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ol>e awaRii ogofohoocl>oolurtif~<olo>l lh<orodof thoS.COII<W)'Scl>ool. afterwe«"'ful<>amin•li<>M. lli• lh<rdore 
obviooslhotbynowwoilton....,.m<ntW2<w< ll onthow:ayfor=ognilion. h w-,lS on ioev ioabk<k:vclopm<nl oftho 
ohangir(Koecdoofooci<oy. 

,\ss.<s>HJ<nt inoor mod<m !.OCi<ly i• pm of everyday lifo .00 i< <>~SOC<! ohm.oghwriuonnan,..c,...ys. 0<11l 
inl<"ic"·'·"""''"'' lto>tir(K.COO""""'""'andt<ocb.r~lioos.A<Oif!P$( 1 99-I)P<"i<: "rMprim~P'"f>O"rf 

n>~»m<nl ;, pmfmioool; rM1 ;, ""~"""'"' ' " '"I'PO" th• l'<tt:hingll""'';"g p<O~-.,,-
(Gipp< is 1 ,-cry ••P<ricn«'d <docatioooli>~ ps)'CIIologi.,, "'" dcV<Iopo< and i..e<lu« r "' 11>1: Un iversity <Of l.oodoo, 
ln.«il uleoi'Edocatioo) 

ru.,......: Thepur-p._,;c:sofas"""""'nl:oremulli-functioo•l. Theoeh .. -nanumh<tnfg""-•l>rlll<<kpcndinsootbe 
,·.nw,fu octioosofl>!i<:>Sn><nt,boll l woold likc tQ k<CjiiOGipp'•divi>ioo"inmyeiTon on~nllhi>ort idc"' 
<;ohoren!lyorodcrioicoll yaspo>>iblc 

ScrHnln~ i• lh<fu"' oypcofo>S<.,mcnt wewi!IOJ<omine. Thisi••fii'OC<""'hich<"""le;><O<Ion""'''h>pcciolncro• 
lobeid<nM,..d, 'I1oro<ogh prnmp1 idmtifocOiioo, imiJ>Cdiaoc t..lpoan beoff<r«<. wh<ollorohismil:ho be m<dicol, 
psycholof:icol ot""O<Iemic. Scn:<nin~:i•onobsolutencce<>ioyin""od<micirutilulioo>i>:<oousei• willp;ckooostO<Ionl> 
,.-hooup<tfl"!'>'•i"'-' lly impo irod,or,.·io h hoorinJ probk:m>orcvrostOO.nuruff<rin&fnJmdy>k:>iaandhov ing 
l<orningprol>l<m._Thc .. fioo><OSCS,.·illoflcnbea lko<•ocdoo oherighl ~<,.iot101Sor«meol i oloc""hcr-.for 
=o ifocotioo. I h>vc ,.,.,.ntly ohotogh,""""' ..,,_,case: wt.:ro ochiklwith d~sl<xio ,..,. 001 !1<.-..::ncd oo t unoil the""" 
of foort<-<n. This is an obsoluoc tr:og<d~ which cnlbornssc> 111< cd'-'<otionai >)'SI<m. 

Uiog,..,.;, wil l 11-.<n foll""'•nd its main puiJ"-'S< is oo idcnoif~ >1U<knts ' >lr<ngth>ond w<Wl<-ss<>. Thisc•nl>cdc> ll wi th 
ei oh<l- b~ cdocotion>I J"Y<t.>loi;i>ts, <pc<iolistsorll<lvi«o<y !<a< loon. Ofrour>< oh< llll-Um<nl h<« rould be oluo 001 oil 
>el>oolocarryool thisp<o<<~.Sotevcn i fohcydo ohcymigho <illl<f"'"lu'~ 'hcprof<»iooolslod<al witho t.:i"'l i•idual 
stO<Iono.' nero,<>< oh<y moy •imply ;~ ohc ~•ults . Un•inl~ in m•n~ >ehools in C~pru• this is • pn><:<>.s which is 
s implyin-adcqualc 

II<"CGN!~ .. pinKis lt.:p<o<e" wt.:rooeso<e-<ulls.OO=onlsof otiOinmcntoovarioussubjectsare P<I inlore<:or<Jbool;s 
b~ ocll<lcm;.., 001 bocauS< 1/>ey won• ~' u« ol>em in any J><ofo,.ioool "'"Y booo bocou"" ot.:~ "''" ' lo make ro>ults a>~iloNc 



1'" '"~·~~,-.;.-.~ ~-·~- n,;,-~;,~~,~-n-
...,.,ion•l. Thea<lnoini"~i~rnlc<>fr«:onn~e<:pinJiOne, .. ut.:l<"' (fllitouli<M>r><l<>lfcr< u•.••..:b<r>.ofl<<hor>e< 
f«l»<k...,....iof,...,..ioon<JII.IIU<knu.. 

t'-back...,p<rformo- istim<dotprovidiJII drl>~lo->ludolllo'P'>t""> IOO<adlen.porenu,l.o<oiEdoocloioolol 

..... horilio>. Mini......_ boo"""" lu'lfiiJIUntlylo>IOO.nl"h<n ... l, ... "f<"lbiKI:,rl.n<"'</<"d~<fm•lu ;, 1~/lf•IHood 
<1~- .;.m .. ~--~dw~H>I<k""f1111• .. ....,.,._..__, __ .., __ ,., 

...,_.....,.,........,.,..,...u.._ ...... w~--~o.m: R-.....,. •911~ l llliol.thi<ll«l.wol_tr,._ 
w oru;uplheimpo<1onc<ol f«<<book10"udonti. It is ••ilalp«:>e<<O who<fo,.·in ...,...,>t>uoc lmmrnsclykl dl< 
;"'~""""'........,ol"U<Ionl•b•"""'"" """'"'Y itio•pto<"'>owhicbi,""'cllff...,.Wlinoll><boolo..,;,rootO<ily<i<htr 
'--nflad.olt ......... ~ .... latli~- l ............. inpri.-""""""Of ..... llor _< ................. 

'""'""""""~'"""'"'' .. ,...;t..bl<.fftdbodisnrrirdouo ....,.~l>lly>nd<ll"""""ly. 

C..-tillnolloniothooclll>lo"'anli"'ohm<•f"'*'..-hocllindicole>ll•"'•"'udo"'huW~XeJofully<uonplt<tdo...,...... 
or~.,uanoinorior>. llnoioo>lri<tlybwnu<n<oc...,.,iu<llio~for-ly.:lmi......,,,.,,.,-... 

Stl<ctlon o; ohen .. lrnlcol oo,..oniCnl"""iti"""''""·.OO " I "n"i<dM II>ebqonnonJol my..,;cle. ockcli<>o 
bocamc -=-y f<>Uowona <'<ruin -w clunp. We cutr<ndy ... edu<oiiQ<ul ..,kcl.,.. ._,........,.,'"'<nit)' to 
diiJ..no.....,..,i...,.,.,_OIId...,...,.;o,...lois~thalioO<do<f"'>O-ooboollowrdoo.,_.,.oRnOin 

'A'-Icvclwbjooctlhry-.elloo<nellopo<Oinllor Jndc ;,QCSE<...,. lluooso,_Jpnco...,~iiPI'O"illoo-.... 

wilh """'""ion to do well. if lho~ W2lll lororllinue wilh lh<ir OClkl<noic wurk 

•• .....,•11•ro......,..nl~>rdi.o~-•k io lh<t~pocf osi<'S>m<nt llo.:o l Oo lp<lholooch<riQhelplh<.,......,nl. II in"~"'' 
......... ...-iniOmuoioooofo<dlo.d.i-droO<adn""""""''•prtX<"l.ThoO<oclr«nooniornlhop«<bi<IN<Jf 
>lftnli"'·IO•"'="'fyohopn>blrnu<w...,ildortlhe"miJCh>. llowcwr,.-crit..,..onlhoJOIU<>"IhoL..,.,. 
troclt<"''"liHHm oujt.Jpro•IHrtlw1Rfixilir"-·(Gii'P',I99-l). lbrli<v<lluotlhooisMrx"""'*" •iewondlho 
1rudo o/' obr m•ller io !luot «>n><iontio<t> ,.......,.,. "" lu<ohio 'fcedbo<k' from tho t<ooh<r ond "'''""'~"""''~ m.~ke full,. .. 
o/'~-y. l findlloo•t)'l"'ol'--i~Qp<n~i,..,"«)'e<loo:Mt<>nolond...,.....,ly•iool 

Sunoma lh'r .-ss..,.ntlak.,pl...,otlhc<ll<lof o ocrmO<~"ondio t<nmnai. Sur<l<nh<ilh<r-<><foii_Of «lllf>" 

ohis indi<otC<-"""'hlhelludonbhoveloomodar>d-wcll t <Oun<hos"""k<d. Allhoo&Jolh,.~iii<I(J/'n..,....,.n l 

-i~lhc:............,lcwlof-..ilisllldi<aoivc:o/' lllrir--..!..-ir<tbrrOI ..... ~ke~ <><""'
II~A•DtnnO>lawlon.aidin onooflli>k<lllreo'f(r/a< ~r/w<..,._..,tJ/kr"""""'· 

~~1wo<>r<. o r.nowncdrdU<aoional i>I,I•Pruf....,..ofCuni<u l umSiud..,.oo thcln<lllulecf~K>II.Uno"""ity 

Nonn-.-.frr.~ ti~C>Unro~iow hrn<Otrik,..·port""'*'<:d ... o:ompoml"""'eaclooth<r. ~ ... ....-..lrd 
-inJ IOthc~i .. ributiooo/'marb 

'notCrhorlool-...r..-. .... --lloo<lao-1yopcci(ood&l*l<o..!ollo .. -...opp~yoho-KMI!ord<in 
o,..nlin&Jndc<{Orr oii<INul!tii,I953).Tloio ki..dof ...,........, o,mcd"'bool<r....-.lanloond~low-obility 
.,......,,..,, l!umi""'ioo•o/'ohiokindinllriooin,...,.ohcGCSI!(Gcnc"'IC<nif><ol<ofStrondatyll.l~~<ai""')ondlho 

RoA (It«onnofouoi ....... ).~lheYOrioooscritiqu<sOIIItoiOk...dof•-nl,oboooi ""'~"IM/J 
•..._pr.<.q"(Saoldl<r,l917~ l....,..,bd;... ....,ilioo>a)'....-.nli"'klfldof~~M""*"'.-..o. 

-""""""i""'"'' ""hlohthey5c<m.oo<ri•li!C'Il~olly.fl .. i<oll~oro.mo..-rdel'm<:<OS<r:....,.n<""'""''.,-.nli"lmorb 
<lfa;:nole>..,.,.,...i~J«>thc-OI<OI•n<!ard....t<ril<rio. f:V<rYI><odyconpa",<Yel)'hu<l~ <:onfoil 

"Oo<l,...oh·•-nt i<....,.,.,.<)'l"'of.........-.,.......,-."""""""''hci.-podowillo.....,~-. 
Tloi•i• •rood ""'~ofbcin&.iW8<m<nlal..,.,.,llhoi•.,...nO<hie>'enoonllltlditcononlym.okoSIU<k'"''fl'"'olob<ll<:r. 

,. •• u~,.....,.,ld_,.,....,.,.,.ronow ___ ,, ,....,..,.. ... .,....,........,.,.,......,,...,.J'IO"'di,. __ 
onobcir __ flioOII.,..,.,.OJpn>«o<_.,.,.....,., ,""""'""'ioolt.,,,., A""ofcourxlhe>I......,...,"'-Ys 
.....,..inJ iheirt<ooho".iO>Iru<l.,...,k<IUift), 



Wo h»~.., r ... cxami0C11 the 1"''1"""' of ..-mont o<!<l dilfc"'ot type> of it , Wo shQuld cenoinly,..,. =•look the 
«>nn«li<>nb<tw<C'<1=<ncntondcunkulum. ll>Ot,.<oshwkJbcW(N'kiospar:all<ttocacllothcr•OO,..,. 
indepeodonoly. Wll:ttln.,onbythi•i• thot o<ses>n"'"'""'"'kJt>o "curriculum·dri,~n·>ndMitl>cotl>t'<""Y"''"oo.l 
T<><hing to .. tcr«tlincummatioo•i••-..:rycooHJt<>lll"""'li<;einthcU~A . olthQughitisuntler;tOQdintl>eUKtoo. 

with the "refin<d" km~l""pamioofo<c•am._ This ..,ti>'ity«otwcystttanyd"'W',..fotthe>IOO<niSt>o<•u"'emph .. is 
i>gi...,noool>ee»minaoioo il><lf,.oOcrthonoO<ac<(Uisio.,,.,ofle.,..ing. Thisiowtlat<•lttc"iooi>l><>ll•.aoin•it" 
'""';,,,ioft(wor\dng fo< o rcword)~h<rthanimn"n•i<""";"'"·'~'("<wking fotoom<thingon.i<>J'ohl<on<l i nt<r<>ting) 
Thi• l"""'lioe limito tOo leo>ming of >tudonts inuncnsely t>«ou .. ""ly t"e wbj<cts that will be cnmi,..,.. ""' taught 
Ne.di<ssto .. ythaothi•i•n<t><tyb<ocfl<ialto"ud<nts sincc tl>eirle.,..ingi<li mitodtowtwthe'·:trious•yll:tbifor 
cxomsope<ify. lt" ofrou=ono•crlknowoyofoo<"n.>llingwh., the<<><hen«och 

l<l<•lly a»<»m<nt>hookJbcocont inuingond<''«"P<ni•tonopnxc"' 'Jutt>k<>intooonsid<"'tioottt<"l><lent "'' 
whok.ondnoolimitinlhiseVlllt,.tioooo o <p«: ifl<.numberofeumP"I'<,.._n..propose<~c~it·!"'i nt >y>lom. t"'lotlt<r 

withgno<lual,scgrocrnolmarldng<h"tO<H.T.Ii<«"'''""ringt<>impl<ment.willbea>'Ct"fJ>O>itive>t<pt<IW2nbnKift' 
ol>jrcti""""""""'"' ·ll><introductionofprojc<o""'kol><>""""ll "">tll<l<nt pn"'""'"tioo•willcootrib<Jteimo""nsely 
"'"""t>«·"""""l"ting,fundam<ntoloOOmo:anifiiiUIIc:>tnin&-

Concluding I wookJsoy thao d<spite < Ooe<:~oin lioniwtioooofthe "'"""' ""''l>;td'of""""""nt th>.te>i<t. it is still • 
p<""k<oboo!utcly•ital toctlocotioo. Swdcn"r>etd o high l<l'<lofn""i""'iooondtl><rompetitioo·<l<""'"' tOat 
"'"'"""'"'""""'Y'·PfO"i<l<sthi•1001houi"". Wocooklof<OO,..."'it><lh>.t thcfoct thot>tud<ntsoonl~tewith<ach 
otherdi>«><~rore>tlt<mfromh<lpingooc"""'hc'"'ithtl>eirocodcmi<wort.. ltol><>t<OOstosegr<g.>to"ud<""'"'" 
diff<r<ntabil itygroup5. 

Nev<rthclcss,o•s•:s•nl<nt i•l""'ofoorlifoan<lonuno><:>id:tbleoociolpheoornenon.Ourcffon,.ourli'"" · "''""""' 
drumso..,ronmntly<umin«<on<lcriokise<ll>)"t"en'Siofooclc:ly. And as W.8 .Yoatscloquontlyondpootkollyputs 

"//oa<"<'S'"<Himy<i!roffl>UO<i<e)""',{H<.' 
Tt.-adwftiJ·,Ixcau"y""'""""""'Y<i"""'' . 

GIP!'S.Ctl9941"&)"""''"1inJ"·I'>In>erf'o'e" 

I/ORTON.T (I\199)·".4"'"'""'""''/'""'"" ·II<>oki<r&.Staughton 



NANO COATINGS FOR PROLONGING TOOL LIFE 

N.A"'!~Dtlnlotls,A.Stnsls 

MechlnleaiEr>glneerlngOepartment 

With 1 vlew to l~rlr.tr promoting techn<>logy transMr, the' .-try established Nionomalarlalo Research 

Center(NAC)hlslnilialltdamajorproposalwilhinU..51hEuFra"""""""-Theproposalwaoprepartdin 
collllbQnllionwiltlnirleSmalan<!MediumEU<OpeanEnt.,prisn,lhr""Europeanllniwrsitiao andlhrH 
Euroi)MI'I ReMaldl lnsbtUIH. NRC wl b. puiiO UH lof ll1e lhermoc:tlemical porocesslng ol bull<~ ... 
quanlilieloiM'IOrpllcusandnanophasapawders.TMpowderlwillbeuti!Ozedb)laoonsonil.mollfld...,_ 
"""'1>611ie&.whichwillpursuef"<**IYpplooating~~~testinvandmarkfltresean:h. 

NRCI>U-.--...:IIO,..,...,asabril5golbiK:!Yiology~-t._lnslilllleend1he 
tKinlklgy.,....r"""'-rry ... ~argeJ.Undllt'~--... ..._yoloperalO'Ig<IM!Iionshas'-"esl.llblilhed. 
udlwilhitlown~goal(s)andallmlefcializabOIIIII'""'S'Y·NowbeO'Ignilslhitd'!NLol~. 
NFIChullrudy"Uiblshtdtwooperabng<IIYisicn.:(I)~J)'I'IIhe$IS.whichbcornmen:ielzing 

high,_PfOdl.dlonol~ted~Wod(2)1aove.....,~olooalitlgs.8oG'l 
dMsloNtoc:u.onll'.-~ol~,...lellallproo;esM~Io>renhancedrnecl\atlicaland 
lhermalptQPettiH 

Theprlmllry~li>'eoiU..proposedprogrambiOiat:>rlcllte~struclu<ed)ooatW'igslromamorphous 
powde,.b)lalher.,...'llf8)'processorGiheiWisetobeueedtowardlprolorlgW'oglOOIIileanditlawiderange 
ololherpr~.Nanocoa!irlgswill enablelncreaaedwnr,lleattransteral'ldcOrTOSionresistaroc.,fallgue 

strengthandlractu retoughoesscomparedwitheotMtnllonallymaoulacturedooalings.Highperlcm\ar~e>~ 

,...,_uuo;~ur.,;lo;Qjltinglarti)<Ojecled!OI\avealar{IG..:onomiclmpactinl:t\&energy,ltatlsporllltlonand 

HfOS!*"Indul1 ..... in#le2 1Sl<»n~ury. 

in...tiiii~ ... P<•NniHiecliw..-pl$fi'Omhpropot.811. 

M4ncellni"'Jhl)ltflc>rmanclmaterialabiiNC:turai~IIOnlwlinc:reasingty"-'<!onour.t>lkyiO 
conlrollhellzt,oisltillulionard~ol~conatotuentphases•thOIIIHni<:torMierOf-
llHel$n;:e~lors)'llll'lesinngou::l'l~rMimal*Wain-arebec:oming ....... klt; 
I'IOWpot.StieiO~quarillliesolmat.n.lsneededlorPfOIOI)'peclewolapnenlatldleSiing. 

Nanoslrucl~r<ldrrnuer~s artanewdassolsymf>t!O:maten.ls wiltl>lltral""'microstructures.aomewt1at 
a!bilrarilydellnodaootrucruressrnaierltlanHlOnanometer-.Thesemate<ialsmayt>ee<;MnpOsedotmet.als. 
::,..rn~c.:·=~"';',:*'~tes.Thematerialso:..nbelnlhelormolpowders. thW11ilms.porous 

Manydii*enldlemicll,phySical.andrnectlarllui~hll .. ._.,doMsedlorsynlhesiling 
nenoatn.octuredmaterl*,~---f-*Yproducedbylf'lllhiMCI,Iaserltllllllon. 
~dlllpOMion,<:hwnicalvapor~-moloo;:o.Arbaan~Nanoslluc:tured~
·vnlhetized by gas phiM condensation, gas 1-1 depoaillon, laser pymlysi&. ayomiling and 



l 

11<>1111iorVprecipila1ianmell>o<ls.Thoal..,..,....l..:II)(M'I:Ier1;c.., ~labrir:a1ed l"llocontroledporosity 
sln~etvresorlheo«<litatydensesln.o:l"'"b)I•.......,.O,roldllleremttchnlqoosn:l!dnglhermalspraylng, 

~ls.ostatlcpresM>g.~pressing,ooldcompa<:liorVsinteringandpowderlnjooionrnol<llng,Th~rathar 
oonfined~mt<elyservusloilusltatelhebrQadrangooolt~beingapplled~lhes)•nhasll 
eodprooesM>golnanosltucluredmalOI'IMenddoesno1~1rwoo•ooourlllhapaotic:ularc:hAIIeng8s 
eocountere<llnlharynlhasiaendptOCeNhgolpotynwic:~male<ials. 

""'"''"'~~fl(lodl«? 

Na....,.ltuc1wedmaterialtcanexhibll~•nd......,ror:>YOip<Ope11ies,>Ot1ictlcan~ .. ploil..:lln(1) 
luperplaslical~lormaiJI&cerell'kslor~haal&r>ginelandpropulsionsyOieiTII,(2) 1asttrcornp<J1er• 

usingJosephSOI" juncikN\1 and (!Uarl1Umwell devices. (3) lolld lillie reif1Qera1ion utlng ma~jne~DC&Ioric 
ma1erialsand(~)llarderlloughercu!lingi0011orhigl\speod~anddriling 

TNroeet...o:coaliniJI~by"lablilhe<IPVDanGCVDvarillnlsare.._...,...,.usedln 
cunnglabras!Ye"!)pplealionssucha~applicationiOr\"'Oinocu"er,drilbilorP<&UIOO. Thomostcornmon 
txamplesollheaeerer!1a'liumNi1rideandChromiumNi1ride.Thaaltractiveleatutesot!heaecoalingsare 
olhigllhardness(2000-2500HVN)andlowlu~ac•energy.Thosecoalingsha"'beenaeeol01!1crena!OO 

ifebySiimeslnmanycasulhedisadvan1a~ol!hesecoat"'IIIYPISDrehigiiCOS1,highapplica!lor1 

~ratureandlhell'labillly10coa11elll&oomple•$lJ'IJCI\IfHAisolhelit>ologicalpt'Op8<1iesand&<l>eslorl 
..,....ollhesecoatirlglcan~-10""J)I~Orlltlo:llniUChasiUbSIIalel)'pleodna!u"eol 
lb<loliveio:lao*lg. 

ManySluo:ielllawbn:lltlatlla-elorllllnoltheprln\afymaterllllprOpertywllk:rldefirlas.....,r 
resilt.ance.Tl\efellevklencewsuggesllllalelaslitmodulus<laaacruc:lalir\lluerlceoowearbehaviori'I.The 
ralioolllarr:lneu1oelaslitmoduiiii(HIE)IIasbeen1our'ldl0botemoreraliableparametarlorpredictiogwuar 
resistance 11\an 1\ardneso alorle. Stvdieii"W"IIhallhe alowable ~aslic strain to lailura (related to HIE) 11 
.... ltr'I)Or~lactorlndelerminirlglriboiogicalproperty. 

WI'OillpouiblynolemtriliogiUChhighllardneii.....,...Miheircrysldnecounltr<par11,......,pllousfilnll 
mayexhibllsuperlor~l'f(lplriea ... ~oflowerNsbo:I'IKlWiulandlro:ruled~. 
Thoaelealu<Hmaybotacc:omparOedb)llncrNHdiOliC!ura!OughMuarda subNqulnl resis~ana~wcrack 
brmalion.ltispreciHtylhisccmtriNrlionofhighlla..::heu,lneraasadlouojlneoseodresilt""""10fraclure 
wi'iiehmal<eslhesecoallr>gspolemiall)'tuperlorlooth&rS,preHtlllylouH. 

TheabilitytoapptythoHcoalflgsct.aaplyatldquicklyinbullciOe..,rituyol""""'"'""'\lCIUrelmakeslhem 
w.ydesinlble.Applicallcnlcanbot~oocuttiog10all.lar~otr\IC1ures(ai<aan)endmenylomW>g 
eodpresM'IgiOoll.m.relhae>tisllr>gOOIMingiT'ethotlsarenotpracliCIII. TheadaJ>Iaf;rlllyollhaPfOC"S$10 
pnxklce~atldmoAkomporlenlc:o&lif'9l•anott.r.wy~lealure!>l. 

Jntmf11!98Ci,a...,...lher~fpruousiogmelhodbrpr~patlr.g~porwdetlll¥1ingltom 
~pracu110f(:(IITipOUfldsl\aobeen-.opadbyNic>ooiAIIQM!iniotisetaf, (EuropeanPalerltf 
EP 0800883). The tn..n100 relate• to 11>1 lormalion of amorpllouo me~ powders from amorphous metal 
o:rddepowd<rro•nd.ln~lion.relateotoamelhodolprodudr>gomorphous1uogs1en,molybdenumatld 
II'IOiytlcll!nm•llaflandtheiralloylwithcM:rmlum,lron,ccballand~and,!uother,tothoUMoflhase 
powderstolofmrat,...;IO<yme~~olamorphouslnanot;ryltallr>egraintile,lneddi!ion10belng 
.-.tbbrmallooolllilckles.,...-endtWicluand-rellat;:IOry~.lhej)<fl81'11._,!lor1 
• ....,....,.,ln ... ~lofm10~-~tedl""f'f'de<C<NIW>Otend ... li<e.They 
Cllflllsobeblenclad...W.r;:omposi~i<>mbrdoyiogand.-tn...,opplcalionlnwllk:rl ............ melafis 
~.Theamorp!'rr:onme!al0ltidecanalsobotusedln""''reac:1ioncallirlgloriiUCIIano:rdde.The 
decreasedpartiellolzesllouldfacililatamlx"'llandimproyerNCIMiy.Thopanicleolzeollheoxidesmakao 
lheHOJ<ideSuSG!ulasplgments and coal"'lltaOdin ceramicl. 



Thebread!hol!hisresearcl1initiativeplacesHinapositiontoactWevo:lastrQt~gp<op<l<!taryPOs;tionint>o!h 

!hemaoolactureanda~icationolr"l!lfiOS!ruct~redpowders 

Apart from lhe """"coating perspec!iv<l , po!en~al opportunity areas Include !he lllerrnoct>emical process for 
makir.g •ariolls olher llar>0$11\lC!ured f'OW(Iers, the powd!lrproducts of !hat process. f)<Oee$seslorcrea~r.g 
net-shall"d partsfromMIIOStruclumd powders. 5UCI1 as PIM and MMStructured net-shape parts. The 
resea rchvisioo;,.tolocusoomaxim~ngthecommercialpros;>ec~ol!histechnology.Thein~ialcomm&rcial 
goallstocaplureashamoltheEuropeanmarketby introducingnanoslructuredpowdel$,coatingsandparls 
forhlghperlormaro::eappUcations 

F>nelty, we oole !hal !here are commercial opportunities lorW-based nanocomposite materials. Sucll 
materials ha..., lound app4ications In both m~llary markels (kinetic ene<gy penetralol$, explosively formed 
projecti les , shaped charga l ine!'$ and civilian marl<ets (sfJOrllng equipment, radiation shielding, 
coonterbalances and high voltage contacts~- Copper, slrenglhened with a nanodiSj>ersioo ol either 1ungs1<1<1 
ortungstencarbide,has thepotentialolt>eingagoodmale~alforweldingelectrodes,Currenlly,copperthal 

lsdispersionslrengthenedwithalumir\aisusedlorlhispurpo$e,bul itsperb'mance leavesmuchroomfor 
lmprovem""t.Welding electrode perb'mance Is particularly critical whe<1 the welding process is highly 
automaledandperlormedbyrobots, as in aulomobiklmanufacluring 

Thepresenlproposai<:Jealspr'rnarily witl1thedepositionanddevelopmentol~naoostrucluredcoaljngs 

onselectNaS<JbSifat(js.Co.tir.gsfabricatedoot oltheaJoremenlionedamorphousaletne<1tsandlt1eiralloys. 
composilesand compouods thereol,ilporelreeareanlicipaled toe><hibitextraordiMry lhermalstabil~y. 
hardness, tr:>ughness,duclility,wearresistanceandadherence.Wee<wisionawi<Seuseolthesecoalingsoo 
~n~~vei'Ocles, variollsna"31 , aerospac:eandlnduslrialcornponentstoreducetheneedlorexpe<~sive 

ltemslabricatedlromnaoophasematerialshavesuperiorcharactarislics.Forexample,nanophasecopper 
has hardness and yield strengt~ 500 pereent greater than conventionally produced melal and a oaoophase 
ceraii'Oc malerlal can be manufactured .Oth !\"'l.d> greater ductil~y !han the <)Or'J\<(!f1t>onalty mar>Uiactured 
coonte rpart. Thesesamebulk-oanophar.echaracteristics resul!ir1simHarirrrj:>rovementslo thecharacterlslics 
ofn.at'qlhasecoalings,parlicularlyinapplicalions requiringerV\ancedwear resistanl su~acesandincreased 
tl1errnalprolectioo 

ltls difticuft 10 eslimate the tolal >mpac1 of llai!Oiitructured malerials in the 21sl cootury, bu1 it wilt be 
sign~icam. For example, in gas turbine engines,"""" as linle as liVII <legrees increase in melal opemtlng 
temperatuminthehighturbineseclionoftheenyinecanrealiseseveralhundredm~lionEuro's inloelsavings 
peryearlorcommertlaiEuropeanairtines.The!\"'l.d>largarincmase in operatingtemperalureprojectedfor 
ceramlccompositecomponentswillhaVIIaproloundimpactooengir1eoperating efticiencyandcoosequ&nt 
economicelfect.ApplicatiooofcerarricCQrTIPOI"entstoadiabaticheal engineswlltrea lisesimilariaf911 
economicconseqyencesinthetruckir>gindusky.Siro::enar.ostructuredmalerialsame>q>ecledquilegenerally 
topossess greatty improvedproperliesandsuperOorperformance.irlllaslmentsinlechnologH!stoproduce 
suchmaterials arehighlyleVIIragad 

ltislheprimaryresearchobjectiveol thisproposaltoesla~lshanetwor1<...tlichlstobeal&ada< ln !herapldy 

&men;~ing fieldofMrK>siNClumdmalerials and to achleverapldgrowthandatlract iVIIea rnir.gslromlls initial 

proprielaryposition. 

n-.e;,terest in naoocoatir1gsforwear and8brasionresistaro::e lsjustilied duetotheoohancemem of both 
hardnessandductility1oundwithinmaterielswithreduced9fains;>e. E"""lhoughl!hasnolbeen00cidedas 
of yet which .011 be lt1especiliccompOSitioo ol the powder to be used, ~ is sale to saylhat the as deposited 



l""f'"''inwilbe~tlylliglw'hiwdNssand-~llaniiMI_..._..~ol 

lhe..,..,canpotilion.lhapoutilllyaltllll>allhe...,.,..coaling!Jwlllbedlar-.;~.nrodtlyalrad&oll 

bel- harnot and lOIIglv>et.l ar higt>lrlewls wilh • rema~enhanc..,.,..,tolbolh htlrdness and 
ductilily.Tho~~C>~enlialbenelillwillbeMaliNdduerollwlreduooddltltc:lolzeandenhancedorainboundary 
NIUallon.Oiii!OIMiywlllbegrNII)Ienhanceddultlolhelarger"""""'olgrainbooodaries.Tho~o;ontrol 
~<lllrirlgdepodionwillocusonlhe~olha--good......oon. 

Thtllollowingoomprlsesanoot~onexlstlrlgleCt<lologyas~relal•ltolheW<y"""""''WC.COr:ermel 
rNII<Irial. Most olthtl reSMrch on WC.CO powders hal baan dlrec:ltd towards the lo<mation or low pomslty ..... 
Thefmalspraymellr:><lslorprepllringCDI!ingsfrom~WCCo~lndudebwvelocity 
combustion (LVC), high >'1>001)1 O>Cygenl lu.tl (HVOF), C011V'1<1Iional plaama (CP), and high _.,g)' plasma 
(HEP). TheellodlvenessollheMr::oalingme!t>oOscar>bereledonlhtiDasisolthtiWCinlheCDitirtg,which 
""'"""teswith-pe~Thrl~t"'""'""olretainedWC...,tt.<elcftlhe-.l-rate, 
oa;:urslorlheHVOfproon~.Thililbectuselhe-llamel..._.,wreand~panidevelocity. 
~wilhlheOiherptOCetaN,.........,..,HIIMidaccwnpolilionraltoiWCinlheoxldimg..-..ltonman!ol 
lhtl n1me or lhe plasm&. The O>CidatM:l deoomposition invoMs decalburiZIIbon ol the WC pha .. IO Jorm W. 

SimilarOlidalive~reactionllhoukloa;:urinllwlrmal~ol~adWC.CO 

powder1;,...:tp~lhallhvproblemwlbe~tlylhehighsurtaoeariNiol.,. .. ~powdrws. 
'"'-"""'ilyollheproblemeanbe~IOsome~tlyden$ilic.llionol.,.powderl*lidHprlor 

tolhermal&praylng;.Ewnso,particle~lioninlhtlftameorplal.r•,.lohooldperelst,sothatmucholllwl 
benet~ or haWig M ultraiW1e structu<e in.,. CDITing will 1101 be realiad 

Thul.bolh~andNir'IOSiniCIIIredWCCo~rs""'IUIOIJI!iblrtiO~Iion<:llring 
lhermaiS!)raydepolilioninMamt>ienlllir~. Todate,lhtlortfpracticalsohllioniOlhilgeneric 
problem has been 10 COf"docl lhtl tt>ermal apra)'ing operation In vacwm, as in vac<Jum plasma ap,..,. ('IPS) 
andiDwpret.~~a"aplnma(LPPS).ThiltechrliQL»hasbaanU$ed"""'C8niulykll'dopoaiUngWC.COooalinga 
OtiYllrioo.-.~using_...,.powdersas~ 

Anln'll>ortan1dillinelionboltweanlhermlli&prJ:Yad~andnanD$!ru::luradpowde<slslll*dillerem 

mtlllngandiiOiidi!Ocatiood\lracteri&lici.Convenlionalpowde<panlc:lel expenenceiUrtacemeltlngonl)', 
~tly-andlimlladdisiiDII*lnollhi!WCparliciMinlheliquidCo.••lhe~aturels 
incfu!ed.- ... pseu<b-tllnaryeutecllc(-1350"C).lha~spray~c:oetingla)'ef,.,.relore, 
land&lobesomewhalporoul,oiro:elheporeMfiCflollhe"""IMII)'IafV'WCgralnf ... llwtpart*l)'meltad 
pank:lesimpedelllukltlowonlheiUI:Istrtltewrlace 

NanollNCtUfellpowdetpartio;:lu.dueiO!hehighsurlaceeraeolcontac~between'lhtCoandWCphasea 

lhoukllriCirl<go~or'1lullc"'fl'llllinCI.IC<XII'<IPII'Iib'l'rac*land~di$$oiiAionoiiiMIWC 
~wilhirw;riNisingiiUpeftM!atllbovalhveuleelic.tnthilcast,lherasulllngco;o~W>qwlllbenuch 

;!:'~==.::~itywlthwhichlhtl~rM<IIOO'Iisofidor"mushfl)llrliciMcanapreadoo.rt<Mif 

AhhoughadifactcomparisonollhtporothyoiCCIIOiir9ol)tlpaiedlrom1hetwotypMoiJ)OIIIIdersol.,.same 
compoM;,.,Nanolretbeanrnade,lherehllwlbaanin<kationiiN!!htleManca<IJU:ilyollhe"""""Y 
par!k:leld0el1)<omotelhtllormationoldenllllpama.l. 

lhrl•matba""'COM"voeracritica!..,enginoo~.IIIIOwingoperetlonathigher18t'J1)&181Uru.Thrryare 
Jabrk:atedtly!hermal sp«~y!eclvoiqo.lestoCQmbuotlonchambers, turblnealrloilsande~elburnersandp!aya 
Cfltical"*'it11nct~OU!uo1*olenginooeNicietqoandpertormanca. The~oro.uperiorlherma! 
banlafooallnOallraquiradiO"""""""._.....~.IIw1na!lllod<railltnceandeydcla!igue 
propartiasb,-llindolomglhe~inlhec:aoanWcsplalbol.a'>dariH ....... lhec:aramk:!omllalinllfllor:e.~ 



llhould"-po$$tienotonlyJosltoongi!Mnflebourdarielb'f,.."*''llhlllln.ICI\QIOihlo~llulalso 
lo"""""*'llw~a1-ledlemperaiUIH. 

Anklealcandidatebi'Ogh~ran~~estructuf31applicootioneilllheMoSit·l»>sed~.Welntend 
too:levelopMoSi,·based~tH in amannerthatlscompl&tetyanalogouslolhflapproaclllhalwe 

ha..,. uMCI lorWC·based mato~s. We,....,, note lhattf><l much lowetOOnsily MoS<2-basedeomposileo ti!IWI 
beoola~ledb~bylheU.S.AirForce.Wereoognlseltlisnee<l.lluiW<Iwillct\r:loteiOIIudylhe 

Mo'Si·baOOdsyslembecauseol~s~libilitywilhtne~Mo(S.IOOiidsolutionpllase.h'-not,..clear 
howiO<JesignanMoSiZ-based~ltlat~-<kiC:Iiityatlow-._.,lu....,.....,.,lsa 

~lor most hogh ~emperalur"t struc~ural l!Alkalionl. "'-11-.- • ...,. ar.a11r~ 
malerilllbooaringsbecaule ollhwsuperioo"OlidalionteSislance.Such~.....,. ~the~Qie<r..:l 
C081inglbthi!Mo(Si)-~alop.Anetworlrolr;ornpar0nwillbeeallbislledlopur.ue"-~ 

ol-tructured~~OIItl"f'OSites. 

Thepotymericmalfix~!llbutatsometalmatri•~lnandceramicmatrOr~toscomprise 
uniQuecandidateslornanocoalingl. 

ThepM\aryobjtr;:livelslo<leYelopll<litablornanocoaungoncartx>nlibe<slrlotde<IOoonttollhetibe<..nalril 
lrlte<loCiionl(t.ri'lgtabrical>:ln_in_...,..The~can"-aynlhesi>edby.,.lher~ 

procentromlheprwriouslyrT1ef110lt101<111omogeneouspreana-"""""""'.Deposiliono/adlrypeolnano 
coali'>goncarbonlibersl"l:lo,_,.-.implementectbebe. 

Theeppicaliono/acoat~t~giOINtibetlllttaceisOflllolthe~t....,sa18melhodsbr~tl"l:llibet 
lnterar::lionwi1h the matri•. The 1yp1 olbonclingrequired at the liber-matri•lnlerlactlwil o/londictatetf>e 
ctlaracterlsticstf\at ,....s l bede~nod01tolhofibersurtac..ln..xlition,surlacecoallnglayetlmaybe 
requirediOenhaflCeltleliberst"nglll.lo8dasa0Husionbarrier~tingchemlcalattacl<byltlematrl• 
orto&e:<:Oim>OdateanyiheftNIIeopansloncoeNiciemmilmald1bet.......,liberandmalrOr.Coatingaollol< tf>e 
~yoltailorlngltletibe<-matri•lnterfacialpropertiftoolhatoplinunCOfT"IPO'I<!<IpropertlHcar>be 
aehieved.Fibe<coalingscanl"l:lveaproloundelteclonlhll~!<lmalerialatal~olila .. lstence 
komtaorieatiooJol"t·_...,.use.F"ibe<coalri<,JSperlormllek*wmggeneraltunctiotw: 

Contrcllibet-matr\:lbond~ 
ltr!pruwlltenglhbyreduclionolturlacellre$Sconcenttaliona. 
-'lietti"I:I"MI!labilityollibersbylhflmalrii 
itnpf(Mthectlemical~tibilitywilhlhllmalr\J! 

PtOYidedtt~barriera 
PrDia<;ltheliberandliber·matrl•"to~acelr01'11e""'ironmental degrtOEitiondur>ngse Mr:e. 

n.. .. eremanydd!e<8<11 methodlbeppl)'i'>gcoatingato!ibe,.evenlhouglle!to<taon!ibe<coat<>g 
p<OOeSSftllldluno:lament.allludinonlnterlacialel'lecls~!ibe,.andrnatri<:e8areneeded.Then"WXI 

trequentlyvsedtechniqueso-dJdl~chemical"ttPP'cleposition.~doposilion 
and...........,doposilionie.I!)!Jitemg.phylical\'topOt~e-bNrn~pla-Miil;led 

chemicalvapor~lon-t.w'IQ~ 

Nanocoaringsotw. Ni. Ni-Ct.,. quote lttractnoet.ncolhe powdetsynthHilis-.adybeing IOOCOfl"lt)bhed 
llldpertineolcollabotationilalteadybeenHtablished.,.;lhCompaninllldReseardllnstituteswllichl"l:lve 
the apprOpriate background andmunsl<le.pk>it the coat<>g ~tiesol theS<O a,..,.phovs ~-W. 
o•pect a...chcoatlngstoe•hibit ren\llr!U>bleproperlies 

Furlher,..,.o.coatirqscanevenbeawliecJonlheeoternalmac:rwcopicsurta.ceol apotymetlc matri• 
composile Ill((~ is our l*ielll\at Jhi:l scenaMisl'litf.-yenracfiwllll((makR m. d<!podion ol 
~--~The~--~ar.olh9>surt.ol•rH(~. 



;, a metastable state and are "'acti've _, 81 room tempwat"". We dD _..,;a~ the tnlrinsie.,.,...,... 
lin"Oiatiotloflhe~as~-notwilhsl.andt..._a~uruaboYet:!O"Cbut!hedeposit'onmothodsho<lld 
bejudgednotupotlthllopenuiooalter"llpefalurei:Monltlelempefatu .. of""~as~lllrivesonlhe 
turlace10becoated.Therta11051n.C1Urednatunoollhe~lsoucl"llhalbythellmtlltlflpanlcleoreach 
lheto~<>eetobecoaled!heywillbe altconsiderablyfe<b:edlefnperalure.n......,.,..ion"""'illhM

atlowlefl1peralufeslhe.....,IIIK:1Iol1he~willbe!lf08tly~dooto!hemotastobiliiVar.dhigl1 
~I<Oaolltlfl.....aslrueturedpowOOr.lnlhisconte>et.llle<fleil<dlo-ilialivewhichlllal"di•IJr8at_,.,. 

ol....::cesswlllocusonlheminimurndilposllion~t~mpeoatur'l.._adherenceandwea.chara.clenst<:s. 

r _ _,.,,._, 

E....,t!"oourjl_io:MndiObe l lronlniiW*";,Itlec:cwm"lllrcial r<:ale~ofnanoolfUCiurec:tcanposlie 

!Nierialsandll>elrrespact""coalings.ithasbecomeclelrlhatl!lereisgwwingcompe!llionworld-wide. 
JapaneseCOIT1paf"lina,.tal<ingveryserioultythe~olnlln<lltluctufemateri&lspro::es&ingby!he 

g&phase<XII"I<ienulionmelho::I.Ge<man~t>avuanurnedaO.adersluppo&i!ioninarc~ 
o! C,. cluslerl (so called Bucky Bab!. The ScMetl. hiM diM!Iopld nar"ICipDfOUS melall lorlitvation purposel 
andfuotCOIItlllacltode$.~ptopoNiittilefelo<•conslderedtobetirr41y;,lhat ~wilonabletheEufOI"'an 
Communi1ytom.Wuainleadershopin~rtachnotlo9Yandto_the.......,oi Q~to 
lldllibon.lteoonomicaty~materials. 

eo.t.n<;p....,inlhelorei<O<Jioi\Odi!J"s~tectlnologyandisbegimlngtooojoyconsiderable....,.;e ... !l 
istlmelyandapprop<iatt.lherelort.IOI;Ikead\larll~tgtollhellbit.(ytoprocluolbullc~pooocle<slor 
lotmingooalinOSwithe"'lCic~inlhilp<opos.olweareooupiingpowderproct»lngwilh 
lhiKil"IOCtltmicaiCOI"IIIt!l$lon.twocuningedgetechnologieo.in thecoat'"91 1illiii.Our""""""~~"""~lsiD 

adlitoe"-"'·l'"product>onol~h91PI'*>rmlt!cepar1SiordM<Happlications. 

Amajorconc..-niniOday'scornpttilllltinduslritt ............... lslhelong-limoo lromcllocowf)'ID 
cornrntreialilation.~lsaoonsequeno;eoltheill!ll.lllllliadeYe4opmentpal!lwaythatllasbeenusedinlhe 
past.wherele&dtitnea Netyplcallyt().t5yurs.Wepropose1DuploilllllllliiiWIIIIdoa\IM>pnlenl as ameans 
loexpedileledll"aCIIoiJI'~tion.UsifiOihilll"llllho<!olog,leadtlmescanbereducadto3-5ye&n..A 
dislioguilhingteatureoltono:urrent~lolhat~~llatlheailicoil"-ntionsc:anOCX>Urll 

qplaOiinhinr"lcMolionc:llllin 



E...alBenntl&Co...,aprOduterol.....,~lorCUllingt'l"lllt"lyrnale<ialt.lnhpastlhey'
~edwilhPVDcoalingot(ToN)Ior~wearretlllance. Theya,..~~IOexp&rm.ntwill! 
newCOIIingtypesiOr.cre...IOOIWelimllarw:lreruceOOSI 

AMRI (Advanc..<l Malerla/s Reso.M:/1/n&tiMoj 

AMRI would be able 10 PfoW:i1 a II.« chllraclerisalion ol ~ (VIing' SEMIEDX. XRO. STt.l. AFt.\) in 
~101eSiing.,.PfOPOr1ielolauchcoalings......,.a~ol~ 
TealongWO<oklinduoe:llarl:i'>eas.-rasislance{pinondiKortlidingblock).higtlle<npenolllfewvar 
..-a.~acmtchleslinl!. 

lniOdditioniOinlernalleSbng.AMRII\aSG>.IenSiveconlaCISwilhlndl.lslryand<:OUklllrfM!IOiorapplicationol 
coallngt ir110 a ""'iely ot dillerenl app\icalion 10 measure perlormance. AMRI also posse$$M ~~own po.arpose 
tun PVOiacilitylorde!>o:s<tlngcoalir>9'suchas TiN.CrN. nc e1c.Tniawouldprovidean excehni OppOrlunily 
lor cornpa raliw> tes~ng 

l .leyland·A. Matthews·A. TiteSignlllc.nc.offhe/{l£r•tloln-control: • 11<1rtO<:""'fK>K'IMCO.tlng 
._wchlo opt/mi-lrlbologk.t~. WEAR.\Ial. 246.no. 1·2.No¥2000;p 1·11. 

2. r--MA, S)"'Ihesla,_UH_IIP(>Iic•fk>Mol a-Nrd-pho<J•ro.lir>ga.P~ 
ollheA.ppiedOiamotld~...-.;:e l995.~110nSoiOiarfaldlilmiNIST.~MO.USA: 
1995¥01.2,p691· 702. 

3. l-.JW. Heaii>-GR. Kammer·~ For,.lion•rtd~ll•r..:ter/ul/0<1 ol~-~· ,.aialan/ 
_,r.oua coalingt by 1/term.t apraylrtg. Maler..._ and Maootacl"'ing Processes. "o'OI. 11. no. 5. 
1 ~. p.865-67. 
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INFORMATION TECHNOLOGY AND THE CYPRUS RALLY
AN FIA WRC EVENT 

Charalampos TI>&opemptou 

WlredCommunlcallons ofllclal 
and iTolllclalcllh8 Cyprus Rally 

Anor a >OCCnsfulb<dln20W.thoCypru<&ollyw.,promuOcdto•WorldRallyCh.>mpiooship(WRQ>Iatu<byFlA. 
th<worldg<>V<m in; bodyinmol<ll'po<l 

Thisisooooolytl><t>ucstan""al>j>011lnJ <>·cntinCypru•.butinthcwl><>le<J(U.,M i<kl leF-"""nd"~""'uf""""" 
,~prou<ltobcn•nnin; •WocldRallyO..mpiooshipeve"t 

Jo;otOJi•·cobnd.,.<li,.ufthointere><wXN"klwi<lefocthi><>"<nt.it<f>Qold><Jfficoto<llylhatinS.F'<ml>or.!IU:!.3\4 

:~~~~~:~::~~:>gt>pl'>e" <'>>'<rod lhce>-.nl-o:<>ming from >< f" >< Ao>lr:alio.Japon ondAI!<nlino . .. I<'OII >S t:on>po 

Cyi"u< >lsocno.reJthehotn<,.oli:MI I iomoftolc•isi<lll•i<»·minlll6coonlri<>•nditpincdlitor.~llythoo<andsof 

<;olumninch<•inthewritlenpr<"-''''""f)'dinkulttoobtoin>lali>1i<> ~~> lo0owmonyproplcoamctolhet>londto 

foi!Qwthe<>~nt.butt~l<"<k<ndinScptomb<rii"'"''"'YhardtoFondohotdroominLima""l"'ilhagrcaonumb<r 

of>hio.,..,oayincol'<rin!'apl><><•• .. in~•-Tbel\oyaiAuo<>nJObOkCiubinUK<'limai<Sihallhe"'"rnlllinrome 
loao;oonll)'fromoWRC<>"Onli>oppro>inwolyl3millioopoond< 

Anoddcdto<ocfithoOCioclusiooofoOCCypnosRollyinohen:l•ocdi'C c amc<.AEuo'\l!'Oantinnh><aln:...Jyfolmc<Jin 
deooil 10Ccntirc Cyprus Roily 2001 moue fo.-indusioo in a J <iio,.Mionol ~noaoioo of 111< c>~n< o•~r 11>: ln«m«. 

Tbe runnin,of o ~wiJ C>cnl oflhis lyp<. ,..ilh monufoclure« <p<ndio~g millioos ofpoonds in pn:,wios <h<irl<•n>.<. 
".,.. ,.·ith o ~"'"' nuont><r of .-.-~ul>oioos. r>«><:«lo<I:S and din:<li>'« 111:11 ,....,., lo l>e f<>lk>l>·e..t ck>Sely. O<hor,.·ii<C. ol>e 
e>-.:nlwillb<t•<cnupby"""'h<r<:oonii)'. Ondl'-:r<""'"'""Ywilhlhoire)'C>""""<ecuringlhise•·ono . So.~>l•<ndor:> 
ilta•conrun.-·cnlofohi<ly·pc? 

The t "l,\ ""<py"" modulc 

l nonlerlopn:...,ll<>n~>frornrunningunou<OOriudse.-•·iceMop>andinll<kl i lioomo.On1<un:lh<Uooor51•y•inil> 

pn:><ribedroolo.f'IAfitoinlooachofll~<m.ainrompc<ingcar.r.oGPSrcrortl ingmo<luk. Thisiso<maii....,_.Oco . l!-ocsiu 

of o book.nmningooboueries.whkhisawoobedinsilkll>:roollpclitiooc..-.Onanio-.l.<l>:fiA<niin«rrollrtt< olllbe 

~:1~~;';;!'.:i~swh<n hool<od on hos l"f'l"!' si•• oot Mati«ics oo lh< rool< foll""·«l.lloe dura1i<>11 and limo of any >I"!" 

~·,:..:.,~.,""ly..-.:lhodul<1ltomooilorll>eoon>pc<iliooc""- » 1hon:isonHA•i'f'l""""'"'""''""!'1<<0ying 

I~Aruks>f>O<ify onoccutacyt><nerolun o l<nlhof o >«:ood.ltisolo>·ioo•oha!monoo llyocl i "'INiimi"l!•••n-bo 

u><d . 1loo..,an:lru-._.. sy>lcmswotklwi<le.whi<horede>olopetlfocWRCc--.nllim ins •nd•rcwonhcm•idori"J. Tioe>< 
aroa•ySiomu.OOinAuSirolio. o sy,ocmd<>'<iopodby o E<l"''''•nfim>andlbe <ySI<md<l'Ciopetlbyl\• llyArg<nlino 

:.:~.::·::::.·:~:.:;.:~,'' oloo u<OO by o<hr" Roily OQ;•niscr> and bocau>< of il> k>w price and •~«ll<nl '"PI""'""'' 
Th<:A'l<nl i n<oon s fil<>'<l)'«>mp<ti nscorwithomo<luklhllp<Ul'ilksiOII>e><n"-""<hcid<ntioy(numbcr)ofll>e~.r. 

Sonl<lr>otcplo<cdotlloebogi nnins ondcnd.ofc•~l)'tim<d>r«i•ISI>go."'" "'""' "" '"""'""~""ingcarc=a<<hc 

~~·,!:~,·~~.;!~~~~";,~:~ :::~·,r:;,::;,~:~~~;:.,~1n;;~,'::;~~~Z,~,',~:.;,e:~~:.~r:':::.~·::_ 
tim<. So.this,.·oy~k-ti><>l•nondfinishlimco •nd'"'""'ho<d.,..romp.o<olholime itoool: <heo!ri>'<rlodo thc 
>f'O<i•lstog<. Thcn:forc.lhot><>lvcslheprobkmofoccuroo::y. 



l 

~:=:.:.~:=.::.~-:::::::::::.=.":',:·:.:t:.t~.:::~·,:= 
"""""''"'"'J'II'UO<"'"' 
""""""'"'"""""'""'Y""""f'i>«'i•nu':ll..., ..... <i«'f'nlky>...drorJ«.dio"-<a<yk>llllll"'llin o ~link 
w>lhlleadqualo...._ 

Th<"""'ionweorril'ftl.,in.,.,....k>moi,....in o <ooSI"'"I1"'""'"'1in~wio~olle,.,nS<n.,...,wlillwt>>mall•irrJoo<s 
""~•-of..botrpr.....,..!howcoh<n'lino...,fl)'hoP..,....,IIe,..llyrou~e.A•~f~ICil•"''""I'I>Ofofolle 
lloleluscdfQ<IIIehu.Squonon(llQ)ml..i..-.picl;.o"''""re<,_......,,...,..,lll>l>f"""lhopbne. 

A• o .-lo. lho.....,_., HQ;, opdaocd "'iohin ...,.,...., """ ~ pnwOS.. ;....,..,, ond ~~«W'OI< """'"" 

lbo,..,lyHQiolhoploli;e"''horen...,yfllll<'l>oohlokcplxcl><fon:andduri"'thcrollyondi<olwlhcpl"'-."h<:reohc ..,.,.,..,...,_;........,., 
W'lll!-ofl't'jMin<rl.HAo~p•••<•W.U1<$...cl__,fld<ollft>"'"'I•"'....UI""mll<tof80oonop<llm""'-duo 
~o.hooklbeo.~rninos.surinllhchilh,...r..........,.l<vtb<~pr<1011. 

lnod<lit.,.IOihorallylfQ.o,..>lb)lhol<lwa<uoedl<>""""'lhoprb>ondlh<maru~focoL>Kn. 

S<>inonkfiOpnw;,iolllelu.,....,...rorman«o>"il<hf»....t..,......t;do:<ipit.....t. 

1"-2-l·p>r<ln<cl>woi<II<>....,UKd,o""ineochholel>nd lhc•"·n""'<l>.,..linkOOI<>&<Il>er>i.ooi OOfiASE·FXFit>er 
opt><~ol.AIIn<l_nlll...,i<Cao·'·""-'01 IOOMI>o"""" IOOI:IASF~TX. 

ln_oo.,.....,nh>P..,..., ~oflloornult<.l..-ohlp.'f>«''Wi-NT>crvef'O ... u«df~~<rumi"'lh< 
A'fl'"'' .. '""""'k'M>I't..,... ... -r..-...!.isbo>cd,.v;...alfo•l'n>.Th<><I"U>on:~•·-"'pnwide 
bac~IOPinthoc-ofolunl.....,foilurean<l...,of<Wr«JI<>W<rcdlhroo!h>lots<UI'S(Uninl<mlptibl<l'ow<fS}'>Iem) 

ln.,..,.,. oo"-~~<-.1>rF•~"'""'""'-·n<ll~i•f,.....wioh'- 1:0......., canbronropNforlood 

>harin' 

lnliiOO.lln-cdal"'b<fon:olle~.•oeso""",..,""Mronopu<m.-"'""'""..,...,.,""'.oi"'"lal<dre"'l" 
""''"iri<sjoolloo,.,.keoun:lhoollle~wao""•~~.11oeC1'UO<t,.ilyollll<lft>'Ct>did--lh<I<O 
p<r<cntm>rk. l oiS ICI'I<r.ol\yiiO<qll«<t~>I<W<r ~loodinaio•Pf'obl<mondlluol'O'li<,...orxepul>i<, 

lboll¢h~olotM:•poomdurintlhe.....o--i«-dln<l""""""'*<l.,-by~ 

""""""" Th<~......Johrtlupouolhe ... .....titTCI'IIP. I 
~";'.:;,!',~'"?.!>:"~~~~::):.:-: ~";;.=~ :!'::.,"",.,~~ ... ~.::"~~:..~~ .. ~ 
...-.usoloo-.ronf,...n: ollolleclitoii'Coiolh<...,"""--PIII<DJICP><n"..,..ofN'T, 

fotlnoonulonde>leuulromn,unictlioo,.., E""'ii"'""""<OOfiJur<d,.ioh ... -rouni>J<D<fOO<dfO<olllh<....,. Th< 
"""'""'.o<nttoflheC)'I'AI<A-kA..ociooion(CAA~"brli•locat<dinUSAundcroO.domoinCypru<AA.OI'JI . 
..... --l"""iii'()P"_.,.,.,,....,.,.,.Jeru.alllheomailaldrnocdooCrpntoAA.<qlbonllii......,.., IIQ 
:!'~::,.:u.~~~;,.,,;but<>thom nll<molly IQ ~ • ......_,IK»Ji>inJ 1hc obilityooall, oo>tnd an<ll'l!<CW< 

fo<p<rman<n~IIW..,..<OIIII<Cii>lly.oiMbioHI>SLk-IWisinso>lkdbyCYTA>ndallolool....,..lratr'o<it-kd 
byaf>SICISCOroooorba>«<oolhoN"'T""~'><'<~.,;<>eool\lno=•IIPnuonllersu«<i.""' "prii'OI<" IO.O.O.Oo\unb<f> 

"'•i>•h-is-forhand~"''""prooeoo.ofiiJI<b'••III< I_"_'•· Dnllil•of•his.....,.:ufllf1ll«llelow. 



I~ ISDN ltn<• will bein">llc<l in :!()(II in Rollr fiQ :ltldtht:>ewil l beu>Cd fO< li<'< linh ol>ll ~io inten·iew•. ""'"""'I~ 

foe lin~ing Jiwctl~ to 1"'1""" a.><l llt>,gv.i""' fO< upkxodi"ll [>ic tor<" ol>ll "'!""'• 

Tckphont:focil itk>an:provido:dthtoogh""Erk"""''Y"""'"·hi<hhol>lll<• n""t<>f<h<IIOtekphoocline•onJth<80 
e>ten>ioo• th"•n:in>tali<do>X"f,Og.>tn,COI-5wirin¥ 

lh•t ,. hot ifl a nt a hmod ? 

:.:;~n< litceth"dr.iw< >ttontionfrom a llo\-etth<workl,»itisth<onlywayth"fon><anfollowth<><tionfromth<ir 

Jnonkrtohlll>llktho:ltcavykxod.•><~W<ishimlinth<UnitcdStllle$11.1nnin' R<d llatl..ino• 

lb< re:;ulrs I"!<''.,. <l<sign<d u•in;: inel ... lc din:cti1·o; with initi•lly Nan~ 10~1 f.l< <. lb< i\'),\enoin<an .aflw".rt 
""'"'">ti<oll~ pn\doces•n !ITMI. t""""J'"i<«'O<flirneocorcm<. .. , tl>e fonis.hli..,ofthe"f>>CiOJ st"J,'<. The fi k<•n: 
'"'"''"'' "'""Y -"O<t<iina.«t""'":ltld<h<y""'U"'"·"Pkoati<dtnt!,.lnt"""'"'ingFTP,.,flw>r<.Th is"·oy.userseanS« 
t !>erewl"'"' '!>e lmemo<:withinowr<»i nlatclyOn< • ninotefmmt!>etin,._t!>e<"'<~t!>elinis.h. 

lbe web"'"."' """""""''"'"''"' 1.5 n1illion ti,...Joring the fllll~ in 2<100. In tOe days ieoding to t!>e 20Cl! •l'<ut. til< 
"'"'«i<><<"''"'"d•boo<20CJ00t i t~~espetd>y. 

GSM tllolbil< P"'""'' ""'"' th< •hility tn .-.ot ool~ >ecepl obOI1 length to" """"'l'"'· l>ot con ' '"' t>rowse spo:<;i>lly 
ole•illii«< WAP ~o 

TorrovidetOe>e><l'-'i<es, a>pe< iol,;eriplwosolei-.JopedintemollybyCYTAol>lll<'llSmode or«"'ibleOI'<fth< lntemet 
in = orefo.-mot.Att ho<twlofeoch>pe<i•l "•&<-•formi>cornpktcdoo tho:lnt<m<t andthcr<•ol"""'''""'" ' ' ' '"" 
noobiks tlut ..-. kq>1 oo ""·The .. me ,;eripl •utom:nicolly ¥<'"'""'<' • WAP pare on the lntemct. 'The>< "'"'i<~• p<m,.J 
tobe~popularwith<=}bodyin2000. 

Wh<n yO<I=inctwgeof nonning thcflllly.otrolly<ootrol.thisisthch<>t<"4"""iooth>tyouf..:e.Thi•i•moinly 
l:>ecau>eOn<.-.o«l< tofir><koowas""'""'"'"''ible.if <h<"'i'""""ide"''n<!""'...-..lly ifrh<roodi<b"-'<I:«<.Of thc 
""'"Y h<li<Of"<r< '""follow the ntlly. On< is oquif>P«ltolw><ll<en"''~:<.-.:ie• but """"I'""'""""' ol"' pl"'--.:d in <ach 
..,..:iol><•ll< <ohandl<the><•it .atioo• 

NevonOelcs.,tOelengtbatwl>jK<odoftfl<c•lly,io><i ll apo-obkmat rallyoontroi.TIIerofore.inorolertnpn>''ide"l<""' 
opot~ioi>Oiutioo to th i <prol>l<m. t h<Argontinran>ystom.u••""""of""""""'Pf":od throoghootthc >pe<iol,..•z"" 

Thisw:oy.r.tlly">ntrolatiJQ, lmows,.-hkh corpa<>C<IfAAtl <OOhpoi nt.Thisi•rru•·ided!raphi<oll~onmonitorswith 

thc"'ft,.~n:cstin>:tting tho <imeuken toreorhcll<hS<nsor•ndprovidini•• olann if ><oris lot< 

The dc>ign of til< website. t!>e .-.;t,.·o,.-i; • nd ""' t<ieroomnunication foc ili<ieo '"'"~- rro<·ido• On< "''"h un~of'lllk lc<l 
o~perien«togotl>«of"""""'"';'h th.: >O <i<fa<tioo onJf..,lin!of>«ompli>hrnent, tl\oO th< lOO<<>iunteor<•l«>fed. 
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ANALYSIS OF THE TYPICAL METEOROLOGICAL YEAR 
OF CYPRUS AND MEASURES USED TO LOWER BUILDING 

ENERGY CONSUMPTION 

George floride 5,Mphil , Seniorlnslr1,1CiwHTI 

Solerls Kaloglrou, Mpl\11, PliO, Eur lng, CEng, MCIBSE, MASHRAE, lnslructor HTI 

.lt>>tno<t -Thi•studyu..,.th<TRNSYScOOlptJt«Jl<O$rnmfo<th<mo<l<llingood<imulatioooftl>eeoeiJ!yf\nw<ofth< 
H»dcmhoo.aofCypn~>cnminingnoe:t""""torcduceth<thcrmalk>ad.~orth<cokulaoioos,ol)'picol Me~~bl 

Yc..-<TMYJ fur the Nioooia ....,, ood • typical mOOd hoo11< oro: uocd. Initially on analy>i< of th< TMY is ~"''"'«! l<'hkh 
•how•thatthc:oa~ wall r«ei,·ntl>ohigh<>l unlnoliOiion'""'P•r«< U>th<orho,orknoatk>ru. Tho m<a>'"'""-"mined 
>r<:OV<rhon;<.orient>tionond>113poofboihHnp.0.<'fh•nJ:•conlowcrthcoooualnX>Iinlloodby2000<Whtu.lOOO 
kWh tkpc:odingoo thc:coo>lrurt iooof tOemoddhuoiSc.Tiw::ovcrt.alli i<O&thm•ybcL3m<>''«Windo•i>at.O)mo'"' 
doon.C<>n<."<n>in~buihlingoricnt•tion,thcb<>lpo>itiooforasyntm<!ric>ll>ouscis<ofa«:th<foorconloNIJ>Oin"•nd 

focancloogatcdhoosctoh:""'"loogsidcfodng..,., th.Asmalk:rOOildi"J"·•IIan:atovolumor.>tioe>hibi« > 
rnhl<1i<>ninhca<ifl$lo.dofobotn<OOOlWh. 

An imporlan! n><osun: for oconoon~ io !<> lo••cr buiklin1 <n<f8~ r<"qUircn><n<s to • minimum. "l"h< main ("()(l["ffJI of 
engi,.,...r<l>owcl'<rio<o""'!\Uic thccff«~il'<ne>'of!hewrioosm<,.!.U= ... ·hkhmaybeoppHOO 

l'urthce>li,.atioosc•rri<d<>otiothio~ao>Oo.leli><.,><w••ooo>i..le«<<.Thiohillu"r.ncdinFil.l.ltha<>lloor 

""'"',-196m'o'"lcon•imoff<>ori..lenokalt>~~>lwall<. l~minleogohond)o>iohci&h• - "'ilhol<ll•lwii'Kiow 

OpCni n;of~.l "'''"''"""...,11 
"l"h<wi.....,...,.,oi•oppro•imat<lyoqualoooh<•r<aoru.<•t)'pkall><>uS<WO<JI<i"->'~-bulio>l<O<Inf"""'i<leriniOOumber 
ofwii'IOOo-'<OOta<:hwall.oolyoncwi.....,..isro•hHlotOO.Sinceth<,.n><moolclwillhcu<e~in.,.-•lu.otioilhe loodfor 

'"riw>«>>"""''''""'hi<simpl ifoc"ioois"'"i"'""'"'"'butwi lla><i;lioU.-.wiogc...,lusioossincesi milarfoOi u..., ..-. 
ptcscotone•~•Y"''II. Thcn>Oo.le l l><>u><i<funh<r~i>i<l<dintofooridootk>I·<OO<s'"l<lthcp.111itioo""'lls=<n<"i..ler<d 
,,,.·oll>.«p;or.uiog thef<"""-"""'· 

A nat roofi«oo•idef«l in this>lLld~ . llofrnin&loToblel. ot.: t.Jikli"l!t~pesronsidemlon:: 

I.Singl<wall.ooroofi<l>ula<i"".whkhn:f...., tooOOu><cOMtrucl«<from•ingle,.·•ll•typ<IJ,ondonatnoo·in"'btotl 
rooftyp<H 

2. ~n>mroofin•u l:uioo,,.·hkh«fersto o hoo"'-""""""'"'dfrnmsinglewallstypeiJ,ondonatinsul>tedrooft~p< 

J. SOmroofandw•llin•ulatioo.whkhn:ferstoohoo.>><.coo>lructedfromdoobl<wollstypoF.ondonat in;ul.,«<roof 
l)p<l 

Th<vbj<coiveofthi•p>peristopro><ntanan>ly;i>cfrt.:t)"pk•l">et"""""&k>l yoorfrolUwhi<hthel><h"'i<>orcf tt.: 
modclhwsei•cxf>loincd."l"h<eff«:tthat me .... n:<.s""h~;o~ng>.buiklin,O<'knt•tioo•ndshOpt:ofbuikli"J'· 
P"'"""'""thebuildingthcmui i<>O<Isotealsoexomin«< 



.. 

U-Vlllue(Wim1K) 

Tli.NSYS1)'pt!9.-!fla>-_,ji<I...,.Jri!M~TitNSYS.-""""s""'-lyn!....,o(> . ...,.,...,. 
.,.............,l ...... i~ a i)'JJIQI........,...,..inlyo-.-(l"MY)fo le. TheThiY ro..Niroo.io.CfPU!.. .... "t ........ by~"'li• 
r~al.(l(.i•uK"d.Th i• h .. bo<nroo<r•lcdfruo""'""'Yrnt.,un:"""""·o(ll<l!..-lmo<l i•""<lalobolo.-.!clifruO<()fl 
...,..;..,...I>Wf><t. on-Otnll<n-optnltft.humidily.,.·iOidllp<Cdond<Urroi<>a~fO<o......,.y.-.-porio<l.from l'l*>l<> 
199!. 1mpo<1.1111pa<llfn<la"J-iolh<nk"u..,.._., . .,hlli.NSYSl)'ptl9.,.-inFlondnn"'-1~(. 

Z. Tll f.T\"I'ICAI. Mr,:.THJMOI.OG ICA. I. H:Ait (TMl'l ANM.YSIS 

Thesc->l<li"'"""..,.,.._iooC,.......on:-1)'~-yw~h .. o........,JOI«rdoliooolJALII"hlnllpn-lby 
onohori-..lsurf><t.Tho<...ti"'""'"..._d!eloiahc."io> ' he....ncl-'•he<Oiar<*rJYi"""'nporti<ulaoiyloOP 
durini 1he dry "'mnl<r. IJurina 1he lUI ul'lhe ~t>r ' """' '"" ~""'""" renuin• """'~lenlble even in the roklc:., '"""'h• 



lbc,.calh<rdola,coolain«<inlh<TMY=an>ly>Ninn:.~llolhc rao.liaiOoofalli"'o"c>erywallfxr(I~Ohefour 

ori<m>lroos. Su<hananalysis.is •·ery uS<fulfor dcsiJ;a<r.> ondi• l"='"edhercfo<lhcfirSIUOl.,.E,aminingr""direcl 
beam rao.l i,ion <loy by <by for """' ofrloe rnoolh>. il i< """''''«<rh•l in rhc n10111in~ lnor> il ;, u<u•lly moch ~~"'"'"' 
•honhi>durin; •h<•fl<mOOnhoun. Thopi!U<m<m<f3ing "'-• 'h""'"' IIYh•«•ndclouds forminll><oflcrnoon 
blod i n; •l><sun . Colkc•i...,r=JI"fo<'hcwl>ok~..-s.huo.·ninTablc2indic"c'h"lhec.-ru~ l l"-"<"<il~> 30\i more 

"''"I rao.li">oo •han •he <oo•h wall. The wc>l "~II r=ive; only 20'J, of•h< b<om "'" '"'""' of•h< cOS! wall. The diffuse 
ra<liauonfor•heafocmuoois oboo•rloe>amoforoll"·'ll'. l n •hen10111ins ln•rs•hccas•"·"ll=e•-os obool7~'l onorc 
dilfu;cnodi"Ooo'hon•hc>OUih vo•II.This of""'r><<l<pcndsoorhcrnudclusedfor•h<•""'riOOtiooofdilfu"' ra<lia•Ooo 
oo • ril•«<surf=. ln thcca>cof•h is>lurlyrhcRdndln!'J<kli<used"·hi<hO<""'""forcir<unl<olardilfuse(onioc"'a><d 
intcn<ilyofdilfu><:rao.li>liooinlloe oreooroond lh<<un)and •l"'i..:l•<k>• hori'-""bri.i:htcnin~; dilfu>< «rmbeside,rhe 

il<llruricradiatioo.AIIthc>c:fortoc.depcndoorhc """"'"'ofb<•mrao.liOiioo " d>c: l"'f1;,;uiar limc. 

"hbl• 1. C9ll.cri•·• r<>ult>· 9( rhe " '" rodin ri~n fnr !h< m~rnin~ •nd • flernO<J<I ~""" 

Tmalradiation DiiTuseradiation 
kWhlm' kWhlm' kWh/m1 

di~~\~. !~~: ~ ~~=. !~~: ~~·::. !~~":., ~ ~·::. 
10 to To1al 10 10 

To1al 
10 10 

Total 

12noonSun<et J2noonsunseL J2ooon Sunset 
South 80J 404 408 207 6 15 J9S 198 
Eut 1488 176 o 79J 695 

176 SIS 4J 43 29S 
HS 619 0 162 162 26 1 

Horiz. 1114 324 101~ 423 

Ellomioiog <he-"'"r"O<li>tioo iotl>r:h<o<rnor~ths(Moyt<>So?t<mll<r·ThhleJ)itis""'"'!Wtl>r:<•srmllrc<."<iV<s"""" 
thoutwicctl>r:I<Jtalr.otliot>oorttci•edbytl>r:soulhw•ll•nd•IK>utJiin"'''""r>di>li<Oire<~i•·alhytl>r:"""'h or><IW<" 
"~ lh. Durin; thistirn<thc,.dt,.-.llr«·ci•·~oppr<>•imalcl ythe .. moan"'"n'of'"''lr>diaiOoo :u thenot"!hw:>ti. Thi< 

~::.~~~::r::.'~,.~~~l ',~:·:;;,~~~~.:i::::"~~ .. ~he"'~~;,~~ north w• ll al ounrise and..,..., lin.., before 

A~io1<ntl>e Mct~i<al Dcp;utn.,ot ofCypna.bec•u><oflhe he:uofll>r: morning roo,.. and ll>r: p<» iiOoo of 
Nirolia iool>r:v;olley <>fM....,.;•.u•'"'IIY<Ir;or.lo.L<formalaroond2pm .. whichobo•ructthcwNbeomr>dial0oo_Fo<tl>r: 
r'l:ll1ainiOl"""''"'·""''""ndc><l""lls=eive"'''"'>'irnal<iythc..,nct"'alr.odialionandw<>tandoorthwallsrecoi"" 
ontyJ3\Ir ofther><li:uiooofthcsouthwall 

1>~1< J. C~JJ•<tir·r ro><Oir;· nr lh< -'"" r~~diali~o r~r lhr hl>l (Mo1' In Srplrmlx:r) • nd r<lld (0<1~/x:r Ia ,tpri/J 

T01 alradiation Beam radiation Dirru..,radiation 
Wall kWhlm' kWhlm' kWhlm' 

direc1ion "" Cold v~, Ho• Cold Year Hm Cold Ym 
months months 1otal month< month$ total month• months total 
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diffcrcncepre•<e<llcdbyth<model<fordiffcr<ntori<nlaoton< 
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kWh'""""'""·ifthemo><loli<rouo«<fromi"'rninimumloodpositton 
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heooi nglo~>lnorulatiooosioh.>ppon<wilhi"roolins load 
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REVIEW O F SIGNAL PROCESSI NG 
T ECHNIQU ES USE D IN TH E FIELD OF 
DIAGNOSTICS. 

tnrecentycarsdiagnosticscanbcrcfcrrtdto n lhcidcntific• tion nfdtfectt)'l)CSand 
prtdiC1ionofthcirdtvclopmc:ntPI.hio•Looknownthatdiagnos.Jicoystems ino>r<lcr 
lnbccffecli\'l'""'"irethcrnoximumpossiblc • mountofinformation"'"bichc..,bc 
drriv...tbytbcanalyJisof oignats namc:lyfrornooise andvibration tigna.ls.l"he~ 

isthatthevibntionsiJ!.Iialofadtvi<:<:l'Ontains notonlydC1ai\cd infonn~tioo Mboutthe 
dynami<:bc:haviouroflllcsymmbutal50obootitswuccW111componcnts(riai.dity) • 
ti!Qc:coolributctolhcovcnllllansferfurK:tion ofthesyslcm. MMy awlieatioosin 
differcntficldsofibcindustryloaveshownlhatfromthcvibratioo signatureofa 
sy>~cm, a reliable diq:nosis of 1M <:Ondition of tht device (i)'SI<"m) may be oboined. 

A Jigol lprol'cssingt~hniqucison importamtoolu..,dfordiagnosticss inccitisust'd 
toenhancelhc~temlausedbyuistina faults.Thatis why a carcfulsoci<"C'Iionofthe 

appropriatcmctt.odwillf;llsu"' areliablcdiagnosiloflhcproblcm. Thereon:many 
signalproce5Jingtechniqucsuscdfurfaultdiagnosispurposes.lnthisartidcan 
attc:mpl islllldeiO~udyaomoofthescu:chniqUCll]4].whkhambcdividcdintofivc 
groupsassh<JwninTablctbdow: 

Froqu•ncy Time-

::,~:,ison anall•i• Frt<j ucncy deco mposit ion 
•••l ·ab 

CPD~V>ph Fooricr SJX'('trogram Wavelet 

T;:_o;;rorm Transform 

~~~it• Wigr>l'r 
Distributioo ..... 

Cepsnum ......... " Wigncr Wavdcta 
Pi~ributioo 



lt ~ldbocmphasiocdlhat thm: an:manyOihtrsignalproccssing~tthniqucs. 
ftowe...,.lbc OI>I:S labubtcd obovt-. have bom olrc:ody sueco:s:sfutlyapplicd in many 
:arnsof ind"'tryinordtrtoitknti(y faul1sormoni1ortheconditionofasys~cm. 

Stati•ticalmc1110<lsinpr<>tts.singofvibr.ttion•ignalscanbcuscdeithcrfordir<:<:1 
• •~a lysisof!hedOiocollccto:dorbyoon~pmiwnuflhcvibmtionsignols.Thcmclhodto 
b<:followedbosicallydcpelldsonthcformandnatun:ofthcsignals 

l'oradi..,.,le$trirsitisdrfincdos: 

2.2Varilfl<:"ll" 

Thevarianccvaluees~imat .. tllewidthofadisll"ibutionbyindicatingthe avnagc: 
variabilityufthevaluesaroundlhem<:anvalue.hisd<:fille1Ju: 

h estimalcsthcmcan$<1uarcddrviationofxfromitsrncanvalltegiving olsoan 
indicalionof thespreadofdalllarounditsmean.,.lue. llis<kfincd M: 

h isanon-dimcnsionalquanlity.whichidcntifiCSlhe<kgrocofl!lyn~metryofo 
dislributionarounditsm<:anvalue.llcanhedc:fir.cdos· 

Skcw(xr ... x.) · ~t.[~] 

"llM:Kunosisnumbcrgi•-estllercll!ionshipofrclativcOa~J~CSSorpeakedr.enof e 
c!islributionwilhthatofanormaldi01ribulion. 

J7 
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2.6CrtS! f:w:IN 

"Oiis numbcrisu~\lyvalidforloo&vibnltillnSii""Luresandba'licallyoomfllmlhe 
peakva lu<:withthc signol"s RMSva\uc.\l cln hede fino::d u 

·---~·1 ~-( .. ) 
CF,_. - :.:::::r:uwhcrex • ...- .J:I,..-

x~ N 

2.7fomofa<IN 

hisanw:..,uredcscribinglhe"'l'Wfom'lllftsiplbyromparingthcsignal's RMS 

~aluc«>iu........,obsoiiHe'"luc. 

J.Slatisticalcompariwnmeth<Jd•. 

l. ICI'Ograph 

ThcCumulativePfobo.bilityl>isuiOOti<>npapllrepcneRUthe~yinwhichasignalis 
distributcdslno::<:inh<:m>linlhischa~cristicisth<-voiwandJiondnr<l 
tkYimiolt. h is a '*fultool in cases,., . ...,.., oo !Mtllllllf~imating tho: f111urc .,.,,..,r 
a rand<>m vilntion signal are a.-.ilabk. In <>rder m$ablish theCI'D gn.ph the 

flllklwingmeth<>di•Ulled: 

).1. \Quantisatilln llffCOOI",,cdsamplevalacs. 
J. \ .2Estimatioo llfprobllbi lityllfmeuuremcnt ineacllkvclllfquanlisation 

P • o/N l .\.1 1'\ota grapllllf~hi\ityl'"fQutmliJaljQn/eo;e/intllcfonn of abar 
charl 



lsa niC'.uureoflhcway inl•ihirhone signal~on ano~lltT(--Iation)or 
thcway in,.hirh~pmofuignaldcpmdlon anol~ponorthc$&niC' Si&nJI 
(auw-com:lation). 
J'ordiscn:tc signals<:rOSS-corTelation is gi vcnby: 

R.,. [k) .. l.l,lr-iii~x. r •• • 

4. l'mrucncrAIIIIIysis Mcthods 

In lhc previous Kdions lhc ampliuode and tiniC'domain oharxto:ristics of s ignals have 
bcc:tl c:~aminN "'""""' lhc inf<lmlation c:~llaCIC:d from the signal$ was cmbodic:d in lhc 
limchi storieswhirhll-ereot-fvableandrtquircd""""'suitablcmathematical 
Qf!C1'lltion on lhc timo:data. Theintcrpre~ationoflhcc~trxlcd infonna1ionoomc1irrocs 
n:quirnsomecarcbutthemathematira lproccsses ponicularlyindiscrctoformorc: 
rcl~tivdy&eraightforw:trd. Whetoooosid<.'1"inahowevorfn:qurncyoharatlcri .. ti<ln 
somc·su·•ngc'ma thcmalical,...,.,rourcsnrolnvokcdbutoflcnreoultinproviding 
information which can bo rnoro readily interpret~-.! than for previoo~ methods. It 
!houldbohowevcrpointedoutthatthereis nornon:inf<Jof"n1>1W>navailablobylooking 
otthcf~urncycharact<:ristics ofasignal.ltis just a n o ltcmativerncthodof 
displaying information 

Vibnotionanolysisusingfrcqucnc:y di"ril•,uions ii J.scdonJ'ourierTransfonn. 

Thctransform.otionfromtimewf~uencyoq~~:~tioncnablesllOytimcsignaltobe 
n:preSC"J1led by a f~""ncy component or a !let of fn-qurncy compon<'nl< depending 
onthenawn:ofthesignal.ltisimponamtoi\OltlhJtifthcl'ouricrseriesis to 
n:prtSCntofuncli""X(I),thcnX(I)mustrrn:ct thcDirichlctcondition s[l)slatcd 
b<k>w 

4.1.1 ThefunctionX(f)mustbcdcfoncdar.dsinglevalucd 
4.1.2 Thefww:tionX(r) mustbecorlliooousorhave a finitc numb<:r 

offinitcdiscontinuilicswithin a poriodirifllcrvll. 
4.13 Thefunc"lionX(t) andX"(I) mustbepic<:ev.ixcontinuousin the 

periodicin!crVIL 

" 



hshouldbeSiluodalwlhatll>efrequcncy n:sohOI.ion ar:hic•·cdbyll>e ~bovcmc>~hodis 
invcowlyprop<lflionaltnll>eperindofthebrt>exries.andthefrcqucncy rangesfrom 
O!Ohalfnfll>esamplinafn:qucncy. 
lnordertn51udynon-pcriodicvibt:ation signals ll>eidoaofusingtJ>o;,Fourierxrid 
cannnt he applied. In thai~- by u~ing thc Fowier tnnsfnrrn.the di"""'e ..,..i.,lc:nt 
has been devdnpcd, tl>e ~~n-<:ollcd DiK n:1e Fourier tn1n~form {DFT). 

4.1Sp«tr.dA~~alysis 

This tcchniquedescribcsavibrationsignow~intern"ofallitsfrcqucncy 
compnncntswilhintheNyqui st thcorcm. F'au ltscanbcdctectcdbyvisualcnonJl.1rlson 
bel ween 'good' and 'fau lty' spectrums. or~o ..... thisltthniq"" is nnl suffldently 
rol>iosttnrdiablydcte<:l onddiagnosc:~llkindonffaulto.lllatioduelothc:fact thatthe 
vibntioncnmpnnentsfromsnmo::typesnffaultsorclncaliocd.ho:nccwhc:n 
lr1lnofnrrningtho; .. hnletimeKries.lhefoultcootribuliunisn>"CrShado-.ibytherw 
ofthe signal]l,J].IInwe•wthistechniquecan5m<e os thcbasisf<>rdcscribona how 
different faults affect tJ>o;, vibnniun op<an.am. Morco•·n- it can fnrrn the basi• nfO!loer 
f~ultdiognosismethodssucll os ""J)S)n.amandtime-frequencydecompositinnll 
(sp«lrognlm) 
1llesptttralanalysi.o~linsnltlytoFO<WicrTowform. Tndaylhttt>llfCmany 
l lg<>rithmsa....,ilabletnp<Tfnrrnthc:l)i..,n:1ofouricrTf11nsfnrrn{DfT)oflsignal and 
one of them is the Fast Fourier Transform (HT). Tllo follnwing equation shows the 
digitiscdv<:nionnf thcFoorierintogralandcanbcuscdfnr!lleanalysis nfthc 
vibnnionsign:~ls 

4.31lleCq>Stn.amAnolysi• 

hi• considc:n:dtobc a dirccto.ltensioooftl>epur~~spcanlanalysiundfocuseson 
thedcloctionnfhannonic:cornponentSinatirt>e....-los. h"'Ork'byJ!CTfO<ming the 
invcnefouriertr:ansfnrrnnfthelngarithmnftl>eFouritttran<formofaninput 
stqii<.>OU.This l<:cllniquohl• t"uvariatioos: thccompk.lcepstnlmandd>emol 
cepstn.am. 
'Thl:complt~«pS!n.amthcrompltxlnf::at~thmis used ~lkrthcinplll....-iesii Fourier 
tfllnsformed. hcanbcuscdin uscs "· hcn:~infnrmationnftM inputsignalneed:s 
tnl:>en:tainc:d. 
lntht:Kalcepstrumthclogarithmofthcmagnitudcoftheinp~tsignalfooriet 
tn~nsformis evaluated.hissimplcrthanthccnmple.~ccpstrumbutinthiscaseit 
ignores and diS<ards th~ ph~se infommtion in I he time series. A formal dcftnitinn nr 
thc~alcepstn.amanditsimwscisgivo:nhclnw : 

c(") • fDFT(IogiDFT{.r(~)J) and ; • 1/)FT(up iDfT(r(~))) when: 

<(If) is the ra.l ttpSCn.am oftl>e input signal x(lf) ond .<(~t) is tho invn-s<: mol cepstn.am. 
TI>eOFTi•tlw:Discmc:FourierTnnsformllndlDFTistheinvn-s<:Disrn:tefouritt 



The OUipUt of cq151ralonalysis will be a signal in the oc:ps~ral domain_ II is commonly 
....,.._,.as a p1o1 similar 10 opecml p1o1 but with qucfrcn.:y •nsl~ad off""''umcy in tho 
x-ui•.Thcw.itofqucfrcn.:yis !Bz]"1

• 

5. Time·FrequencyAn>lyail 

Thistypeof•·ibnuion analysisa imttoroodcloaianalby<klcribingwhich 
frequencic'l W<'l"!: prc:scnt at which iMiants in time. lhc: ootpul of this technique: it 1 
thrttdimm•ionalmap.eontainingtime infOI'II"IOtion, f~y information and 
entrlt)' content. Two ofllw: most common techniques mot in the vibration - lysis 
focld l"'lhe.,.,e~rogromlndthi:Wi&""f- Villcl)ilolribulion. 

5.11'hespoctrogram 

Thi• method i~ ~lw known as Shon-Time Fooricr Tran~fonn ond it works by viewing 
scg.....,ntsoftheti mcd<lmaindatJ throughwindows. Uthcnlra nsforms thcocscgments 
tofre<~uenocydornain.n:prcscming thccncrgydistributionofthesignalovertl\c 

freq11C11Cydomaina\cVVfinsl:intof timc. 
Thce<ln'!Clcl>oiccofawir<lowfuoction(Gaussian.llamming.Hanning.m;:lanauiBr 
tte) plays an impoo1ant role in >hi• melbod. ForC!<IImplc if a window is dw»cn10 tNt 
it foe....., on time lftO!ution (narrow window in tinll'dornain) then o..:e 1lw: Fourier 
Transform is perfonncd doc window function .,.ill ha•-.: low frequmcy re<olution 
(wide: window in fn:quo:ncy domain). l kn:forc it an~ be used to anal~ signals 
with largcandsma.llpallcmJsimultancously. 
In onkr to analyse how tho: 'Jl<."Ctral contents of a vibntion signal varies with ti me. a 
window is position1:d t~• each panicularti me nold the ~T of the windowed Jignal is 
performed.This~ssisrcpeatcdforoachinscumoflimcofthcsil!J1al.Soifx(r)is 
th.e time data series to be anai)'K'J and h(r) if the window function uscd in STFT. The 
willdovo~signaiXwis: 

X..(t.r) • x(r)ll(<·l)"'hcn: 

tisthetimcin~toftlocwindowcerncrandrn:prcscntJiime. 
lly ftpplying ~T on the: windowed sig_nal the followiJlj! definition it obtained: 

X(tJJ • -i;}·(t.r~"'"'dt • -i;'!x(r )h(r - t)e ""dt 
Thc:.sptttrogr:amisdcfintdJSthePowc:rSpcctrallknsityPSD ofX(tJ)anditisgiV<Tt 

HThc: WigncrDisuibution . 

This technique worb by adding up pie«s made ur of the: p.-oduet of the si gn~ I ~I a 
pasttimemultirlicdb~ t hcsil!J1• 1 at a futun:timc. thctimci ntotherast beingl-q""l to 
thetimeintothcfutun:.Thc:n:on:sevcral variationtontheWignc.- Uistribution 
na.....,lythcWigncr-Villcorthel'scu<k>-Wigncrctc!6l 



Th<: Wignor l>istribution (WO) prod~>Ce:S a piOI similar to spcctr"W'l'ms showing how 
thelopC<"Inlcontentofa >ign.al....,rift ,..;thlimc. Like ..,..:trognmsthis techniq.,. also 
usathcFouricrTmnsfonnAigorithmbutinthi•cucthetimcn:wlutionis bo:urr. 
Ho"''CVef th is mcdwxl suffers from a diiT~t p<Obolcm that of the cross·tcnn 
intcrfcrcncefromdiffm:nt signalromponc•ns.This interl""""'" canbemmimixd by 
the applicati<l<oofllw:WigncrDimibuti<l<lof the allalytic •ignai{Wign..-. Villc 
distribution)orbyrneans of a slidins ,..;ndowfurlC1ion(/'sc:udo-WiJP'tTdiW'ibution) 
Various applkation1 ofWD in analy•ingdi!Tercnt vibration signa II ha,·e pn:wW that 
thio ....,thod conbeuscdforboth 5llltionaryandoon-stationarysignals.h applics best 
in cues where signab contain amplitude and fn:q......,y modulation enabling lire U5(f 

toclcarlyobscn·cbe1wocncarrier andmo<lulatingf""Jutnciesandthcnl0dulati<l<l 
lcvci. AisoWDhaslheability tofiltcroot,.·hitenoiscorrondom interf....,..., inthe 
1ignaltobtprocesscd. 

ThcWignerOislributionof a real s ignal ..:(r)is defor-..d u: 

Th<: Wig...,.· Ville OO>tribllll()fl of a n:al sitp~~l ..:(1) is defir-..d as: 

FinallythePscuOO-WignerOi>tributionis defincd u· 

PWD(t,OJ) • 21i(t + r f (r - r )r.(r )r."(- r)e '""Or when: the as.lcrisk dcnOiescomplcx 

OOAJUple 

The Wavdct Analysis is considcn:d to be 1 vcnatile mathcmaticolt«:hniquc, which 
canbrukdo\<.n a>i&n~ linto iiS~itucntparU.Wa'·elct! canbeoecn asa filmily of 
funct :.mscomposcdbytr-•nsbtiono anddilationsof a singlc iUnchon(thern<JiheT 
wavclct).Tllc sctofproductsofallthedilatcdantltmnslatcdwavclctswithan 
arbitmryfunction is ealkdtheWavcletTronsform. 
Thetmnslationofthc'm~hcrwavelct'a11owsfortheanalysi• of1f.., sign.a!at 

diiTrn:ntinwaniSintimcwhilethedilationhasthceiTcclofnarro"'·ingorwideningllw: 
time window drpcnding on the fffii""""Y· This enables the -lysis ofvny shon· 
hvcdtroruicflt!couplcdtoiOf\8cr-livcdlnlnsientsinti""'dom•in 

__ I 



The main idea bcllind the wa\'<:kt transfOI'tn is to <lecomposc~ • ignalx(l} into its 
" 11vclc:t componmt<called le...,Js and an: nutnlxn:<l from - I "JlWards. The oddition of 
tlw:se"11vdctle...,lsleadsbad<tolho:oriJ!;inllsign.oL 
The oct"" I $hapcof the decomposed componmlS ckpmds on the •ignal under onalysis 
and on the analysina wa•·elet. This "'11nlet ear~ bou family off.....,tions which an: the 
translationanddilalionofa uniqueVJiuedfunclion¥'(1). 
This i•delino:d as: 

scaling factor. 

Fromthisitfollowsthato"'""dctfamilycanbcdevclopedby 

6.10nh<.>gonii1 Wovclecs 

Th<:scwavclcts includcthcDaubechie!tScricsanddte llarrnonicWavclcu.Thcmain 
charac:teristicofthconhogonalwavcletsilithatthcnurnbcroflcvels(L)n:sult ing 
fromthcwl"dct transformi<rclatOOto thcn umherofpoint• inthedatascric•tobc 
transformed [S]. This ,..,Jotion ise•~..::ss..'<l u l. • n + I 
Onhogonalwavclctsoornefromaspccial cascof thcwavcl<1family. Thisspcciol 
caseismc~ onl yifthcfollowingoooditioncxi$1:>· 

X(t) • W1+ ~%w,._, \fl'(l ' t -.tr) whcrt W1• ~x{t)lt 

ondw,,,• fx{t)t.(2' t - H}It. 

7.Conc: lusions 

ltiJ quitcobvioustluMthcrtisnola'moaic'formulatoimrnc:diatelysclttltl>e 
appropriltcsignal processingtcchniqueforcvcryfauhdiagnosisp<Oblem. That is due 
10 the faa that this sel«tion dcpcncls on many "'"'onctns likc the fonn and natun: of 



tM $ignal, 1lw; p mpling freqliCfiC:H:s, 1lw; pn:K nce ofnoi K cte. Howevcr it will be 
Mlpfutfor one tost..dy tlle09PI~iollof allthe above mcthods for tM.,..Iysitoh 

•pecilkvib;,tionsignal a!lddcrivcimponantinformatioll os fllr n tMvalidityand 
uS<;fulnessofcachmC1hodiscooiCcme<l.Thi• willc"c"tu.allylcadto thcsekctionof 
thc appropriate s.ignalproo:essingtcchniq,.W.twilltt>Sul'l' onciTcctivcsolution ofa 
faultdiagnmis problcm. 
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DESIGN OF A SPRAY-TYPE SEAWATER EVAPORATOR 

Sol&rlt A. K• lofllrou, MPhil, PhD, Eur lng, CEng, MCIBSE, 
MASHRAE, MISES 

ln$1ruelor, Hn 

Ttl< ob)t<t l•·e <>I thl< worlc lo ro de<lv> a lo•· cost "'"loonttor. The,....,. 1~110 ol' ., .. f'OI'III<H" "'"""cd h<n: I< of the 

"""'Y•IYP<- I.e., >i .. Y the st>•"ller Into ftne dropletS In <>t'llc:r IO> <"OJ•mllc the w~l<r. The CUM ol lhb I)'IIC of 

<VIIJI'>Illl<>rllc""'fli;tJ11.ti>·ely"""~" .. nohea<e.,d>an!<llUI'~IrN.lllte'iap<lntori•desWI<dl>ll,.don lhe 

ihooryolo:001"&1""<1'$.1'hoo)'llemlom<><l<lodondop<lmi..,.<IU<In&hr•tondrna«tl'lln<ferret.~i<lno.Whh(>l't'llltf 

~llloopny-l'riOclool.....,...tionll"''"'rlor<obolllpoolbollonaondrlllnfllme>'apO(aliuoL 

lr l>....,...alnthls....,.rthalthorareole>-.001111lonlointloocnccdmoinlyl...,d1C......,...,il..,ondt<"mptRI""'-le .• 
thee\1111(n!ionb~b)'ha•lfll.-dilmoi<Jondh!PI.....,mo!Un:WOIUdropio1i. Aitmillllondllli< 

_.rdJyt.~<milthaiC'itherp>Odfilt..,IOOequ~n«<itohe~.,..the..,.,..,!oliccouWnolbelow 

CfiOUIIIII.Ab<l~llde<i-noiiO.,.,....Oihoi)·Um'l<•'ltllttllljltl'lll .... hi&Jrotrt""'JO'C.Iempe111111R:Ihal
noilyllol)blolnt<il..-ith<(l<l'lpODIII'<Iydl<aptlai.IJiale ....... tdi«<Oili.Typlaol..,.ptCicdn:<uiu .... ~t<'llntbl< 
poror ... ·hldoprove<hc•l<lbililpll"rtr~•J'S'tm. 

M""Y I•rtool ihccarth...,ouUerin&from.,.oter!i><>nqeprobltnll,Whcn thetedlnicol""d«''OIIOIlkronditlon• 
ore lumrllble '"' 'em menos olren resort 1<> desohnark>n. Tt>r rosr '" n ter r>rt>dutcd r...,...., desalination 1~11en11 
doptndonrt>rlnlrl•lt.<penditurerequir<:dondth<runnln&<:OIIIol thc<ysttn><.lheinit iai<C»til •·ery lmponont 
~ltnoc<brohcovailabkripltfromrhtbttlnnh"'" " P«>Ita-lfoornoneylsov•llobkG<>vemrnrnl!<.>ftl'll 

turntotxttmallundln&lnrhtlorrnol"""·lnte~tlooM.Aisotollnlric:lllkeCypno<,whldollrpend<nrlmyon 

m<ll)'lrnponsforrh<rrm<ll)'n«<<s.Wluldul"ln .. """"' .. ~"'"'iblethermt"O"-entiJ.YOOOrot:Swhldlore 
llsonon-pollllli"'.-

Tbeot>ltal•toloilb•ortbto~ a lowCOSI<....,..or.Sodlon<'...,.,...orlllould....,•l<>wlotaor....,ilor 

omos .. ~. Tlloo-~inrlooeboil.,_xaloololrhte•..,_.tors,....II!Uallyrnanool..,ur<dlmm 

C1)(rolion~""'"'olloysOddrnttli<lil:ccqlpC1'.flldd,olllinlo>>leclort~anluln-comt~uteoncolrhtrnajor 

COSih..,..olthcnnalc•..,.,..,looloysotmL 

Thc.,....l~peol cv"""""or"-'#CS!ed...,.,Uutrhe..,...y-o yr>e.l.t .. lf>Ofi,..th< .. anle.-inror""'do'o!lk\I•·UI 

""""""''" th< wa<tr. Spn.y ~ .. hcenuied In oth<rt)'pt< ol<~ijlOI'al ...... lll:ethtrnul<ipiedl«:tll""k·tn>t. In rhal 
C~U<ho•e•·cr . rt>r "'"'yolwal<r "as """'rnalnlytoc"'orc a lh!nfiln> ol•·•reronrh<evaporator r u~.lhu< 

enh•ndn& rhccvaponnlon,andrtlrrdC>n:thclll-<ol"oterdr'ollk:lo•· .. not•·cry""'" I.Th<i"""""'d oy•temhas o 
n1')"<rnlll l numl>trolhur r.dlru>gers,emrli<>)'<:dmalnlylnlhc<OOden'"ll<>n>lde.TI>e>ehcarc•chan&<rs•n:u"''dly 
mllllclrorntllrbon>tecl~i>t', .. ' l>eyar<OOI<>[IO$<dtol l>thlsJIIy<OI'm>IVc .. awater/aeid-~nlmi>IUr<. 'l'hc<:tl:ll 

cl thlot~jlt <>f •• .,..,.,...,. Is thcrd""' corniJOratlvdy lnw. 



________ l 
,.....,,...,.,di~..,ollhte~O<i<~nlnFic.I.A<Ka~lhe"'n"'trpounllnl ollro:luPllle'<.'OIIdtnln 

I ....... he,., "'Oitr <¥0j"""'l~d in lht C> . ..,._,k>ol ><:<11<>1 ol I he UOlil Is <OfHknscd prtlltlllnJ; 01 lht S!<m< lime the 

.... .,.,.,.,.'iublt<"'""'lydotsn•-.trildi"""'edcubtrtooh<alcr..-loo......,.alkctormadelrompWuclubini.JO 
1\1 to ovoid N<><klol and ohcn II k illn<e~edtoo sel ol nou.I<S •h<re h IS'IJ'll~.1'hc • .._termnoin~ lillie bonom 
ollllr.---O<~«:~Ioni>..,.,.-.llotho;:o:oll«<or•·ll<rc:~l<fonhct-<dandmlirtoeledt<>lhtn<Wk< 

Amodclunltron"ruclcdaspondlhkpro~w.,ma<le(romPcr>(XX><>UIOI>eablclovbuall~•11ecl.tlltvarlooos 

cn..;,, tok .. plaoo•llllln11oee>-apontor. 
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AS-bt~<et~lnlhelbo•·c~ionsthono<o~ .... 'll' OI""""''"""'orlldi~lyproporllonoltGU.i.t •. lhoarn 
"''"'•rf-. l"hordon:OIIIIorlttdo,_..,..<21111t...,.ln'«<•h-llroplro$~..,....,.......,.,._ 

Thopr«<:Mo· illrncllo""''il>rlum•·"""'•• l.andtho olr!:>tcomo ,.,tume<J w jthmoislllfOIOithiOittml~nowrt. 

Under odlllbotlc rondli looo. oquHiblium Is rtadlt<l •• 111t •cmpmoturt ~ odl•batic '"'""''""'or al IIH! 
thonno>d)·numicwct-bulblompcnolu"'oflhc olr.lhlsl<lh<:I""''Oltaualn.obio l<miiCf"'""''" ll'><~••f"'>>Oiot.The 

olrrul.tl-. """' .... Illy"'~ lhistempc!111U"' ~l><n • low leml~""" "' [I( lhc >POlY ~·ol<r<>I<U and·~ 
v,..... l"hopr<!CeUI>Ihcsalnc~·h<nlhosp<ay"at"l<atele•·otedtoml,.,..tu"'.OOith<olr~thalpylnc"'~l OI II 
moves!hroupihcCvo[JOI"Oiors.oth<oqullibrlumi.,.,.....IU,..In<:"' .... PI'tltfb'l>~y 

l"holn'kl\'lllllon>l<lpanbtti1Um<111Qbo~l<><>nelnoombinqthotrarulerolrnauondserulblcho .. lruo 
ootO\'Crallo;oolliclt<Jt-ontnltlalpyddl..-.n<e .. thcdrl•q l<l<U,I.t. (ll: 
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llynannlfl&l~f'I'OCI'IInloronon&cof•'al.,.•l>llnk:tot•-.-a t~rwnr>enotureorltl tl\eorto oflnl<rl"k!: the&I'Oflh 

...,....nlnFIS.4,.oHOO>In.><:led.Asal1bcStt<~theornountcl,.,.terevoll<>nll«lperhoorln<re-.,.tthln<:reasl<q; 

lnk:ltctnt><ro!Uteond••l!hdo<reaslnJbllcllk<lillllltlcr,l.e.,lncrnsi"51bcoreoollmen..,.,lt ls thu•<lulr-.l>leto 
teq>the lnl<l l<mptnol...., .. h!P .. flOl'ibleondthebubl>lediamc1t1'0Simali..SflOl'ible 

l'helnlclt(ll'lpCnlun: lsllmlt«<bylhe t)'I>Otll"'*lnhibit"'~ondthe-sllrlsllmit<dbylheposolble 

oprnrloioolprolllemStllll<>lLin.....,very..,..droplnsoreprooboed."'*"'••~I}'&OO<Ir•""itln•)'>l...,ls 
~Adi;lil-yMisllesl.-IM!Ihelnlcltcmponlun:ls~~ ..... JOOSIObcoblciO..., ...... -n)61$01ar 

-onto.....,ylk~•n:d-enetJY.Itisobo~-•oev_.e,he ... -ereotllf*<ei)'Mialt 



<~oil mar ~ tOfTilCII ~-hkll an ~ conie<l 0111 to the <Ot>den,..r IIKIIoo th"' ll<terlonllin' the distil~""'"' 
~Thtrd<no<ontpromis<bcl""""'thet•o ..... toheJNdo.Thtrcconclconllroin-tohelimd«< 
olt<"t"c:aportmC'IItiJiil Yl'k~ the...,;, foro~ tlmo and .auoiJillOan be diCcloitd by <hell'tqllniC)'OII 
molntmana m!Uiml 

/I.«Jmpletes)'>lem.....,.oylllJOoolkctorORaof tm'mrutNC<<d10' I t~plwic tubin,&,!sm<>deled"it hT~ NSYS(SJ 

ortdt ... t)llicol"""~yar(TMYIOIICYPf\*'I~J.Tllt ........ produ<tionol"""•urUt-l.,....,tobett.1 

m',*hklli>o .. ti>/.aoryval""l7~miiCIIbcllerthont ... bnl:enllanoodllllar.,ll 

llubble di~~r(nvn) 0_48 

0.5 0.05 0.01 
Atelofitl~.ce(m'tm'J 

Tlooobj<ctl..,ol thls,.ortlltolkslpoba'COSI.,...f·l)-poc""'")nl)oo.Thrdel.lpoltllt ___ Oitthe 

tlltooyolwoiin&t-cn. h ll•l•o•,.ftlnthlsP~~>Ctllllltloenucote>'apOnlllooioinll""ncetlmalnlyfrom thedrnplc1 

Jl~ l<nlltemrenttu rc.l.c .. thc c•opontloo isenh•nm:tby h"''"&""""ldiamct<rond hiY, tem reraturc "'""' 

dropltu. 1be"""""' produclionolo1111~ 10'IIharolkctorora0( tmZ Is t t.2 ml. •hklli>o5al;.ioeloryval""·"" 
....,.nmtnu~ ... ~.•'hkfl•·illbe....,jfor¥101idal""'olthe"""'"'mulu.lo-rccomNCiion 



u•ora<lfin<eo1-(ml/lnll 
<pm•....,od..,ecillc-Oimoisloironadlyolrbtiis(JIL&KJ 
iiT•I ............ u~<lifl<miOO("'C) 

K1 • UJlhtondloct"""">en>lblc-JIVISI.,. Iromlnleo1-I<>RIOinlorot~-(IV/m2KJ 
K., • ..,ll~loncclltal<..,!f.,.frombul~•otcrloinlciiOCIIIWimlKl 
K' • ..,llconWolor•;c""''"'J'Wisf.,.frornlnJcrh<:<:Jo""'lnalr>l...,m(kV,.m2) 
M • <.....,IJ!ynl •"OJ<JCVOflOn<ICd!~!/>1 

m • mo<l lran.<lcrmlclrom lnJc<f-lo airotn:am(\&1>) 
"'• • a lrnHru llow '" '<(~Y,) 
m., • lnlc:t wu tcr n>o<> Row rate(~!/>) 
r .,,•<>tur'\liioltrn>>un: 
q 1 •nteollat...,tlw:atl""'>l.,.lrorniJWttl"""to aiJ'1Ct'fom(IV) 
<~s•nteollal>lbk-tran>l.,.lromiiUetf"""toalrotnm(\VJ 

lloo•I'IIICOIIOI.aheati!Uil.rfrombull nocronlntcrt"""(W) 
r •loOCflt-ole....,...lonJ.........,t)(U/kt.J 
v.roo~q.-o~...,.tmlJ 
w1 .11umklloyr-oloohir(~ 
w··,.Joumidicyr-olonorino..r""'~ (lllmJ(~ 

Thl<n:«Mo:hJOffl}e<11•11n.ncially >Uf•P<>rto:<lby the!!T IRe .. ordiC<>mmHt..,.rhtronu·itJutioltnl•hictol<&mooly 
l[~irt<:kal<~ 

L !J.R. U"lerotod H.ll.. Sluyoc~. II. conojlt'd!<nslve OJ~li'Oilcto 1<> lilt """'Y•I• 01 CQ<~i~ ,.,.. .• , portotm"""". ASMI! 
IOtnWJ<f~HII . .I<JumoJo/ J/c#I Tnons£ .... (1961). 

2.AS IIRAFIW7.MIIR"-~· JiosdlootofflllldlmMJIJJt.(1997) 

l. AS HRAF.:!OOO. ASIIRA£ 11~ OISpo...,.Mdi?<I"~""""-IWXII 

~- H II. IJ.odolo. M. llw--. M.S. Abid and A.V M .... l. M<>do:lllfoJ IIIII >irrollatoon Ola ,.,.,. deMINIIon 
>OIIIon•lohii'WIItiploron<loruarloD ... _.,.ioooC)'<Ici ........ H"'"'_ t_MfJ;I', II , (I999)J.i9.)(6. 

S. s.A. Kieon .r ol. TII:NSYS 1~.2. A n.t!JnuSOmo!W-....J~ S... ~-"'"'JY l.abonlory. U•h·enl!yOI 
'WiK<>mln. Moodo..,...'ll'i><:oruln.WI,( IIl'J.I l 

fl. M , i'flrat.ot. lt.O. Kombelhles. 5. l)'lOIIdiJ, A.O. Adunopouklo. P. K............,._ 1.\i. Mldoarlkle$.. 5.A. 
KoiotirOu.G. kotltus. t. OI)'>isllldll.. ll..r;vaml G<n<:rwlonofol)pinl M<o~ v....-lorNirol.lo. 
c,·,..H~•111>1<'En<:'l}. l l.(i998Jl81-J68. 

7.S.A.Kik>p..,..i)ojptofancw.-1prly·l)'pt .. ¥• ·otcr<•-ajoonl<>r.IJoesWIMfloll. l l,,(2001):US·lS1 



CERTIFICATION WITH ISO 9000 Vs ACCREDITATION 
TO ISO 17025 

OrAngoellloannii, HTI CIIibr•tlonlabor-'O<y 
Cont tanllnouCol tn,Cypru i CI IibratlonCe n\e r, Limnsol 

Thll~olc.ltlrllionO<TeslingC...tersshOulddnlte!OinliniMlmO....Iiryassuraro:>eiYStemiO 

IJOior IS09000cenifocationO<ODI'ISiclef IOd!)fO<*Idwlth&OCfldilalionooriii'IISO 11025(ISOr'IEC 17025:2000, 
Requifementlb'theoon'll)etencyoltestingmr>dcaliblalionlaborato<~).Thealmo! tn;sprojectlslohe4p 

manage<siOgei.,_IOd~ro:llhedillerer-.ollhetooSIInllatdl.-helplhemto<IKidoawhal 

loiOoplinaccon!ancewilnthereQUireme<11Sellplaine<linll'nRrlic:Mt.ThisjoinlresllltdlprOjectw!lictllalrled 
18monlhslnvesligateand"*""'r''lhe-"'-.nd'-riiQIIit«<lo<ISOI7025accredilalion. ln 
the ;.,....,s !iv-tioo ~ S9CIIon ol the ISO 17025"""' COI'feloled ~ISO 9002(1$011002:t99'1)ardl$0 
10012·1(15010012·1.0uality~requirementslormeu..oringequipme<\l),whlctlarelhomost 

convnonlyr.oeedll&r'odatdsb'eimila.lcues.-..lhereltnoconlo<mancl~lhestlltltlan:ls'lhe 

r~twascxrPa<tlniOthete:JCI<>Iherwisethe matdlingsec:liooswerei<*1tiliedandreco<de<I.An 

economicasHSSr'l'lllf1l,whenpOI:Iible,wasalloonadeincollaborlo\IOr'l""thtrre~ol•specific 

laboretO)r)I. The reporl&d costs RrtSL>mmanzedongenerai,J)t'Oplelflddocurrlenttorsho<tandlongterm -· The~lion.--aiedlhetlhe,_l$0\7025sta.rdardlllarbeyondtt>erequlr..-.entsandthescopeol 

lheiS09000.Thelaneril~cnlyl..-nalamountolh17025f1IIIUif-..-.IIIDtolal'lords.-

10lll<eo1pt\ortoproceedingtoiiCCfeditallon 

~ accredi\.alion, Calibral>On laboratooiH, ISO 9000 Vs ISO 17025, lso.rtEC Guide 25;1990.

1 

:~~~lmpoltancelh&l CIIibrationtal>oratorieo.,.,a<:<:rediledbya'r.otifi<ldbody". Thereq..oirernenls l 
arldolosailedinhirwmi~"'J'Md-ISISOI1ECG.-Z5ItldEN•500tO<Ihe.-Siaf'dlrd l 
ISO 17025,General requifln'le<11SiorlheoompeWIC<Iol testlnQ&ndcalibra11onlaboratooiH,(GuioleZ5 1990 

:I=)~,_ International oocreditation standard ISO t7025(1nternational standar<r. G&neral 

=~,._~:::.-:E~(==Itt~999~":.:n"":~ ~ 
rno::weiOa~~IS0t702S..-.dnolhMtOpvblic.alion. 

Thll.-lnlema!O::naliiOX:rlodiUolionstandardconlainsalllherequirllll'llnlsthattestingandcaliblalioo l 
lai>Ofli!Oriest~aveto..-Wiheywlshtodemonllmtelhetlheyoperaleaqualitylyl\lr'l'l,..-.l .. lec:hnical)' 
<>DfT1)1-1ont In rf!SIIICl to Plf'SOM8\, equipment, Jlflfi\IS&s, PfQC8(lures Br>d repor1t. It also assets~~s lhe 
labOfaloryonilscapabilily....,_IOequiprnlntard~knpartilllity.ir'ldeperdence,lnlegrilywocl 

legBIIdentity.The1!100r&totywll theon bolabltltogeneratet~ly""'lidrasultsthallhemar1<elcanhevl 

oonlldencln."No\il;edbodies'lhatassesa118110dcatibralionlabOfa!OriQwiiUMI!'n.,...in._.nationa1 

~'!,.'!:,~lhebeo&islorlt>eitiiCCfe-dltalion.n tsweiUI'IderaiOOdlhat t7025isllwblyOndiOISO 



Ttlit~IJollering,...._inlonnalioniOC.W:WallOrlc.>le<sUanagernenlaboultw..w....mJd 

IS01102SU_as_OI~~,..,.dlocl<t.IOgolfomiSQ!IOOOIOIS017(125 

Oualily-notl'lappen!>Vchance.MI\astobe ......... M-vllagotollhelileallhei)<Oducl(ll(serAce. 
AOuai'I)ISvslemlsamlloChanismt.v~•norgatlilallOtlcan~..-d""""'''"Q-10 

~.-.lllaNI~quatityeconorricdy. A~tystemllarmonis-e-slheelbtMgroup~lllan 

~no&ation!<lwardlalocu:sMthllqualityatw!lat~ Pfoducldandwtlatlaclotsmighl~t ~ lrom 

aatisly!ngcusl<lmers. SuchstalldardsaralheiS09000Mriet.lheMta1SpiCiatiSQIIECGuidel.lheEN 
45000 MrieiiNIIT!llnyOII>at's 
Coolormily 10 a certlirl OuaUty System Stalldard Indicates thlltthll object ot stan<lardiaation (product ot 
P<OCfi&S)complieswiththllmosiii<Mncedl<now1edge8ndexpe<ience(stllleolll>eart)andtht<elort 
=•••lalrlycompkllelotmotquallly. 

n,.pm..rypurpoeeotanellectNequ.alilyrystemiJIOi<lse*ICOtlfider"loeatr"IM!Icuslomeraiflaoonlr..:lual 
lilualion. MIJalloalirrlmerlse ........ IOh~'*"""-·beca>M~enablellllemiOIICf'lilw 
eullome.aalisllocbont:OIOI~. I! ... IIISI<&-.carrilodOUICOfNC!Iylhelirslliml,llora-.rldbeno 
wa~.r::o.is"""'*'beminimisedllndpoolitmaximiMcl.~linga~syslembasedMISOiiiOOO 

can..._,lfatllbm.,adhocmelhodalqulllit)roontrollntoan~andt:OIOI-elle<:1hoequelity· 

~system.S.,.combrring"91qullilywitnbwcoet.llwcangiYethii""""'""Y•~ 

:::::.~(Lal.1996). 

ISO !1000 Mrles. as ~OiherOuaity Management Svstemaw<O..:Il. is ~sised"" thll wrilingot 
lormalp<OOI(Ivrfl.,..;--'<lnstructiorniiOguide~.Theexpectalionislhata•8tfii)IOyMIIOil 

"""''>'ywilh lhtP<OCfld!Jresioo<Oerto ensurelhat the._..isdonepmpet!y. Thelocu:s is,thtrelore.cnlhe 
techrlical t ystemar"ld thewayitOperaiH 

IS09000 aerleiiJast.atotmentaboulhowquatilyiJma>IB98<'andOI>Iitnpicabonotthisislhat lheproduct.a 
Ot~a,.oonstallllymadeiOconsisle<llltar.o.rdlw!lat- lhesest.andartlsare.ltlii8Mfliii iS09000 

-olatar.o.JdaiSUffllhequalilyolaporocasa~etp(ICilicproduclorolleringawMcewllh 

COOllislerq-....;notlhe,..,.,.(produc!Of....,.;ce)(lal.l998). 

n.. ..... ot,..,;t;otloniliOensurell\lltTettand~E~t{TiotE)is~olfudngitlr 
inlentledpurpoH. TtlitilactrieYedbVCIIIibnotingTMEatopacffiadtimeinte<valsagainstMNsur........C 
SWldardllhat nr..aceuracytraceableiO,...IionaiOfWernatiOt\llloteasu.......,.Stall<laJdS. 

Theimportar>ceol~arcall>ratlonoliostrunerlllandmtUUringBQUipmentce,.....,.be..,-,pllalll..:l 

enough.~l'lila!lcnetlectiveflassandlhequalityandrllllabilltyot~sproduetsretyooaneHdemcalibratlon 

syotem. W~houtii\ICI1asvstemlllaproduct "'ryqu~baQomeslounhmta. Celibralionlsalsorequire<t 
byellluse4.11 oiiS09002 

Caril>rallonlabonltOt!HamaspecllllcategoryoltutlabofaiQfiaii.Thaypo"<>'Oidecalibra!lcnottesland 
~~.assuring tl>e~ryaco..mcyby-.a!W!glhe<R:e<tainlyand tr-abllilyiO 

pm..ryrneasumollandarc~s. 



S.rotllt.aolace.-diteUon 
n..Ubo<alDiyaoaedilalionltavl$itllel'fOI)Itlla1~1\U-~assas:Mdbr........,_-*:al 

~ls.Buyersand~ieoiD<*IorttweccreOialionMilrltonl'e!)Of"andcerlilicalft.IOihallhey'canbe 

...,..that WO<I<hasbeendol'leiOagr...:lspedficationa.MonotM.rt thatlhe~alionprocessaimslo 

""!lUI" consistency and rellllt);l~y. 

Finlllylheaccteo;lilingbodyei<e<ISinlluenoi! IO SIItllhlllwct\ce<tificiii!IS DIBoocepl«<worktwidetofunhef --
lnii'Oductlontotholln-llonalll.lndan! IS01T025 
ThiiDmnJntema-~ISOiiECOIS t7025was~inU, t998andlhe-N<:eiloed 

wer~~ccnside<ed"lhemHIW'ogol1he tSOo'CASCOwor~W~gQR:JUPinMaldl t 999. ThiiSIWidaldwill 
~ualysupetSMMbolhiSCMECGuide25-E~450018ndlhelinallormwao~atlhe-ol 

2000.Theoewstandar<I<XIIIIicle<eclllleoperalingexistenc~~overlhe tenori0)'NI'Ssince!he 

previousslandards werepubli&hed.ltcontalr.edall lhe,.qulr- thattasling andcalibfJIIion'-bonlloti8s 
ha .. tomeetWih8)'wlshtodemonstrstalhat tr.&y operstee quali!ysystemaratec:!>nicallycompetantaOO 
areabktiOIJOO&rl la tochnie.lly•alidra&uns 

::;:"eu':'S::.,~'::::"b";....oo;::::, 1aSiing and calballon lllboraiOrin wil""" !his 

Calib<alionlal:>oraiOriesll>ltcefflPiy-l$017025.._,_.111naccordanatWIIhiS011C102andare
IOimploonwolalingle~lll'ftystamrMeOng1he~lolbolhlnlemaiiOnaiSI.Indar<ll17025arol 

IICI02~1heysowisll.ltlhoulclt>enoted.~.lhll.tlaboretorlft.whchot:>taroonlyce<lillcalionl01509002, 

-.rldnotbe-todemonllrll'-lhatlhey aretKhroicd)lc;ompatent arolcanprodr.lo;e~valid 

~

0
~ndlorcalibralionrf11Uit$.0nlheolherharol.a<:creditalionill~lhe&ameasbelngoerlified"'j8inst 

Updlta 
lnlheUKASNawslel*,edlllont4-1!199(Upda'-,lmJiwas~lhalOI'IOIIS0170251s 

pulllist-..dlJKASwiiOMMIO-agains!Mll).ltlransillonperiadlorltOCtUditatoonbodiaoandaoaediled 
lltloralofloslo-UIIing1hetww--.datddbegi<oen. Thilil...w.eiy10belesshot<X11yeari:M 
probeblynot,..,.ll>aniWO.Thllldealti0~-1or1he.....,.ol1hetww_....ollheSI.Ir'ldAnl 

publishedt.riSOarolblaborel<lriesand.:crsdi.I!OibOdiHIO~toany~lnreqowamants. 

tJKASwilrr'I(MIIOUHsameotagains!ISO t1025andnotMtO. 

Thisimportanlann<>IIIIC8n>entb)'UKAShasleadtheaulhorstooondl>Ct theaxercosebasedon1henew 
standard andadvise laboratoriftmanagemanttoalm accredit.alionagainstlhe newk1ternatiooalstandar<l 
ISO 17025 Bnd not MtO, MI O tupplomenl arol Mit ot UKAS (MIO, MIO Supplement., M11, M3003. 

"""''· 
ClliOratiotllat>o<111oriean'III)I-IOtNotiftleroerlrfiedOfiiCO'Iidladagainslaqualily............,systom. 
Thllmoslr:ommonqualiflf~fYSIBmS""'J*>*edb)'Caib<lltionlaboraiOriesarelheiS09002and 
theiSOt'lECGuide25(1SOIICI02:199oi.ISOt'lECG25:1990). 
Sutlirll.letusexarrWoewhatce<tificationandaccraditalionare: 
+ Certi!icatMistlleprocedu"b)'whlch an irnpanialtNfdpart)lbodygiveswrUtonassuranr:ethala 

l>foducl,processorttrvlceoonlorms to specifled requllemerll& Thatthequalitym•nall'l""""t •ystem 

::::l<lia:or.:..::..~tslhel$09002illoneexample. Thataproduclmeets.say,ltlflr&levanl 



TobesuralhatthiscermicatOortisolf""worthorvalue,accre<litauoooomesintoplay. 
+ Ac.:<e<litatlooisthaprocedu"'bywhid>anautllOOtativebodygives1ormat rooogni10ort that a body, 

organ<satOortorpersoois cornpetenttocorryoutspeO!ictask$. Theoompeti>OCOo!abodyto 
p<OOOOJ~8pressu<evesselassakrlsoneexampla. Tt>ecompeutr-.ceolalaborlltorytocalil>r:ate 

instfumoots inacoorda~wi1h 1SOIIECG.-25lsanott>er. 

An ISO 900:2 ~rt~ied calibratOort laboratory. is emphaslud oo the writing ollormat procedures and wor'r< 
instructOortstoguideempl()yees:itgM!sastatementabouthowqualityismaoagedandonelmplicatlooof 
thislslhattheservice(e>rproduct)isC0<1stantlyma<Jatocoosistootstandaf<ls,what9V&<Ihesestandaf<lsarel 
IS09000Seriesisthareloraastandardlormaoaglngaqualityorganizatloor:alhe<thanastandanJiorpro<luct 

On the <>the< hand, laboratory I>CC(f!(!;tatOortto ISOIIEC G.-25 is specifically <leoignedto assassthe 
laboratory oo Its capabililies (equipment and personnel), lmpar~ality, indapentlenoo. integrity and legal 
iden~ty. Furthe< the requi,.,ments o1 the technical competence are also <letarmin&d to COnduct caObratloos 
and tests in a technically competoot and impar~al maMar and thus be able to issue valid reports and 
certificatesinwhid>themar1<ete&nhaveconlide~. 

To<leterminathiscapability,lhf<!9keyelementsareasses&ed: 
+ Thelmpartiality olthelaboratOfy. 
+ Theted1nicaiC0<1!idenceollhestall,lr-..suitabilityollheequipmentenderrviroomootendlhevelidity 

olit>dividualtestmelhodologie$ 
+ Theel!activenessol tr-..Ofganisalionsmanagementsystem 

=moe oft~':;:..:.,"'~';'::= !:::'1 ,-..:~;,.,.. ... ynorbo/'amitior,.;,hrh<o<~Mridrtq 

~~ .. and~abilim.7 .'"" ~""!,.1~<01 = 0 itence~ =-to....., tho 

Tht.,..,.,..., ........ andulibtotio<lofle<l 
oqui~·:: rf1oC<'OI>ilit~1~=~.,: rho o..tyclou,.oftholl>ndorditde&li"ttwithrl>eseocrivirioe> 

Thta<:<r<diralionroqulte>r!>o<:Q<Toelirnpl«ne<o:otionof 

~ion .. mcrhocloby~ho~:,~ Somcl'-""4!rhor NO<-

Figures t . CllmJ>IIfiBIN! belwetrm /SO/IEC Gu/rl6 25 11r1d ISO 9002 



ttlllllismird..-ot thalll"""'')'lrllowith IS09000oer~!;calion. Anatlt<:Uva management system is 
lmporlant,bul~ilorly-otlhe....,_~IDgalnlaboralotyatiCfldtation .. 
lnFigur81 lOOI S0/1ECGuide25llcompanldwithll'leiS09002wilhrespec1101heiracopeanda~tion. 

CROSS-REFERENCE OF ISO 9002:1~ and ISOIIEC 11025 
lnh...,.IP'98SA~croM·releriii"ICIIoiiiiiiiS0110:!SagairlsiHinlo!matooNiatatiCIIrtls iS09002 

and ISO 10012·1 1a carrledool loflho&ewi\Oarent:~Wat thestageto ded(le whal ll.,.pecledbylhe ,_ 
113ndafd~llwodec:id810 ..... 1heroutelot~tion(IS017025.1S09002:199(, 1S010012·1). 

Th& IS017025CCIMisl5oiiWO majotOIIC!ior11; 11ltp.!aoaggmtn1 mqulremoollcomprlsing 14clavsesand..ll:llt 
Ttsbnjclloo ...... COtll!islnOoi!G"*-. EiolhsectionswilbeCO¥effldinlhelollo¥!ingp!lragraphs. 
EliCh PII'"''DPh In ISO 17025 will be com!aled againsl ISO 9002 IW>d ISO 10012·1. Whi«<II>MI it no 
cCl'IIOm\IUlCfllhe-PII!Bgrap!! wi!lbeoopiedinlta!;csasll pMled in iSQ 17025. ln~ where lhereis 
lconlormance~lhe~.lheuact~ro.mbers,--ltle-.gswillbe 

klen~fiedandre<:<>rtledonl)l,sincalhecon\emo/ lhe l9 ~1soiiS09002arewel-101he 

n'llljorilyolthooreaden. 

In 100 main SU"""Y mpor! onl)l (ConstamH'Iou, 1999), a! the- o1 a clause -when~ was oecesswy, a 

::::.:•led~toonwugivenolhowlhillslandardcanbeoppliedinlhemajorilyotcallbralion 

~~®m._~ 
AGAINST !SQ ?QQ2· ! m &NO !SO 10012·1 

IS01102S: cla"M•.• ·~IsallonandMM\agemen!" 

4.1 .1: "The~M;>oraiOiyorrMotyanisaoonol,..,;a,ilillpaiii/Yibellllentilylflalcanbehtlldlolglofy .. ~.· 
• 4.1.2:"TheW>or310t)'IMibeOI'fllldad_.,.,_, .. ~,.-r-~,_, ..... ~ 

olll!lslnrem~~liona/StarodardwfNIIIl¥ca"'"""OUiwcri i'l itt~~·lsi-.-r~ 

b~facililies.orO'I•ssoclaredr~or,.,.,.taCiitHJs. " 

• 4. 1.3:"1tlhe...,.,.twylspM1ol..,otpanlsHion~IICiitOtta-tMnNOslinp~ 

Cll~tion. ti"HJ responsibililitiolqy~ O'I Iheo<g<"""'"tiontll.at ,.......an~IO< 

~O<IIheiHii>O.ond'O<c.aib1111onllldivititiollhet.ol>orlltotyshdtMd8"'--0<10fd8rto~~ly 

poHinlia/""""""ol.._ .• 

• 4. 1.4(a) "TTM labO<"lltO<y IMI/M"' mana~llllld 19dlnlelll ~ wtm m. au/tlori!Y ">d 
~~IOCIIrt"J-IhtWdutitts-IOidenti/ylhe~-ol ..... rllJMSIItlfll/hequa/ily 
s)'!lro.morlhe~.b" ~lft/SendbrcMbnlllms,andloiniiM,.aclliomlopt-.tor 

~-d6paii1N<IS. " 

e 4. 1 .4(b): '7/MialloonlorysMI----to...-wiiWifs~-,.,_,.,.-

11H irom anyunWttO'IIflmNand 6J<I«n81~. ilirwnc:ialllndoll...-prfi$$UfNIM/""'f~ 

.. ~/hequailyol.,.....worl<. " 

• 4.1.4(c): '7/Miaboratoty5hMI,..(IOiiciftand,_._lo.......,.flwlptOftJCtionolitseli!Jnls" 
coolidet>liallnlormalionalldP<tf'del.ilryripll,._~~/orprol«<jngm.~ 

~ol,•.sUts. " 

e 4.1.4(d): "TTM/aboNoryshlll-policiftllnd~IOM!Oid.__, .O. anyec1Miieslllal 

wouldGtmillish~ O'I/IscornpelfMCfl,lmpat!i.olily.~Otopgralional~" 

• 4. 1 .~•):'7/Miailoratory.,..,dtiMe."*'ltwlllidol~lione/chatll, lhfJ""""""""rionand 

~lstructt.n~ollllfllabOIItlory;irspec.itany~Otparltiuliorl.andll'lol181lolt<lRSI>Pf 

bel-~l,lt;!Chn/CIIJ~Iiom.•uppori .H~·IIdlhfJqua~ly S)'SI(Om." 

l 



e 1$017025:4.1.4(1) as per ISOIICI02:4.1.2,1 ~....,~ 
e 4.1.4(g): -n. lootJ<ototy,.,ptfMde/Jdeqwle.._......., olleSIInQ -c:a.libtuic:nAOII. iJd:idfnQ 

,.._~'*"""'lllmi/Mr>titl'>ltlelfiSiatld'orc.UbtiiiJo<1rntllhotJ6,-~>titf>rt..purpoM 

Q(ucflMSIMd/i:lo'c.Ubtll/iotl,.,.;lwllhthiJaS56~Q(rfMMSiand'otcalibniiJo<lf8SU/Is.' 

ISO 17ll25:4.1.4(h) IS0 9002:4.1 .2.2 Resource• 
ISO 17025:4.1.4(i) as per ISO 9002:4.1.2.3 M~nagemen! Rep<eHnlaliV'!I 

• 4.1.4(1): 'Appoiflld9p<Jtift/otkeymanage<iai~IUI;huthiJquahrymanagcH".' 

:~::;4~ .. u ·o...~::tem ' ISOVOO:Z:4.2.10ualilySystemo.n.... 

- IS09002·4.2.2au.lily5yslem~ 
as per IS09002:4. 1 . 1 0ualify~ 

- ISO 1002:4.2.2 Ouali!y Syslem Proo:ecb'as 
IS0170'25:4 .2.3 as per IS09002:4.2.1 OJalilySysiemGenetal 
U.4 : '111equahrym.o<IU8/shal d6/inethiJmltttafldlfSPO"t~Sol~lma~lafldthiJ 

quaMymanager ini;Judir>g~msponsibiiily lor~compMr>ettwllhiM/nriJinar>on.IStafldard.' 

IS017025:CiaUM4.3"Doc-! ConiiOI ' 
• IS0\7025:4.3.1 uper ISOI002:4.5.1 Doa.mentalion..-.:lcllllaconttol 
• 150 17025:4.3.2.1 as per IS09002:4.5.2 ~!anddlol.l.,..._, ..... 
e ISO 17025:4.3.2.2 ISO 1002:4.5.2 0oa.mem aro:1 <IIIIa.,.,..,..... aro:1 

• 4.32.3: '0!Jaiilysystem~tsgeooralfldby"'-/fltlofa1Q<yWIII~~/dllflti5ed. Suctt 

idenrUicariooshll"inclurMrMIIareofisswarl<iiO<r..oslonidenlilicaiJo<l,lhiJIOI.J~olpllg<JS<N 

amarl<IQsignify lhe..-wfollhedocumsntafldlheaulho<iryfo<lssu•.• 
e ISO 17025:4.3.3· ISO 9002:4.5.3 Documont and dala ctlangH 

IS017025:dftuM4A'A.,.,... olrequuttendef'O<eontrac:1" 

IS0\7025:4.4.1: ::- :~=:~~=r ...... -gentflll 

- IS09002:4.3.3Amfndmen11Da--.ct 

:~=~-~~5~ 
IS017025:clause4.5"Subconlrttellngoltests andcallbrallons· 
IS017025:4.5.1' aaper IS09002:4.6.2E""IuarionolsuboonlriiClO< 

• 4.5.2:'100/aboraf(l(yllld.-.-oblain_,lrDmllwlcliem,pmferably .nwrlring.-.m. 
IIJixKBrory.n-lo..-.rntc~ID~/abctltiiOty,..s.itltiU..,..,.,..~Ilior>s. ' 

e 1$017025:4.5.3 Nper 1$09002:4.6.2 EYII<tali(wlolsubcon-
- IS0 9002:4.11 .4Yerilicalionolpun:I>Ue~ 

ISO 10012·1 :4.13Useoi0Uisidepooducta 

• IS0\7025:4.5.5: asper :~:::::::~=:".,."'=::~ 
IS01702S:cl.luH48"Purchaalng_...lceaand fUppllet' 
1$017025:4.6.1· IS0 9002:4.6.3 Purchasing data 

e IS017025:4 .6.2: IS01001 2·1: Useolou1sideprodue1and --



4,7 ·~ labomro<ylhal • /k:Jfdclioo/5 hb'm or me;r~taliVH ~liar! 10 /ttcilitaM 
clarilicationol,~fSI'flqiJ6S/ 8rtd iOmon/tor""'~r>COolth6Jaboni /O'j' il f9/ationtolh6 

_.j,perlorm«J. ' 

lS01702S: clauH4.1 ' Complolntt" 
4.8:"Jhela0oolto<yi/INI,..,. .policy_~lbrltt.~ol"""'*'"""---from 

c:lenll!orOlhtltfl'JII&Rto;:otdo-be~ol.,~-oiW.. lllwt r;g.rions 
-comtetioo8ac-..IM<enOyhll>l:>orMor)l; ' 

tS01702S:clauH4.t ' Controlof00<1-COnlor"mlt"lg tettlt"lg•ndloo-callbr• TionWO<It" 
IS0 17025:4.9: asper IS09002:4, 13Conlfolol~lormongjlfodool 

• nd ISO 10012·1 :4.9Nor>-<Xlt11or,.,.;ngequipmoot 

IS01702S: tlaUH 4.10 ' Correctlve A.ction" 
IS0 17025:4. t0: tsper ~9002:4 . 14 . 1 Corrective and Pr_,..,tivoe 

IS017025:ti"'H 4,12 ' R..:ord•' 
ISO 17025:4.12.1: aoper .. 

• ISOI7025:4.12.2: as per .. 

IS09002:4.14.2CorrrocM-. 

IS09002:4.16Controlol0ue.ityRecorcls 
l$0g(l(l2:4.2.3(h)Oual;tyP!amlng 
!S09002:4.171nte.-natOualily A.udils 
IS09002:4.10.Sinspectiori-Tes1Recordl 
IS010012-1 : 4.8Aecords 

• 4 . 12.2.2:"01>unqo'*""'-daU-~ IIIdbeciNrly-~l"-.ded and 

blt!fifiatwlorMspeci/iejof>allfi6,.,_1Myarern;ocN.' 
• 4. 12.2.3: -wherlmlstalrftooeu< .fl mcords,HCttmlstakf shal l>e cfOSSfldlll!l,t>OietllstKS.madfl 

illegi/JienorOOiellld,.nd""'corr«l""fufr.,l~r«<•loogside.AI!so.dtall«ariorii/OttiCorllSshaROO 

signe<Jor;,iliailtKIOytndl»fSS<ltrl8i<Wiglil6cor011Ctiort,lnlh6ca:seotcompu/91'-<XJIJtK:IIIddata,similar 
II'IU$IJ(9Ss/ld/>eiJW/n108>'0idk>ssorcM~ol c.rfg~Nidltra. · 

:::::: :~~AWn 
IS010012·1:UPeriodicAuclii-Aeviewol 
lheCortlirmalionSysiem 

• 4. 1 3.2:"WrHo<!IJIJdillirldingoscastdooblonlh6~ollh6opoMJ,.,...,oronlh6-or 

.,lidityoltndlaboratoty'rtest orcakbmliorti'HUI/$,/he/abonltotyshall takelimf/ycorr..:fillfl&dion, 
:::!norif)' cl/etl".f! wrilingif.....,srigarionsshowlhsttheJaboratotyte8unstr18y/>81lflbHfl 



IS09002:4.171nternaiO...ahtyAu<tits 

,.. ISO 17025: clause 4.14 "Management Reviews· 

:ECT:~ ~~oz~~;; REFERENCE ~::'~o 17025 ~~:::451:~e~'::'~~~~E~=MENTS " 
AGAINSTIS09002:1994ANOIS0100U-1 

,. IS017025:cleuse5.1"General" 
• 15017025:5.1 

• 5.2.t : ""ThelaboraiOrjmanagern<~nrsha"flf!SurtJII>8comperencyotan..t~oopera/llspecificequipment, 
whoperlorm/esrsand'orcalibrarions.~M~Iua/eresulrsanttsignresrreporrsenttcalibtalioocenilicaras. 
Wllllnusingsralls.whoaraundMgoingtraining.IJfJP'OP'ia!eS<Jp<~MsionSha"bePfOIIIdlld.Personnel 

perlormingspecifictasl<sst>a"bequaliliedonlh6basisolappmpriateedvcation,/raining,axper/llnc6 
and'or<Jemonslraledskill!;,esrequil'lld." 

• ISO 17025:5.2-2 as par ISO 9002:4.18 TraW>ing 
aspar IS09002:4.9Pr<>Oe'SSCOI>Iro/ 
arid IS09002:4.18Training 

ISO Hl012-1 :4. t8Personoet 
IS09002:4. 1.2.1ResponsibilitiesandAult>OOty 

aspar IS09002:4.18Training 
arid IS09002:4.9P<'()OO$SConirol 

,. ISO 17025: ctause 5.3 "Accommodation and Emilr<rnmental Con<liliot~s" 
• IS017025:5.3.1an<l5.3.2 aspar IS09002:4.9ProcessControt 

'"" 
• 5.3.3:'ThertJsha0beel/ecriwS6(NJtalionbe1W811n~ringareasinwhiclllhe"'af'9fflcompa!ible 

actNilies. Measu"'sS!rirObetakentoprevenlcross-conta,..,..lioo. ' 
5.3.4:"Acc8sstoafld<i$80iareasaf/ecringqualilyolles/sandforca/ibrationsS!rirnl>llconlro/led." 
5.3.5: 'MoasurHshaNI>IItakanto8<1S<Jragoodhousek-eepinginlh81aboratory. Specialproce<Jur8s 
sha#bepre(Jdred...tltlranecessaf)< " 

,. IS017025:clause5.4 "Teslan<1Callb-ratlonMethodslncludingSampllng" 
e IS017025:5.4.1 as...,r IS09002:4.10.1 lnspectionarldT~Iing 

ar>d IS09002:4.11.1 CootrolollnspectionMTE 
ar>d IS09002:4-2.3Quatijy system 
ar>d tSOIOOI2·1 :4.3CoofirmationSystem 

IS010012·1:4.70ocumootedCoolirmalion 
and IS09002:4.112(a)arld(c)Cootro1Prooodure 

• 5.4.3: "lnrroducrionottestafldca!futionmethoclsdeve/opfldbylllelabora/Oiylori!sownuseshaNbe 
aplarltllld9Ciivilyandl>8assiglledtoqua/i/iadpernonnalequippe<Jwithad1Jqua/aresoui'CIIS.Pians 
shaUbeupdsladasdllvelopman/Pf'JC"<J(JsandshaNensureaf/ec/Necommurricationamongstan 
persOrln<llinvotvad. " 

• 5.4 .4: "WI!enjfjs~ssarytoOOI{Jioymethodsn<NOOWJradbystafldarcisedmethods. thesesMNbe 
subjllcradtoagroomentwithlh6clilln!andsMNU>ctudeaclearspeciticationaflheclienlsrequirements 
andtl!epurposeoftlletasrand'orcalibraOOn. Th<lmeillodci<MJ!opadshaNha..,bllenva/klatfKI 



"""""""',.y~~e.~:w ..... -t..~lor~lbl~lhedie<ll-OIIwllll!i'rorised""*"""!S. 
Newlll$!8rtd/oiCJJ!ib<alblme/hod:s-pn1CIIdures~t..produottdptlotiOihelfilS Md'ot 

c.olibt!tlionsblling~andllto<JMCilf>tUIII/IIIasllhllblbwirJsl'lnbmB/i:>n ,,.,.,. 
I>} Desaiotionollhelypllolllemlablllesllldatcalibntled 

Altar>-..txquanlll.triwosiObll~ 

ApptJra/IJI,~/,r~nvt/MaltllqUired 

Envitotrmflnul~rwquired-llfl)'!fllbilislllbl,_;ad. 

~ol,.,~lnclu!*lg: 

: ::-;:ca....:=..~~=~.shllrit!golllems 
·CI>ackinglllallflll~tlf»>rl<irlfjptOPflr/y,llnd ...... rerttqUired,calibnllingand 
a<fos/li1glhe~,._Md! ... 

• Mltnadsofrecordingrhe<10Sfr'variclr>$MdrH!Jfls 
·AilyUieqmN-IObll~ 

c-.-~""~· 
DIIIBIODerec«ded-mlllhodalan.olysisandptfiS8rll8/ian 
lkiCIO<IaO'I/yO<'~Ibt-fli'IW!ng-IM>I)(" 

s .•. s. t 'VIIIii$!bllsNconfi<lllllflatl~lll'-lbltmdlhe,.,.._,al~.....,_,..,,_ 
PMfi<;UM---Ibt·spedtit~u.M.tllluiflllfKr. 

5.H.2"111fr..bo<llrotyr!WI...,.I<>~moHhods./alboralory~ 

~ 5/ant;/arrllm moNf>:lds UHdoutllde lhWiniBI!dlld mng& and amplilicarioos a1 Slanda!dud 
frllril>odslac:ontirmlhiJIItlolmelhods.,.litb"".-.-. 7J.1'31i<M/lic:nshalbea..,.....,.;.. 
8$ls11«85saryramH/Ihell<l<ldslnlflllgiYrtnllpplica/lic:nO<'IielclaiiiJ'J)Iica/IOO.n.labMtroty,_ 
-lhe~~lhe~uslldlbt..-lion-•SLJ,_,,.,ro,.,.,.rh9rlhe 

method/slilbm. ln-.-.· 
M.5.3"71wtt¥lfll'-aco::utacyollhe..-..-ablained/romv.Jidallldmelllodl/f.g.Jfl6urocat'lalntyal 
lhefesults,<lelac/lic:ntmir,llti#BcfMiyollhernadlod,._lil)>:tml'tx-labiilyand'or~ 

/Obusltless~&<~irl/lul1ncHIIII(fu'cf1185·Hn$iffvityB(J8NI.Jiin~lromlllfmalrixof 

~atJ,IJcf)-a5SIIIii$IKllbtlhe~.-5halt..,...,.._IOihll~,_.,. 

e ISO 11025: 5 .•. 6 S.SI Mfll\l,_ Capebility 
5 .•. 6.l'A~~-IIs .. ~10~161/sbWrtwa-/~ty. 
TheHcab.o\ttionsthalt..•IOJiiiJI>Ief<XIpi!Cililld"""'"_i'Jr,..QUIWJ~ Inils -· e I$011025:5 •• • 7Esbmllliofo1,11'10Mtalnlyol~ 
5.•.7.1and 5.4.7.2 asper IS0 9002.4.20Siati$tkaiT~ 

and I$010012·1 : Hi._.._lainlyo1Mea..........,1 
1$0 10012·1 :4, 16Commutalive6llecl 

5 .•. 7.3:"WhlnBSIWrwinQihiJI.ffiCirla01lyol~ .. -la/my~ISwlllc:I>Sf6ol 
lmpai1Sn«ti11heg!Wnsi/l.lalblshalbllrslretllnloaccotKWusilg«X>>tpled-a/~· 

asper IS0 9002:•.50ocum&rltandDalaConlrol 
anCI /S09002:,. IO.•Fonal~and Testing 

IS09002:•. rr .1Conlr01oltnspeaian.MTE 



:~ :~~~;S~~~~se 5.5 "Equipment" 

~~ 

000 

•oo 
000 

• 18017025:5.5.3· asper 
000 

•oo 

1509002.4.6.1 Purchasing - Gene<.al 
IS09002:4.6.4VOO!Oc:a1iono1Producl 
!S0900.2:4.!0.2Aeceiviog ln&pec:!ioo 
IS09002:4.112(a). (b),(c)ControloiMTE 
ISO !00!2-!:4.2 MeasuringEquipmenl 
IS09002:4.! .2.20rgar>i.za!ioo - ReOQUrces 

:~ :~~~i:!.~~~~nm 

:~' :~:~~~i:!:!~~:roloiMTE 
• partl)tby lS010012·1 : 4.8Reoords 
' ReoordsshaHI>ern.Jinrain<Xioloochitemo/<lq<lipm6nrsigt>jfican!!Orhe!es!Sandi<Hcalibra!ionsWrlo<mad. 

TINirvco<dsshaNitlchJ<J6atleasl tlle~: 

a) ldenhryoflflaitemof8Quipmenr 
b) Manu/ac/urersname. typeidet>!ificalionandsariainumb<]r 
c) Ched<slha!8Qu.'pmen!complieswirh!h6specificalion(see5.5.2) 
d) Cummrlocahon,wflemappropria/8 
e) Ttr<Jm<~nulacrui'INSit>slruclions.llaVIli/abla. <Hrafartolheirlocahon 

I) Da!es,resuf!S.Mdrop;esolreporrsandcerhlicateso/allcalib<a!ionadjustmen!S. 
acceptancecrirartaanddueda le!.J,nex!ca/ilmlrion 

g) MainlfmancecarrifldouttodaiiJandrhemainrenanceplan 
h) Damage. malfunction. modifica!ionorrti{Jairolrfr<J8QUipment. 

• IS0 17025:5 .5.6· :~' :~~=2~_11:! .~~~;~:!:!)Controlo!MTE 

ISOt0012·1:4. t4StGra(leandhandling 
asper IS0900.2:4.11 .2(1)Controlo1MTE 
asper ISOI0012·1 :4.9Non-cor1formiog&quipmenl 

IS0900.2:41 1 2(d)Controlo1MTE -
ar>;! ISO 10012- 1 :4 . 10Con~rmaUon labeling 

• 5.5.10 'WI'Ien. J,wflat"""rraason, equipmen/fJOtJSOU!Side!fr<Jdirectcon/FOiofrhe/aboraroryfora 
period.tfr<Jiabora!oryshaNensum!ha/11>6/uncrionandcalibmrionstarusofrheequipmentarechedred 
andshowrl!OI>esahslac!OI)'/Jeforetlleaquipmenrlsrerurnedtoserrlcrl.' 
18017025:5.5.1 1 ISO 17025:5.4.8 

as per 

•oo 
• 5.5.13WI!encalibralionsgivelisal<lasal olcorr9Ciionlactors. lllelaborat01)'shaNI'Ia""proceduras 

roensurerhalanyrop;es(a.g.in C<lfrlPUIIJfsolrwara)aracorrec!lyupdated." 
• ISO 17025:5.5 .14 lS0900.2:4 .11 .2. (I) Control P rocedure 

and ISO 10012-1:4.12 Sea~ng lor Integrity 
,.. IS017025:elause5 .6 "Measu•ement Tr&eeablllly" 
• 15017025:5.6.1 asper IS09002:4.11.1ControlofMTE - Generel 

and IS010012-1:4.3ConHrma1ionsystem 
• ISO 17025:5.6.2Specilicrequirements 

5.6.2 .1 asper 
000 

IS090024. !1 .2(b)Conlro1Procedure 
ISO 10012·1:4.15 Traceabilitv 



e IS017025:S.6.3: Re4efenceSWldardsandMateMI5 
S:5.8.3.1and5.6.32 •I* 
5.6.3.3:"CIIotclls.-dfldk>........,...,~ ti i/WJcalitnf10nSiali.OS111~.,nm.y~ 

standotdsafldrelarflf>Cemat~51Ja/11>1Cilt1iedout ti ~IOrlafined~tJtrd 

achedules. · 
e ISO 17025:5.8.3.4: .... ... IS09002:4. 11.2(b)Corm~PI<IOI!O<Ua 

IS010(112·1: 414Stof"'JJ'andtiar'dng 

IS017025:clause5.7"~· 

5.7. !"1116/abo<BIO<ys/WN"""""safTll)iir>gplanafld~b"samplillgwherli/CIIrritnO<Jt 

sampling ai1UbS!ai)C8$, IMiricfi. matB/IaJI Ot" ptnduc~ lot ~IIH/ng Of ca/ibl'lr/iotl. TOO 

~pl;tttas..,aslhe""'*"'proc«Jure-sltdl>l...uaor.atNbc:aliotl..n.t.~ 

ill~.· 

e 5.7.2"WhetwoNdenl~devlolioti.~Ot"~fromlhedocumMII«<~ 

~.th6Hsl>aNborecotdadindeiMI.Wihthattpp«JpritJ/8sampiO-Igdataa'ld~inaR 

~tsconiAiniflgt<>st_,...c.olib<atiotlf9wlls.afldNlbe<XIIMl<MIIc8:19d/Qthattpp«JpritJlfl -e IS017025:5.7.3 IS0900:Nt0.44.10.Sinspecto>nardlelbn0 

IS017025:claula5.8"H8ndllngandTranapor1allonolt.t landcal llemt" 
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