkd&`loobi^qflkp&pelria&_b&`lkpfaboba&fk&

qefp&`lkqbuq<

x& Gof`qflk&fp&molmloqflk^i&ql&proc^`b&`ljmobppflk

x& B_o^pflk&fp&molmloqflk^i&ql&cof`qflk

x& Ueb&qbjmbo^qrob&fk`ob^pb&lc&qeb&pb^i&fp&molmloqflk^i&ql&cof`qflk

Ueb&fkafsfar^i&m^o^jbqbop&jrpq&_b&`lkpfaboba&^ilkd&tfqe&qeb&jb/

afrj&ql&ob^`e&qeb&lmqfjrj&`ljmoljfpb0&

Jk&pq^qf`&^mmif`^qflkp&a^j^db&_v&^_o^pflk&j^v&l``ro& fk&`lj_f/

k^qflk&tfqe&sbov&efde&mrip^qfkd&mobpprob0&Ueb&mrip^qfkd&mobpprob&

`^rpbp&qeb&P/ofkd&ql&jlsb&fkpfab&qeb&di^ka&tef`e.&fk&qeb&`^pb&lc&

mllo&proc^`b&nr^ifqv.& ib^ap&ql&efdebo&^_o^pflk0&Uefp&mol_ibj&`^k&

_b&obplisba&_v&obar`fkd&proc^`b&olrdekbpp0

Fig. 10.12  MRN^$V_$_RRZ$N_$"N``RZVZT$[S$F*^VZT$[Z$[ZR$_VQR

10.7 Fitting errors

Ul&bkprob&qe^q&P/ofkdp&crk`qflk&molmboiv&lsbo&ilkd&mboflap&lc&qfjb.&

qeb& cliiltfkd& fkpqor`qflkp& jrpq& _b& cliiltba& arofkd& ^ppbj_iv& ql&

mobsbkq&a^j^db&ql&qeb&pb^ip0&Gfqqfkd&boolop&`^k&l``ro& fk& qeb&cli/

iltfkd&pfqr^qflkp<

x& Qriifkd&P/ofkdp&lsbo&pe^om&badbp&^ka&qeob^ap

x& Srkkfkd&`e^j_bop&^ka&_lobp&qeolrde&s^isb&_il`hp

x& Vpfkd&lsbopfwba&P/ofkdp&fk&mfpqlk&1&`vifkabo&^mmif`^qflkp

x& Vpfkd&rkabopfwba&P/ofkdp&fk&ola&pb^ip&+fkpq^ii^qflk&lc&pqobq`eba&

P/ofkdp.&�Hlrde/Klrib&bccb`q�,

x& Utfpqfkd.&peb^ofkd&lo&`rqqfkd&lc&P/ofkd&arofkd&^pppbj_iv

x& Bppbj_iv&tfqelrq&ir_of`^qflk

x& Dlkq^jfk^qflk

Gfqqfkd&boolop&`^k&_b&^slfaba&_v&qeb&cliiltfkd&jb^probp<&

x& Cob^h&^ii&pe^om&badbp.&rpb&cfqqfkd&pibbsbp&lo&pqf`h&altk&qeob^ap

x& Qolsfab&ib^a/fk&`e^jcbo&_bqtbbk&37�&^ka&42�

x& Dib^kifkbpp&arofkd&^ppbj_iv

x& Vpb&^ppbj_iv&dob^pb

x& Deb`h&P/ofkd&pfwb&_bclob&^ppbj_iv

x& Bppbj_ib&tfqe&`^ob

Qib^pb&^ipl&cliilt&qeb&^ppbj_iv&fkpqor`qflkp&fk&pb`qflk&40
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11  Appendix

11.1 Standards

11.1.1 O-ring standards

Industry – Germany

DIN&ISO 3601-1:&Girfa&mltbo&pvpqbjp&�&P/ofkdp&�&Q^oq&3<&Jkpfab&

af^jbqbop.&`olpp/pb`qflkp.&qlibo^k`bp&^ka&abpfdk^qflk&`labp&+JTP&

5823/3<4234&-&Dlo0&3<4234,0

DIN 3771-1:&Girfa&pvpqbjp.&P/ofkdp0&

Uefp& pq^ka^oa& `lkq^fkp& pfwbp& ^ka& mbojfppf_ib& absf^qflkp& lc& P/

ofkdp&tfqe&pmb`f^i&^``ro^`v&clo&dbkbo^i&^mmif`^qflkp& fk& cirfa&pvp/

qbjp0&+obmi^`ba&_v&EJO&JTP&5823/3,0

DIN&ISO 3601-2:&Girfa&mltbo&pvpqbjp&�&P/ofkdp&�&Q^oq&4<&Ilrpfkd&

afjbkpflkp&clo&dbkbo^i&^mmif`^qflkp&+JTP&5823/4<422:,0

DIN 3771-2:&Girfa&pvpqbjp.&P/ofkdp0

Ubpqfkd.&j^ohfkd0&

Uefp&pq^ka^oa&^mmifbp&ql&P/ofkdp&ql&EJO&5993&Q^oq&3.&qbpqfkd&^ka&

j^ohfkd0&+obmi^`ba&_v&EJO&JTP&5823/4,

DIN&ISO 3601/3: &Girfa&mltbo&pvpqbjp&�&P/ofkdp&�&Q^oq&5<&Rr^ifqv&

^``bmq^k`b&`ofqbof^&+JTP&5823/5<4227,0

DIN 3771-3: Girfa&pvpqbjp.&P/ofkdp0

Gfbia& lc& ^mmif`^qflk.& j^qbof^ip0& Uefp& pq^ka^oa& `lsbop& j^qbof^ip.&

qebfo&e^oakbpp&o^kdb&^ka& cfbiap&lc&^mmif`^qflk&lc&P/ofkdp& ql&EJO&

5993&/30&+obmi^`ba&_v&EJO&JTP&5823/5,

DIN& ISO 3601-4:&Girfa&mltbo&pvpqbjp&�&P/ofkdp&�&Q^oq&6<&Bkqf/

buqorpflk&ofkdp&+_^`h/rm&ofkdp,&+JTP&5823/6<422:,0

DIN 3771-4: Girfa&pvpqbjp.&P/ofkdp.&nr^ifqv&^``bmq^k`b&`ofqbof^.&

proc^`b&cfkfpe&^ka&cloj0&Uefp&pq^ka^oa&`lsbop&^``bmq^k`b&`ofqbof^&

clo&proc^`b&cfkfpe&^ka&cloj0&+obmi^`ba&_v&EJO&JTP&5823/6,

Aeronautical – Germany

DIN 65202:&Bbolpm^`b&pbofbp&�&Fi^pqljbof`&P/ofkdp&�&Efjbkpflkp0&

Uefp&pq^ka^oa&pmb`fcfbp&qeb&afjbkpflkp&^ka&ifjfq&absf^qflkp&clo&P/

ofkdp&+qlolfa^i&pb^ifkd&ofkdp,&lc&pmb`f^i&afjbkpflk^i&̂ ``ro^`v.&mobc/

bo^_iv&clo&rpb&fk&^bolpm^`b&^mmif`^qflkp0&

DIN&65203:&Bbolpm^`b&pbofbp&�&Fi^pqljbof`&P/ofkdp&�&Ub`ekf`^i&

pmb`fcf`^qflk0

International

ISO 3601-1:&Girfa&mltbo&pvpqbjp&�&P/ofkdp&�&Q^oq&3<&Jkpfab&af^j/

bqbop.&`olpp/pb`qflkp.&qlibo^k`bp&^ka&abpfdk^qflk&`labp0

ISO 3601-3:&Girfa&mltbo&pvpqbjp&�&P/ofkdp&�&Q^oq&5<&Rr^ifqv&^`/

`bmq^k`b&`ofqbof^0

ISO 3601-5:&Girfa&mltbo&pvpqbjp&�&P/ofkdp&�&Q^oq&7<&Trfq^_fifqv&lc&

bi^pqljbof`&j^qbof^ip&clo&fkarpqof^i&^mmif`^qflkp0

United Kindom

BS 1806:&Tmb`fcfbp&afjbkpflkp& +fk`ebp,& clo& fkkbo&af^jbqbop&^ka&

`olpp/pb`qflkp& .& mbojfppf_ib& absf^qflkp& ^ka& `ib^o^k`b& d^mp0& P/

ofkd&afjbkpflkp&^ob&fabkqf`^i&ql&qeb&Q^ohbo&4/uuu&pbofbp0&Ueb&q^_ib&

3303&dfsbp&^&`olpp/obcbobk`b&^jlkd&qeb&s^oflrp&Frolmb^k&pq^ka/

^oa&P/ofkd&pmb`fcf`^qflkp0

BS 4518:&Tmb`fcfbp&afjbkpflkp.&absf^qflkp&^ka&`ib^o^k`b&d^mp.&

clo&tef`e&`olpp/pb`qflk&af^jbqbop&^ob&do^aba&^p&cliiltp<&308.&406.&

502.&709&^ka&:06&jj0

France

Ueb&Gobk`e&pq^ka^oap&^ob&_^pba&lk&qeb&molmlp^ip& clo& JTP&5823&

Q^oqp&3&ql&50

NF-T-47-501&fp&`ljm^o^_ib&ql&JTP&5823&Q^oq&30

NF-T-47-502&fp&`ljm^o^_ib&ql&JTP&5823&Q^oq&40

NF-T-47-503&fp&`ljm^o^_ib&ql&JTP&5823&Q^oq&50

Gobk`e&mro`e^pb&`labp&S&3&ql&S&49&^ob&fabkqf`^i&ql&Q^ohbo&pfwbp&

7/79:&ql&7/8280&S&4:&ql&S&::&^ob&fabkqf`^i&ql&Q^ohbo&pfwbp&4/547&ql&

4/56;&^ka&4/647&ql&4/6820&Glo&jlob&abq^fip.&pbb&`olpp/obcbobk`bp&

lc&Frolmb^k&P/ofkd&`labp.&q^_ib&33030

Italy

B&`ljjfqqbb&clo&pb^i&^ka&elpb&pq^ka^oafp^qflk&bufpqp&fk&qeb&VOJ&

^ka&fp&tlohfkd&lk&^k&Jq^if^k&P/ofkd&pq^ka^oafp^qflk0&Ueb&fkarpqov&

`lkqfkrbp&ql&rpb&qeb&Bjbof`^k&BT&78:&C&pq^ka^oa&pmb`fcf`^qflk0&Jk&

`boq^fk&^ob^p&qeb&Gobk`e&S&3&ql&S&::&^ob&rpba0

Sweden

P/ofkdp& ^ob& pq^ka^oafwba& rkabo SMS 1586.& Ttbafpe& jfifq^ov&

pq^ka^oap0&Dolpp&pb`qflkp&308&1&406&1&502&1&709&^ka&:06&jj&^ob&ob`/

ljjbkaba0
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USA

AS 568 B:&+Bbolpm^`b&Tq^ka^oa,&mr_ifpeba&_v&qeb&TBF&+Tl`fbqv&lc&

Brqljlqfsb&Fkdfkbbop,&pmb`fcfbp&pfwbp&^ka&qlibo^k`bp0

Ueb&`olpp/pb`qflk&af^jbqbop&`loobpmlka&ql&JTP&5823/3&^ka&EJO&

5993&Q^oq&3&+tfqefk&^&cbt&erkaobaqep&lc&^&jfiifjbqob,0&BT&78:&C&fp&

ifkhba&ql&^&afjbkpflk&`lab&qe^q&`loobpmlkap&ql&Q^ohbo&pq^ka^oa&

P/ofkd&afjbkpflkp&4/uuu&^ka&5/uuu0& Û _ib&3303&peltp&^&`olpp/

obcbobk`b&lc&P/ofkd&abpfdk^qflkp&^ka&afjbkpflkp&rpba&fk&Frolmb0

11.1.2 Other standards

DIN 7716: Sr__bo&molar`qp=& obnrfobjbkqp& clo& pqlo^db.&`ib^kfkd&

^ka&j^fkqbk^k`b0

DIN 9088: Bbolpm^`b&pbofbp&�&pqlo^db&ifcb&lc&or__bo&molar`qp0

DIN 24320: Gfob/obpfpq^kq& cirfap& �& evao^rif`& cirfap& lc& `^qbdlofbp&

IGBF&^ka&IGBT&�&`e^o^`qbofpqf`p&^ka&obnrfobjbkqp0

DIN 51524-1: Qobpprob&cirfap&�&evao^rif`&lfip&�&Q^oq&3<&IM&evao^rif`&

lfip=&jfkfjrj&obnrfobjbkqp0

DIN 51524-2:&Qobpprob&cirfap&�&evao^rif`&lfip&�&Q^oq&4<&IMQ&evao^r/

if`&lfip=&jfkfjrj&obnrfobjbkqp0

DIN 51525: Ivao^rif`&cirfap=&evao^rif`&lfip&IMQ=&jfkfjrj&obnrfob/

jbkqp0&+obmi^`ba&_v&EJO&73746/4,

DIN EN&590:&Brqljlqfsb& crbip&�&afbpbi& �& obnrfobjbkqp&^ka& qbpq&

jbqelap=&Hboj^k&sbopflk&FO&7;2<422;-B3<42320

DIN 51601: Mfnrfa&crbip&�&afbpbi&lfi=&jfkfjrj&obnrfobjbkqp0&+ob/

mi^`ba&_v&EJO&FO&7;2,

DIN 51603-1: Mfnrfa&crbip&�&crbi&lfip&�&m^oq&3<&crbi&lfip&FM.&pmb`f/

cf`^qflkp0

DIN 51603-3:&Mfnrfa&crbip&�&crbi&lfip&�&m^oq&5<&crbi&lfi&T.&jfkfjrj&

obnrfobjbkqp0

DIN 51603-4:&Mfnrfa&crbip&�&crbi&lfip&�&m^oq&6<&crbi&lfip&S.&jfkfjrj&

obnrfobjbkqp0

DIN 53603-5: Mfnrfa&crbip&�&crbi&lfip&�&m^oq&7<&crbi&lfip&TB.&jfkfjrj&

obnrfobjbkqp0

DIN 53504: Ubpqfkd&lc&or__bo&�&abqbojfk^qflk&lc&qbkpfib&pqobkdqe&^q&

_ob^h.&qbkpfib&pqobpp&^q&vfbia.&bilkd^qflk&^q&_ob^h&^ka&pqobpp&s^irbp&

fk&^&qbkpfib&qbpq0

DIN 53512: Ubpqfkd& lc& or__bo& �& abqbojfk^qflk& lc& ob_lrka& obpfi/

fbk`b&+T`el_&mbkarirj,0

DIN ISO 4649: Sr__bo.&sri`^kfwba&lo&qebojlmi^pqf`&�&abqbojfk^/

qflk&lc&^_o^pflk&obpfpq^k`b&rpfkd&^&olq^qfkd&̀ vifkaof`^i&aorj&absf`b&

+JTP&686;<4232,0

DIN 53516: Ubpqfkd&lc&or__bop&^ka&bi^pqljbop=&abqbojfk^qflk&lc&

^_o^pflk&obpfpq^k`b0&+obmi^`ba&_v&EJO&JTP&686;,

DIN ISO 132: Sr__bo.&sri`^kfwba&lo& qebojlmi^pqf`&�&abqbojfk^/

qflk&lc&cibu&`o^`hfkd&^ka&`o^`h&doltqe&+Eb&N^qqf^,&+JTP&354<4227,0

DIN 53522: Ubpqfkd&lc&or__bop&^ka&bi^pqljbop=&molilkdba&_r`h/

ifkd&qbpq0&+obmi^`ba&_v&EJO&JTP&354,

DIN ISO 13226:&Sr__bo&�&pq^ka^oa&obcbobk`b&bi^pqljbop&+TSFp,&

clo&`e^o^`qbofwfkd&qeb&bccb`q&lc&ifnrfap&lk&sri`^kfwba&or__bop&+JTP&

35448<4227,0

DIN 53538:& Fi^pqljbo& qbpqfkd.& pq^ka^oa& obcbobk`b& bi^pqljbop=&

pmb`fcf`^qflk&lc&qeb&_be^sflro&lc&jfkbo^i&lfi&molar`qp&lk&kfqofib&or_/

_bo&sri`^kfp^qbp0&+obmi^`ba&_v&EJO&JTP&35448,

DIN 53545:&Ebqbojfk^qflk&lc&ilt/qbjmbo^qrob&_be^sflro&lc&bi^p/

qljbop=&mofk`fmibp&^ka&qbpq&jbqelap0

DIN ISO 34-1: Sr__bo.&sri`^kfwba&lo&qebojlmi^pqf`&�&abqbojfk^/

qflk&lc&qb^o&pqobkdqe&�&m^oq&3<&qolrpbo.&̂ kdib&̂ ka&`obp`bkq&qbpq&mfb`/

bp&+JTP&56/3<4226,.&Dloofdbka^&ql&EJO&JTP&56/3<4226/290

DIN ISO 48: Sr__bo.& sri`^kfwba& lo& qebojlmi^pqf`& /& Ebqbojfk^/

qflk&lc&e^oakbpp&+e^oakbpp&_bqtbbk&32&JSIE&^ka&322&JSIE,&+JTP&

6:<4229,0

DIN ISO 815-1: Sr__bo.&sri`^kfwba&lo&qebojlmi^pqf`&/&Ebqbojfk^/

qflk&lc&`ljmobppflk&pbq&/&Q^oq&3<&Bq&^j_fbkq&lo&bibs^qba&qbjmbo^/

qrobp&+JTP&:37/3<422:,0

DIN ISO 815-2: Sr__bo.&sri`^kfwba&lo&qebojlmi^pqf`&�&abqbojfk^/

qflk&lc&`ljmobppflk&pbq&�&m^oq&4<&^q& ilt&qbjmbo^qrobp&+JTP&:37/

4<422:,0

DIN EN 10204: Nbq^iif`& molar`qp& �& qvmbp& lc& fkpmb`qflk& al`r/

jbkqp=&Hboj^k&sbopflk&FO&32426<42260

DIN ISO 1183-2: Qi^pqf`p&�&jbqelap&clo&abqbojfkfkd&qeb&abkpfqv&

lc&klk/`biiri^o&mi^pqf`p&/&m^oq&4<&abkpfqv&do^afbkq&`lirjk&jbqela&

+JTP&33:5/4<4226,=&Hboj^k&sbopflk&FO&JTP&33:5/4<42260

DIN ISO 1629: Sr__bo&̂ ka&i^qf`bp&�&kljbk`i^qrob&+JTP&384;<3;;7,0

DIN ISO 1817: Sr__bo.&sri`^kfwba&�&abqbojfk^qflk&lc&qeb&bccb`q&lc&

ifnrfap&+JTP&3:39<4227,0

DIN ISO 2285: Sr__bo.& sri`^kfwba& lo& qebojlmi^pqf`& �& abqbojf/

k^qflk&lc& qbkpflk&pbq&rkabo&`lkpq^kq&bilkd^qflk.& ^ka&lc& qbkpflk&

pbq.& bilkd^qflk& ^ka& `obbm& rkabo& `lkpq^kq& qbkpfib& il^a& +JTP1EJT&

44:7<4234,0

DIN ISO 2859-1: T^jmifkd&mol`barobp&clo&fkpmb`qflk&_v&̂ qqof_rqbp&

�&m^oq&3<&p^jmifkd&p`ebjbp&fkabuba&_v&^``bmq^k`b&nr^ifqv& ifjfq&

+BRM,&clo&ilq/_v/ilq&fkpmb`qflk&+JTP&4:7;/3<3;;;&fk`irafkd&qb`ekf/

`^i&`loofdbkarj&3<4223,.&`loofdbka^&ql&EJO&JTP&4:7;/3<4226/230
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DIN ISO 3302-1: Sr__bo&�& qlibo^k`bp& clo&molar`qp&�&m^oq&3<&af/

jbkpflk^i&qlibo^k`bp&+JTP&5524/3<3;;8,0

VDMA 24317: Girfa&pvpqbjp=&cfob/obpfpq^kq&evao^rif`&cirfap.&jfkf/

jrj&qb`ekf`^i&obnrfobjbkqp0

LN 9214: Bbolpm^`b=&qlolfa^i&pb^ifkd&ofkdp&+P/ofkdp,&clo&pliaboibpp&

qr_b&cfqqfkdp&tfqe&`lrmifkd&pibbsbp.&ci^obibpp0

ASTM D 395:&Tq^ka^oa&qbpq&jbqelap&clo&or__bo&molmboqv&�&`lj/

mobppflk&pbq0

ASTM D 412a:&Tq^ka^oa&qbpq&jbqelap&clo&sri`^kfwba&or__bo&^ka&

qebojlmi^pqf`&bi^pqljbop&�&qbkpflk0

ASTM D 471a: Tq^ka^oa&qbpq&jbqela&clo&or__bo&molmboqv&�&bccb`q&

lc&ifnrfap0

ASTM D 1329: Tq^ka^oa&qbpq&jbqela&clo&bs^ir^qfkd&or__bo&molm/

boqv&�&obqo^`qflk&^q&iltbo&qbjmbo^qrobp&+US&Ubpq,0

11.2 Size cross-reference

KUe^Ye&ab. HDG-K-5516,&
>_Uff&=

=.N.&
1806

PF&WbXY&
ab.

AeYaW\&
WbXY&ab.

Ib. Ib.

61448 1 1448 1 1

61449 1 1449 1 1

6144: CP:66;D15 144: T2(545 CP15

6144; CP:66;D16 144; T2(546 CP16

6144< CP:66;D17 144< T2(547 CP17

6144= CP:66;D18 144= T2(548 CP18

61454 CP:66;D19 1454 T2(549 CP19

61455 CP:66;D1: 1455 T2(54; CP1:

61456 CP:66;D1; 1456 T2(554 CP1;

61457 1 1457 1 1

61458 1 1458 1 1

61459 1 1459 1 1

6145: 1 145: 1 1

6145; 1 145; 1 1

6145< 1 145< 1 1

6145= 1 145= 1 1

61464 1 1464 1 1

61465 1 1465 1 1

61466 1 1466 1 1

61467 1 1467 1 1

61468 1 1468 1 1

61469 1 1469 1 1

6146: 1 146: 1 1

6146; 1 146; 1 1

KUe^Ye&ab. HDG-K-5516,&
>_Uff&=

=.N.&
1806

PF&WbXY&
ab.

AeYaW\&
WbXY&ab.

Ib. Ib.

6146< 1 146< 1 1

61554 CP:66;D1< 1554 T2(555 CP1<

61555 CP:66;D1= 1555 T2(557 CP1=

61556 CP:66;D154 1556 T2(55: CP154

61557 CP:66;D155 1557 T2(55< 8P155

61558 CP:66;D156 1558 T2(564 CP156

61559 CP:66;D157 1559 T2(566 CP157

6155: CP:66;D158 155: T2(568 CP158

6155; 1 155; T2(56; 1

6155< 1 155< T2(5745- 1

6155= 1 155= T2(5765- 1

61564 1 1564 1 1

61565 1 1565 1 1

61566 1 1566 1 1

61567 1 1567 1 1

61568 1 1568 1 1

61569 1 1569 1 1

6156: 1 156: 1 1

6156; 1 156; 1 1

6156< 1 156< 1 1

6156= 1 156= 1 1

61574 1 1574 1 1

61575 1 1575 1 1

61576 1 1576 1 1

61577 1 1577 1 1

61578 1 1578 1 1

61579 1 1579 1 1

6157: 1 157: 1 1

6157; 1 157; 1 1

6157< 1 157< 1 1

6157= 1 157= 1 1

61584 1 1584 1 1

61585 1 1585 1 1

61586 1 1586 1 1

61587 1 1587 1 1

61588 1 1588 1 1

61589 1 1589 1 1

6158: 1 158: 1 1

6158; 1 158; 1 1

6158< 1 158< 1 1

6158= 1 158= 1 1

61654 CP:66;D159 1654 T2(569 CP159

61655 CP:66;D15: 1655 T2(56: CP15:

61656 CP:66;D15; 1656 T2(56= CP15;
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KUe^Ye&ab. HDG-K-5516,&
>_Uff&=

=.N.&
1806

PF&WbXY&
ab.

AeYaW\&
WbXY&ab.

Ib. Ib.

61657 CP:66;D15< 1657 T2(575 CP15<

61658 CP:66;D15= 1658 T2(577 CP15=

61659 CP:66;D164 1659 T2(579 CP164

6165: CP:66;D165 165: T2(57: CP165

6165; CP:66;D166 165; T2(57; CP166

6165< CP:66;D167 165< T2(57< CP167

6165= CP:66;D168 165= T2(57= CP168

61664 CP:66;D169 1664 T2(584 CP169

61665 CP:66;D16: 1665 T2(585 CP16:

61666 CP:66;D16; 1666 T2(586 CP16;

61667 CP:674D15 1667 T2(58:5- 1

61668 CP:674D16 1668 T2(58=5- 1

61669 CP:674D17 1669 T2(5965- 1

6166: CP:674D18 166: T2(5995- 1

6166; CP:674D19 166; T2(59<5- 1

6166< CP:674D1: 166< T2(5:55- 1

6166= CP:674D1; 166= T2(5:85- 1

61674 CP:674D1< 1674 T2(5:;5- 1

61675 CP:674D1= 1675 T2(5;45- 1

61676 CP:674D154 1676 T2(5;75- 1

61677 CP:674D155 1677 T2(5;:5- 1

61678 CP:674D156 1678 1 1

61679 CP:674D157 1679 1 1

6167: CP:674D158 167: 1 1

6167; CP:674D159 167; 1 1

6167< CP:674D15: 167< 1 1

6167= CP:674D15; 167= 1 1

61684 CP:674D15< 1684 1 1

61685 CP:674D15= 1685 1 1

61686 CP:674D164 1686 1 1

61687 CP:674D165 1687 1 1

61688 CP:674D166 1688 1 1

61689 CP:674D167 1689 1 1

6168: CP:674D168 168: 1 1

6168; CP:674D169 168; 1 1

6168< CP:674D16: 168< 1 1

6168= CP:674D16; 168= 1 1

61694 CP:674D16< 1694 1 1

61695 CP:674D16= 1695 1 1

61696 CP:674D174 1696 1 1

61697 CP:674D175 1697 1 1

61698 CP:674D176 1698 1 1

61699 CP:674D177 1699 1 1

6169: CP:674D178 169: 1 1

KUe^Ye&ab. HDG-K-5516,&
>_Uff&=

=.N.&
1806

PF&WbXY&
ab.

AeYaW\&
WbXY&ab.

Ib. Ib.

6169; CP:674D179 169; 1 1

6169< CP:67QD17: 169< 1 1

6169= CP:674D17; 169= 1 1

616:4 CP:674D17< 16:4 1 1

616:5 CP:674D17= 16:5 1 1

616:6 CP:674D184 16:6 1 1

616:7 CP:674D185 16:7 1 1

616:8 CP:674D186 16:8 1 1

616:9 CP:67QD187 16:9 1 1

616:: CP:67QD188 16:: 1 1

616:; CP:674D189 16:; 1 1

616:< CP:674D18: 16:< 1 1

616:= CP:674D18; 16:= 1 1

616;4 CP:674D18< 16;4 1 1

616;5 CP:674D18= 16;5 1 1

616;6 CP:674D194 16;6 1 1

616;7 CP:674D195 16;7 1 1

616;8 CP:674D196 16;8 1 1

61769 CP:66;D16< 1769 T2(587 T16<

6176: CP:66;D16= 176: T2(589 T16=

6176; CP:66;D174 176; T2(58< T174

6176< CP:66;D175 176< T2(595 T175

6176= CP<66;D176 176= T2(598 T176

61774 CP:66;D177 1774 T2(59; T177

61775 CP:66;D178 1775 T2(5:4 T178

61776 CP:66;D179 1776 T2(5:7 T179

61777 CP:66;D17: 1777 T2(5:: T17:

61778 CP:66;D17; 1778 T2(5:= T17;

61779 CP:66;D17< 1779 T2(5;6 T17<

6177: CP:66;D17= 177: T2(5;9 T17=

6177; CP:66;D184 177; T2(5;= T184

6177< CP:66;D185 177< T2(5<4 T185

6177= CP:66;D186 177= T2(5<6 T186

61784 CP:66;D187 1784 T2(5<7 T187

61785 CP:66;D188 1785 T2(5<8 T188

61786 CP<66;D189 1786 T2(5<: T189

61787 CP:66;D18: 1787 T2(5<; T18:

61788 CP:66;D18; 1788 T2(5<< T18;

61789 CP:66;D18< 1789 T2(5=4 T18<

6178: CP:66;D18= 178: T2(5=5 T18=

6178; CP:66;D19Q 178; T2(5=6 T194

6178< CP:66;D195 178< T2(5=8 T195

6178= CP:66;D196 178= T2(5=9 T196

61869 CP:66;D1<< 1869 T2(5=: T197
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KUe^Ye&ab. HDG-K-5516,&
>_Uff&=

=.N.&
1806

PF&WbXY&
ab.

AeYaW\&
WbXY&ab.

Ib. Ib.

6186: CP:66;D197 186: T2(5=< T198

6186; CP:66;D198 186; T2(644 T199

6186< CP:66;D199 186< T2(646 T19:

6186= CP:66;D19: 186= T2(649 T19;

61874 CP:66;D19; 1874 T2(64; T19<

61875 CP:66;D19< 1875 T2(64= T19=

61876 CP:66;D19= 1876 T2(656 T1:4

61877 CP:66;D1:4 1877 T2(658 T1:5

61878 CP:66;D1:5 1878 T2(65: T1:6

61879 CP:66;D1:6 1879 T2(65< T1:7

6187: CP:66;D1:7 187: T2(664 T1:8

6187; CP:66;D1:8 187; T2(666 T1:9

6187< CP:66;D1:9 187< T2(668 T1::

6187= CP:66;D1:: 187= T2(66; T1:;

61884 CP:66;D1:; 1884 T2(674 T1:<

61885 CP:66;D1:< 1885 T2(676 T1:=

61886 CP:66;D1:= 1886 T2(678 T1;4

61887 CP:66;D1;4 1887 T2(67: T1;5

61888 CP:66;D1;5 1888 T2(67< T1;6

61889 CP:66;D1;6 1889 T2(684 T1;7

6188: CP:66;D1;7 188: T2(686 T1;8

6188; CP:66;D1;8 188; T2(688 T1;9

6168< CP:66;D1;9 168< T2(68: T1;:

6168= CP:66;D1;: 168= T2(68< T1;;

61894 CP:66;D1;; 1894 T2(694 T1;<

61895 CP:66;D1;< 1895 T2(696 T1;=

61896 CP:66;D1;= 1896 T2(698 T1<4

61897 CP:66;D1<4 1897 T2(69: T1<5

61898 CP:66;D1<5 1898 T2(69; T1<6

61899 CP:66;D1<6 1899 T2(69< T1<7

6189: CP:66;D1<7 189: T2(69= T1<8

6189; CP:66;D1<8 189; T2(6:4 T1<9

6189< CP:66;D1<9 189< T2(6:5 T1<:

6189= CP:66;D1<: 189= T2(6:6 T1<;

618:4 CP:66;D1<; 18:4 T2(6:7 T1<<

Tab. 11.1   :^[__*^RSR^RZPR$XV_`$i$<a^[\RNZ$F*^VZT$P[QR_$NZQ$_VfR_

KUe^Ye&ab. PF&WbXY&ab.

91496 T2(54:5-

91:56 T2(54<

61554 T2(54=5-

91:58 T2(556

91:57 T2(558

91:59 T2(559

91:5: T2(55;

91687 T2(55=5-

91:5; T2(565

9169: T2(5675-

6155; T2(56<

91:5< T2(5785-

91765 T2(588

91776 T2(58;

91479 T2(5945-

91;45 T2(597

9147; T2(59:5-

91;46 T2(5:6

9147= T2(5:95-

91;47 T2(5:<

917:5 T2(5;55-

91;48 T2(5;8

91;49 T2(5;;

61794 T2(5==5-

61795 T2(6455-

61796 T2(6475-

61797 T2(64:5-

61798 T2(64<5-

61799 T2(6545-

6179: T2(6575-

6179; T2(6595-

6179< T2(65;5-

6179= T2(65=5-

617:4 T2(6655-

914:8 T2(66:5-

91878 T2(6775-

91889 T2(6855-

918;8 T2(6975-

Tab. 11.2   F*^VZT$P[QR_$NZQ$_VfR_$GN^WR^$Z[+$NZQ$KB$P[QR$Z[+
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KUe^Ye&ab. AeYaW\&WbXY&ab.

919;< T15

919;= T16

919<4 T17

919<5 T18

919<6 T19

919<7 T19_

919<8 T1:

919<9 T1:_

919<: T1;

919<; T1<

919<< T1=

919<= T154

919=4 T155

919=5 T156

919=6 T157

919=7 T158

919=8 T159

919=9 T15:

919=: T15;

919=; T15<

919=< T15=

919== T164

91:44 T165

91:45 T166

91:46 T167

91:47 T168

91:48 T169

91:49 T16:

91:4: T16;

%1)%%MWTaT%H-`X]Va%dP`g%a[XVWb[g%X]%aXhT,%Qcb%bWXa%S^Ta%]^b%PUUTRb%bWTX`%caT%U^`%\^ab%

P__[XRPbX^]a.

Tab. 11.3   F*^VZT$P[QR_$NZQ$_VfR_$GN^WR^$Z[+$NZQ$=^RZPU$P[QR$Z[+
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B

B`bq^iabevab F2762/:2 5 5 4 6 5 3 5 5 6 6 4 4 4 5 6 4

B`bq^jfab D2779/92 3 3 3 5 3 3 3 6 6 6 4 6 6 4 3 4

B`bqf`&^`fa.&di^`f^i&^`bqf`&^`fa&+`lk`0, F2762/:2 5 5 3 6 3 3 6 5 6 6 5 5 6 3 3

B`bqf`&^`fa.&elq&+efde&mobpprob, W:;42/97 6 6 5 6 3 3 6 6 6 6 6 6 6 5 6 5

B`bqf`&^kevaofab D2779/92 6 6 3 6 3 3 3 5 6 6 3 3 3 6 6

B`bql^`bqf`&bpqbo F2762/:2 6 6 4 6 3 3 6 5 6 6 4 5 5 6 6 4

B`bqlkb F2762/:2 6 6 3 6 4 3 6 6 6 6 3 6 6 5 6 6

B`bqlmebklkb F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 5

B`bqvi&`eilofab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 5

B`bqvi^`bqlkb F2762/:2 6 6 3 6 4 3 6 6 6 6 3 6 6 6 6 6

B`bqvibkb F2762/:2 3 3 3 3 3 3 4 4 3 4 4 4 4

B`ovilkfqofib W5:3;/97 6 6 6 6 3 3 5 6 6 6 6 6 6 6 5

BaCirb�.&^k&^nrblrp&rob^&plirqflk O:;29/97 3 5 3 6 6 3 6 6 6

BaCirb�.&^k&^nrblrp&rob^&plirqflk F::89/82 3 5 3 6 6 3 6 6 6

Bafmf`&^`fa.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 4

Bbol&Mr_ofmi^qb O2896/92 3 3 6 3 3 3 3 4 3 3 6 6 6 3 3 4

Bbol&Tebii&39&ir_of`^kq O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 3 3 4

Bbol&Tebii&972 W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Bbol&Tebii&9B&ir_of`^kq O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 3 3 4

Bbol&Tebii&Girfa&6&+63, O2978/97 3 3 6 3 3 3 6 6 4 4 6 6 6 4 3 6

Bbol&Tebii&JBD O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 3 3 4

Bbolp^cb&4522 F2762/:2 6 6 3 6 3 3 6 6 6 6 4 6 6 6 5 5

Bbolp^cb&4522X F2762/:2 6 6 3 6 3 3 6 6 6 6 4 6 6 6 5 5

Bbolwfkb&72&+72&)&evao^wfkb.&72&)&VENI, F2762/:2 5 5 3 6 3 3 6 6 6 3 6 6 6 6 6

Bfo&+ilkd/qboj&tb^qebofkd, F2762/:2 5 5 3 3 3 3 3 5 3 5 3 5 3 3 3

Bfo.&482&�D T2826/92 6 6 6 5 3 3 6 6 6 6 6 6 6 6 6 4

Bfo.&lfi/cobb.&322&�D F2762/:2 3 3 3 3 3 3 3 4 3 4 3 4 4 3 3 3

Bfo.&lfi/cobb.&372&�D T2826/92 4 4 4 3 3 3 4 6 4 5 4 6 6 4 3 3

Bfo.&lfi/cobb.&422&�D T2826/92 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 3

Biabevab.&_rq^k^i W:;42/97 6 6 5 6 3 6 6 6 6 6 6 6 6 6

Bih^wbkb&+S,&+Ef_oljbqevi_bkwbkb, W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 4 6

Birjfkrj&^`bq^qb.&^nrblrp F2762/:2 3 3 3 6 3 3 3 5 6 6 3 3 5 6 6

Birjfkrj&_oljfab O2896/92 3 3 3 3 3 3 3 3 3 5 3 3 3 3 3 3

Birjfkrj&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Birjfkrj&cirlofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Birjfkrj&kfqo^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Birjfkrj&melpme^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

11  Appendix

11.3 Media Compatibility Table

Vfc(pcamkkclb_rgmlq(amlacplgle(kcbg_(pcqgqr_lac(_pc(`_qcb(ml(

asppclrjw(_t_gj_`jc(rcqr(_lb(dgcjb(cvncpgclac(b_r_(_lb(_pc(glrclbcb(

_q( npmnmq_jq( dmp( rcaflga_j( qmjsrgmlq2(Vfcpcdmpc0(sqcpq(ksqr( rcqr(

_lb(_nnpmtc(rfc(qsgr_`gjgrw(md(rfc(cleglccpgle(bcqgelq(slbcp(rfcgp(

qncagdga(mncp_rgle(amlbgrgmlq2(R_picp(mddcpq(lm(eclcp_j(es_p_lrcc(

amlacplgle( rfc( dmpk0( glqr_jj_rgml(agpaskqr_lacq(mp( dslargml(md(_(

npmbsar(gl(_lw(_nnjga_rgml2

1)%%>^\_PbXQX[Xbg%`PbX]V:%%1%;%aPbXaUPRb^`g%%

2%;%UPX`%%

3%;%R^]SXbX^]P[%

4%;%c]aPbXaUPRb^`g

% % T\_bg%a_PRT%;%X]acU#RXT]b%SPbP
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Birjfkrj&pric^qb O2896/92 3 3 3 3 3 3 3 4 6 6 3 3 3 3 3

Birjp O2896/92 3 3 3 3 3 3 3 3 6 3 3 3 3 3

Bj_obu&55&+jl_fib, O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 5 5 6

Bj_obu&:52&+jl_fib, O2896/92 3 3 5 3 3 3 4 6 3 3 5 6 6 4 3 4

Bjfkb&jfuqrob D2779/92 6 6 4 6 4 3 4 4 6 6 4 4 4 6 6 4

Bjjlkf^.&d^p.&`lia D2779/92 3 3 3 6 5 3 3 3 6 6 3 3 3 6 3

Bjjlkf^.&d^p.&elq D2779/92 3 6 3 6 6 3 3 6 6 6 6 6 5 6 4

Bjjlkf^.&ifnrfa.&^kevaolrp D2779/92 3 4 3 6 5 3 3 6 6 6 3 6 6 6 6 4

Bjjlkfrj&`^o_lk^qb.&^nrblrp D2779/92 4 4 3 5 3 3 3 3 6 6 3 3 3 4 4

Bjjlkfrj&`eilofab F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

Bjjlkfrj&`eilofab.&4&jli^o&plirqflk O2896/92 3 3 3 3 3 3 3 3 3 3

Bjjlkfrj&`eilofab.&^nrblrp O2896/92 3 3 3 5 3 3 3 3 6 6 3 3 3 4 4

Bjjlkfrj&evaolufab.&5&jli^o&plirqflk F2762/:2 3 3 3 4 3 3 3 4 6 6 3 4 4 3 3 3

Bjjlkfrj&evaolufab.&`lk`bkqo^qba F2762/:2 6 6 3 5 4 3 3 5 6 6 3 5 5 3 3 3

Bjjlkfrj&kfqo^qb O2896/92 3 3 3 3 3 3 3 6 3 3

Bjjlkfrj&kfqo^qb.&4&jli&plirqflk O2896/92 3 3 3 3 3 3 3 6 3 3

Bjjlkfrj&mbopric^qb F2762/:2 6 6 3 3 3 3 6 6 6 3 6

Bjjlkfrj&mbopric^qb&plirqflk F2762/:2 6 6 3 3 3 6 6 6 3 3

Bjjlkfrj&mbopric^qb.&^nrblrp F2762/:2 6 6 3 5 3 3 3 6 6 6 3 6 3 3 3

Bjjlkfrj&melpme^qb O2896/92 3 3 3 3 3 3 3 3 3 3 3

Bjjlkfrj&melpme^qb.&mofj^ov O2896/92 3 3 3 3 3 3 3 3 3 3 3

Bjjlkfrj&p^iqp O2896/92 3 3 3 5 3 3 3 3 5 3 3 3 5 3

Bjjlkfrj&pric^qb O2896/92 3 3 3 6 3 3 3 4 6 3 3 3 3

Bjjlkfrj&pricfab O2896/92 3 3 3 6 3 3 3 4 6 3 3 3 3

Bjvi&B`bq^qb F2762/:2 6 6 3 6 3 3 6 6 6 6 3 5 6 6 6

Bjvi&^i`leli F2762/:2 5 5 3 3 3 3 3 3 6 6 3 3 3 3 5

Bjvi&_lo^qb O2896/92 3 3 6 3 3 3 6 6 6 6

Bjvi&`eilofab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Bjvi&`eilolk^meqe^ibkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6

Bjvi&k^meqe^ibkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 3 6

Bkaboli.&M996&+Ef/Fpqbo, W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Bkaboli.&M:48 W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Bkaboli.&M:4; W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 4

Bkd/47&+Ef/Fpqbo&_^pb,&+UH&96;, W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 4

Bkd/47&+div`boli&bpqbo, F2762/:2 4 4 3 3 3 3 4 4 6 6 4 4 4 4 4 4

Bkfifkb&avbp F2762/:2 6 6 4 4 3 3 4 4 6 6 4 4 4 4 4 5

Bkfifkb&evaol`eilofab F2762/:2 4 4 4 4 3 3 6 5 6 6 4 6 4 6 4 5

Bkfifkb&lfi&+^kfifkb, F2762/:2 6 6 3 3 3 3 6 5 6 6 3 5 6 3 3

Bkfj^i&lfi O2896/92 3 3 4 3 3 3 4 6 3 4 4 6 6 4 3 4

BO/P/588 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Bkpri&bqebo&383&lo&3:3 W5:3;/97 5 5 5 6 3 3 6 6 6 4 5 6 6 6 5 6

BO/X/P/588_&evao^rif`&cirfa O2896/92 3 3 6 3 3 3 4 6 4 4 6 6 6 4 3 6

^nr^&obdf^ W5:3;/97 6 6 6 5 4 4 6 6 6 6 6 6 6 6 6

Bodlk O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Bol`ilo.&346: W2969/97 5 5 4 3 3 3 6 6 6 4 6 6 6 4 4

Bol`ilo.&3476 W2969/97 6 6 4 3 3 3 6 6 6 6 6 6 6 4 5
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Bol`ilo.&3482 W2969/97 3 3 3 3 3 3 3 6 3 3 3 3 3 3

Bolj^qf`&crbip&72&)&+crbi&D, W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Bopbkf`&^`fa&+^opbkf`&qof`eilofab,.&^nrblrp F2762/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Bp`lo_f`&^`fa W5:3;/97 3 3

Bph^obip&+b0d0&`ilmebk.&QDC.&^ol`ilo.&kbmlifk, W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Bpme^iq W2969/97 4 4 6 3 3 3 4 6 4 4 6 6 6 6 4 6

BTUN&lfi&kl0&3 O2896/92 3 3 6 3 3 3 3 6 3 5 6 6 3 3 3

BTUN&lfi&kl0&4 O2896/92 3 3 6 3 3 3 6 6 3 5 6 6 6 3 5

BTUN&lfi&kl0&5 O2896/92 3 3 6 3 3 3 6 6 3 5 6 6 6 3 6

BTUN&lfi&kl0&6 W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

BTUN&obcbobk`b&crbi&B O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 5 3 6

BTUN&obcbobk`b&crbi&C O2896/92 4 3 6 3 3 3 6 6 6 5 6 6 6 3 6

BTUN&obcbobk`b&crbi&D W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

BUG&lfi O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 5 6

BUG&lfi BF829/82 3 4 6 3 3 3 6 3 6 6 6

BUG&lfi BF82:/92 3 4 6 3 3 3 6 3 6 6 6

BUG&lfi B::67/92 3 4 6 3 3 3 6 3 6 6 6

BUM/:79 W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Bqi^kqf`&aljfkflk&G O2896/92 3 3 6 3 3 3 6 6 3 4 6 6 6 6 3 6

Brobu&;25S&+jl_fib, O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 4 6 6 6

C

C^`lk.&^kfj^i&c^q&+pbb&^kfj^i&lfi, O2896/92 3 3 4 3 3 3 4 6 3 3 4 6 6 6 3 4

C^oali&C W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

C^ofrj&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

C^ofrj&evaolufab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

C^ofrj&p^iqp O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

C^ofrj&pricfab O2896/92 3 3 3 3 3 3 3 4 6 3 3 4 3 3 3 3

C^vli&57 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

C^vli&E O2896/92 3 3 6 3 3 3 4 6 3 6 6 6 6 6 3 6

Cbbo F:965/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Cbbq&grf`b O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Cbkw^iabevab&+_fqqbo&^ijlka&lfi, F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 5 3

Cbkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

Cbkwbkbpriclkf`&^`fa.&32&) W2969/97 3 3 3 3 3 5

Cbkwfkb O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Cbkwl^qb&+_bkwvi&_bkwl^qb, W2969/97 6 6 6 3 3 3 6 6 6 6 4 6 6 6 3

Cbkwlf`&^`fa.&^`nrblrp W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

Cbkwlmebklkb W2969/97 5 3 3 3 6 6 6 5 6 3

Cbkwlvi&_bkwl^qb&+Cbkwl^qb, W2969/97 6 6 4 3 3 3 6 6 6 4 6 6 6 3

Cbkwlvi&`eilofab W2969/97 6 6 3 3 3 3 6 6 6 4 6 6 6 3

Cbkwvi&^i`leli W2969/97 6 6 3 3 3 3 5 4 6 6 3 4 5 3 3

Cbkwvi&`eilofab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

Cfpric^qb&ivb F2762/:2 5 5 3 3 3 3 3 5 6 6 3 5 3 4 4

Ci^`h&ivb W595:/97 4 4 4 3 3 3 4 4 6 6 4 4 4 4 4 4

Ci^`h&mlfkq&99 O2896/92 3 3 3 3 3 3 5 5 5 5 3 5 5 5 5 5

Ci^pq&crok^`b&d^p W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 5
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Cib^`e&lc&ifjb O2896/92 3 3 3 3 3 3 4 3 6 3 4 3 4 3 4

Cib^`efkd&ivb W2969/97 6 6 3 3 3 3 6 6 3 6 3 4 4

W::;4/92 4 4 6 3 3 3 6 6 6

W:944 4 4 6 3 3 3 6 6 6

W::77/82 4 4 6 3 3 3 6 6 6

Clo^u F2762/:2 4 4 3 3 3 3 6 4 4 3 3 4 4 6 4 4

Clo^u.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Cloab^ru&jfuqrob F2762/:2 4 4 3 3 3 3 4 4 6 6 3 4 4 3 4 4

Cloab^ru&jfuqrob F2762/:2 4 4 3 3 3 3 4 4 6 6 3 4 4 3 4 4

Clof`&^`fa.&32&) O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 5

Clolk&cirfa&+IFG, W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Co^hb&cirfa F2762/:2 5 5 3 6 3 3 4 3 4 4 6 5

Co^hb&cirfa&+div`li, F2762/:2 4 5 3 6 3 3 5 3 6 6 3 3 5 6 5

Co^kav.&corfq&t^qbo O:773/97 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Co^v&HH/352 W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Co^v`l&93;/S&+X/I/;32, F2762/:2 5 5 3 6 3 3 4 6 6 4 4 4 4 4 4

Co^v`l&::7&+NJM/M/82:7B, W2969/97 4 4 6 3 3 3 6 6 4 3 6 6 6 6 4 6

Co^v`l&;32 F2762/:2 4 4 3 6 4 4 5 5 3 3 3 3 6 6

Cobq&932 F2762/:2 4 4 3 6 3 3 4 4 5 5 3 3 3 3 6 6

Coljfkb&t^qbo.&p^qro^qba W2969/97 6 6 5 3 3 3 6 6 6 6 6 6 6 5 6

Coljfkb.&ifnrfa W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Coljl_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Coljl`eiloljbqe^kb W2969/97 6 6 4 3 3 3 6 6 6 6 4 6 6 6 4 6

Coljl`eilolqofcirlolbqe^kb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Crkhbo&lfi&+clo&_rkhbo&lfi&D<&GLN, O2896/92 3 3 6 3 3 3 6 6 3 5 6 6 6 3 5

Crq^afbkb&+jlkljbo, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

Crq^kb.&404/Efjbqevi/ O2896/92 3 3 6 3 3 3 4 5 3 6 6 6 6 4 3 6

Crq^kb.&_rq^kb&d^p O2896/92 3 3 6 3 3 3 3 6 3 3 6 6 5 3 6

Crq^kli&+O/_rqvi&^i`leli, O2896/92 3 3 4 3 3 3 3 3 6 6 4 3 3 4 6

Crq^kli&+jbqevi&bqevi&hbqlkb.&NFL, F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6 6

Crqqbo O:773/97 3 3 6 3 3 3 6 6 6 6 6 6 6 3 3

Crqvi&^`bq^qb F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6

Crqvi&^`bqvi&ofwfklib^qb F2762/:2 5 5 3 3 3 3 5 6 3 5

Crqvi&^`ovi^qb W5:3;/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6

Crqvi&^i`leli&+_rq^kli, O2896/92 3 3 4 3 3 3 3 3 6 6 4 3 3 3 3 4

Crqvi&`^qb`eli W2969/97 6 6 4 3 3 3 4 4 6 4 4 6 4 3

Crqvi&div`li F2762/:2 5 5 4 6 3 3 5 6 6 6 4 6 6 6 6

Crqvi&div`li&^afm^qb F2762/:2 6 6 4 4 3 3 6 6 6 6 4 6 6 6 4 4

Crqvi&jbo`^mq^k W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6

Crqvi&pqb^o^qb W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 4

Crqvi^jfkb W:;42/97 5 5 6 6 3 6 6 6 6 6 6 6 6 6 4

Crqvi`^o_fqli F2762/:2 6 6 3 5 3 3 5 6 6 3 6 6 6 6 6

Crqvi`biilplisb&^afm^qbp F2762/:2 6 6 4 4 3 3 6 6 6 6 4 6 6 6 4 4

Crqvibkb&+_rqbkb, W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 4 6

Crqvilib^qb W2969/97 6 6 4 3 3 3 6 6 4 6 6 4

Crqvo^iabevab F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6
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Crqvo^qb F2762/:2 6 6 3 3 3 3 6 6 6 3 6 6 6 3

Crqvof`&^`fa W2969/97 6 6 4 4 3 3 6 6 6 4 6 6

D

D^i`frj&^`bq^qb.&^nrblrp F2762/:2 3 3 3 6 3 3 3 3 6 6 3 3 3 6 3

D^i`frj&_fpricfqb O2896/92 3 3 6 3 3 3 3 6 6 3 6 6 6 3 3 3

D^i`frj&`^o_lk^qb O2896/92 3 3 3 3 3 3 3 3 5 5 3 3 3 3 3 3

D^i`frj&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

D^i`frj&`v^kfab O2896/92 3 3 3 3 3 3 3 3 3 3 3 3

D^i`frj&evaolufab.&^nrblrp O2896/92 3 3 3 5 3 3 4 3 6 6 3 3 3 3 3

D^i`frj&evml`eilofab F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 3 3

D^i`frj&evml`eilofqb F2762/:2 4 4 3 3 3 3 4 4 6 6 3 4 4 3 4 4

D^i`frj&evml`eilofqb.&37&) F2762/:2 6 6 3 3 3 3 5 6 6 3 3 3 6 6

D^i`frj&kfqo^qb&+kfqo^qb&lc&ifjb, O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

D^i`frj&melpme^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

D^i`frj&p^iqp O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

D^i`frj&pfif`^qb O2896/92 3 3 3 3 3 3 3 3 3 3 3 3

D^i`frj&pricfab O2896/92 3 3 3 3 3 3 3 4 6 3 3 4 4 3 3 3

D^i`frj&pricfqb O2896/92 3 3 3 3 3 3 3 4 6 3 3 4 4 3 3 3

D^i`frj&qeflpric^qb F2762/:2 4 4 3 3 3 3 3 4 6 3 3 4 4 3 3 3

D^i`frj^`bq^qb F2762/:2 4 4 3 6 3 3 4 6 6 6 3 6 3 6 6 6

D^idlk&+plafrj&jbq^melpme^qb, O2896/92 3 3 3 3 3 3 4 3 3 3 3 4 3

D^if`eb&plirqflk&+`efib&p^iqmbqbo, O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

D^jmelo&lfi O2896/92 3 3 6 3 3 3 6 6 6 6 6 6 6 6 6

D^movi^iabevab&+ebu^k^i, F2762/:2 4 6 3 3 6 6 4 4 4 6 4

D^o_^j^qbp W5:3;/97 4 4 3 3 4 6 6 6 4 6 6 4 3

D^o_fqli&+afbqevibkb&div`li&jlklbqevi&bqebo, F2762/:2 4 4 4 4 3 3 4 4 6 6 4 4 4 4 4 4

D^o_lif`&^`fa&+mebkli, W2969/97 6 6 5 3 3 3 6 6 5 6 6 3 6

D^o_lk&aflufab&obcofdbo^kq&+QBH&lfi, F:;23/92 3 4 3 3 3 3

D^o_lk&aflufab&obcofdbo^kq&+QPF&*&QBP&lfi, O5776/97 3 4 6 3 3 3

D^o_lk&aflufab&obcofdbo^kq&+QPF&*&QBP&lfi, O::44/97 3 4 6 3 3 3

D^o_lk&aflufab.&aov O2774/;2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

D^o_lk&aflufab.&tbq O2774/;2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

D^o_lk&afpricfab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

D^o_lk&jlklufab.&aov O2774/;2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

D^o_lk&qbqo^`eilofab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

D^o_lkf`&^`fa.&`^o_lk&aflufab F2762/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

D^rpqf`&pla^&plirqflk.&ivb F2762/:2 4 4 3 4 3 3 4 4 6 6 3 4 3 3 4 4

Dbiilplisb&^`bq^qb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 6

Dbiilplisb.&_rqvi F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 6

Dbiilplisb�&+bqevibkb&div`li&bqevi&bqebo, F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 6

Dbiirdr^oa O2896/92 3 3 3 3 3 3 3 3 5 6 3 3 3 3 3 3

Dbiirir_b&;2.&322.&372.&442.&522.&722 F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 6 4 3

Dbiirir_b&B82&+klt<&Gvonrbi, F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6

Dbiirqeboj&4727B W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Dbq^kb&+ebu^ab`^kb, O2896/92 3 3 6 3 3 3 4 6 3 6 6 6 6 4 5 6

Debbpb&pmob^a.&82&)&c^q.&aov O:773/97 3 3 3 3 3 3 3
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Deilo^u W2969/97 4 4 4 3 3 3 4 6 6 6 4 6 6 4 3

Deiloa^kb W2969/97 4 4 6 3 3 3 5 6 6 6 6 5 4 6

Deilolab`^kb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Deilobuqli W2969/97 4 4 6 3 3 3 4 6 4 6 6 6 6 6 4 6

Deilofk^qba&+p^iqv,&pb^&t^qbo W2969/97 6 6 6 3 3 3 6 6 6 6 6 4 4 4 3 6

Deilofk^qba&plisbkqp.&aov W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Deilofk^qba&plisbkqp.&tbq W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Deilofkb&aflufab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Deilofkb&aflufab.&:&)&Di&^p&O^DJP
4
&fk&plirqflk W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4

Deilofkb&d^p.&aov W2969/97 6 6 5 3 3 3 6 6 6 6 5 6 6 4 6

Deilofkb&d^p.&tbq W2969/97 6 6 5 3 3 3 6 6 6 6 5 6 6 5 6

Deilofkb&pricro W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 5

Deilol^`bqf`&^`fa F2762/:2 6 6 4 6 4 3 6 6 6 6 4 6 6 6 6 6

Deilol^`bqlkb F2762/:2 6 6 3 6 3 3 5 5 5 5 6

Deilol_bkwbkb&+jlkl`eilol_bkwbkb, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 6

Deilol_oljljbqe^kb W2969/97 6 6 4 3 3 3 6 6 6 6 4 6 6 6 4 6

Deilol_rq^afbkb&+`eilolmobkb, W2969/97 6 6 6 3 3 3 6 6 6 6 5

Deilolalab`^kb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Deilolbqevi^`bq^qb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Deilolcloj&+qof`eiloljbqe^kb, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Deilolk^meqe^ibkb W2969/97 6 6 6 3 3 3 6 6 6 6 5 6

Deilolmebkli&+l/`eilolmebkli, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Deilolpriclkf`&^`fa.&32&) W5:3;/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6

Deilolqlirbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Deilolu W2969/97 4 4 4 3 3 3 4 6 6 6 4 6 6 4 3

Deoljfrj&lufab&::&tq&)&^nrblrp&plirqflk W595:/97 6 6 4 3 3 3 6 6 6 6 4 6 6 3 4 4

Deoljf`&^`fa.&72&) W595:/97 6 6 4 3 3 3 6 6 6 6 5 6 6 4 5 5

Deoljfrj&^irj O2896/92 3 3 3 3 3 3 3 3 6 3 3 3 3 3

Deoljfrj&_^qep&+bib`qolmi^qfkd, W2969/97 6 6 6 3 3 3 6 6 6 6 6 5 5 5

Dfo`l&Mfdeq&Qol`bpp&Pfi O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Dfqof`&^`fa&.&^nrblrp D2779/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Dfqv&Tbosf`b&`lli&jlqlo&^mi^o.&lfi&362/F0Q0&ir_b O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Dfqv&Tbosf`b&Ol0&87.&342.&472 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Dfqv&Tbosf`b&Q^`bj^hbo&Ol04 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

DOH&+Dljmobppba&O^qro^i&H^p, O5;:9/92 3 4 6 3 3 3 5 6 5 5 6 6 5 5 6

DOH&+Dljmobppba&O^qro^i&H^p, O::::/92 3 4 6 3 3 3 5 6 5 5 6 6 5 5 6

DOH&+Dljmobppba&O^qro^i&H^p, W::99/97 3 4 6 3 3 3 5 6 5 5 6 6 5 5 6

DOH&+Dljmobppba&O^qro^i&H^p, W::24/:2 3 4 6 3 3 3 5 6 5 5 6 6 5 5 6

Dl_^iq&`eilofab.&4k O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Dl_^iq&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Dl`lkrq&lfi O:773/97 3 3 6 3 3 3 3

Dla&ifsbo&lfi O:773/97 3 3 6 3 3 3 3 6 3 3 6 6 3 3 3

Dlccbb O5:46/92 3 3 3 3 3 3 3 3 6 6 3 5 3 3 3

Dlhb&lsbk&d^p W2969/97 3 3 3 6 6 5 5

Dli^&bppbk`b&+Dl`^/Dli^, F:965/92 5 5 3 6 3 3 4 3

Dli^jfkb&+bqe^kli^jfkb, F2762/:2 6 6 4 6 5 3 6 4 6 6 4 4 4 6 6 4
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Dljmobppba&^fo&prmmiv O2896/92 3 3 6 3 3 3 3 6 6 3 3 6 6 3 6 6

Dlksbibu&32 W5:3;/97 6 6 3 3 6 6 4 6 6 6 6 6

Dlli^kli&+Nlkp^kql,.&pfif`lkb&lfi W2969/97 3 3 6 3 3 3 3 6 6 6 6 6 6 4 4 6

Dlli^kli&67&+Nlkp^kql, W2969/97 3 3 6 3 3 3 3 6 6 6 6 6 6 4 4 6

Dlmmbo&^`bq^qb.&^nrblrp F2762/:2 5 5 3 6 3 3 5 6 6 6 3 5 5 6 6

Dlmmbo&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Dlmmbo&`v^kfab O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Dlmmbo&p^iqp O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Dlmmbo&pric^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Dlok&lfi O:773/97 3 3 6 3 3 3 5 6 3 4 6 6 5 3 3

Dlqqlkpbba&lfi O2896/92 3 3 5 3 3 3 6 6 3 4 3 6 6 6

Doblpli&+jbqevi&`^qb`eli, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Doblplqb&+tlla&q^o&buqo^`q, O2896/92 3 3 6 3 3 3 4 6 3 5 6 6 6 6 3 6

Drjbkb&+fplmolmvi_bkwbkb, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Drqqfkd&c^q O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Dv`ilebu^kb O2896/92 3 3 6 3 3 3 6 6 3 3 6 6 6 3 6

Dv`ilebu^kli O2896/92 3 3 6 3 3 3 4 6 6 6 6 4 3 6

Dv`ilebu^klkb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 6

E

Eb`^ifk&+tefqb&pmfofq, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 3 6

Eb`^kb O2896/92 3 3 6 3 3 3 5 6 3 4 6 6 6 5 3 4

Ebi`l&_o^hb&cirfa F2762/:2 5 5 3 6 3 3 4 3 4 4 6 5

Ebk^qroba&^i`leli F2762/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Ebqbodbkq&afpplisba&fk&t^qbo O2896/92 3 3 3 3 3 3 4 4 6 6 3 4 4 4 3 3

Ebsbilmfkd&qo^v&+melql, O2896/92 3 3 4 3 3 3 3 4 4 4 3 3 3

Ebuolk&+BUG&lfi, O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 4 6

Ebuqolk O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 4 6

Ef^`bqlkb&+af^`bqlkb&^i`leli, F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6 6

Ef^wfklk&+fkpb`qf`fab, W2969/97 5 5 6 4 3 3 5 6 6 6 6 5 4 6

Ef_bkwvi&pb_^`^qb W2969/97 6 6 4 4 3 3 6 6 6 4 4 6 6 6 5 5

Ef_oljlbqevi&_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Ef_oljlafcirloljbqe^kb F2762/:2 6 6 4 3 3 6 6 6 6 4 6 6 6 6

Ef_rqvi&^jfkb W:;42/97 6 6 6 6 4 4 5 6 6 6 6 6 6 6 6 6

Ef_rqvi&bqebo W5:3;/97 6 6 5 5 3 3 6 6 5 4 5 6 6 6 5 6

Ef_rqvi&pb_^`^qb W2969/97 6 6 5 4 3 3 6 6 6 6 4 6 6 6 4 4

Ef_rqvimeqe^i^qb&+Q^i^qfkli&D, F2762/:2 6 6 4 6 3 3 6 6 6 6 5 6 6 5

Ef`eilol&jbqe^k&+Ef`eiloljbqevibk&`eilofab, W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 4 6

Ef`eilol_bkwbkb&+loqel/af`eilol_bkwbkb, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

Ef`eilol_bkwbkb&+m^o^/af`eilol_bkwbkb, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Ef`eilol_rq^kb&+qbqo^jbqevi&`eilofab, W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Ef`eilolfplmolmvi&bqebo W5:3;/97 6 6 5 5 3 3 6 6 5 4 6 6 6 6 5 6

Ef`v`ilebuvi^jfkb W:;42/97 5 5 6 6 6 6 6 6 6 6 6 6 6

Efbpbi&crbi W2969/97 3 3 6 3 3 3 6 6 3 5 6 6 6 3 6

Efbpqbo&pvkqe0&ir_of`^kq&+NJM/M/9:2:, W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Efbqevi&^jfkb F2762/:2 6 6 5 6 3 3 6 5 6 6 5 5 6 6 5

Efbqevi&div`li F2762/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 4
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Efbqevi&pb_^`^qb W2969/97 6 6 3 3 3 3 6 6 6 3 3 6 6 6 6

Efcirlolaf_oljl&jbqe^kb F2762/:2 6 6 4 6 6 6 6 4 6 6 6 6

Effpl_rqvi&hbqlkb F2762/:2 6 6 3 6 3 3 6 5 6 6 3 5 6 6 6

Effpl_rqvibkb W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 5 6

Effpll`qvi&pb_^`^qb W2969/97 5 5 5 4 3 3 6 6 6 6 6 6 6 6 5 5

Effplmolmvi&hbqlkb F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6

404/Efjbqevi&_rq^kb O2896/92 3 3 6 3 3 3 4 5 3 6 6 6 6 4 3 6

405/Efjbqevi&_rq^kb O2896/92 3 3 6 3 3 3 4 5 3 6 6 6 6 4 3 6

Efjbqevi&bqebo&+jbqevibqebo, F2762/:2 3 3 3 3 3 3 5 3 6 3 3 3 6 3 3

Efjbqevi&cloj^jfab&+ENG, F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 3

Efjbqevi&evao^wfkb&^pvj0&+VENI, F2762/:2 5 5 3 6 3 3 5 3 3 6 6

406/Efjbqevi&mbkq^kb O2896/92 3 3 6 3 3 3 4 6 3 6 6 6 6 4 5 6

Efjbqevi&meqe^i^qb W2969/97 6 6 4 4 3 3 6 6 6 4 6 6 6 4

Efkfqol&qlirbkb W5:3;/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6 6

Efl`qvi&meqe^i^qb&+EPQ, F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 3 3

Efl`qvi&pb_^`^qb&+EPT, W2969/97 6 6 3 3 3 3 6 6 6 5 3 6 6 6 6

Eflu^kb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6

Efluli^kb F2762/:2 6 6 4 6 3 3 6 6 6 6 5 6 6 6 6 6

Efmbkqbkb&+m^fkq&plisbkq, W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 5 6

Efmebkvi&+_fmebkvi, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Efmebkvi&bqebo W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 5

EOPu.&^nrblrp&rob^&plirqflk O:;29/97 3 5 3 6 6 3 6 6 6

EOPu.&^nrblrp&rob^&plirqflk F::89/82 3 5 3 6 6 3 6 6 6

Elab`vi&^i`leli O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 4 4

Elt&Debjf`^i&72/6 F2762/:2 3 6 3 3 4 3 4 4 6

Elt&Debjf`^i&FU7:: F2762/:2 5 5 3 6 3 3 4 3 4 4 6

Elt&Dlokfkd/33 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/342: F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/422 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/442 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/5 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/55 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/6 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/6272 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/66 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/7 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/732 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/77 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/772 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/8842 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/926 F2762/:2 4 4 3 3 3 3 3

Elt&Dlokfkd/927 F2762/:2 4 4 3 3 3 3 3

Elt&Dlokfkd/932 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/G82 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/G83 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Elt&Dlokfkd/YG82 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

AdvanCell
Ex. 1016 - Page 138



57=

O-Ring Handbook

Parker Hannifin
O-Ring Division Europe

11

11  Appendix

Compatitibility rating1) KUe^Ye&
Wb`cbhaX

fgUg]W&UaX&XlaU`]W fgUg]W

C
I

=
M

I
=

M

@
K

?
H

A
F

H

A
F

H
&

&)C
]A

_h
b

eq
*

A
A

F
H

&
)K

U
eb

Z_
h

b
eq

*

>
M

N
=

M

<
>

H

O
K

P

DD
M

=
M

I
M

>
N

H
&

&)C
l
c

U
_b

a
*

A
Q

H
L

Q
H

L

Elt&Hr^oa O2896/92 3 3 3 3 3 3 3 3 5 5 3 3 3 3 3

Eltqeboj&B.&eb^q&qo^kpcbo&lfi W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Eltqeboj&F.&eb^q&qo^kpcbo&lfi W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Eltqeboj.&42;.&72&)&plirqflk F2762/:2 5 5 3 6 3 3 4 4 5

Eofiifkd&lfi O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Er`lo&+m^fkq&afirqbo, W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 4 6

Er`lo&+m^fkq&afirqbo, W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 4 6

F

Fi`l&4:/FQ&Mr_of`^kq O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 6 6 3 4

Fib`qolivqb F5972/92 5 3 6

Fib`qolivqb F:778/92 5 3 6

Fib`qolmi^qfkd&_^qep&clo&`eoljb W2969/97 3 3 3 3 6 3 6 6 6

Fib`qolmi^qfkd&_^qep.&lqebo&jbq^ip F2762/:2 3 3 3 3 3 3 3 3 6

Fmf`eilolevaofkb W5:3;/97 6 6 5 6 3 3 6 6 6 6 6 6

Fmluv&obpfkp F2762/:2 3 6 3 3 3 3

Fp^j/8&Girfa O2896/92 3 3 6 3 3 4 3 4 4 6

Fppl&Grbi&42: O2896/92 3 3 6 3 3 3 4 6 3 6 6 6 6 5 3 6

Fppl&Hliabk&H^plifkb W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Fppl&jlqlo&lfi O2896/92 3 3 6 3 3 3 5 6 3 6 6 6 6 6 3 6

Fppl&qo^kpjfppflk&lfi&+Uvmb&B, O2896/92 3 3 6 3 3 3 4 6 3 5 6 6 6 6 3 6

Fppl&Vkfsfp&Ol0&62&+evao^rif`&lfi, O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Fppl&XT4:34&+Nfi/M/9:2:B, W2969/97 3 3 6 3 3 3 6 6 4 6 6 6 6 6 3 6

Fppl&YQ;2/FQ&Mr_of`^kq O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Fppqf`&64.&65 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Fqe^kb O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 5 5 6

Fqe^kli&+bqevi&^i`leli, F2762/:2 3 3 3 5 3 3 3 3 6 6 3 3 3 3 3 3

Fqe^kli^jfkb&+`li^jfkb, F2762/:2 4 4 4 6 5 3 4 4 6 5 4 4 4 5 6 4

Fqebo&+s^oflrp, W5:3;/97 6 6 5 5 3 3 6 6 5 4 6 6 6 6 5 6

Fqevi&^`bq^qb F2762/:2 6 6 4 6 4 3 6 6 6 6 4 6 6 6 6 4

Fqevi&^`ovi^qb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 4

Fqevi&^i`leli&+bqe^kli, F2762/:2 3 3 3 5 3 3 3 3 6 6 3 3 3 3 3 3

Fqevi&^`ovif`^`fa F2762/:2 6 6 4 4 6 6 6 4 6 6 6 6 6

Fqevi&_bkwbkb W2969/97 6 6 3 3 3 3 6 6 6 6 6 6 6 6 3 6

Fqevi&_bkwl^qb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Fqevi&_oljfab W2969/97 4 4 6 3 3 3 6 6 6 6 6 3 6

Fqevi&`biirilpb O2896/92 4 4 4 6 3 3 4 4 6 4 4 4 4 4 6 4

Fqevi&`eilofab O2896/92 3 3 3 3 3 3 3 4 5 4 3 4 3 6 3 6

Fqevi&`eilolcloj^qb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Fqevi&`v`ilmbkq^kb O2896/92 3 3 6 3 3 3 5 6 4 3 6 6 6 6 3 6

Fqevi&bqebo W5:3;/97 5 5 5 6 3 3 6 6 6 4 5 6 6 6 5 6

Fqevi&jbo`^mq^k W2969/97 6 6 4 3 3 5 6 6 6 6 5 5

Fqevi&lu^i^qb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 4 6

Fqevi&pfif`^qb F2762/:2 3 3 3 3 3 3 3 4 3 4 4 4 3

4/Fqevi/3/ebu^kli&+Jpll`q^kli, O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 4

Fqevibkb&+bqebkb, W2969/97 4 6 6 3 3 3 6 6 4 4 6 6 6 3 6

Fqevibkb&`eilofab W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 4 6
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Fqevibkb&af^jfkb F2762/:2 3 3 3 6 3 3 4 6 6 3 4 3 4 6 3

Fqevibkb&af_oljfab W2969/97 6 6 5 3 3 3 6 6 6 6 5 6 6 6 5 6

Fqevibkb&af`eilofab W2969/97 6 6 5 3 3 3 6 6 6 6 5 6 6 6 5 6

Fqevibkb&div`li&+div`li,.&Qobpqlkb� F2762/:2 3 3 3 3 3 3 3 3 6 4 3 3 3 3 3 3

Fqevibkb&lufab W5:3;/97 6 6 5 6 4 3 6 6 6 6 5 6 6 6 6 6

Fqevibkb&lufab&+34&),&^ka&Goblk&34&+:2&), F2762/:2 5 5 4 6 6 6 6 6 4 6 6 6 6 6

Fqevibkb&qof`eilofab&+�Uof�, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Fqevibkb`eilolevaofk W2969/97 6 6 4 3 3 3 4 4 6 6 4 4 4 4 4 5

Fqevimbkq^`eilo_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

G

G/82&Girfa&+Elt&Dlokfkd, F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

G/83&Girfa&+Elt&Dlokfkd, F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

GBNC.&GBNB W:949/92 5 5 6 3 3 3 6 6 6 3 5

GBNC.&GBNB W:;:;/:2 5 5 6 3 3 3 6 6 6 3 5

GBNC.&GBNB W:;2:/:2 5 5 6 3 3 3 6 6 6 3 5

GBNC.&GBNB W:925/97 5 5 6 4 3 3 6 6 6 3 5

GBNC.&GBNB W:7;2/82 5 5 6 4 3 3 6 6 6 3 5

GBNC.&GBNB W2969/97 5 5 6 4 3 3 6 6 6 3 5

GBNC.&GBNB W5958/97 5 5 6 4 3 3 6 6 6 3 5

G^qqv&^`fap W2969/97 4 4 5 3 3 3 4 6 5 6 6

GD65&Ibmq^`lplcirlolqof/_rqvi^jfkb O2896/92 3 3 3 3 3 6 3 3 3 3

GD97 F2762/:2 3 3 3 4 3 6 3 3 4 3

Gfufkd&p^iq O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Girlofkb&pfif`^ F2762/:2 4 4 3 3 3 3 4 4 3 3 3 6 6

Girlolir_b F2762/:2 3 3 3 4 3 3 3 6 3 3 4 3

Girlolpfif`f`&^`fa F2762/:2 4 4 3 3 3 3 4 4 3 3 3 6 6

Gloj^iabevab F2762/:2 5 5 4 6 5 3 5 5 6 6 4 4 4 5 6 4

Glojf`&^`fa&+jbqe^k&^`fa, F2762/:2 6 6 3 6 3 3 4 5 6 3 5 6

Glojf`^`fa&jbqevi&bpqbo D2779/92 6 6 4 4 3 4 6 4 6 6 4

Goblk&33 O2896/92 4 4 6 4 6 6 6 6 6 6 3 6

Goblk&334 D2779/92 4 4 6 3 4 4 4 6 6 6 4 6

Goblk&335 D2779/92 3 3 6 4 6 6 3 4 3 6 6 3 6

Goblk&336 D2779/92 3 3 3 3 6 6 3 3 3 3 6

Goblk&336C4 D2779/92 4 4 6 4 6 6 3 6 6 6 3 6

Goblk&337 D2779/92 3 3 3 3 6 6 3 3 3 3

Goblk&34 D2779/92 3 3 4 3 6 6 3 3 3 4 6 4 3 6 6

Goblk&34&*&BTUN&lfi&kl0&4&+72172, O2896/92 3 3 6 3 5 5 4 6 6 6 6 4 4 6

Goblk&34&*&Trkfpl&6H&+72172, O2896/92 3 3 6 3 5 5 4 6 6 6 6 4 4 6

Goblk&35 D2779/92 3 3 3 3 6 6 3 3 3 3 3 6 6

Goblk&356^ D2779/92 3 4 3 6 3

Goblk&35C3 D2779/92 3 3 3 3 6 6 3 3 3 3 3 4 6

Goblk&36 D2779/92 3 3 3 3 6 6 3 3 3 3 3 3 6

Goblk&43 D2779/92 6 6 6 6 4 4 4 6 6 6 6 6 6

Goblk&44 D2779/92 6 6 3 6 4 4 3 3 4 6 3 3 3 4 6

Goblk&44&*&BTUN&lfi&kl0&4&+72172, D2779/92 6 6 6 4 4 4 4 6 4 6 6 4 6

Goblk&53 D2779/92 6 6 3 6 4 4 3 4 3 4 4
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Goblk&54 D2779/92 3 3 3 6 4 4 3 3 3 3 3

Goblk&724 D2779/92 4 4 3 4 3 3 3 3 3 3

Goblk&CG W2969/97 4 4 6 3 4 6 6 6 4 6

Goblk&D53: D2779/92 3 3 3 4 3 3 3 3 3

Goblk&L/364C D2779/92 3 3 3 6 3 3 3 4 3

Goblk&L/374B D2779/92 3 3 3 6 3 3 3 3 6

Goblk&NG O2896/92 4 4 6 4 6 6 6 6 3 6

Goblk&QDB O2896/92 3 3 6 4 3 4 3 6 6 3 6

Goblk&UG O2896/92 3 3 6 4 3 4 3 6 6 3 6

Gorfq&^`fa O2896/92 3 3 3

Grbi&lfi&jfuqrob W::;4/92 5 5 6 3 3 3 6 6 6 3 5

Grbip&`lkq^fkfkd&bqe^kli&+F:7, W:949/92 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&bqe^kli&+F:7, W:;:;/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&bqe^kli&+F:7, W:;2:/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&bqe^kli&+F:7, W:925/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&bqe^kli&+F:7, W:7;2/82 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&jbqe^kli&+N37&ql&N322, W:949/92 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&jbqe^kli&+N37&ql&N322, W:;:;/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&jbqe^kli&+N37&ql&N322, W:;2:/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&jbqe^kli&+N37&ql&N322, W:925/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grbip&`lkq^fkfkd&jbqe^kli&+N37&ql&N322, W:7;2/82 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Grj^of`&^`fa O2896/92 3 3 3 3 3 4 4 6 6 4 3 4 3 4

Grocro^i&+Gro^k^iabevab, F2762/:2 6 6 4 6 3 3 6 6 6 4 6 6 6 6

Grocrovi&^i`leli F2762/:2 6 6 4 3 3 6 6 6 6 4 6 6 6 6 6

Grovi`^o_fkli F2762/:2 6 6 4 3 3 6 6 6 6 4 6 6 6 6 6

Gvonrbi&;2.&322.&372.&442.&522.&722 F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 6 4 3

Gvonrbi&B82 F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 5

H

H^iif`&^`fa W2969/97 4 4 4 3 3 3 4 4 6 6 4 3 4 3

Hbi^qfkb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Hbkbo^qlo&d^p O2896/92 3 3 6 3 3 3 5 6 5 3 6 6 5 5 5

Hi^r_bo}p&p^iq&+plafrj&pric^qb, W2969/97 6 6 4 3 3 3 4 6 6 4 6 4 4 3

Hir`lpb O2896/92 3 3 3 3 3 3 3 3 6 3 3 3 3 3 3

Hiv`boli O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Hiv`boli&qof^`bq^qb F2762/:2 4 4 3 6 3 3 4 5 6 6 3 4 4 4 6

Hiv`li&+bqevibkb&div`li, F2762/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Hobbk&pric^qb&plirqflk F2762/:2 4 4 3 3 3 3 4 4 6 3 4 4 4 4

Hric&I^ojlkv&Pfip O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Hric&Ifde&Ubjmbo^qrob&Hob^pb O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Hric&Mbdflk&Pfip O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Hric&Tb`rofqv&Pfip O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Hric`oltk&Hob^pb O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

I

I^ilk&3523 D2779/92 3 3 3 3 3 3 3 3 3 3 3 4 6

I^ilqe^kb&+^kbpqebqf`, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

I^ilt^u&lfi W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 3 6
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I^kkfcfk.&Q^ohbo/P/Mr_b O2896/92 3 3 6 3 3 3 3 4 3 3 6 6 6 3 3 4

Ib^qfkd&lfi.&^`faf` O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 3

Ib^qfkd&lfi.&ifdeq O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 6 3 5

Ib^qfkdi&lfi.&eb^sv&+e^oa&`l^i, W2969/97 5 5 6 3 3 3 6 6 3 5 6 6 6 3 5

IFG/4&+Ifde&Fkbodv&Grbi, W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Ibifrj O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Ibmq^kb&+k/Ibmq^kb, O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 6 3 6

Ibu^iabevab&+k/Ibu^iabevab, F2762/:2 6 6 3 6 3 3 3 6 6 6 5 6 6 6 5

Ibu^kb&+k/Ibu^kb, O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 6 3 6

Ibuvi&^i`leli O2896/92 3 3 5 3 3 3 5 3 6 6 5 3 5 3 5

IGP346vc.&obcofdbo^kq&+QBH&lfi, F:;23/92 3 4 3 6 3 3 3

IGP346vc.&obcofdbo^kq&+QPF&*&QBP&lfi, O5776/97 3 4 6 6 3 3 3

IGP346vc.&obcofdbo^kq&+QPF&*&QBP&lfi, O::44/97 3 4 6 6 3 3 3

Ilrdeql/T^cb&3232&+Qelpme^qb&bpqbo, F2762/:2 6 6 3 3 3 3 6 6 6 3 6 6 6 4 5

Ilrdeql/T^cb&3277&+Qelpme^qb&bpqbo, F2762/:2 6 6 3 3 3 3 6 6 6 3 6 6 6 4 5

Ilrdeql/T^cb&3342&+Qelpme^qb&bpqbo, F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 6 4 5

Ilrdeql/T^cb&493&+t^qbo&1&div`li&_^pb,.&IGD O2896/92 3 3 3 4 3 3 4 3 6 6 4 4 4

Ilrdeql/T^cb&7262&+t^qbo&1&lfi&bjripflk, O2896/92 3 3 6 3 3 3 4 6 6 6 6 6 6 6 4 5

Ilrdeql/T^cb&842&+t^qbo&1&div`li&_^pb,.&IGD O2896/92 3 3 3 4 3 3 4 3 6 6 4 4 4

Ivao^rif`&lfip&+jfkbo^i&lfi, O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 6 3 5

Ivao^wfkb F2762/:2 5 5 3 6 3 3 5 5 6 6 3 6 5 6 6

Ivaol_oljf`&^`fa.&62&) F2762/:2 6 6 3 3 3 3 4 6 6 6 3 6 3 3 5 6

Ivaol_oljf`&^`fa.&^nrblrp F2762/:2 6 6 3 3 3 3 5 6 6 6 3 5 3 6 6

Ivaol`^o_lkp&+p^qro^qba, O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Ivaol`eilof`&^`fa.&5&jlibp F2762/:2 5 5 3 3 3 3 5 5 4 3 5 5 4 4 6

Ivaol`eilof`&^`fa.&5/jli^o F2762/:2 5 5 3 3 3 3 5 5 4 3 5 5 4 4 6

Ivaol`eilof`&^`fa.&`lk`bkqo^qba W595:/97 6 6 5 3 3 3 6 6 6 3 6 6 6 5 6

Ivaol`eilof`&^`fa.&`lk`bkqo^qba W595:/97 6 6 5 3 3 3 6 6 6 3 6 6 6 5 6

Ivaol`v^kf`&^`fa F2762/:2 4 4 3 3 3 3 4 4 6 3 4 3 3 4 5

Ivaol/Eofsb&NJI&72&+jfkbo^i&lfi&_^pba, O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 4

Ivaolcirlof`&^`fa.&87&)&lo&ibpp.&`lia W:;42/97 6 6 5 4 3 3 6 6 6 5 6 6 6 6

Ivaolcirlof`&^`fa.&87&)&lo&ibpp.&`lia F2762/:2 5 5 3 3 3 3 3 4 6 3 6 4 6

Ivaolcirlof`&^`fa.&87&)&lo&ibpp.&elq W:;42/97 6 6 6 5 4 3 5 6 6 6 6 6 6 5 6 6

Ivaolcirlof`&^`fa.&87&)&lo&jlob.&elq W:;42/97 6 6 6 5 4 3 6 6 6 6 6 6 6 6 6 6

Ivaoldbk F2762/:2 3 3 3 3 3 3 3 3 4 3 3 3 3 6 6

Ivaoldbk&`v^kfab F2762/:2 5 5 3 3 3 3 5 5 6 3 5 3 5

Ivaoldbk&cirlofab&+evaolcirlof`&^`fa,.&^kevaolrp F2762/:2 6 6 3 6 4 3 6 6 3 6 6 6

Ivaoldbk&mbolufab.&52&) W2969/97 5 5 3 3 3 3 3 3 6 3 3 3 3 3 3

Ivaoldbk&mbolufab.&;2&) W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 3

Ivaoldbk&pricfab.&aov.&`lia F2762/:2 3 3 3 6 3 3 3 3 6 3 3 3 3 5 5

Ivaoldbk&pricfab.&aov.&elq F2762/:2 6 6 3 6 3 3 4 6 6 3 6 6 5 5 5

Ivaoldbk&pricfab.&tbq.&`lia F2762/:2 6 6 3 6 3 3 3 6 6 3 6 6 4 5 5

Ivaoldbk&pricfab.&tbq.&elq F2762/:2 6 6 3 6 3 3 4 6 6 3 6 6 5 5 5

Ivaoldbk&primefab F2762/:2 6 6 3 6 3 3 3 6 6 6 3 6 6 6 6

Ivaoldbk.&d^plrp.&elq F2762/:2 3 3 3 3 3 3 3 4 4 3 3 3 4 3 5 5

Ivaoldbk.&d^pblrp.&`lia F2762/:2 3 3 3 3 3 3 3 4 4 3 3 3 4 3 5 5
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Ivaolir_b&+t^qbo&1&bqevibkb&div`li, O2896/92 3 3 3 3 3 3 4 3 6 6 4 4 4

Ivaolnrfklkb W2969/97 5 5 6 4 3 3 5 5 5

Ivgbq F2762/:2 6 6 3 6 3 3 6 6 6 6 4 6 6 6

Ivgbq&JJJ F2762/:2 6 6 3 6 3 3 6 6 6 6 4 6 6 6

Ivgbq&JW&+obmi^`bjbkq&clo&JJJ.&T.&X, F2762/:2 6 6 3 6 6 6 6 6 4 6 6 6

Ivml`eilolrp&^`fa W5:3;/97 6 6 4 3 3 3 6 6 6 4 6 4 6

J

Jiirjfk^qfkd&d^p&+cobb&lc&^olj^qf`&`ljmlrkap, O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 5 4 5

Jjmobdk^qflk&lc&Xlla&+Xlij^k&p^iq, O2896/92 3 3 3 3 3 3 4 3 4 3 3 3 3 3 3 3

Jkarpqolk&GG66 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Jkarpqolk&GG6: O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Jkarpqolk&GG75 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Jkarpqolk&GG:2 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Jlafkb W2969/97 4 4 4 3 3 3 6 4 4 4 3

Jolk&`eilofab O2896/92 3 3 3 3 3 3 4 3 3 3 3 3 3 4 3 4

Jolk&+JJ,&pric^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Jolk&+JJJ,&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Jolk&kfqo^qb O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4

Jpl_rqvi&^i`leli F2762/:2 5 5 3 3 3 3 3 5 6 6 3 5 3 5 3

Jpl_rqvi/k/_rqvo^qb F2762/:2 6 6 3 3 3 3 6 6 6 3 6 6 6 3

Jpl`v^k^qb W5:3;/97 6 6 4 5 3 3 6 6 6 6 6 6 6 6 6 6

Jplalab`^kb O2896/92 3 3 6 3 3 3 4 6 6 6 6 6 4 3 6

Jpll`q^kb O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 5 3 6

Jplmelolkb&+hbqlkb, F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6 6

Jplmolm^kli&+fplmolmvi&^i`leli, F2762/:2 4 4 3 3 3 3 4 4 6 6 3 4 3 3 4 3

Jplmolmvi&^`bq^qb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 6

Jplmolmvi&^i`leli&+fplmolm^kli, F2762/:2 4 4 3 3 3 3 4 4 6 6 3 4 3 3 4 3

Jplmolmvi&_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Jplmolmvi&`eilofab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Jplmolmvi&bqebo O2896/92 4 4 6 6 3 3 5 6 6 5 6 6 6 6 6

K

KQ&5&+Nfi/K/7846, O2824/92 3 3 6 3 3 3 6 6 4 4 6 6 6 6 3 6

KQ&6&+Nfi/K/7846, O2824/92 3 3 6 3 3 3 6 6 4 4 6 6 6 6 4 6

KQ&7&+Nfi/K/7846, O2824/92 3 3 6 3 3 3 6 6 4 4 6 6 6 6 4 6

KQ&8&+Nfi/K/47878, O2824/92 3 3 6 3 3 3 6 6 4 4 6 6 6 6 4 6

KQ&Y&+Nfi/G/47826, O2824/92 3 3 6 6 3 3 4 6 6 6 6 6 6 6

L

Lbi&G&ifnrfa F2762/:2 3 3 3 4 3 3 3 3 3 4 3

Lbolpfkb&+pfjfi^o&ql&SQ/3&^ka&KQ/3, O2896/92 3 3 6 3 3 3 6 6 3 5 6 6 6 3 6

M

M^`q^j&^jfkl&^`fap F2762/:2 6 6 4 6 3 3 4 6 4 6 6 4 6

M^`q^jp F2762/:2 6 6 4 6 3 3 4 6 4 6 6 4 6

M^`qf`&^`fa.&`lia O2896/92 3 3 3 3 3 3 3 3 6 3 3 3 3 3

M^`qf`&^`fa.&elq W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 5 4

M^rdefkd&d^p&+kfqolrp&lufab, F2762/:2 3 3 4 3 3 3 3

M^sbkabo&lfi W2969/97 5 5 6 3 3 3 6 6 5 6 6 6 6 5 6
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Mb^a&^`bq^qb.&^nrblrp&+prd^o&lc&ib^a, F2762/:2 5 5 3 6 3 3 5 6 6 6 3 3 6 6 6

Mb^a&kfqo^qb O2896/92 3 3 3 3 3 3 3 3 3 3 6 3 4

Mb^a&pric^qb D2779/92 4 4 3 3 3 3 3 4 6 3 4 4 3 3 4

Mbefde&Y338; O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Mbefde&Y3392 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Mfdeq&ir_of`^kq O2896/92 3 3 6 3 3 3 6 6 3 3 6 6 6 6 3 6

Mfdeq&lfi&+`orab&_bkwbkb, O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Mfdolfk&+jfkbo^i&pmfofqp.&tefqb&pmfofq, O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Mfjb&pricro F2762/:2 6 6 3 3 3 3 3 6 6 3 6 6 3 3 3

Mfjbt^pe O2896/92 3 3 3 3 3 3 4 3 6 3 4 3 4 3 4

F2762/:2 6 6 3 4 3 3 6 6 6 6 3 6 6 6 5 5

Mfklibf`&^`fa T2826/92 4 4 6 4 3 3 4 6 6 6 6 6 4

Mfkpbba&lfi O2896/92 3 3 6 3 3 3 6 6 3 5 6 6 6 3 6

Mfnrfa&mbqolibrj&d^p&+MQH, O5:35/92 3 4 6 3 3 3 4 6 5 3 6 6 6 6 5 5

Mfnrfjliv O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

MQH&+molm^kb.&_rq^kb.&molmvibkb, O2896/92 3 3 6 3 3 3 4 6 5 3 6 6 6 6 5 5

Mr_of`^qfkd&lfip.&af/bpqbo&_^pb W2969/97 4 4 6 3 3 3 5 6 4 6 6 6 4 6

Mr_of`^qfkd&lfip.&mbqolibrj&_^pba O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Mr_of`^qfkd&lfip.&TBF&32.&42.&52.&62.&72 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Mvb.&`^rpqf`&pla^ F2762/:2 4 4 3 4 3 3 4 4 6 6 3 4 3 3 4 4

N

N^dkbpfrj&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

N^dkbpfrj&evaolufab.&^nrblrp F2762/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

N^dkbpfrj&p^iqp O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

N^dkbpfrj&pric^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

N^i^qeflk&+fkpb`qf`fab, W2969/97 4 4 6 3 3 3 6 6 6 6 4 6

N^ibf`&^`fa.&^nrblrp W2969/97 3 3 3 3 3 3 3 3 6 6 3 3 3 4 4

N^ibf`&^kevaofab F2762/:2 6 6 4 6 3 3 6 6 6 4 6 6 6

N^if`&^`fa W::;4/92 3 3 3 3 3 4 4 6 6 4 3 4 3 4

N^ope&d^p O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 5 5 6

NDT&534 W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 3 3

NDT&574 F2762/:2 6 6 3 6 3 3 6 6 6 6 4 6 6 6 5 5

NDT&685 F2762/:2 6 6 3 6 3 3 6 6 6 6 4 6 6 6 5 5

Nbo`rof`&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 4 4

Nbo`rov O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Nbo`rov&s^mlop O2896/92 3 3 3 3 3 3 3 3 3 3 3 3

Nbpfqvi&lufab&+hbqlkb, F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 6

Nbqe^`ovif`&^`fa F2762/:2 6 6 4 5 3 3 4 6 6 6 4 6 6 6 6 6

Nbqe^kb O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 5 5 6

Nbqe^kli&+jbqevi&^i`leli, O2896/92 3 3 3 6 3 3 3 3 6 6 3 3 3 3 3 3

Nbqevi&^`bq^qb F2762/:2 6 6 4 6 5 3 4 6 6 6 4 6 6 6 6 6

Nbqevi&^`bql^`bq^qb F2762/:2 6 6 4 6 3 3 6 6 6 4 6 6 4

Nbqevi&^`ovi^qb F2762/:2 6 6 4 6 3 3 4 6 6 6 4 6 6 6 6 6

Nbqevi&^`ovif`&^`fa F2762/:2 6 6 4 5 3 3 4 6 6 6 4 6 6 6 6 6

Nbqevi&^i`leli&+jbqe^kli, F2762/:2 3 3 3 6 3 3 3 3 6 6 3 3 3 3 3 3

Nbqevi&^kfifkb W2969/97 6 6 4 3 3 6 6 6 6 6 6 6
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Nbqevi&_bkwl^qb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Nbqevi&_bkwl^qb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 3 6

Nbqevi&_oljfab W2969/97 4 4 6 3 3 3 6 5 6 6 6 6 3

Nbqevi&_rqvi&hbqlkb F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6 6

Nbqevi&`^o_lk^qb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Nbqevi&`biilplisb F2762/:2 5 5 4 6 3 3 5 6 6 6 4 6 6 6 6 6

Nbqevi&`biirilpb O2896/92 4 4 4 6 3 3 4 4 6 4 4 4 4 4 6 4

Nbqevi&`eilofab W2969/97 6 6 5 3 3 3 6 6 6 6 5 6 6 6 4 6

Nbqevi&`eilolcloj W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Nbqevi&`v`ilmbkq^kb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Nbqevi&bqebo&+afjbqevi&bqebo, F2762/:2 3 3 3 3 3 3 5 3 6 3 3 3 6 3 3

Nbqevi&bqevi&hbqlkb&mbolufab T2826/92 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6 4

Nbqevi&bqevi&hbqlkb.&_rq^klkb.&NFL F2762/:2 6 6 3 6 4 3 6 6 6 6 3 6 6 6 6

Nbqevi&cloj^qb D2779/92 6 6 4 3 3 4 6 4 6 6 4

Nbqevi&fpl_rqvi&hbqlkb.&NJCL W5:3;/97 6 6 5 6 3 3 6 6 6 6 5 6 6 6 6

Nbqevi&fplmolmvihbqlkb W5:3;/97 6 6 5 6 3 3 6 6 6 6 5 6 6 6 6

Nbqevi&jbqe^`ovi^qb W5:3;/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6

Nbqevi&lib^qb W2969/97 6 6 4 3 3 3 6 6 4 6 6 4

Nbqevi&p^if`vi^qb F2762/:2 6 6 4 3 3 6 4 6

Nbqevi/E/_oljfab W2969/97 6 6 3 3 3 6 6 6 6 6 6 6 4 6

Nbqevibkb&`eilofab&+af`eiloljbqe^kb, W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 4 6

Nbqevibkb&af`eilofab W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 4 6

Nbqevibkb&div`li F2762/:2 5 5 4 6 5 6 6 6 4 6 6 6 6 6

4/Nbqevimbkq^kb O2896/92 3 3 6 3 3 3 4 6 3 6 6 6 6 4 5 6

5/Nbqevimbkq^kb O2896/92 3 3 6 3 3 3 4 6 3 6 6 6 6 4 5 6

Nfi/B/82;3 F2737/:2 4 4 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Nfi/D/655; O2526/97 3 3 6 3 3 3 6 6 6 6 6 6 6 6 3

Nfi/D/9246 O2824/92 3 3 6 3 3 3 6 6 4 3 6 6 6 6 3 6

Nfi/D/:3:: W2969/97 4 4 6 4 3 3 6 6 5 6 6 6 6 6 4 6

Nfi/F/;722 F2737/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Nfi/G/38::6 O2526/97 3 3 6 3 3 3 5 6 3 5 6 6 6 5 3 6

Nfi/G/39333 O2526/97 3 3 6 3 3 3 4 6 3 5 6 6 6 6 4 6

Nfi/G/4777:&+SK/3, O2824/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/G/47878 O2824/92 3 3 6 3 3 3 6 6 4 4 6 6 6 6 4 6

Nfi/G/7788 F2737/:2 4 4 3 3 3 3 4 4 6 6 3 4 3 3 3 3

Nfi/H/32;46 O2526/97 3 3 6 3 3 3 6 6 4 3 6 6 6 4 3 6

Nfi/H/379;5 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 4 6

Nfi/H/4378: F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Nfi/H/47235 W2969/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/H/47759 O2526/97 3 3 6 3 3 3 4 6 4 3 6 6 6 4 3 6

Nfi/H/47982 W2969/97 4 4 6 3 3 3 4 6 4 4 6 6 6 4 4 6

Nfi/H/549: M2899/92 4 4 6 3 3 3 6 6 3 4 6 6 6 6 4 6

Nfi/H/5767 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/H/7794 O2824/92 3 3 6 3 3 3 6 6 4 4 6 6 6 6 3 6

Nfi/H/933: O2526/97 4 4 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/H/93:9 O2526/97 3 3 6 3 3 3 6 6 3 3 6 6 6 6 3 6
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Nfi/H/9643 M2899/92 4 4 6 3 3 3 4 6 6 4 6 6 6 4 4 6

Nfi/H/9933 O2526/97 3 3 6 3 3 3 6 6 4 3 6 6 6 6 3 4

Nfi/I/35;32 F2737/:2 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Nfi/I/3;679 F2737/:2 6 6 3 4 3 3 6 6 6 6 3 6 6 6 6 5

Nfi/I/44473 F2737/:2 4 4 3 3 3 4 4 3 4 6

Nfi/I/49823 W2969/97 3 3 6 3 3 3 4 6 3 6 6 6 4 5

Nfi/I/7828 O2526/97 3 3 6 3 3 3 4 6 4 4 6 6 6 4 3 6

Nfi/I/82:5 O2526/97 3 3 6 3 3 3 3 6 3 3 6 6 4 4 3 6

Nfi/I/92:5 F2737/:2 3 3 3 4 3 3 4 4 6 6 3 5 4 4 3 3

Nfi/I/:54:4 W2969/97 3 3 6 3 3 3 4 6 4 4 6 6 6 4 3 6

Nfi/I/:668&+NMP/:737, W2969/97 4 4 6 3 3 3 3 6 3 6 6 6 3 6

Nfi/K/7383 O2824/92 4 4 6 3 3 3 6 6 3 4 6 6 6 6 3 6

Nfi/K/7846&KQ/5.&KQ/6.&KQ/7 O2824/92 3 3 6 3 3 3 6 6 4 4 6 6 6 6 4 6

Nfih.&507&)&c^q&+VIU&jfih, O:773/97 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Nfi/M/37238 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 4 6

Nfi/M/37239 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 4 6

Nfi/M/39553 W2969/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/M/4326 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 5 3 6

Nfi/M/43482 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/M/458;; W2969/97 4 4 6 3 3 3 5 6 5 6 6 6 4 6

Nfi/M/478:3 W2969/97 4 4 3 3 3 3 4 4 3 4 4 4 4 6

Nfi/M/5372 O2526/97 3 3 6 3 3 3 4 6 4 4 6 6 6 4 3 6

Nfi/M/6565 O2526/97 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Nfi/M/82:3 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/M/82:4 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 3

Nfi/M/82:7 W2969/97 4 4 6 3 3 3 6 6 4 3 6 6 6 6 4 6

Nfi/M/85:9 W2969/97 4 4 6 3 3 3 6 6 4 3 6 6 6 6 4 6

Nfi/M/9:2: W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Nfi/M/9:92 O2526/97 3 3 6 3 3 3 4 6 3 6 6 6 6 6 3 6

Nfi/M/;222 O2526/97 3 3 6 3 3 3 4 6 3 3 6 6 6 4 4 6

Nfi/M/;458 W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Nfi/P/5725 O2526/97 3 3 6 3 3 3 4 6 4 3 6 6 6 4 3 6

Nfi/Q/49624 F2737/:2 4 4 3 3 3 4 4 3 4 6

Nfi/S/47798&+SQ/3, O2824/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/T/5358.&Uvmb&J&Grbi O2824/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nfi/T/5358.&Uvmb&JJ&Grbi O2824/92 4 4 6 3 3 3 6 6 4 4 6 6 6 6 4 6

Nfi/T/5358.&Uvmb&JJJ&Grbi O2824/92 4 4 6 3 3 3 6 6 4 3 6 6 6 6 4 6

Nfi/T/5358.&Uvmb&JW&Pfi O2896/92 3 3 6 3 3 3 3 6 3 3 6 6 6 3 3 3

Nfi/T/:32:9 F2737/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Nfkbo^i&lfi O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 5 3 5

NMP/9499&evao0 W2969/97 5 5 6 3 3 3 6 6 5 5 6 6 6 6 5 6

NMP/9779 W2969/97 5 5 6 3 3 3 6 6 5 5 6 6 6 6 5 6

NMP/:422&evao0 W2969/97 4 4 6 3 3 3 3 6 3 6 6 6 6 3 6

NMP/:737 W2969/97 4 4 6 3 3 3 3 6 5 3 6 6 6 5 3 6

Nl_fi&46&EUF O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Nl_fi&Ebis^`&3322.&3332.&3342.&3352 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6
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Nl_fi&IG O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Nl_fi&Ovs^`&42&^ka&52 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Nl_fi&Wbil`fqb&D O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Nl_filfi&TBF&42 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Nl_fiqeboj&822 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Nl_firu O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Nlkl&jbqevi&^kfifkb W2969/97 6 6 4 3 3 6 6 6 6 6 6 6

Nlkl_oljl_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Nlkl`eilol_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Nlklbqe^kli^jfkb F2762/:2 6 6 4 6 5 3 6 4 6 6 4 4 4 6 6 4

Nlkljbqevi&evao^wfkb F2762/:2 4 4 3 3 3 4 4 3 4 6

Nlklkfqolqlirbkb W5:3;/97 6 6 6 5 3 3 6 6 6 6 6 6 6 6 5 6

Nlklsfkvi^`bqvibkb F2762/:2 3 3 3 3 3 3 4 4 3 4 4 4 4

O

O^meqe^ibkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 3 6

O^meqe^if`&^`fap W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 3 6

O^mqe^ W2969/97 4 4 6 3 3 3 6 6 4 4 6 6 6 6 4 6

O^qro^i&d^p O2896/92 3 3 6 3 3 3 5 6 5 5 6 6 5 5 6

O^qro^i&d^p.&^`faf` W5:3;/97 3 3

k/Crqvi&_bkwl^qb F2762/:2 6 6 3 3 3 3 6 6 6 3 6 6 6 3

k/Crqvibqebo W5:3;/97 5 5 5 6 3 3 6 6 6 4 5 6 6 6 5 6

Ob^qpcllq&lfi O2896/92 3 3 4 3 3 3 6 6 3 3 4 6 6 6 3 4

Oblk O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Obsfiib/Xfkqebop`eb&^`fa W2969/97 6 6 4 3 3 3 6 6 6 4 6 6 6 4 6

O/Ibubk/3 W2969/97 4 4 6 3 3 3 4 6 3 4 6 6 6 4 3 6

Of`hbi&^`bq^qb F2762/:2 4 4 3 6 3 3 4 6 6 6 3 6 3 6 6 6

Of`hbi&`eilofab O2896/92 3 3 3 3 3 3 4 3 5 5 3 3 3 3 3 3

Of`hbi&p^iqp O2896/92 3 3 3 3 3 3 4 3 5 5 3 3 3 3 3 3

Of`hbi&pric^qb O2896/92 3 3 3 3 3 3 3 4 6 5 3 4 4 3 3 3

Ofqof`&^`fa.&32&) W595:/97 6 6 3 3 3 3 6 6 6 6 3 6 3 6 6

Ofqof`&^`fa.&87&) W595:/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 6

Ofqof`&^`fa.&`lk`bkqo^qba W595:/97 6 6 6 3 3 3 6 6 6 6 3 6 6 6 5 6

Ofqof`&^`fa.&crjfkd W595:/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 6

Ofqof`&^`fa.&oba.&crjfkd W595:/97 6 6 6 4 3 3 6 6 6 6 4 6 6 6 6 6

Ofqof`&^`fa.&oba.&crjfkd.&tfqe&molqb`qflk&^dbkq W595:/97 6 6 6 4 3 3 6 6 6 6 4 6 6 6 6 6

Ofqol_bkwbkb W2969/97 6 6 6 4 3 3 6 6 6 6 6 6 6 6 6

Ofqolbqe^kb F2762/:2 6 6 4 6 3 3 4 4 6 6 4 4 4 4 6 6

Ofqoldbk D2779/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Ofqoldbk&qbqo^lufab+O
4
P

6
, W5:82/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6

Ofqoldbk.&ifnrfa O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Ofqoldbk.&d^pblrp O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Ofqoljbqe^kb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 5 6 6 6

Ofqolmolm^kb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6 6

Ofqolrp&lufab&+i^rdefkd&d^p, F2762/:2 3 3 4 3 3 3 3

O/P`q^kb W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

O/Qolmvi^`bqlkb F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6 6
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P

P`q^`eilol&qlirbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

P`q^ab`^kb O2896/92 3 3 6 3 3 3 4 6 4 3 6 6 6 4 3 6

P`qvi&^i`leli F2762/:2 4 4 3 3 3 3 4 4 6 6 4 4 4 4 4 4

Pibf`&^`fa W595:/97 5 5 6 4 3 3 6 6 6 6 6 6 6 6

Pibrj&+crjfkd&pricrof`&^`fa, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 6

Pibrj&pmfofqrp W2969/97 4 4 6 3 3 3 5 6 6 6 6 6 4 6

Pifsb&lfi O:773/97 3 3 6 3 3 3 5 6 3 3 5 6 5 3 3

Polkfqb&:422 W2969/97 4 4 6 3 3 3 3 6 3 6 6 6 6 3 6

Polkfqb&:737 W2969/97 4 4 6 3 3 3 3 6 3 6 6 6 6 3 6

Poqel/`eilolbqevi_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Poqel/af`eilol_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

PT&67&Uvm&JJJ&+PT67, W2969/97 4 4 6 3 3 3 3 6 6 6 6 6 4 4 6

PT&67&Uvm&JW&&+PT67/3, W2969/97 4 4 6 3 3 3 3 6 6 6 6 6 4 4 6

PT&92 W2969/97 4 4 6 3 3 3 3 6 6 6 6 6 4 4 6

Pu^if`&^`fa F2762/:2 4 4 3 3 3 3 4 4 3 4 4 4 3 4

Puvdbk.&d^pblrp.&^mmo0&322�422&�D&+7, T2826/92 6 6 6 4 3 3 6 6 6 6 6 6 6 6 6 3

Puvdbk.&d^pblrp.&`lia&+6, D2779/92 4 4 3 3 3 3 3 6 4 3 3 4 4 3 3 3

Pwlkb F2762/:2 6 6 3 3 3 3 5 6 4 3 4 6 6 3 3 3

Q

Q^fkq&plisbkq W5:3;/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6 6

Q^fkq&plisbkq&+Qelolk, F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6 6

Q^ijfqf`&^`fa O2896/92 3 3 5 3 3 3 5 5 6 6 5 5 5 3 6

Q^o^ccfk&lfi.&`liloibpp O2896/92 3 3 6 3 3 3 3 6 3 3 6 6 3 3 3

Q^o^ccfk&t^u.&jliqbk O2896/92 3 3 6 3 3 3 3 6 3 3 6 6 5 3 3

Q^ohbo&P/Mr_b O2896/92 3 3 6 3 3 3 3 4 3 3 6 6 6 3 3 4

Q^ohbo&Trmbo/P/Mr_b F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

m/Dvjbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Qb^krq&lfi O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 5 3 3

Qbkq^kb&+O/Qbkq^kb, O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 5 3 6

Qbo`eilof`&^`fa W2969/97 6 6 5 3 3 3 5 6 6 6 5 6 5 5 6

Qbo`eilolbqevibkb W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Qbqoli^qrj&+W^pbifkb, O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Qbqolibrj W2969/97 3 3 6 3 3 3 5 6 3 5 6 6 5 3 5

Qbqolibrj O2896/92 4 3 6 3 3 3 4 6 3 3 6 6 6 6 4 3

Qbqolibrj.&_bilt&342&�D O2896/92 3 3 6 3 3 3 4 6 4 4 6 6 6 4 4 4

Qbqolibrj.&`orab O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Qebkli W2969/97 6 6 5 3 3 3 6 6 6 6 5 6 6 5 6

Qebkvi_bkwbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Qebkvibqevi&bqebo W5:3;/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6 6

Qebkvievao^wfkb W2969/97 6 6 6 3 3 3 6 5 6 6 6 5 6 4 6

Qelolk&+m^fkq&plisbkq, F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6 6

Qelpmelof`&^`fa.&42&) F2762/:2 5 5 3 3 3 3 5 5 6 6 3 5 3 5 5

Qelpmelof`&^`fa.&`lk`bkqo^qba W595:/97 6 6 5 3 3 3 6 6 6 6 5 6 6 6 6

Qel^pmelof`&qof`eilofab F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 4 6

Qf`hifkd&plirqflk W595:/97 6 6 5 4 3 3 6 6 6 6 5 6 6 6 6 6
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Qf`of`&^`fa.&jliqbk W595:/97 4 4 4 3 3 3 4 4 4 4 4 4 4 6

Qf`of`&^`fa.&32&) D2779/92 5 5 3 3 3 3 3 5 6 6 5 5 3 5 6

Qf`of`&^`fa.&^nrblrp D2779/92 3 3 3 3 3 3 3 4 3 4 3 3 4

Qfkb&lfi O2896/92 3 3 6 3 3 3 6 6 6 6 6 3

Qfkb&lfi O2896/92 3 3 6 3 3 3 6 6 6 6 6 6 3 6

Qfkbkb W2969/97 4 4 6 3 3 3 5 6 6 4 6 6 6 6 3 6

Qfmbofafkb W5:3;/97 6 6 6 6 3 3 6 6 6 6 6 6 6 6 6

Qi^qfkd&plirqflk F2762/:2 3 3 3 3 6 3 6 6 6

Qlivbpqbo&mi^pqf`fwbo&+Ueflhli&UQ/;2C, F2762/:2 6 6 3 3 3 3 4 6 3 4 4

Qlivsfkvi&^`bq^qb&bjripflk F2762/:2 3 3 3 5 3 5

Qlq^ppfrj&^`bq^qb F2762/:2 4 4 3 6 3 3 4 6 6 6 3 6 3 6 6 6

Qlq^ppfrj&^`bq^qb&+^`bq^qb&lc&mlq^pe, F2762/:2 4 4 3 6 3 3 4 6 6 6 3 6 3 6 6 6

Qlq^ppfrj&^`bq^qb.&^nrblrp F2762/:2 5 5 3 6 3 3 5 6 6 6 3 3 6 6 6

Qlq^ppfrj&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Qlq^ppfrj&`eilofab.&mlq^pe O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Qlq^ppfrj&`lmmbo&`v^kfab O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Qlq^ppfrj&`v^kfab O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Qlq^ppfrj&`v^kfab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Qlq^ppfrj&af`eolj^qb O2896/92 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3

Qlq^ppfrj&af`eolj^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 5 6 6 3 5 3 3 3

Qlq^ppfrj&evaolufab&plirqflk.&32&) F2762/:2 5 5 3 6 3 3 5 5 6 6 3 5 3 6 6

Qlq^ppfrj&evaolufab&plirqflk.&72&) F2762/:2 4 4 3 6 3 3 4 4 6 6 3 4 4 3 5 5

Qlq^ppfrj&evaolufab&plirqflkp&+afirqba, F2762/:2 4 4 3 4 3 3 4 4 6 6 3 4 3 3 4 4

Qlq^ppfrj&evaolufab.&32&) F2762/:2 4 4 3 6 3 3 4 4 6 6 3 4 3 5 5

Qlq^ppfrj&kfqo^qb O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Qlq^ppfrj&mbo`eilo^qb.&^nrblrp F2762/:2 6 6 3 3 3 3 3 6 6 6 3 6 3 6 6

Qlq^ppfrj&p^iqp O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Qlq^ppfrj&pric^qb O2896/92 3 3 3 3 3 3 3 4 6 3 3 3 4 4 3 3

Qlq^ppfrj&pricfqb O2896/92 3 3 3 3 3 3 3 4 6 3 3 3 4 4 3 3

Qobpqlkb�&^kqfcobbwb O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Qof&Ifde&Ubjl0&Ivao0&Pfi W2969/97 4 4 6 3 3 3 4 6 3 4 6 6 6 6 3 4

Qolm^kb.&d^p O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 5 5 6

Qolmflkfqofib O2896/92 3 3 6 3 3 3 4 6 3 6 6 6 6 4 5 6

Qolmvi&^`bq^qb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6

Qolmvi&^i`leli&+molm^kli, O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3 3

Qolmvi&kfqo^qb F2762/:2 6 6 4 6 3 3 6 6 6 4 6 6 6 6 6

Qolmvibkb&+molmbkb, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Qolmvibkb&lufab W5:3;/97 6 6 5 6 3 3 6 6 6 6 5 6 6 6 6

Qvao^ri&337F W2969/97 6 6 3 3 3 3 6 6 6 6 3 6 6 6 5 6

Qvao^ri&452F.&534D.&762D W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 6 6

Qvao^ri.&32F.&4;FMU W2969/97 6 6 3 3 3 3 6 6 6 6 3 6 6 6 6 6

Qvao^ri.&52F.&72F.&87F.&; W2969/97 6 6 3 3 3 3 6 6 6 6 3 6 6 6 3 3

Qvo^kli.&Uo^kpclojbo&lfi&+QDC, O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 4 3 6

Qvofafkb&lfi F2762/:2 6 6 4 6 4 3 6 6 6 6 4 6 6 6 6

Qvold^oa&64.&65.&75.&77&+Qelpme^qb&bpqbo.&IGES, F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 6 6 6

Qvold^oa&D.&E O2896/92 3 3 6 3 3 3 4 6 6 6 6 6 6 6 4 4
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Qvolifdkblrp%^`fa F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6

Qvolir_b W2969/97 6 6 4 3 3 3 6 6 6 6 4 6 6 6 4 4

Qvooli T2826/92 6 6 6 6 3 3 6 5 6 6 6 5 6 6 4

S

S^mbpbba&lfi F2762/:2 4 4 3 3 3 3 5 6 3 3 5 6 5 3 3

S^pm_boov&bppbk`b&+ci^slofkd, F:965/92 5 5 3 3 3 3 4 3

Sba&Pfi&+Nfi/I/7828, O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Sbcofdbo^kq&S&33 O2896/92 4 4 6 6 6 6 5 6 6 6 3 6

Sbcofdbo^kq&S&334 D2779/92 4 4 6 6 4 4 4 6 6 6 4 6

Sbcofdbo^kq&S&335 D2779/92 3 3 6 6 6 6 3 4 3 6 6 3 6

Sbcofdbo^kq&S&336 D2779/92 3 3 3 6 6 6 3 3 3 3 6

Sbcofdbo^kq&S&336&C4 D2779/92 4 4 6 6 6 6 3 6 6 6 3 6

Sbcofdbo^kq&S&337 D2779/92 3 3 6 6 6 3 3 3 3

Sbcofdbo^kq&S&34 D2779/92 3 3 4 6 6 6 3 3 3 4 6 4 3 6 6

Sbcofdbo^kq&S&34.&BTUN&lfi&kl0&4.&3<3 D2779/92 4 4 6 6 5 5 4 6 6 6 6 4 4 6

Sbcofdbo^kq&S&34.&Trkfpl&6H.&3<3 D2779/92 4 4 6 6 5 5 4 6 6 6 6 4 4 6

Sbcofdbo^kq&S&35 D2779/92 3 3 3 6 6 6 3 3 3 3 3 6 6

Sbcofdbo^kq&S&35&C3 D2779/92 3 3 3 6 6 6 3 3 3 3 3 4 6

Sbcofdbo^kq&S&356^ D2779/92 3 4 3 6 3

Sbcofdbo^kq&S&36 D2779/92 3 3 3 6 6 6 3 3 3 3 3 3 6

Sbcofdbo^kq&S&43 D2779/92 6 6 6 6 4 4 4 6 6 6 6 6 6

Sbcofdbo^kq&S&44 D2779/92 6 6 3 6 4 4 3 3 4 6 3 3 3 4 6

Sbcofdbo^kq&S&44.&BTUN&lfi&kl0&4.&3<3 D2779/92 6 6 6 6 4 4 4 6 4 6 6 4 6

Sbcofdbo^kq&S&53 D2779/92 6 6 3 6 4 4 3 4 3 4 4

Sbcofdbo^kq&S&54 D2779/92 3 3 3 6 4 4 3 3 3 3 3

Sbcofdbo^kq&S&724 D2779/92 4 4 3 6 6 6 3 3 3 3

Sf`fkrp&lfi O2896/92 3 3 4 3 3 3 3 3 3 3 4 3 3 3 3 3

Sf`fkrp&lfi O2896/92 3 3 4 3 3 3 6 3 6 6 4 5 5 3 3

SK/J&+Nfi/G/4777:, O2824/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

SNF&+S^mbpbba&Nbqevi&Fpqbo, W2969/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

SNF&+S^mbpbba&Nbqevi&Fpqbo, W:925/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

SNF&+S^mbpbba&Nbqevi&Fpqbo, W5958/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

SNF.&afirqba&tfqe&t^qbo&+204&)&ql&207&)&t^qbo, W:;:;/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

SNF.&afirqba&tfqe&t^qbo&+204&)&ql&207&)&t^qbo, W:949/92 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

SNF.&afirqba&tfqe&t^qbo&+204&)&ql&207&)&t^qbo, W:;2:/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

SQ/J&+Nfi/S/47798, O2824/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

T

T^if`vif`&^`fa F2762/:2 4 4 3 3 3 3 4 3 4 3 3

T^kql&T^cb&522 W2969/97 6 6 5 3 3 3 6 6 6 5 6 6 3 3

Tb^&+p^iq,&t^qbo F2762/:2 3 3 3 3 3 4 3 6 6 3 3 3 3 3 3

Tb^&+p^iq,&t^qbo O2896/92 3 3 3 3 3 4 3 6 6 3 3 3 3 3 3

Tebii&5YG&Nfkb&Girfa O2896/92 3 3 6 3 3 3 4 6 6 6 6 6 6 4 3

Tebii&Bis^kf^&G^q&Ol0&4 O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 6 3 5

Tebii&D^okb^&3;&^ka&4; O2896/92 3 3 6 3 3 3 6 6 3 4 6 6 6 6 3

Tebii&Ef^i^ O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Tebii&Jofp&;27 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6
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Tebii&Ml&Ivao^u&49&^ka&4; O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Tebii&N^`lj^&94 O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Tebii&Ubiirp&Ol0&49&+mbqolibrj/_^pba, O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Tebii&VNG&+7&)&^olj^qf`, O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Tfif`^qb&bpqbop W2969/97 4 4 6 3 3 3 3 6 3 6 6 6 3 6

Tfif`lkb&dob^pb F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Tfif`lkb&lfip F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Tfisbo&kfqo^qb F2762/:2 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Tfisbo&kfqo^qb.&^nrblrp F2762/:2 5 5 3 3 3 3 3 3 6 6 3 3 3 3 3

Tfk`i^fo&Pm^ifkb&DY/FQ/Mr_b O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Thbiiv.&Tlisbkq&C.&D.&F. O2896/92 3 3 6 3 3 3 6 6 6 6 6 6 3

Thvaoli&722 F2762/:2 6 6 3 6 4 3 6 6 6 6 4 6 6 6 5 5

Thvaoli&9222 F2762/:2 6 6 3 4 3 3 6 6 6 6 3 6 6 6 5 5

TNF&+Tlv&Nbqevi&Fpqbo, W2969/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

TNF&+Tlv&Nbqevi&Fpqbo, W:925/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

TNF&+Tlv&Nbqevi&Fpqbo, W5958/97 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

TNF&+Tlv&Nbqevi&Fpqbo, W:;:;/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

TNF&+Tlv&Nbqevi&Fpqbo, W:949/92 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

TNF&+Tlv&Nbqevi&Fpqbo, W:;2:/:2 4 5 6 3 3 3 4 6 3 4 6 6 6 5 3 6

Tl^m&plirqflk.&^nrblrp F2762/:2 3 3 3 3 3 3 5 5 6 6 3 5 3 3 3

Tl`lkv&W^`rrj&QE;7;C O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Tla^&Bpe&+plafrj&`^o_lk^qb, O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Tla^^`bq^q&+plafrj&^`bq^qb, F2762/:2 4 4 3 6 3 3 4 6 5 5 3 6 3 6 6 6

Tlafrj&^`bq^qb F2762/:2 4 4 3 6 3 3 4 6 5 5 3 6 3 6 6 6

Tlafrj&^`bq^qb.&^nrblrp F2762/:2 5 5 3 6 3 3 5 6 6 6 3 3 5 6 6

Tlafrj&_f`^o_lk^qb&+_^hfkd&pla^,.&+Tla^&Bpe, O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Tlafrj&_fpric^qb O2896/92 3 3 3 3 3 3 3 3 6 3 3 3 3 3 3 3

Tlafrj&_fpricfqb.&^nrblrp O2896/92 3 3 3 3 3 3 3 5 6 6 3 5 3 3 3

Tlafrj&_lo^qb.&t^qbo/_^pba&+Clo^u, O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Tlafrj&`^o_lk^qb.&^nrblrp&+pla^, O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Tlafrj&`eilofab.&q^_ib&p^iq O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Tlafrj&`v^kfab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Tlafrj&evaolufab&47&) F2762/:2 5 5 3 6 3 3 3 3 6 6 3 3 3 6 6

Tlafrj&evaolufab.&32&)&+plafrj&evaolufab, F2762/:2 5 5 3 6 3 3 3 3 6 6 3 3 3 6 6

Tlafrj&evml`eilofqb.&42&) W2969/97 4 4 4 3 3 3 6 4 6 6 4 4 4 6 4 4

Tlafrj&evml`eilofqb.&^nrblrp W2969/97 6 6 5 3 3 3 5 6 6 6 5 6 5 5 5

Tlafrj&jbq^melpme^qb&+D^idlk, O2896/92 3 3 3 3 3 3 4 3 3 3 3 4 3

Tlafrj&jbq^pfif`^qb O2896/92 3 3 3 3 3 3 3 3 3 3 3 3

Tlafrj&kfqo^qb&+kfqo^qb&lc&pla^, F2762/:2 4 4 3 3 3 4 4 3 3 4 3 6

Tlafrj&mbolufab F2762/:2 4 4 3 3 3 3 4 4 6 6 3 4 4 4 3 6

Tlafrj&melpme^qb.&mofj^ov O2896/92 3 3 3 3 3 3 4 3 3 3 3 3 3 3 6

Tlafrj&melpme^qb.&pb`lka^ov O2896/92 3 3 3 3 3 3 4 3 3 3 3 3 3 3 6

Tlafrj&melpme^qb.&qboqf^ov O2896/92 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3

Tlafrj&p^iqp O2896/92 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3

Tlafrj&pfif`^qb O2896/92 3 3 3 3 3 3 3 3 3 3 3 3

Tlafrj&pric^qb.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3
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Tlafrj&pricfab.&^nrblrp O2896/92 3 3 3 3 3 3 3 5 6 6 3 5 3 3 3

plafrj&pricfqb O2896/92 3 3 3 3 3 3 3 4 6 3 3 4 4 3 3 3

Tlafrj&qeflpric^qb.&^nrblrp&+cfufkd&p^iq, O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Tlafrj.&^nrblrp F2762/:2 5 5 3 3 3 3 5 5 6 6 3 5 5 3 5

Tls^pli&Ol0&3.&4.&^ka&5 O2896/92 3 3 6 3 3 3 4 6 4 4 6 6 6 4 3 6

Tls^pli&Ol0&95&^ka&96 W2969/97 4 4 6 3 3 3 4 6 4 4 6 6 6 4 3 6

Tlv_b^k&lfi O2896/92 3 3 6 3 3 3 5 6 3 4 6 6 5 3 3

Tq^kkl&bqevi&jlomelifkb F2762/:2 6 6 4 6 3 3 6 4

Tq^rccbo&9922 W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 4 6

Tqb^j&^_lsb&372&�D W:767/97 6 6 4 6 4 3 6 6 6 6 6 6 6 6 6 6

Tqb^j&rm&ql&372&�D F2762/:2 6 6 3 6 3 3 6 6 6 6 3 6 6 6 6

Tqb^of`&^`fa O2896/92 4 4 4 3 3 3 5 6 6 6 6 5 4

Tqlaa^oa&Tlisbkq O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Tqlaa^oa&plisbkq O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Tqvobkb W5:3;/97 6 6 6 5 3 3 6 6 6 6 6 6 6 6 6

Tr``fkf`&^`fa O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 4 4

Trd^o&`^kb&plirqflk O2896/92 3 3 3 3 3 3 4 3 6 6 3 3 3 4 3 3

Tricro F2762/:2 6 6 3 3 3 3 3 6 6 3 6 6 3

Tricro&`eilofab W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 5

Tricro&aflufab.&aov F2762/:2 6 6 3 6 3 3 6 4 6 4 4 4 6 4 4

Tricro&aflufab.&tbq F2762/:2 6 6 3 6 3 3 4 6 6 3 6 6 5 4 4

Tricro&ebu^cirlofab&+TG8, D2779/92 3 3 3 3 3 3 3 3 4 4 3 4 3 3 3

Tricro&ivb W595:/97 4 4 4 3 3 3 4 4 6 4 4 4 4 4 6

Tricro&qoflufab.&aov W2969/97 6 6 4 3 3 3 6 6 6 6 4 4 6 6 5 5

Tricro.&jliqbk W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 6

Tricrof`&^`fa&;8&) W595:/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6

Tricrof`&^`fa.&5&jli^o W2969/97 6 6 4 3 3 3 5 5 4 5 5 5 5 5 5 6

Tricrof`&^`fa.&`lk`bkqo^qba W595:/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 6 6

Tricrof`&^`fa.&pjlhfkd&+42147&)&librj, W595:/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 6

Tricrolrp&^`fa W2969/97 5 5 3 3 3 3 5 5 6 6 3 5 3 6 6

Trkl`l&Ol0&5883 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Trkl`l&TBF&32 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Trkl`l.&^ii&^s^fi^_ib&c^qp O2896/92 6 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Trkp^cb&+cfob&obpfpq^kq&evao^rif`&cirfa, O2896/92 3 3 6 3 3 3 4 6 6 6 6 6 6 4 3

Trmbo&d^plifkb O2896/92 3 3 6 3 3 3 4 6 4 4 6 6 6 6 4 6

Trmbo&pebii&d^plifkb O2896/92 3 3 6 3 3 3 4 6 4 4 6 6 6 6 4 6

Tt^k&Gfk`e&FQ&Mr_b O2896/92 3 3 6 3 3 3 6 6 3 3 6 6 6 6 3 6

Tt^k&Ivmlfa/;2 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

U

Û _ib&p^iq.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Û kkf`&^`fa O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Û kkf`&^`fa.&32&) O2896/92 3 3 3 3 3 3 3 4 6 3 3 3 3 4

Û kkf`&^`fa.&q^kkfk O2896/92 3 3 3 3 3 3 4 4 6 3 4 3 4 4

Û o&+_fqrjfklrp, W2969/97 4 4 6 3 3 3 5 6 6 6 6 5 6 3 4

Û o&lfi.&`^o_lifkbrj O2896/92 3 3 6 3 3 3 4 6 3 5 6 6 6 6 3 6

Û oq^of`&^`fa.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3
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Ub^ F2762/:2 3 3 3 3 3

Ubomfkbli W2969/97 4 4 5 3 3 3 6 6 5 6 6 6 3

Uboqf^ov&_rqvi&^i`leli W2969/97 4 4 4 3 3 3 4 4 6 6 4 4 4 4 4 4

Uboqf^ov&_rqvi&jbo`^mq^k W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6

Ubqo^_oljljbqe^kb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Ubqo^_rqvi&qfq^k^qb F2762/:2 4 4 3 3 3 3 4 4 4 4 4 3 3

Ubqo^`eilolbqe^kb W5:3;/97 6 6 6 5 3 3 6 6 6 6 6 6 6 6 6

Ubqo^`eilolbqevibkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Ubqo^bqevi&ib^a W2969/97 5 5 6 3 3 3 6 6 6 6 6 6 6 5 6

Ubqo^bqevi&ib^a&_ibka W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 4

Ubqo^evaolcro^k&+UIG, F2762/:2 6 6 4 6 4 3 6 6 6 4 6 6 6

Ubqo^ifk W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 3 6

Ubu^`l&5672&+qo^kpjfppflk&lfi, O2896/92 3 3 6 3 3 3 6 6 3 3 6 6 6 6 3 6

Ubu^`l&D^mbii^&B&^ka&BB O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 3 6

Ubu^`l&Sbd^i&C O2896/92 3 3 6 3 3 3 6 6 3 3 6 6 6 6 3 6

Ubu^`l&Vkf/Ubjm0&ir_of`^kq O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 4

Ubu^j^qf`&37:3&Girfa O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 4 6

Ubu^j^qf`&5623&Girfa O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 4 6

Ubu^j^qf`&5747&Girfa O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 4 6

Ubu^j^qf`&574:&Girfa O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 4 6

Ubu^j^qf`&B&qo^kpjfppflk&lfi O2896/92 3 3 6 3 3 3 4 6 3 4 6 6 6 6 4 6

Ubu^p&3722&lfi O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 4

Ueflhli&UQ/;2C&+mlivbpqbo&mi^pqf`fwbo, F2762/:2 6 6 3 3 3 3 4 6 3 4 4

Ueflhli&UQ/;7 F2762/:2 6 6 3 3 3 3 4 6 3 4 4

Ufabt^qbo&Nriqfdb^o&362.&FQ/Mr_b O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Ufabt^qbo&Pfi/Cbbali O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 4

Ufk&+JJ,&`eilofab O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 4

Ufk&+JW,&`eilofab O2896/92 3 3 3 3 3 3 6 3 3 3 3 6 3 4

Ufk&+JW,&`eilofab.&72&) O2896/92 3 3 3 3 3 3 6 3 3 3 3 6 3 4

Ufk&`eilofab.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Ufq^kfrj&qbqo^`eilofab W2969/97 4 4 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Ulirbkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Ulirbkb&affpl`v^k^qb F2762/:2 6 6 4 6 3 3 6 6 6 6 4 6 6 6 6

Uo^kpclojbo&lfi O2896/92 3 3 6 3 3 3 4 6 4 3 6 6 6 6 3 4

Uo^kpclojbo&lfip&+mbqolibrj/_^pba, O2896/92 3 3 6 3 3 3 5 6 5 3 6 6 6 3 5

Uo^kpjfppflk&Pfi&Uvmb&B O5:35/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 4

Uof^`bqfk F2762/:2 4 4 3 6 3 3 4 5 6 6 3 4 4 4 6

Uof^ovimelpme^qb F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 6 4 5

Uof_rqluvbqevi&melpme^qb F2762/:2 6 6 3 3 3 3 6 4 6 6 3 4 4 6 4

Uof_rqvi&jbo`^mq^k W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Uof_rqvi&melpme^qb F2762/:2 6 6 3 6 3 3 6 6 6 6 3 5 6 6 6

Uof`eilolbqevibkb&+Uof, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 5 6

Uof`eiloljbqe^kb&+`eilolcloj, W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Uof`eilol^`bqf`&^`fa F2762/:2 4 4 4 5 3 3 5 5 6 6 4 6 5 6 6

Uof`eilolbqe^kb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Uof`obpvi&melpme^qb&+bpqbo,&+UDQ, F2762/:2 6 6 3 3 3 3 6 6 6 6 3 6 6 5 3
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Uofbqe^kli^jfkb F2762/:2 5 5 4 6 4 3 4 4 6 6 4 4 4 4 6

Uofcirlolbqe^kb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 6 4 6

Uofkfqolqlirbkb W2969/97 6 6 6 4 3 3 5 6 6 6 5 5

Uofl`qvimelpme^qb&+bpqbo, F2762/:2 6 6 3 5 3 3 6 6 6 6 3 6 6 5 6

Uofmlivmelpme^qb F2762/:2 6 6 3 4 3 3 5 6 6 6 3 6 6 6 3 5

Urkd&lfi&+Defkbpb&tlla&lfi, O2896/92 3 3 6 3 3 3 4 6 5 5 6 6 5 4 6

Uro_fkb&lfi O2896/92 3 3 6 3 3 3 6 6 3 3 6 6 6 6 3 6

Uro_fkb&lfi&kl0&37&+Nfi/M/9:2:, W2969/97 4 4 6 3 3 3 6 6 4 6 6 6 6 6 4 6

Uro_fkb&lfi&kl0&57 O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6

Urombkqfkb O2896/92 3 3 6 3 3 3 6 6 5 6 6 6 6 4 6

V

V`lk&G^q&72/IC/322 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&72/IC/482 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&72/IC/7322 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&72/IC/77 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&72/IC/882 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&MC/3367 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&MC/357 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&MC/4:7 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&MC/522Y O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&MC/847 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&G^q&MC/87 O2896/92 3 3 3 3 3 3 3 4 3 4 4 4 3 3

V`lk&Ivaolir_b&K/6 O2896/92 3 3 3 3 3 3 4 3 6 6 3 4 4 3

V`lk&Pfi&72/IC/4:2Y O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&Pfi&MC/5:7 O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

V`lk&Pfi&MC/622Y O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Vkfsfp&62&+evao^rif`&cirfa, O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 4 3 6

Vkpvj0&afjbqevi&evao^wfkb&+VENI, F2762/:2 4 4 3 6 3 3 4 4 3 3 3 3 6 6

Vob^.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

W

W^okfpe W2969/97 4 4 6 3 3 3 6 6 6 5 6 6 6 6 4 6

W^pbifkb O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 5 3 3

Wbdbq^_ib&lfip O2896/92 3 3 6 3 3 3 5 6 3 3 6 6 5 3 3

Wbopfir_b&G/72 F2762/:2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5

Wfkbd^o F2762/:2 5 5 3 6 3 3 5 5 6 6 3 3 5 6 3

Wfkvi^`bqvibkb F2762/:2 3 3 3 3 3 3 4 4 3 4 4 4 4

WW/I/;32 F2762/:2 5 5 3 3 3 3 4 6 6 4 4 4 4 4 4

X

X^dkbo&43C&_o^hb&cirfa F2762/:2 5 5 3 6 3 3 4 3 4 4 6 5

X^pqb&t^qbo O2896/92 3 3 3 3 3 3 4 3 6 6 3 4 3 3 3 3

X^qbo&+mol`bpp&t^qbo,&rm&ql&322&�D F2762/:2 3 4 3 4 3 3 5 4 6 6 3 4 5 5 5 4

X^qbo&+mol`bpp&t^qbo,&rm&ql&92&�D O2896/92 3 3 3 4 3 3 4 3 6 6 3 3 3 3 3 3

X^qbo&1&lfi&jfuqrob WH4;4/92 4 5 6 3 3 3 6 6 6 4 6

X^qbo&div`li&jfuqrob&+52&)&1&92&), F2762/:2 4 4 3 4 3 3 4

X^qbo.&eb^sv O2896/92 3 3 3 3 3 4 3 6 6 3 3 3 3 3 3

Xbj`l&D O2896/92 3 3 6 3 3 3 4 6 3 3 6 6 6 6 3 6
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Xefphbv O:773/97 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Xfkb.&tefqb&tfkb.&oba&tfkb O:773/97 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

Xlaj^k&p^iq&+fjmobdk^qflk&lc&tlla, O2896/92 3 3 3 3 3 3 4 3 4 3 3 3 3 3 3 3

Xlla&^i`leli&+jbqe^kli, O2896/92 3 3 3 6 3 3 3 3 6 6 3 3 3 3 3 3

Xlla&lfi&+qrkd&lfi, O2896/92 3 3 6 3 3 3 5 6 3 5 6 6 6 5 6

Xloq O:773/97 3 3 5 3 3 3 6 6 6 4 3

Y

Ybklk O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Yvibkb W2969/97 6 6 6 3 3 3 6 6 6 6 6 6 6 3 6

Yvifafkb&+jfuqrob&lc&^olj^qf`&^jfkbp, W:;42/97 5 5 6 6 3 3 6 6 6 6 6 6 6 6 6 6

Zb^pq.&^nrblrp O2896/92 3 3 3 3 3 3 3 3 6 6 3 3 3 3 3

[

[blifqb O2896/92 3 3 3 3 3 3 3 3 3 3 3 3 3

[fk`&^`bq^qb F2762/:2 4 4 3 6 3 3 4 6 6 6 3 6 3 6 6 6

[fk`&`eilofab O2896/92 3 3 3 3 3 3 3 3 6 3 3 3 3 3

[fk`&p^iqp O2896/92 3 3 3 3 3 3 3 3 6 3 3 3 3 3 3 3

[fk`&pric^qb O2896/92 3 3 3 3 3 3 3 4 6 3 4 4 3 3 3

11  Appendix

1)%%>^\_PbXQX[Xbg%`PbX]V:%1%;%aPbXaUPRb^`g,%2%;%UPX ,̀%3%;%R^]SXbX^]P[,%4%;%c]aPbXaUPRb^`g,%

T\_bg%a_PRT%;%X]acU#RXT]b%SPbP

Tab. 11.4   DRQVN$:[Y\N`VOVXV`e$JNOXR
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