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Chapter 1  Introduction 

1.1  Read this First! 

qÜÉ= `bp=bÇìm~Åâ= áë= ~= éçïÉêÑìä= íççäK= fí= áë= ÅÉåíÉêÉÇ= çå= íÜÉ=
`bp=bÇìm~Åâ= ëçÑíï~êÉI= ëìééçêíÉÇ= Äó= íÉñíÄççâëI= ~åÇ= Äó= íÉ~ÅÜáåÖ=
êÉëçìêÅÉë=J=äÉÅíìêÉëI=éêçàÉÅíëI=~åÇ=ÉñÉêÅáëÉë=J=íÜ~í=óçì=Å~å=Ççïåäç~Ç=
Eé~ëëïçêÇ=éêçíÉÅíÉÇF=Ñêçã=ïïïKÖê~åí~ÇÉëáÖåKÅçãLÉÇìÅ~íáçåL=K=

qÜÉ= `bp=bÇìm~Åâ= ëçÑíï~êÉ= Éå~ÄäÉë= ìëÉêë= íç= ëÉ~êÅÜI= ÄêçïëÉI= ~åÇ=
~å~äóòÉ=Ç~í~=Åçåí~áåÉÇ=áå=`bp=Ç~í~Ä~ëÉë=~åÇ=íç=~ééäó=~=ëóëíÉã~íáÅ=
ãÉíÜçÇçäçÖó= Ñçê= ëÉäÉÅíáåÖ=ÉåíáíáÉë= íç=çéíáãáòÉ=éÉêÑçêã~åÅÉI=Ä~ëÉÇ=
çå=ÇÉëáÖå=ëéÉÅáÑáÅ~íáçåëK=qÜÉ=`bp=bÇìm~Åâ=ëçÑíï~êÉ=Å~å=ÄÉ=ìëÉÇ=íç=
îáÉï= ~åÇ= ~å~äóòÉ= êÉÑÉêÉåÅÉ= Ç~í~Ä~ëÉë= éêçîáÇÉÇ= Äó= dê~åí~= aÉëáÖå=
iáãáíÉÇK=

qÜÉ= êÉÑÉêÉåÅÉ= Ç~í~Ä~ëÉë= éêçîáÇÉÇ= Äó= dê~åí~= ~êÉ= ÇÉëÅêáÄÉÇ= áå=
`Ü~éíÉê=Q= çÑ= íÜáë=ã~åì~äK= b~ÅÜ= Ç~í~Ä~ëÉ= Åçåëáëíë= çÑ= ~= åìãÄÉê= çÑ=
Ç~í~= Úí~ÄäÉëÛ= íÜ~í= ~êÉ= äáåâÉÇ= íçÖÉíÜÉê= áå= ~= êÉä~íáçå~ä= ëíêìÅíìêÉ= íç=
éêçîáÇÉ= ~= éçïÉêÑìä= ÉåÖáåÉÉêáåÖ= Ç~í~= ã~å~ÖÉãÉåí= ~åÇ= ëÉäÉÅíáçå=
ÉåîáêçåãÉåíK= qÜÉó= Åçåí~áå= ìåáèìÉ= ëÉíë= çÑ= ÜáÖÜ= èì~äáíó= Ç~í~I=
ÇÉîÉäçéÉÇ=Äó=dê~åí~Ûë=ëéÉÅá~äáëí=Ç~í~Ä~ëÉ=íÉ~ãI=áå=ÅçåàìåÅíáçå=ïáíÜ=
`~ãÄêáÇÖÉ= råáîÉêëáíó= båÖáåÉÉêáåÖ= aÉé~êíãÉåí= ~åÇ= ëçãÉ= íÜáêÇJ
é~êíó=Ç~í~=éêçîáÇÉêëK=

qÜÉ=ã~áå= ~áã=çÑ= íÜáë=ã~åì~ä= áë= íç= ÜÉäé=ìëÉêë= ÖÉí=ìé= ~åÇ= êìååáåÖ=
ïáíÜ=íÜÉ=ëçÑíï~êÉ=~åÇ=íç=áåíêçÇìÅÉW=íÜÉ=íóéÉ=~åÇ=äÉîÉä=çÑ=Ç~í~=ëíçêÉÇ=
áå= íÜÉ= Ç~í~Ä~ëÉëI= ~åÇ= íÜÉ= Å~é~ÄáäáíáÉë= çÑ= íÜÉ= ëÉäÉÅíáçå= íççäëK=
eçïÉîÉêI=áå=çêÇÉê=íç=ÄÉåÉÑáí=Ñêçã=íÜÉ=Ñìää=éçïÉê=çÑ=íÜÉ=é~Åâ~ÖÉ=óçì=
ëÜçìäÇ=~äëç= êÉÑÉê= íç= íÜÉ= ÑçääçïáåÖW= íÜÉ=ïÜáíÉ=é~éÉêë=~î~áä~ÄäÉ= Ñêçã=
`bp=eÉäé= ~åÇ= íÜÉ= íÉ~ÅÜáåÖ= êÉëçìêÅÉë=ïÉÄëáíÉX= ~åÇ= íÜÉ= íÉñí= Äççâë=
Új~íÉêá~ä= pÉäÉÅíáçå= áå= jÉÅÜ~åáÅ~ä= aÉëáÖåÛ= Äó= mêçÑK= jáâÉ= ^ëÜÄó=
EÉñéä~áåáåÖ= íÜÉ= ëÉäÉÅíáçå= ãÉíÜçÇçäçÖó= áå= ÇÉí~áäF= ~åÇ= Új~íÉêá~äëW=
båÖáåÉÉêáåÖI= pÅáÉåÅÉI= mêçÅÉëëáåÖ= ~åÇ= aÉëáÖåÛ= Äó= ^ëÜÄóI= pÜÉêÅäáÑÑ=
~åÇ=`ÉÄçåK=
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1.2  About this Manual 
qÜáë=ã~åì~ä=Åçåí~áåë=ÑáîÉ=`Ü~éíÉêëW=

`Ü~éíÉê=N==fåíêçÇìÅíáçå=
éêçîáÇÉë= áåÑçêã~íáçå= ~Äçìí= íÜáë= ã~åì~ä= ~åÇ= çå= çÄí~áåáåÖ=
ÜÉäéK=

`Ü~éíÉê=O==fåëí~ää~íáçå=
ÖáîÉë=ëíÉéJÄóJëíÉé=áåëíêìÅíáçåë=çå=Üçï=íç=áåëí~ää=ëáåÖäÉÓìëÉê=
~åÇ=ãìäíáJìëÉê=ÅçéáÉë=çÑ=`bp=bÇìm~ÅâK=

`Ü~éíÉê=P==qÉ~ÅÜáåÖ=j~íÉêá~äë=
ÇÉëÅêáÄÉë= Üçï= `bp=bÇìm~Åâ= Å~å= ÄÉ= ìëÉÇ= íç= íÉ~ÅÜ=ã~íÉêá~ä=
~åÇ=éêçÅÉëë=ëÉäÉÅíáçåK=

`Ü~éíÉê=Q==`bp=bÇìm~Åâ=a~í~Ä~ëÉë=
ÇÉëÅêáÄÉë= íÜÉ= ÅçåíÉåíë= çÑ= íÜÉ= `bp=bÇìm~Åâ= ÉÇìÅ~íáçå~ä=
Ç~í~Ä~ëÉëK=

`Ü~éíÉê=R==dÉííáåÖ=pí~êíÉÇ=ïáíÜ=`bp=bÇìm~Åâ=
éêçîáÇÉë=~=ÄêáÉÑ=çîÉêîáÉï=çÑ=íÜÉ=Ñ~ÅáäáíáÉë=çÑ=`bp=bÇìm~Åâ=áå=
íìíçêá~ä=Ñçêã~íK=

1.3  Tutorials and Reference Information 
fåÑçêã~íáçå=çå=ÖÉííáåÖ=ëí~êíÉÇ=ïáíÜ=íÜÉ=`bp=bÇìm~Åâ=ëçÑíï~êÉ=Å~å=
ÄÉ=ÑçìåÇ=áå=`Ü~éíÉê=R=çÑ=íÜáë=ã~åì~äK=

^= ÅçãéêÉÜÉåëáîÉ= ëÉí= çÑ= íìíçêá~äë= çå=ìëÉ=çÑ= íÜÉ= ëçÑíï~êÉ= ~ë=ïÉää= ~ë=
êÉÑÉêÉåÅÉ=áåÑçêã~íáçå=~Äçìí=~ää=~ëéÉÅí=çÑ=íÜÉ=ëçÑíï~êÉ=Å~å=ÄÉ=ÑçìåÇ=
áå=íÜÉ=çåäáåÉ=eÉäé=ëóëíÉãI=~ÅÅÉëëáÄäÉ=îá~=íÜÉ=`bp=eÉäé=Äìííçå=çå=íÜÉ=
`bp=bÇìm~Åâ=íççäÄ~êK=

qÜÉ=Ú`bp=eÉäéÛ=Åçåí~áåë=~=ïÉ~äíÜ=çÑ=áåÑçêã~íáçå=~Äçìí=íÜÉ=ëóëíÉãI=
áåÅäìÇáåÖW= ÇÉí~áäë= çÑ= íÜÉ= ëÉäÉÅíáçå=ãÉíÜçÇçäçÖóI= í~ÄäÉë= çÑ=ã~íÉêá~ä=
áåÇáÅÉëI= ëçäìíáçåë= íç= ëí~åÇ~êÇ= ÉåÖáåÉÉêáåÖ= éêçÄäÉãëI=ã~íÉêá~ä= ~åÇ=
éêçÅÉëë=Å~ëÉ=ëíìÇáÉëI=~åÇ=~=Öäçëë~êó=çÑ=~ííêáÄìíÉë=å~ãÉëI=ÉíÅK=

=



 

Chapter 2  Installation 

2.1  Introduction 
qÜáë=é~êí=çÑ=íÜÉ=rëÉêÛë=j~åì~ä=éêçîáÇÉë=áåëíêìÅíáçåë=Ñçê=êÉÖáëíÉêáåÖ=
~åÇ=áåëí~ääáåÖ=óçìê=Åçéó=çÑ=íÜÉ=`bp=bÇìm~Åâ=ëóëíÉãK=

2.1.1  System Requirements 

få=çêÇÉê=íç=êìå=íÜÉ=`bp=bÇìm~Åâ=ëçÑíï~êÉI=óçìê=éÉêëçå~ä=ÅçãéìíÉê=
Em`F=ãìëí=Ü~îÉ=íÜÉ=táåÇçïë®=çéÉê~íáåÖ=ëóëíÉã=E`bp=bÇìm~Åâ=áë=
ÇÉîÉäçéÉÇ= ~åÇ= çéíáãáòÉÇ= Ñçê= táåÇçïë= sáëí~X= íÜÉ= ëçÑíï~êÉ= áë=
ÉñéÉÅíÉÇ= íç= ÑìåÅíáçå= çå= Åçãé~íáÄäÉ= îÉêëáçåë= çÑ=táåÇçïë= ëìÅÜ= ~ë=
umF=~åÇ=ëÜçìäÇ=Ü~îÉ=~í=äÉ~ëí=~=mÉåíáìã=ff=éêçÅÉëëçê=Eçê=Éèìáî~äÉåíF=
ïáíÜ= RNOj_=çÑ= o^jI= RMMÓUMMj_=çÑ= ÑêÉÉ= Ü~êÇ= Çáëâ= ëé~ÅÉI= psd^=
Öê~éÜáÅë=EORS=ÅçäçêI=UMMñSMMFI=~åÇ=~=ãçìëÉ=çê=Åçãé~íáÄäÉ=éçáåíáåÖ=
ÇÉîáÅÉK= ^å= fåíÉêåÉí= ÅçååÉÅíáçå= áë= êÉèìáêÉÇ= Ñçê= êìååáåÖ= íÜÉ=tÉÄJ
Ä~ëÉÇ=ëÉ~êÅÜáåÖ=Ñ~ÅáäáíáÉëK=

vçì=ã~ó=åÉÉÇ=^Çãáåáëíê~íçê=oáÖÜíë=íç=áåëí~ää=íÜÉ=ëçÑíï~êÉK=

cçê= Ú^ää= bÇáíáçåëÛI= íÜÉ= ëÉêîÉê= ïáää= êÉèìáêÉ= Pd_= çÑ= ÑêÉÉ= Ü~êÇ= Çáëâ=
ëé~ÅÉI=~åÇ=Nd_=çÑ=o^j=áë=êÉÅçããÉåÇÉÇK=

qÜÉ= `bp= bÇìm~Åâ= ëçÑíï~êÉ= ã~âÉë= ìëÉ= çÑ= îÉêëáçå= PKM= çÑ= íÜÉ=
jáÅêçëçÑí=Kkbq=cê~ãÉïçêâ=~åÇ=~=jáÅêçëçÑí=sáëì~ä=píìÇáç=êìåíáãÉK=
qÜÉëÉ=ãìëí=ÄÉ=~î~áä~ÄäÉ=éêáçê=íç=íÜÉ=áåëí~ää~íáçåK=qÜÉ=`bp=bÇìm~Åâ=
áåëí~ää~íáçå= ïáää= çÑÑÉê= íç= áåëí~ää= íÜÉëÉ= ÅçãéçåÉåíë= ~ìíçã~íáÅ~ääó= áÑ=
íÜÉó= Å~ååçí= ÄÉ= ÇÉíÉÅíÉÇ=çå= óçìê= ÅçãéìíÉêK=eçïÉîÉêI= ëÜçìäÇ= óçì=
ÉåÅçìåíÉê= ~åó= áåëí~ää~íáçå= ÇáÑÑáÅìäíáÉëI= íÜÉ= ÅçãéçåÉåíë= Å~å= ÄÉ=
áåëí~ääÉÇ= ã~åì~ääó= ~åÇ= ~êÉ= ëìééäáÉÇ= ïáíÜ= íÜÉ= ëçÑíï~êÉ= áå= íÜÉ=
ÚëìééçêíÛ=ÑçäÇÉêK=
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2.1.2  License Options 

qÜÉ=`bp=bÇìm~Åâ=iáÅÉåëÉ=^ÖêÉÉãÉåí=ëéÉÅáÑáÉë=íÜÉ=åìãÄÉê=çÑ=ÚëÉ~íëÛ=
çê=ÚìëÉêëÛ=EëíìÇÉåíëFK=qÜáë=áë=íÜÉ=åìãÄÉê=çÑ=ÅçãéìíÉêë=çå=ïÜáÅÜ=íÜÉ=
ëçÑíï~êÉ=ã~ó=ÄÉ=áåëí~ääÉÇI=çê=íÜÉ=åìãÄÉê=çÑ=ìåáèìÉ=ìëÉêë=EëíìÇÉåíëF=
íÜÉ=ëçÑíï~êÉ=ã~ó=ÄÉ=ìëÉÇ=ïáíÜ=É~ÅÜ=óÉ~êK=

fÑ=íÜÉ=iáÅÉåëÉ=áë=Ñçê=~=páåÖäÉ=pÉ~íI=íÜÉå=íÜÉ=ëçÑíï~êÉ=ã~ó=ÄÉ=áåëí~ääÉÇ=
çå= çåÉ= éÉêëçå~ä= ÅçãéìíÉê= çåäóK= fåëí~ää~íáçå= çå= ãçêÉ= íÜ~å= çåÉ=
ÅçãéìíÉê=çê=áåëí~ää~íáçå=çå=~=åÉíïçêâ=ÇêáîÉ=áë=ÑçêÄáÇÇÉå=ìåÇÉê=íÜÉ=
íÉêãë=çÑ=íÜÉ=iáÅÉåëÉK=

fÑ=íÜÉ=iáÅÉåëÉ=áë=Ñçê=jìäíáéäÉ=pÉ~íëI=íÜÉ=ëçÑíï~êÉ=ã~ó=ÄÉ=áåëí~ääÉÇ=çå=
íÜÉ=åìãÄÉê=çÑ=ÅçãéìíÉêë=ëéÉÅáÑáÉÇ=çå=íÜÉ=iáÅÉåëÉ=^ÖêÉÉãÉåíK=kçíÉ=
íÜ~í= ëìÅÜ= áåëí~ää~íáçåë= ã~ó= ìëÉ= ~= åÉíïçêâ= ÇêáîÉ= íç= ëíçêÉ= ~= ëáåÖäÉ=
Åçããçå=Åçéó=çÑ=íÜÉ=Ç~í~Ä~ëÉK=

fÑ= íÜÉ=iáÅÉåëÉ=áë= Ñçê=jìäíáéäÉ=rëÉêë=EëíìÇÉåíëFI= íÜÉ=ëçÑíï~êÉ=ã~ó=ÄÉ=
áåëí~ääÉÇ= çå= ~åó= éÉêëçå~ä= ÅçãéìíÉê= Ñçê= ìëÉ= Äó= ëíìÇÉåíë= ~åÇ=
áåëíêìÅíçêë=ÅçîÉêÉÇ=Äó=íÜÉ=iáÅÉåëÉ=^ÖêÉÉãÉåíK=

qÜÉ= ÉåêçääãÉåí= Ä~ëÉÇ= äáÅÉåëÉ= ~äëç= ~ääçïë= áåëí~ää~íáçå= çå= íÜÉ=
éÉêëçå~ä=ÅçãéìíÉêë=çÑ= íÜÉ=ëíìÇÉåíë=~åÇ=áåëíêìÅíçêë=çå=íÜÉ=ÅçìêëÉë=
å~ãÉÇ=áå=íÜÉ=iáÅÉåëÉ=^ÖêÉÉãÉåíK=

2.1.3  Configuration 

cçê=~=ëáåÖäÉJëÉ~í=äáÅÉåëÉI=íÜÉ=éêçÖê~ã=ãìëí=ÄÉ=áåëí~ääÉÇ=çå=íÜÉ=Ü~êÇ=
Çáëâ=ÇêáîÉ=çÑ=~=m`K=táíÜ=ãìäíáéäÉJëÉ~íLìëÉê=EëíìÇÉåíF= äáÅÉåëÉë= EÉKÖK=
ä~Ä=äáÅÉåëÉ=çê=ÉåêçääãÉåí=äáÅÉåëÉFI=íÜÉ=éêçÖê~ã=ãìëí=ÄÉ=áåëí~ääÉÇ=çå=
É~ÅÜ= m`K= få= åÉíïçêâ= áåëí~ää~íáçåëI= íÜáë= Å~å= ÄÉ= ÇçåÉ= ìëáåÖ= íÜÉ=
ÚåÉíëÉíìéÛ= éêçÖê~ã= ïÜáÅÜ= áë= ëìééäáÉÇ= ïáíÜ= íÜÉ= ëçÑíï~êÉK= b~ÅÜ=
åÉíïçêâÉÇ=m`=ãìëí=Ü~îÉ=~ÅÅÉëë=íç=ëçãÉ=ÚïêáíÉ~ÄäÉÛ=ÑáäÉ=ëé~ÅÉI=ÉáíÜÉê=
çå= ~= äçÅ~ä= Ü~êÇ= Çáëâ= çê= çå= ~= åÉíïçêâ= ÑáäÉ= ëÉêîÉêK= kÉíïçêâ=
áåëí~ää~íáçåë=~êÉ=ÇáëÅìëëÉÇ=áå=pÉÅíáçå=OKRK=

^ää= `bp=bÇìm~Åâ= Ç~í~Ä~ëÉë= ~êÉ= áåëí~ääÉÇ= Äó= íÜÉ= áåëí~ää~íáçå=
éêçÅÉÇìêÉ= ÇÉëÅêáÄÉÇ= áå= íÜÉ= ÑçääçïáåÖ= ëÉÅíáçåëK= ^ÇÇáíáçå~ä=
`bp=bÇìm~Åâ=Ç~í~Ä~ëÉë=Å~å=ÄÉ=éìêÅÜ~ëÉÇ=~åÇ=áåëí~ääÉÇ=áå=íÜÉ=ë~ãÉ=
ï~óK=
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2.2  Running the Setup Program 
fÑ=óçì=Ü~îÉ=áåëí~ääÉÇ=~=éêÉîáçìë=çê=Éî~äì~íáçå=Åçéó=çÑ=`bp=bÇìm~ÅâI=
áí= áë= êÉÅçããÉåÇÉÇ= íÜ~í= óçì= ìåJáåëí~ää= íÜáë= ÄÉÑçêÉ= áåëí~ääáåÖ= óçìê=
äáÅÉåëÉÇ=ÅçéóK=

`bp=bÇìm~Åâ=ìëÉë=~=pÉíìé=éêçÖê~ã=ëáãáä~ê=íç=íÜçëÉ=çÑ=ã~åó=çíÜÉê=
táåÇçïë= ~ééäáÅ~íáçåëK= vçì= Å~å= éêçÅÉÉÇ= íÜêçìÖÜ= íÜÉ= ëí~ÖÉë= çÑ=
áåëí~ää~íáçå=Äó=ÅäáÅâáåÖ=çåÅÉ=ïáíÜ=íÜÉ=äÉÑí=ãçìëÉ=Äìííçå=çå=íÜÉ==kÉñí==
ÄìííçåK=vçì=Å~å=ëíçé=íÜÉ=áåëí~ää~íáçå=éêçÅÉëë=ïÜÉåÉîÉê=~==`~åÅÉä==çê==
bñáí=pÉíìé=Äìííçå=áë=Çáëéä~óÉÇK=

fåëÉêí=íÜÉ=Çáëâ=áå=óçìê=`aJolj=ÇêáîÉK=

qÜÉ=pÉíìé=éêçÖê~ã=ëÜçìäÇ=êìå=Äó=áíëÉäÑK=fÑ=áí=ÇçÉë=åçíI=íêó=çåÉ=çÑ=íÜÉ=
ÑçääçïáåÖ=~ÅíáçåëW=

léÉå= táåÇçïë= bñéäçêÉê= ~åÇ= ÇçìÄäÉJÅäáÅâ= çå= íÜÉ= ÑáäÉ==
pÉíìéKÉñÉ==çå=óçìê=`aJolj=ÇêáîÉK=

çê=ìëÉ=íÜÉ=táåÇçïë=ÚoìåÛ=Åçãã~åÇ=~ë=ÑçääçïëW=

cêçã=íÜÉ=táåÇçïë=pí~êí=ãÉåìI=ëÉäÉÅí=íÜÉ=ÚoìåÛ=Åçãã~åÇK=

qÜáë=ïáää=çéÉå=íÜÉ=táåÇçïë=ÚoìåÛ=Çá~äçÖ=ÄçñK=

`äáÅâ= áå= íÜÉ= léÉå= ÑáÉäÇ= áå= íÜÉ= oìå= Çá~äçÖ= ÄçñI= íÜÉå= íóéÉ==
bWypÉíìé

ïÜÉêÉ= bWy= áë= íÜÉ= äçÅ~íáçå= çÑ= íÜÉ= pÉíìéKÉñÉ= ÑáäÉ= Eóçìê= `aÓolj=
ÇêáîÉFK=

`äáÅâ=çåÅÉ=çå=lhK=

fÑ= çåÉ= çÑ= íÜÉ= ~ÄçîÉ= éêçÅÉÇìêÉë= Ü~ë= ÄÉÉå= ëìÅÅÉëëÑìäI= ~ÑíÉê= ~= ÑÉï=
ëÉÅçåÇëI=óçì=ëÜçìäÇ=ëÉÉ=íÜÉ=tÉäÅçãÉ=Çá~äçÖ=ÄçñK=

`äáÅâ=çå=íÜÉ==kÉñí=[==ÄìííçåK=
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2.3  Registering Your Copy of CES EduPack 
qç=êÉÖáëíÉê=óçìê=Åçéó=çÑ=`bp=bÇìm~ÅâI=ÉåíÉê=íÜÉ=êÉäÉî~åí=ÇÉí~áäë=Ñçê=
óçìê= k~ãÉI= `çãé~åó= ~åÇ= êÉÖáëíê~íáçå= âÉóK= ^= k~ãÉ= áë= êÉèìáêÉÇK=
vçìê= êÉÖáëíê~íáçå= âÉó= áë= éêçîáÇÉÇ= çå= íÜÉ= iáÅÉåëÉ= ^ÖêÉÉãÉåí= Å~êÇ=
íÜ~í= ~ÅÅçãé~åáÉÇ= íÜÉ= ëçÑíï~êÉK= fÑ= óçì= Ü~îÉ= ~å= ÉåêçäãÉåí= Ä~ëÉÇ=
äáÅÉåëÉ=óçì=Çç=åçí=åÉÉÇ=íç=ÉåíÉê=íÜÉ=êÉÖáëíê~íáçå=âÉóK=

båíÉê=óçìê=k~ãÉ=~åÇ=`çãé~åó=ÇÉí~áäëK=

båíÉê= óçìê= êÉÖáëíê~íáçå= âÉó= EäçÅ~íÉÇ= çå= óçìê= iáÅÉåëÉ=
^ÖêÉÉãÉåí=Å~êÇF=Äó=íóéáåÖ=áí=áå=íÜÉ=ÑáÉäÇ=éêçîáÇÉÇK=

`äáÅâ=çåÅÉ=çå=íÜÉ= =kÉñí=[= =Äìííçå=íç=ÅçåÑáêã=íÜÉ=êÉÖáëíê~íáçå=
áåÑçêã~íáçå=~åÇ=ÅçåíáåìÉ=ïáíÜ=íÜÉ=ëÉíìé=éêçÅÉÇìêÉK=

qÜÉ=iáÅÉåëÉ=^ÖêÉÉãÉåí=ëÅêÉÉå=ïáää=~ééÉ~êK=qÜÉ=iáÅÉåëÉ=^ÖêÉÉãÉåí=
áë= ~= äÉÖ~ääó= ÄáåÇáåÖ= ~ÖêÉÉãÉåí= ÄÉíïÉÉå= óçì= ~åÇ= dê~åí~= aÉëáÖå=
iáãáíÉÇK=qÜÉ= ë~ãÉ=iáÅÉåëÉ=^ÖêÉÉãÉåí= íÉñí=~ééÉ~êë=çå= íÜÉ=iáÅÉåëÉ=
`~êÇK=cçê= Ú`ìëíçãÉêÛ=ÇÉí~áäëI= íÜÉ= ÚpáíÉÛ=~åÇ=~åó=ëéÉÅá~ä=ÅçåÇáíáçåëI=
éäÉ~ëÉ=ëÉÉ=íÜÉ=Ü~êÇ=Åçéó=iáÅÉåëÉ=`~êÇK=

fc=vlr=`if`h=lk=qeb==f=^ÖêÉÉ==_rqqlkI=vlr=^dobb=ql=_b=
_lrka= _v= qeb= qbojp= lc= qeb= if`bkpb= ^dobbjbkq= ^p=
pmb`fcfba=lk=qeb=if`bkpb=^dobbjbkq=p`obbk=^ka=lk=
qeb=if`bkpb=`^oaK=

låÅÉ= óçì= Ü~îÉ= êÉ~Ç= íÜÉ= äáÅÉåëÉ= ~ÖêÉÉãÉåíI= óçì= Å~å= éêçÅÉÉÇ=ïáíÜ=
áåëí~ääáåÖ=`bp=bÇìm~ÅâW=

`äáÅâ=çåÅÉ=çå=íÜÉ===f=^ÖêÉÉ==ÄìííçåI=áÑ=óçì=~ÖêÉÉ=íç=ÄÉ=ÄçìåÇ=Äó=
íÜÉ=íÉêãë=çÑ=íÜÉ=iáÅÉåëÉ=^ÖêÉÉãÉåíK=

2.4  Installation 
kÉñí= ëéÉÅáÑó= íÜÉ= íóéÉ=çÑ= áåëí~ää~íáçå= Eëí~åÇJ~äçåÉ=çê=åÉíïçêâF= ~åÇ=
ÉåíÉê=íÜÉ=äçÅ~íáçå=ïÜÉêÉ=íÜÉ=ëçÑíï~êÉ=áë=íç=ÄÉ=áåëí~ääÉÇK=

cçê= ëí~åÇJ~äçåÉ= áåëí~ää~íáçåI= çå= ~= ëáåÖäÉ= m`I= ÅäáÅâ= çå= íÜÉ=
Úpí~åÇ=^äçåÉÛ=ÄìííçåK= fÑ=óçì=ïáëÜ=íç= áåëí~ää= íÜÉ=ëçÑíï~êÉ=çå=~=
åÉíïçêâ=çÑ=m`ëI=ëÉäÉÅí=íÜÉ=ÚkÉíïçêâ=pÉêîÉêÛ=ÄìííçåK=
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qÜÉ=ÇÉÑ~ìäí=áåëí~ää~íáçå=äçÅ~íáçå=áë=~=ÇáêÉÅíçêó=å~ãÉÇ==
Ú`WymêçÖê~ã=cáäÉëy`bp=bÇìm~ÅâÛK=vçì=Çç=åçí=Ü~îÉ=íç=ÅêÉ~íÉ=íÜÉ=
ÇÉÑ~ìäí=ÇáêÉÅíçêó=ÄÉÑçêÉÜ~åÇI=íÜÉ=ëÉíìé=éêçÖê~ã=ïáää=ÅêÉ~íÉ=áí=Ñçê=
óçìK=

fÑ= óçì= ïáëÜ= íç= ÅÜ~åÖÉ= íÜÉ= ÇÉëíáå~íáçå= äçÅ~íáçå= Ñçê= óçìê= Åçéó= çÑ=
`bp=bÇìm~ÅâW=

`äáÅâ=çåÅÉ=çå=íÜÉ==_êçïëÉ==Äìííçå=çå=íÜÉ=Ú`ÜççëÉ=aÉëíáå~íáçå=
içÅ~íáçåÛ=Çá~äçÖ=ÄçñK=pÉäÉÅí=~=ÑçäÇÉê=áå=íÜÉ=ÚpÉäÉÅí=aÉëíáå~íáçå=
aáêÉÅíçêóÛ=Çá~äçÖ=~åÇ=íÜÉå=ÅäáÅâ=çåÅÉ=çå=lhK=

tÜÉå=óçì=~êÉ=Ü~ééó=ïáíÜ=íÜÉ=ÇÉëíáå~íáçåI=

`äáÅâ=çåÅÉ=çå=íÜÉ==kÉñí=[==ÄìííçåK=

qÜÉ=Ú`ÜççëÉ=a~í~Ä~ëÉëÛ=Çá~äçÖ=ïáää=~ééÉ~êK=qÜáë=ëÅêÉÉå=Éå~ÄäÉë=óçì=
íç= ÅÜççëÉ= ÄÉíïÉÉå= î~êáçìë= Ç~í~Ä~ëÉ= çéíáçåëW= Ñçê= Éñ~ãéäÉI= íÜÉ=
iÉîÉä=N=~åÇ=O=Ç~í~Ä~ëÉë=~êÉ=~î~áä~ÄäÉ=áå=cêÉåÅÜ=~ë=ïÉää=~ë=båÖäáëÜK=

`ÜççëÉ=íÜÉ=Ç~í~Ä~ëÉ=çéíáçå=óçì=ïáëÜ=íç=áåëí~ää=~åÇ=ÅäáÅâ=çåÅÉ=
çå=íÜÉ==kÉñí=[=ÄìííçåK=

vçì=ëÜçìäÇ=ëÉÉ=íÜÉ=pí~êí=fåëí~ää~íáçå=Çá~äçÖ=ÄçñK=

`äáÅâ=çå=íÜÉ==kÉñí=[==Äìííçå=áå=íÜáë=Çá~äçÖ=Äçñ=íç=éÉêÑçêã=íÜÉ=
áåëí~ää~íáçåK=

fÑ=óçì=ïáëÜ=íç=~äíÉê=~åó=çÑ=íÜÉ=áåëí~ää~íáçå=ëÉííáåÖëI=ÅäáÅâ=íÜÉ=`~åÅÉä=
Äìííçå=~åÇ=ÄÉÖáå=íÜÉ=áåëí~ää~íáçå=éêçÅÉëë=~Ö~áåK=

^= ÚíÜÉêãçãÉíÉêÛ= áåÇáÅ~íçê= ïáää= áåÑçêã= óçì= çÑ= íÜÉ= éêçÖêÉëë= çÑ= íÜÉ=
áåëí~ää~íáçåK=

tÜÉå=pÉíìé=Ü~ë=ÑáåáëÜÉÇI=~=Çá~äçÖ=Äçñ=ïáää=~ééÉ~ê=ïáíÜ=íÜÉ=ãÉëë~ÖÉ=
Ú`bp=bÇìm~Åâ=Ü~ë=ÄÉÉå=ëìÅÅÉëëÑìääó=áåëí~ääÉÇKÛ=

`äáÅâ=çå==lh==íç=Éñáí=íÜÉ=áåëí~ää~íáçå=éêçÖê~ãK=

qÜÉ=éêçÖê~ã=ïáää=êÉíìêå=Åçåíêçä=íç=táåÇçïëK=
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qÜÉ= áåëí~ää~íáçå= éêçÅÉëë= ïáää= ã~âÉ= ~= pí~êí= jÉåì= mêçÖê~ã= Öêçìé=
å~ãÉÇ= Ú`bp=bÇìm~ÅâÛI= ïÜáÅÜ= ïáää= Åçåí~áå= íÜÉ= áÅçåë= Ñçê= íÜÉ=
`bp=bÇìm~Åâ=ÅçãéçåÉåíëK=

qç=ÄÉÖáå=ìëáåÖ= íÜÉ=`bp=bÇìm~ÅâI= Öç= íç= íÜÉ=pí~êí=ãÉåì=[=^ää=
mêçÖê~ãë=[=`bp=bÇìm~ÅâK=

qç= ìåáåëí~ää= `bp=bÇìm~ÅâI= ìëÉ= ^ÇÇ= çê= oÉãçîÉ= mêçÖê~ãë= áå=
íÜÉ=`çåíêçä=m~åÉäK=

=

kçíÉ= íÜ~í= íÜÉ= `bp=`çåëíêìÅíçê= ëçÑíï~êÉ= áë= åçí= ~ìíçã~íáÅ~ääó=
ÇáëíêáÄìíÉÇ= ïáíÜ= ÉîÉêó= `bp=bÇìm~Åâ= ëóëíÉãK= fí= ïáää= çåäó= ÄÉ=
~î~áä~ÄäÉ=áÑ=óçì=Ü~îÉ=éìêÅÜ~ëÉÇ=~=êÉëÉ~êÅÜ=äáÅÉåëÉK=

=

2.5  Multiple Seat/User Installations 
qÜáë= ëÉÅíáçå= éêçîáÇÉë= áåÑçêã~íáçå= ~Äçìí= çéíáçåë= Ñçê= ãìäíáéäÉJ
ëÉ~íLìëÉê= EëíìÇÉåíF= áåëí~ää~íáçåë= çÑ= `bp=bÇìm~ÅâK= fí= ~ëëìãÉë= íÜ~í=
óçì= Ü~îÉ= ëçãÉ= ÉñéÉêáÉåÅÉ= ïáíÜ= ëÉííáåÖ= ìé=táåÇçïë= éêçÖê~ãë= íç=
êìå=çå=åÉíïçêâëK=

j~åó=ìåáîÉêëáíáÉë=ÇÉéäçó= Ú^ää=bÇáíáçåëÛ=çÑ= íÜÉ=`bp=bÇìm~Åâ=~Åêçëë=
íÜÉ=Å~ãéìë=åÉíïçêâK=fÑ=óçì=ïçìäÇ=äáâÉ=ÑìêíÜÉê=~ëëáëí~åÅÉ=ïáíÜ=íÜáëI=
éäÉ~ëÉ=Åçåí~Åí=dê~åí~=Eëìééçêí]Öê~åí~ÇÉëáÖåKÅçãFK=

jìäíáéäÉJëÉ~íLìëÉê= ÅçéáÉë= çÑ= `bp=bÇìm~Åâ= Å~å= ÄÉ= áåëí~ääÉÇ= áå= íïç=
éçëëáÄäÉ=ï~óëK=få=ÄçíÜ=Å~ëÉë=áí=áë=åÉÅÉëë~êó=íç=éÉêÑçêã=~å=áåëí~ää~íáçå=
çå=ÉîÉêó=ã~ÅÜáåÉ=çå=ïÜáÅÜ=íÜÉ=ëçÑíï~êÉ=áë=íç=ÄÉ=ìëÉÇK=

EáF= `bp=bÇìm~Åâ=Å~å=ÄÉ= áåëí~ääÉÇ= áåÇáîáÇì~ääó=çå= íÜÉ=Ü~êÇ=Çáëâ=
ÇêáîÉ= çÑ= ÉîÉêó=ã~ÅÜáåÉ= çå=ïÜáÅÜ= áí=ïáää= ÄÉ= ìëÉÇI= áKÉK= äáâÉ= ~=
ëáåÖäÉJìëÉê= áåëí~ää~íáçåK= få= íÜáë= Å~ëÉI= óçì= ëÜçìäÇ= Ñçääçï= íÜÉ=
áåëí~ää~íáçå= áåëíêìÅíáçåë= ÇÉëÅêáÄÉÇ= áå= íÜÉ= éêÉîáçìë= ëÉÅíáçåëI=
~åÇ=áåëí~ää=íÜÉ=ëçÑíï~êÉ=áåíç=~=ÑçäÇÉê=çå=íÜÉ=äçÅ~ä=Ü~êÇ=ÇáëâK=
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EááF= qÜÉ=ëçÑíï~êÉ=Å~å=ÄÉ=áåëí~ääÉÇ=áå=~=ÑçäÇÉê=çå=~=åÉíïçêâ=ÇêáîÉK=
få= íÜáë= Å~ëÉI= óçì= ëÜçìäÇ= Ñçääçï= íÜÉ= áåëí~ää~íáçå= áåëíêìÅíáçåë=
ÇÉëÅêáÄÉÇ= áå= íÜÉ= éêÉîáçìë= ëÉÅíáçåëI= Äìí= áåëí~ää= íÜÉ= ëçÑíï~êÉ=
áåíç=~=ÑçäÇÉê=çå=~=åÉíïçêâ=ÇêáîÉ=íÜ~í=áë=êÉ~ÇJ~ÅÅÉëëáÄäÉ=íç=~ää=
m`ë=çå=íÜÉ=åÉíïçêâK=qÜÉ=åÉíëÉíìé=éêçÖê~ã=Å~å=íÜÉå=ÄÉ=êìå=
çå= É~ÅÜ= m`= çå= íÜÉ= åÉíïçêâ= íç= áåëí~ää= íÜÉ= êÉäÉî~åí= ÚÅäáÉåíÛ=
ÅçãéçåÉåíë=çÑ=íÜÉ=ëçÑíï~êÉK=

få=ÄçíÜ=Å~ëÉëI=ìëÉêë=ïáää=êÉèìáêÉ=ëçãÉ=ÑáäÉ=ëé~ÅÉ=ïáíÜ=ÚïêáíÉÛ=~ÅÅÉëëI=
Ñçê=ë~îáåÖ=`bp=bÇìm~Åâ=çìíéìí=~åÇ=éêçàÉÅí=ÑáäÉëK=

2.5.1  Example  

vçì=~êÉ=~å=ÉÇìÅ~íáçå~ä=ìëÉê=~åÇ=Ü~îÉ=éìêÅÜ~ëÉÇ=~=ä~Ä=äáÅÉåëÉK=^ää=çÑ=
íÜÉ=OM=m`ë=áå=íÜÉ= ä~Ä=~êÉ=åÉíïçêâÉÇ=íç=~=ÑáäÉ=ëÉêîÉêK=qÜÉ=Ü~êÇ=Çáëâ=
ÇêáîÉ=çÑ= É~ÅÜ=m`= áë= íÜÉ= = Ú`Û= =ÇêáîÉK=qÜÉ=åÉíïçêâ=ÇêáîÉ= = ÚcÛ= = Å~å=ÄÉ=
êÉ~Ç=Äó=íÜÉ=åÉíïçêâÉÇ=m`ëK=låäó=íÜÉ=ëóëíÉã=~Çãáåáëíê~íçê=Ü~ë=ïêáíÉ=
~ÅÅÉëë=íç=íÜáë=ÇêáîÉK=

qÜÉ= ëóëíÉã=~Çãáåáëíê~íçê= êìåë= íÜÉ= ëÉíìé=éêçÖê~ã=~åÇ=éÉêÑçêãë=~=
åÉíïçêâ= áåëí~ää~íáçå=íç=íÜÉ= ÑçäÇÉê= = ÚcWy`bp=pÉäÉÅíçêÛK=qÜÉå=çå=É~ÅÜ=
çÑ= íÜÉ= OM= m`ë= áå= íÜÉ= åÉíïçêâI= íÜÉ= ~Çãáåáëíê~íçê= êìåë= íÜÉ=
åÉíëÉíìéKÉñÉ=éêçÖê~ã=ÚcWy`bp=pÉäÉÅíçêyåÉíëÉíìéKÉñÉÛK=qÜáë=ïáää=áåëí~ää=
éêçÖê~ã=ÑáäÉë=~åÇ=ÇääÛë=íç=íÜÉ=äçÅ~ä=ã~ÅÜáåÉI=Äìí=íÜÉ=Ç~í~Ä~ëÉ=ïáää=ÄÉ=
~ÅÅÉëëÉÇ=Ñêçã=íÜÉ=ëÉêîÉê=äçÅ~íáçåK=

^=ìëÉê=çÑ=`bp=bÇìm~Åâ=~í=çåÉ=çÑ=íÜÉ=åÉíïçêâÉÇ=m`ë=ãìëí=Ü~îÉ=êÉ~Ç=
éÉêãáëëáçå=Ñçê=íÜÉ==c==ÇêáîÉ=~åÇ=ïêáíÉ=éÉêãáëëáçå=íç=~=ÑçäÇÉê=çå=íÜÉ=
åÉíïçêâ= çê= çå= íÜÉ= m`= íÜÉó= ~êÉ= ÅìêêÉåíäó= ìëáåÖI= Ñçê= çìíéìí= çÑ=
`bp=bÇìm~Åâ=ÑáäÉë=EÉKÖK=`WyrëÉêëFK=

kçíÉW=`bp=bÇìm~Åâ=êÉèìáêÉë=ÅÉêí~áå= ëóëíÉã= äáÄê~êáÉë= EÇääÛëF= íç= êìåK=
fÑ= ~= Åçãé~íáÄäÉ= îÉêëáçå= çÑ= íÜÉëÉ= ÑáäÉë= áë= åçí= ÑçìåÇ= çå= íÜÉ= ìëÉêÛë=
ã~ÅÜáåÉI=~åÇ=íÜÉ=ã~ÅÜáåÉ= áë=êìååáåÖ=táåÇçïë=kqI=íÜÉå=íÜÉ=ìëÉê=
ïáää= åÉÉÇ= íç=Ü~îÉ=^Çãáåáëíê~íçê= êáÖÜíë= íç= áåëí~ää= íÜÉ= ëçÑíï~êÉ=Ó=çê=
íÜÉ=áåëí~ää~íáçå=ã~ó=Ñ~áäK=

=





 

Chapter 3  Teaching Materials 

3.1  Introduction: Teaching Materials to Students 
of Engineering, Science, and Design 
qÜÉêÉ= ~êÉ= íïç= ã~áå= ~ééêç~ÅÜÉë= íç= íÉ~ÅÜáåÖ= ã~íÉêá~äëK= qÜÉ=
íê~Çáíáçå~ä= ëÅáÉåÅÉJÇêáîÉå= ~ééêç~ÅÜI= íÜ~í= ëí~êíë= ~í= íÜÉ= ~íçã= ~åÇ=
Öê~Çì~ääó= ÄìáäÇë= ìé= ~å= ìåÇÉêëí~åÇáåÖ= çÑ= íÜÉ= ëíêìÅíìêÉ= ~åÇ=
éÉêÑçêã~åÅÉ= çÑ= ~= ã~íÉêá~ä= ÄÉÑçêÉ= ~ééäóáåÖ= áí= íç= ~= ÇÉëáÖåK= qÜÉ=
áåîÉêëÉ= çÑ= íÜáë= áë= íÜÉ= ÇÉëáÖåJÇêáîÉå= ~ééêç~ÅÜK= qÜáë= ëí~êíë= ïáíÜ= ~=
ÇÉëáÖåI= íÜÉ= ëéÉÅáÑáÅ~íáçå= çÑ= ÇÉëáÖå= êÉèìáêÉãÉåíë= ~åÇ= íÜÉ=
áÇÉåíáÑáÅ~íáçå= çÑ= Å~åÇáÇ~íÉ= ã~íÉêá~äëI= ÄÉÑçêÉ= ÇêáääáåÖJÇçïå= íç= íÜÉ=
ìåÇÉêäóáåÖ=ëíêìÅíìêÉ=~åÇ=ëÅáÉåÅÉ=çÑ=íÜÉ=ã~íÉêá~ä=EëÉÉ=cáÖìêÉ=PJNFK=

 

=

cáÖìêÉ=PJNK=qïç=~äíÉêå~íáîÉ=~ééêç~ÅÜÉë=EëáãéäáÑáÉÇF=íç=íÜÉ=íÉ~ÅÜáåÖ=çÑ=ã~íÉêá~äë=

`bp=bÇìm~Åâ=áë=~ÄäÉ=íç=ëìééçêí=ÄçíÜ=çÑ=íÜÉëÉ=íÉ~ÅÜáåÖ=~ééêç~ÅÜÉëK=
få= íÜÉ=ÇÉëáÖåJÇêáîÉå=Å~ëÉI= Ñçê=Éñ~ãéäÉI= íÜÉ=ëíìÇÉåí=Å~å=ÇêáääJÇçïå=
íç= íÜÉ= ìåÇÉêäóáåÖ= ëÅáÉåÅÉ= çÑ= ~= ã~íÉêá~ä= íç= ìåÇÉêëí~åÇ= ïÜó= ~=
é~êíáÅìä~ê=ã~íÉêá~ä= áë= ëìáí~ÄäÉ= Ñçê= íÜÉáê= ~ééäáÅ~íáçåK= få= íÜÉ= ëÅáÉåÅÉJ
ÇêáîÉå= Å~ëÉI= íÜÉ= bÇìm~Åâ= Å~å= ÄÉ= ìëÉÇ= íç= ÇÉãçåëíê~íÉ= ïÜ~í= íÜÉ=
ëÅáÉåÅÉ= ãÉ~åë= áå= íÉêãë= çÑ= ã~íÉêá~ä= éÉêÑçêã~åÅÉK= cçê= Éñ~ãéäÉI= ~=
éäçí=çÑ=ã~íÉêá~äë=éêçéÉêíáÉë=EÉKÖK=vçìåÖÛë=ãçÇìäìë=îëK=ÇÉåëáíóF=Å~å=
ÄÉ= ìëÉÇ= íç= ëÜçï= Üçï=ã~íÉêá~äë= ïáíÜ= ÇáÑÑÉêÉåí= ÄçåÇ= íóéÉë= çÅÅìéó=
ÇáÑÑÉêÉåí=~êÉ~ë=áå=íÜÉ=éêçéÉêíó=ëé~ÅÉK=
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få= ~ÇÇáíáçåI= `bp= bÇìm~Åâ= ÅçãéäÉãÉåíë= ~= ê~åÖÉ= çÑ= íÉ~ÅÜáåÖ=
ãÉíÜçÇëI= áåÅäìÇáåÖW= Åä~ëëêççãJÄ~ëÉÇI= éêçàÉÅíJÄ~ëÉÇI= éêçÄäÉãJ
Ä~ëÉÇI= ~åÇ= ëÉäÑJíÉ~ÅÜáåÖ= íÉÅÜåáèìÉëK= qÜáë= äÉîÉä= çÑ= ÑäÉñáÄáäáíó= Ü~ë=
êÉëìäíÉÇ=áå=ã~åó=ìåáîÉêëáíáÉë=~åÇ=ÅçääÉÖÉë=ìëáåÖ=íÜÉ=`bp=bÇìm~Åâ=~ë=
~=ÅÉåíê~ä=êÉëçìêÅÉ=Ñçê=~ää=íÜÉáê=ã~íÉêá~äë=íÉ~ÅÜáåÖK=

3.2  The CES EduPack Teaching Resources 
qÜÉ=`bp=bÇìm~Åâ=Åçåëáëíë=çÑ=íÜÉ=ÑçääçïáåÖ=ÅçãéçåÉåíëW=

EáF= `bp=bÇìm~Åâ=pçÑíï~êÉI=ïáíÜ=~=ê~åÖÉ=çÑ=äáÅÉåëáåÖ=çéíáçåëK=

EááF= ^= ëìáíÉ=çÑ=Ç~í~Ä~ëÉëI= ëé~ååáåÖ= íÜêÉÉ= äÉîÉäëW=iÉîÉä=NI= ëìáí~ÄäÉ=
Ñçê=~å=áåíêçÇìÅíçêó=EÉKÖK=Ñáêëí=óÉ~êF=ÅçìêëÉI=iÉîÉä=OI=éêçîáÇáåÖ=
ãçêÉ= áåÑçêã~íáçåI= Äìí= äáãáíÉÇ= íç= êÉÅçêÇë= Ñçê= íÜÉ= ãçêÉ=
Åçããçå= ã~íÉêá~äë= ~åÇ= éêçÅÉëëÉëI= ~åÇ= iÉîÉä=PI= ~= ê~åÖÉ= çÑ=
ëéÉÅá~äáëí= Ç~í~Ä~ëÉë= ~ääçïáåÖ= ÅçãéêÉÜÉåëáîÉ= éêçàÉÅíë= ~åÇ=
êÉ~äJäáÑÉ=ã~íÉêá~äë=ëÉäÉÅíáçå=ëíìÇáÉëK==

EáááF= ^= ê~åÖÉ= çÑ= ëìééçêíáåÖ= íÉñíëI= Ñçê= Éñ~ãéäÉI= Új~íÉêá~äëW=
båÖáåÉÉêáåÖI= pÅáÉåÅÉI= mêçÅÉëëáåÖ= ~åÇ= aÉëáÖåÛ= ^ëÜÄóI= jK=
pÜÉêÅäáÑÑI= eK= ~åÇ= `ÉÄçåI= aK= E_ìííÉêïçêíÜ= eÉáåÉã~ååI=
lñÑçêÇI=OMMTFK=

EáîF= fåJÇÉéíÜ=ëÅáÉåÅÉ=åçíÉë=Éñéä~áåáåÖ= íÜÉ=ìåÇÉêäóáåÖ= ëÅáÉåÅÉ=çÑ=
ã~íÉêá~äë=~åÇ=éêçéÉêíáÉëK=qÜÉëÉ=~äëç=éêçîáÇÉ=êÉÑÉêÉåÅÉë= íç=~=
Äêç~Ç=ê~åÖÉ=çÑ=ëí~åÇ~êÇ=ã~íÉêá~äë=íÉñíëK=

EîF= ^= ëÉí= çÑ= tÜáíÉ= m~éÉêë= ~åÇ= êÉëçìêÅÉ= Äççâë= ïáíÜ= ~ÇîáÅÉI=
äÉÅíìêÉëI= éêçàÉÅíëI= ÉñÉêÅáëÉëI= ~åÇ= Ü~åÇçìíëK= qÜÉëÉ= ~êÉ=
~î~áä~ÄäÉ=íç=Ççïåäç~Ç=ÑêçãW=
ÜííéWLLïïïKÖê~åí~ÇÉëáÖåKÅçãLìëÉê~êÉ~LíÉ~ÅÜáåÖêÉëçìêÅÉL=
EiçÖáå= êÉèìáêÉÇ= Ó= íÜÉ= é~ëëïçêÇ= áë= éêçîáÇÉÇ= áå= íÜÉ= ÅçîÉê=
äÉííÉê=Ñçê=óçìê=bÇìm~Åâ=ëÜáéãÉåíI=çê=~î~áä~ÄäÉ=Äó=Åçåí~ÅíáåÖ=
dê~åí~=aÉëáÖåKF=

cçê=íÜÉ=ä~íÉëí=áåÑçêã~íáçåI=éäÉ~ëÉ=ëÉÉW=

ÜííéWLLïïïKÖê~åí~ÇÉëáÖåKÅçãLÉÇìÅ~íáçåL=



 

Chapter 4  CES EduPack Databases 

4.1  The EduPack Materials Data Tables for 
Education 
j~íÉêá~äë= áåÑçêã~íáçå= áë= ëíçêÉÇ= ~í= íÜêÉÉ= äÉîÉäë= çÑ= ÅçîÉê~ÖÉ= ~åÇ=
ÇÉí~áäI= ëìãã~êáòÉÇ= áå= q~ÄäÉ=QJNK= iÉîÉä=N= áë= ~Ç~éíÉÇ= íç= ~å=
áåíêçÇìÅíçêó= ã~íÉêá~äë= ÅçìêëÉI= iÉîÉä=O= íç= ~å= áåíÉêãÉÇá~íÉ= ÅçìêëÉI=
~åÇ=iÉîÉä=P=íç=~Çî~åÅÉÇ=~åÇ=éêçÑÉëëáçå~ä=íÉ~ÅÜáåÖ=~åÇ=íê~áåáåÖK=

=

= j~íÉêá~ä=ÅçîÉê~ÖÉ= k~íìêÉ=çÑ=ÅçåíÉåí=

iÉîÉä=N= ^êçìåÇ=TM=çÑ=íÜÉ=ãçëí=ïáÇÉäó=

ìëÉÇ=ã~íÉêá~äë=Çê~ïå=Ñêçã=íÜÉ=

Åä~ëëÉëW=ãÉí~äëI=éçäóãÉêëI=

ÅÉê~ãáÅëI=ÅçãéçëáíÉëI=Ñç~ãë=~åÇ=

å~íìê~ä=ã~íÉêá~äëK=

^êçìåÇ=TM=çÑ=íÜÉ=ãçëí=ïáÇÉäó=

ìëÉÇ=éêçÅÉëëÉëK=

^=ÇÉëÅêáéíáçåI=~å=áã~ÖÉ=çÑ=íÜÉ=

ã~íÉêá~ä=áå=~=Ñ~ãáäá~ê=éêçÇìÅíI=

íóéáÅ~ä=~ééäáÅ~íáçåëI=~åÇ=äáãáíÉÇ=

Ç~í~=Ñçê=ãÉÅÜ~åáÅ~äI=íÜÉêã~ä=~åÇ=

ÉäÉÅíêáÅ~ä=éêçéÉêíáÉëI=ìëáåÖ=

ê~åâáåÖë=ïÜÉêÉ=~ééêçéêá~íÉK=

iÉîÉä=O= ^êçìåÇ=NMM=çÑ=íÜÉ=ãçëí=ïáÇÉäó=

ìëÉÇ=ã~íÉêá~äëK=

^êçìåÇ=NNM=çÑ=íÜÉ=ãçëí=

Åçããçåäó=ìëÉÇ=éêçÅÉëëÉëK=

^ää=íÜÉ=ÅçåíÉåí=çÑ=iÉîÉä=NI=

ëìééäÉãÉåíÉÇ=Äó=ãçêÉ=ÉñíÉåëáîÉ=

åìãÉêáÅ~ä=Ç~í~I=ÇÉëáÖå=

ÖìáÇÉäáåÉëI=ÉÅçäçÖáÅ~ä=éêçéÉêíáÉëI=

~åÇ=íÉÅÜåáÅ~ä=åçíÉëK=

iÉîÉä=P= qÜÉ=ÅçêÉ=Ç~í~Ä~ëÉ=Åçåí~áåë=ãçêÉ=

íÜ~å=PIMMM=ã~íÉêá~äëI=áåÅäìÇáåÖ=

íÜçëÉ=áå=iÉîÉäë=N=~åÇ=OK=

péÉÅá~äáëí=ÉÇáíáçåë=ÅçîÉêáåÖ=

~Éêçëé~ÅÉI=éçäóãÉêëI=

~êÅÜáíÉÅíìêÉI=ÄáçJã~íÉêá~äëI=~åÇ=

ÉÅçJÇÉëáÖå=~êÉ=~äëç=~î~áä~ÄäÉK=

bñíÉåëáîÉ=åìãÉêáÅ~ä=Ç~í~=Ñçê=~ää=

ã~íÉêá~äëI=~ääçïáåÖ=íÜÉ=Ñìää=

éçïÉê=çÑ=íÜÉ=`bp=ëÉäÉÅíáçå=

ëóëíÉã=íç=ÄÉ=ÇÉéäçóÉÇK=

q~ÄäÉ=QJNK= qÜÉ=ÅçîÉê~ÖÉ=~åÇ=ÅçåíÉåí=çÑ=íÜÉ=íÜêÉÉ=äÉîÉäë=çÑ=Ç~í~Ä~ëÉ=
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iÉîÉä=N= Åçåí~áåë= êÉÅçêÇë= Ñçê= ~êçìåÇ= TM= çÑ= íÜÉ= ãçëí= ïáÇÉäó= ìëÉÇ=
ã~íÉêá~ä= Åä~ëëÉëK= oÉÅçêÇë= ~í= iÉîÉä=O= Åçåí~áå= ~ää= íÜÉ= áåÑçêã~íáçå=
éêÉëÉåíÉÇ= ~í= iÉîÉä=N= Ñçê= ~êçìåÇ= NMM= çÑ= íÜÉ= ãçëí= ïáÇÉäó= ìëÉÇ=
ã~íÉêá~äëI= ~ìÖãÉåíÉÇ= ïáíÜ= ~ÇÇáíáçå~ä= åìãÉêáÅ= Ç~í~= ~åÇ= íÉñí= Ñçê=
ÇÉëáÖå= ÖìáÇÉäáåÉëI= ÉÅçäçÖáÅ~ä= éêçéÉêíáÉëI= ~åÇ= íÉÅÜåáÅ~ä= åçíÉëK=
iÉîÉä=PI=ïáíÜ=î~ëíäó=ÖêÉ~íÉê=ã~íÉêá~ä=ÅçîÉê~ÖÉI=äáëíë=ÇÉí~áäÉÇ=åìãÉêáÅ=
éêçéÉêíáÉë=~åÇ=ê~åâáåÖë=Ñçê=çîÉê=PIMMM=ã~íÉêá~äëK=

qÜÉ=í~ñçåçãó=çÑ=íÜÉ=Ç~í~Ä~ëÉ=Ñçääçïë=íÜÉ=ÜáÉê~êÅÜáÅ~ä=ëíêìÅíìêÉ=çÑ=
cáÖìêÉ=QJNK=qÜáë= áë= É~ëáäó=ìåÇÉêëíççÇI= Å~å=ÄÉ= äáãáíÉÇ= áåáíá~ääó= íç=TM=
çê= ëç= “ÅçããçÇáíóÒ= Åä~ëëÉë= çÑ= ã~íÉêá~äë= E~ë= áí= áë= áå= iÉîÉä=NFI= çê=
Éñé~åÇÉÇ= íç= áåÅäìÇÉ= íÜÉ= Ñìää= éçêíÑçäáç= çÑ= çîÉê= PIMMM= ãÉãÄÉêë=
EiÉîÉä=PFK=

Kingdom

Materials
data-table

KingdomKingdom

Materials
data-table

Materials
data-table

Family

• Ceramics
& glasses

• Metals 
& alloys

• Polymers 
& elastomers

• Hybrids

Family

• Ceramics
& glasses

• Metals 
& alloys

• Polymers 
& elastomers

• Hybrids

Class

Steels

Cu-alloys

Al-alloys

Ti-alloys

Ni-alloys

Zn-alloys

Class

Steels

Cu-alloys

Al-alloys

Ti-alloys

Ni-alloys

Zn-alloys

ClassClass

Steels

Cu-alloys

Al-alloys

Ti-alloys

Ni-alloys

Zn-alloys

Member

1000
2000
3000
4000
5000
6000
7000
8000

Member

1000
2000
3000
4000
5000
6000
7000
8000

MemberMember

1000
2000
3000
4000
5000
6000
7000
8000

Material records

Attributes

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Material records

Attributes

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Material records

AttributesAttributes

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6463
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6060
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

Al 6061
Density
Mechanical props.
Thermal props.
Electrical props.
Optical props.
Corrosion props.
Documentation
-- specific
-- general

=

cáÖìêÉ=QJNK= qÜÉ=í~ñçåçãó=çÑ=íÜÉ=j^qbof^irkfsbopb=~ë=ìëÉÇ=áå=íÜÉ=Ç~í~Ä~ëÉ=
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`Ü~éíÉê=RI= bñÉêÅáëÉ=P= ëÜçïë= ~= íóéáÅ~ä= iÉîÉä= N= êÉÅçêÇX= áí= áë= Ñçê=
mçäóéêçéóäÉåÉI= mmK= fí= ëí~êíë=ïáíÜ= ~= ÇÉëÅêáéíáçå= ~åÇ= ~å= áã~ÖÉ= çÑ= ~=
éêçÇìÅí= Åçåí~áåáåÖ= íÜÉ= ã~íÉêá~ä= Ó= ~= ÖççÇ= ï~ó= çÑ= Çáëéä~óáåÖ= áíë=
ÅÜ~ê~ÅíÉêáëíáÅëK=qÜÉ=åìãÉêáÅ=~ííêáÄìíÉë=íÜ~í=ÅçãÉ=åÉñí=~êÉ=ÇÉëÅêáÄÉÇ=
Äó= ê~åÖÉë= ëé~ååáåÖ= íÜÉáê= ëéêÉ~ÇK= bäÉÅíêáÅ~ä= êÉëáëí~åÅÉ= ~åÇ= çéíáÅ~ä=
íê~åëé~êÉåÅó= ~êÉ= ÖáîÉå= ~ë= ~= ê~åâáåÖ= E“ÖççÇ= çê= éççê= ÅçåÇìÅíçê= çê=
áåëìä~íçêÒI= Ñçê= áåëí~åÅÉFI= ÄÉÅ~ìëÉ= íÜáë= áë= É~ëáÉê= íç= ìåÇÉêëí~åÇ= ~åÇ=
ìëÉ= íÜ~å= ~= åìãÉêáÅ= î~äìÉ= Ñçê= êÉëáëíáîáíó= çê= íê~åëé~êÉåÅó= EåìãÉêáÅ=
î~äìÉë=~êÉ=ÖáîÉå=~í=iÉîÉäë=O=~åÇ=PFK=qÜÉ=êÉÅçêÇ=ÅçåÅäìÇÉë=ïáíÜ=~=äáëí=
çÑ=~ééäáÅ~íáçåëK=

b~ÅÜ=ã~íÉêá~ä=êÉÅçêÇ=áë=äáåâÉÇ=íç=êÉÅçêÇë=áå=çíÜÉê=`bp=bÇìm~Åâ=Ç~í~=
í~ÄäÉëW= mêçÅÉëëÉëX= oÉÑÉêÉåÅÉëI= mêçÇìÅÉêëI= ~åÇ= ëç= ÑçêíÜK= qÜÉëÉ= äáåâë=
Å~å=ÄÉ=ìëÉÇ=~ë=é~êí=çÑ= íÜÉ= ëÉäÉÅíáçå=éêçÅÉëëW= óçì= Å~åI= Ñçê= Éñ~ãéäÉ=
ëÉäÉÅí=ã~íÉêá~äë=íÜ~í=Å~å=ÄÉ=ÑçêãÉÇ=Äó=~=é~êíáÅìä~ê=éêçÅÉëë=ìëáåÖ=íÜÉ=
äáåâë=íç=íÜÉ=mêçÅÉëë=í~ÄäÉëK=

^ää= íÜÉ= êÉÅçêÇë= ~êÉ= ÅçãéäÉíÉK= tÜÉêÉ= Ç~í~= ~êÉ= åçí= ~î~áä~ÄäÉI=
ëçéÜáëíáÅ~íÉÇ=Éëíáã~íáçå=ãÉíÜçÇë=Ü~îÉ=ÄÉÉå=ìëÉÇ=íç=Äê~ÅâÉí=íÜÉãI=
~ääçïáåÖ=ÇÉëáÖå=ÅçåÅÉéíë=íç=ÄÉ=ÉñéäçêÉÇ=ÉîÉå=ïÜÉå=Ç~í~=~êÉ=ëé~êëÉK=

=

=
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4.2  The EduPack Process Data Tables for 
Education 

4.2.1  Contents of the Shaping Data Table 

`Ü~éíÉê=RI= bñÉêÅáëÉ=P= éêÉëÉåíë= ~= íóéáÅ~ä= êÉÅçêÇ= Ñêçã= íÜÉ= iÉîÉä=N=
pÜ~éáåÖ= mêçÅÉëë= q~ÄäÉW= = áí= áë= Ñçê= ÚfåàÉÅíáçå=ãçäÇáåÖÛK= ^= ëÅÜÉã~íáÅ=
~åÇ= ~= ëÜçêí= ÇÉëÅêáéíáçå= áääìëíê~íÉ= Üçï= íÜÉ= éêçÅÉëë= ïçêâëK= qÜáë= áë=
ÑçääçïÉÇ= Äó= ~= äáëíáåÖ= çÑ= åìãÉêáÅ= ~ííêáÄìíÉëI= ëíçêÉÇ= ~ë= ê~åÖÉë=
áåÇáÅ~íáåÖ= íÜÉ= ê~åÖÉ= çÑ= Å~é~Äáäáíó= çÑ= íÜÉ= éêçÅÉëëK= bÅçåçãáÅ=
~ííêáÄìíÉë= ~êÉ= ÅÜ~ê~ÅíÉêáòÉÇ= Äó= ê~åâáåÖë= “äçïÒI= “ãÉÇáìãÒI= “ÜáÖÜÒ=
çê=^I=_I=`K=qÜÉ=ëÜ~éÉJÅä~ëëÉë=íÜ~í=íÜÉ=éêçÅÉëë=Å~å=ã~âÉ=~êÉ=äáëíÉÇ=~ë=
içÖáÅ~ä= éêçéÉêíáÉëK= qÜÉ= êÉÅçêÇ= ~äëç= áåÅäìÇÉë= ~= äçí= çÑ= íÉñí=
áåÑçêã~íáçåK=

iáåâë=íç=íÜÉ=j~íÉêá~ä=Ç~í~=í~ÄäÉë=Éå~ÄäÉ=ëÉäÉÅíáçå=çÑ=éêçÅÉëëÉë=çå=íÜÉ=
Ä~ëáë=çÑ= íÜÉ=ã~íÉêá~äë= íÜÉó=Å~å= ÑçêãK=iáåâë= íç= íÜÉ=oÉÑÉêÉåÅÉë= í~ÄäÉ=
éêçîáÇÉë= ëçìêÅÉë= çÑ= Ç~í~= ~åÇ= ÑìêíÜÉê= áåÑçêã~íáçåW= ÉëëÉåíá~ä= áå=
êÉ~ÅÜáåÖ=~=Ñáå~ä=ëÉäÉÅíáçåK=

iÉîÉä= O= ëÜ~éáåÖ= êÉÅçêÇë= Åçåí~áå= ~ää= íÜÉ= áåÑçêã~íáçå= ëÜçïå= ~í=
iÉîÉä=NI= ëìééäÉãÉåíÉÇ= Äó= ~ÇÇáíáçå~ä= Ç~í~I= ÇÉëáÖå= ÖìáÇÉäáåÉëI=
íÉÅÜåáÅ~äI= ~åÇ= ÉåîáêçåãÉåí~ä= åçíÉëK= ^í= iÉîÉä=P= íÜÉ= åìãÄÉê= çÑ=
ëÜ~éáåÖ=êÉÅçêÇë=áåÅêÉ~ëÉë=Ñêçã=PM=íç=NPNK=

4.2.2  Contents of the Joining Data Table 

cáÖìêÉ=QJO=éêÉëÉåíë=~=íóéáÅ~ä=êÉÅçêÇ=Ñêçã=íÜÉ=iÉîÉä=O=gçáåáåÖ=mêçÅÉëë=
q~ÄäÉW= áí= áë= Ñçê= Úd~ë= íìåÖëíÉå=~êÅ=EqfdF=ïÉäÇáåÖÛK=qÜÉ= ä~óçìí= áë= íÜÉ=
ë~ãÉ=~ë=íÜ~í=Ñçê=pÜ~éáåÖK=^ë=ÄÉÑçêÉI=iÉîÉä=O=éêçîáÇÉë=ãçêÉ=ÇÉí~áä=Ñçê=
íÜÉ=êÉÅçêÇë=çÑ=iÉîÉä=NX=iÉîÉä=P=Éñé~åÇë=íÜÉ=åìãÄÉê=çÑ=êÉÅçêÇë=Ñêçã=
OP=íç=RP=êÉÅçêÇëK=
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=

cáÖìêÉ=QJOK= m~êí=çÑ=~=íóéáÅ~ä=êÉÅçêÇ=Ñêçã=íÜÉ=iÉîÉä=O=gçáåáåÖ=mêçÅÉëë=q~ÄäÉ=

=
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4.2.3  Contents of the Surface Treatment Data Table 

cáÖìêÉ=QJP= áë= ~= íóéáÅ~ä= êÉÅçêÇ= Ñêçã= íÜÉ= iÉîÉä= O= pìêÑ~ÅÉ= qêÉ~íãÉåí=
q~ÄäÉW=áí=áë=Ñçê=ÚmçäóãÉê=éçïÇÉê=Åç~íáåÖÛK=qÜÉ=ä~óçìí=áë=íÜÉ=ë~ãÉ=~ë=
íÜ~í= Ñçê= pÜ~éáåÖ= ~åÇ= gçáåáåÖK= ^ë= ÄÉÑçêÉI= iÉîÉä=O= éêçîáÇÉë= ãçêÉ=
ÇÉí~áä= Ñçê= íÜÉ= êÉÅçêÇë= çÑ= iÉîÉä=NX= iÉîÉä=P= Éñé~åÇë= íÜÉ= åìãÄÉê= çÑ=
êÉÅçêÇë=Ñêçã=OQ=íç=QS=êÉÅçêÇëK=

=

cáÖìêÉ=QJPK= m~êí=çÑ=~=íóéáÅ~ä=êÉÅçêÇ=Ñêçã=íÜÉ=iÉîÉä=O=pìêÑ~ÅÉ=qêÉ~íãÉåí=q~ÄäÉ=
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4.3  Use of the Database 
qÜÉ= Ç~í~Jí~ÄäÉë= ~åÇ= ëÉäÉÅíáçå= ÉåÖáåÉ= çÑ= íÜÉ= `bp=bÇìm~Åâ= ~êÉ=
ÇÉëáÖåÉÇ=íç=~ääçï=ÖêÉ~í=ÑêÉÉÇçã=áå=íÜÉ=ï~ó=áí=áë=ìëÉÇK=

qÜÉ=_êçïëÉ= ~åÇ=pÉ~êÅÜ= ÑìåÅíáçåë= áå= íÜÉ= ëçÑíï~êÉ= Å~å= ÄÉ= ìëÉÇ= íç=
ÉñéäçêÉ= íÜÉ= ïçêäÇ= çÑ=ã~íÉêá~äë= ~åÇ= éêçÅÉëëÉëK= qÜÉ= ÇÉëÅêáéíáçåë= áå=
íÜÉ= Ç~í~Ä~ëÉ= éêçîáÇÉ= ìëÉÑìä= èì~äáí~íáîÉ= âåçïäÉÇÖÉK= qÜÉ= ã~íÉêá~ä=
éêçéÉêíáÉë= Å~å= ÄÉ= ìëÉÇ= îÉêó= ÉÑÑÉÅíáîÉäó= ~ë= ~= êÉëçìêÅÉ= Ñçê= çíÜÉê=
ëìÄàÉÅíëW= ëíêìÅíìê~ä= ÉåÖáåÉÉêáåÖ= çê= ÜÉ~í= íê~åëÑÉê= Å~äÅìä~íáçåë= Ñçê=
Éñ~ãéäÉK= m~êíáÅìä~ê= ìíáäáíó= Å~å= ÄÉ= çÄí~áåÉÇ= Äó= ÑçääçïáåÖ= íÜÉ= äáåâë=
ÄÉíïÉÉå= êÉÅçêÇë= áå= íÜÉ=Ç~í~Ä~ëÉKKK= cçê= Éñ~ãéäÉI= íç= ÑáåÇ=çìí=ïÜáÅÜ=
éêçÅÉëëÉë= Å~å= ÄÉ= ìëÉÇ= íç= ëÜ~éÉ= ~= é~êíáÅìä~ê= ã~íÉêá~ä= çê= ïÜáÅÜ=
ã~íÉêá~äë=Å~å=ÄÉ=àçáåÉÇ=Äó=~=é~êíáÅìä~ê=éêçÅÉëëK=

qÜÉ= çåäáåÉ= ÇçÅìãÉåí~íáçå= ëóëíÉãI= `bp=eÉäéI= Åçåí~áåë= PP= ÑìääóJ
ïçêâÉÇI= áåíÉê~ÅíáîÉ= Å~ëÉ= ëíìÇáÉë= çå=ã~íÉêá~äë= ëÉäÉÅíáçå= ~åÇ= NP= çå=
ëÜ~éáåÖ= éêçÅÉëë= ëÉäÉÅíáçåK= EqÜÉëÉ= Å~ëÉ= ëíìÇáÉë= ~êÉ= ÄÉëí= éÉêÑçêãÉÇ=
ïáíÜ= íÜÉ= iÉîÉä=P= Ç~í~Ä~ëÉFK= bñ~ãáåáåÖ= íÜÉëÉ= áë= ~= ÖççÇ= ï~ó= íç=
ÉñéäçêÉ=íÜÉ=ê~åÖÉ=çÑ=ãÉíÜçÇë=Ñçê=ã~íÉêá~äë=ëÉäÉÅíáçåK=

=

=





 

5  Getting Started with CES EduPack 

qÜÉëÉ= ÉñÉêÅáëÉë= ÖáîÉ= ~å= É~ëó=ï~ó= íç= äÉ~êå= íç=ìëÉ= íÜÉ=`bp=bÇìm~Åâ=
ëçÑíï~êÉK= qÜÉ= ÅçãéêÉÜÉåëáîÉ= `bp=eÉäé= ÑáäÉ= ïáíÜáå= íÜÉ= ëçÑíï~êÉ=
ÖáîÉë=ãçêÉ=ÇÉí~áäÉÇ=ÖìáÇ~åÅÉK=^=ÅçãéäÉíÉ=ëÉí=çÑ=ÉñÉêÅáëÉë=áë=~î~áä~ÄäÉ=
íç=Ççïåäç~Ç=Ñêçã=ïïïKÖê~åí~ÇÉëáÖåKÅçãK=

5.1  Thumbnail Sketch of CES EduPack 
qÜÉ=`bp=bÇìm~Åâ=ëçÑíï~êÉ=Ü~ë=íÜêÉÉ=iÉîÉäë=çÑ=a~í~Ä~ëÉ=~ë=ëÜçïå=áå=
q~ÄäÉ=QJNK= ^í= É~ÅÜ= iÉîÉä= íÜÉêÉ= ~êÉ= ~= åìãÄÉê= çÑ= a~í~= q~ÄäÉëK= qÜÉ=
ãçëí= áãéçêí~åí= ~êÉW= j~íÉêá~äëI= pÜ~éáåÖ= mêçÅÉëëÉëI= gçáåáåÖ=
mêçÅÉëëÉëI=~åÇ=pìêÑ~ÅÉ=qêÉ~íãÉåíëK=

b~ÅÜ=çÑ=íÜÉ=íÜêÉÉ=äÉîÉäë=Å~å=ÄÉ=áåíÉêêçÖ~íÉÇ=Äó=

• _oltpfkd= bñéäçêáåÖ=íÜÉ=Ç~í~Ä~ëÉ=~åÇ=êÉíêáÉîáåÖ=êÉÅçêÇë=îá~=
~=ÜáÉê~êÅÜáÅ~ä=áåÇÉñK=

• pb^o`efkd= cáåÇáåÖ= áåÑçêã~íáçå= îá~= ~= ÑìääJíÉñí= ëÉ~êÅÜ= çÑ=
êÉÅçêÇëK=

• pbib`qflk= rëÉ= çÑ= éçïÉêÑìä= ëÉäÉÅíáçå= ÉåÖáåÉ= íç= ÑáåÇ= êÉÅçêÇë=
íÜ~í=ãÉÉí=~å=~êê~ó=çÑ=ÇÉëáÖå=ÅêáíÉêá~K=

`bp= bÇìm~Åâ= ÇçÉë= Ñ~ê= ãçêÉ= íÜ~å= íÜáëK= _ìí= íÜáë= áë= ÉåçìÖÜ= íç= ÖÉí=
ëí~êíÉÇK=

=
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5.2  Browsing and Searching 
qÜÉ=abc^riq=çå= äç~ÇáåÖ=`bp=bÇìm~Åâ=iÉîÉäë=N=C=O= áë=ibsbi=NI=
j^qbof^ip=rkfsbopb=

Exercise 1  Browse Materials 

Browse SelectSearch

Ceramics and glasses

Hybrids: composites etc

Metals and alloys

Polymers and elastomers

MaterialUniverse

+
+
+
+

File     Edit     View     Select     Tools     Window

MaterialUniverseMaterialUniverse

Edu Level 1Edu Level 1

Table:

Subset:

Browse SelectSearch

Ceramics and glasses

Hybrids: composites etc

Metals and alloys

Polymers and elastomers

MaterialUniverse

+
+
+
+

Ceramics and glasses

Hybrids: composites etc

Metals and alloys

Polymers and elastomers

MaterialUniverse

++
++
++
++

File     Edit     View     Select     Tools     Window

MaterialUniverseMaterialUniverseMaterialUniverseMaterialUniverse

Edu Level 1Edu Level 1Edu Level 1Edu Level 1

Table:

Subset:

=

=

• cáåÇ=êÉÅçêÇ=Ñçê=pq^fkibpp=pqbbi=

• cáåÇ=êÉÅçêÇ=Ñçê=`lk`obqb=

• cáåÇ=êÉÅçêÇ=Ñçê=mlivmolmvibkb=

• bñéäçêÉ=mlivmolmvibkb=êÉÅçêÇ=~í=ibsbi=O=

• cáåÇ= mol`bppbp= íÜ~í= Å~å= ëÜ~éÉ= mlivmolmvibkb=ìëáåÖ= íÜÉ=
ifkh=~í=íÜÉ=Äçííçã=çÑ=íÜÉ=êÉÅçêÇ=
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Exercise 2  Browse Processes 

Browse SelectSearch

Joining

Shaping

Surface treatment

ProcessUniverse

+
+
+

ProcessUniverseProcessUniverse

Edu Level 2Edu Level 2

Table:

Subset:

Browse SelectSearch

Joining

Shaping

Surface treatment

ProcessUniverse

++
++
++

ProcessUniverseProcessUniverseProcessUniverseProcessUniverse

Edu Level 2Edu Level 2Edu Level 2Edu Level 2

Table:

Subset:

=

=

_êçïëÉ=mêçÅÉëëråáîÉêëÉW=ibsbi=OI=^ii=mol`bppbp=

• cáåÇ=êÉÅçêÇ=Ñçê=fkgb`qflk=jliafkd=

• cáåÇ=êÉÅçêÇ=Ñçê=i^pbo=proc^`b=e^oabkfkd=

• cáåÇ=êÉÅçêÇ=Ñçê=cof`qflk=tbiafkd=Ejbq^ipF=

• cáåÇ=j^qbof^ip=íÜ~í=Å~å=ÄÉ=afb=`^pqI=ìëáåÖ=íÜÉ=ifkh=~í=íÜÉ=
Äçííçã=çÑ=íÜÉ=êÉÅçêÇ=Ñçê=afb=`^pqfkd=

=

=
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Exercise 3  The Search Facility 

Browse SelectSearch

Look in table:

Polylactide

MaterialUniverse

Find what:

Browse SelectSearch

Look in table:

Polylactide

MaterialUniverse

Find what:

=

=

• cáåÇ=íÜÉ=ã~íÉêá~ä=mlivi^`qfab=

• cáåÇ=ã~íÉêá~äë=Ñçê=`rqqfkd=qllip=

• cáåÇ=íÜÉ=éêçÅÉëë=oqj=

=

Em~êí=çÑ=~=ã~íÉêá~ä=êÉÅçêÇ=~åÇ=~=éêçÅÉëë=êÉÅçêÇ=~êÉ=ëÜçïå=åÉñíF=
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m~êí=çÑ=~=êÉÅçêÇ=Ñçê=~=ã~íÉêá~äW=éçäóéêçéóäÉåÉ=

 
 Polypropylene (PP)  (CH2-CH(CH3))n

Polypropylene, PP, first produced commercially in 1958, is the
younger brother of polyethylene - a very similar molecule with
similar price, processing methods and application.  Like PE it
is produced in very large quantities (more than 30 million tons
per year in 2000), growing at nearly 10% per year, and like PE
its molecule-lengths and side-branches can be tailored by
clever catalysis, giving precise control of impact strength, and
of the properties that influence molding and drawing. In its
pure form polypropylene is flammable and degrades in
sunlight. Fire retardants make it slow to burn and stabilizers
give it extreme stability, both to UV radiation and to fresh and
salt water and most aqueous solutions. 

_

Design guidelines 
Standard grade PP is inexpensive, light and ductile but it has low strength.  It is more rigid than PE 
and can be used at higher temperatures.    The properties of PP are similar to those of HDPE but it 
is stiffer and melts at a higher temperature (165 - 170 C).  Stiffness and strength can be improved 
further by reinforcing with glass, chalk or talc.When drawn to fiber PP has exceptional strength and 
resilience; this, together with its resistance to water, makes it attractive for ropes and fabric.  It is 
more easily molded than PE, has good transparency and can accept a wider, more vivid range of 
colors.  PP is commonly produced as sheet, moldings fibers or it can be foamed.  Advances in catalysis promise
new co-polymers of PP with more attractive combinations of toughness, stability and ease of processing. Mono-
filaments fibers have high abrasion resistance and are almost twice as strong as PE fibers.  Multi-filament yarn or
rope does not absorb water, will float on water and dyes easily.

Technical notes 
The many different grades of polypropylene fall into three basic groups: homopolymers (polypropylene, with a
range of molecular weights and thus properties), co-polymers (made by co-Polymerization of propylene with other
olefines such as ethylene, butylene or styrene) and composites (polypropylene reinforced with mica, talc, glass
powder or fibers) that are stiffer and better able to resist heat than simple polypropylenes.

Typical uses 
Ropes, general polymer engineering, automobile air ducting, parcel shelving and air-cleaners, garden furniture,
washing machine tank, wet-cell battery cases, pipes and pipe fittings, beer bottle crates, chair shells, capacitor
dielectrics, cable insulation, kitchen kettles, car bumpers, shatter proof glasses, crates, suitcases, artificial turf.

General properties 
Density 0.89 - 0.91 Mg/m3

Price 
1.102 - 1.61 USD/kg

Mechanical properties 
Young's Modulus 0.896 - 1.55 GPa
Shear Modulus 0.31 - 0.54 GPa
Bulk modulus 2.5 - 2.6 GPa
Poisson's Ratio 0.40 - 0.42
Hardness - Vickers 6.2 - 11.2 HV
Elastic Limit 20.7 - 37.2 MPa
Tensile Str ength 27.6 - 41.4 MPa
Compressive Strength 25.1 - 55.2 MPa
Elongation 100 - 600 %
Endurance Limit 11.0 - 16.5 MPa
Fracture Toughness 3 - 4.5 MPa.m1/2

Loss Coefficient 0.025 - 0.044

Thermal properties
Thermal conductor or insulator? Good insulator
Thermal Conductivity 0.113 - 0.167 W/m.K
Thermal Expansion 122.4 - 180 µstrain/K
Specific Heat 1870 - 1956 J/kg.K
Melting Point 149.9 - 174.9 °C
Glass Temperature -25.15 - -15.15 °C
Maximum Service Temperature 82.85 - 106.9 °C
Minimum Service Temperature -123.2 - -73.15 °C

Electrical properties
Electrical conductor or insulator? Good insulator
Resistivity 3.3e22 - 3e23 µohm.cm
Dielectric Constant 2.2 - 2.3
Power Factor 5e-4 - 7e-4
Breakdown Potential 22.7 - 24.6 1000000*V/m

Re

=

=
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m~êí=çÑ=~=êÉÅçêÇ=Ñçê=~=éêçÅÉëëW=áåàÉÅíáçå=ãçäÇáåÖ=

Injection molding 
No other process has changed product design more than injection 

ldiInjection molded products appear in every sector of product 
d iconsumer products, business, industrial, computers, 

i imedical and research products, toys, cosmetic packaging and 
equipment. The most common equipment for molding thermoplastics is 
hreciprocating screw machine, shown schematically in the figure. 

lgranules are fed into a spiral press where they mix and soften to a 
d hlike consistency that can be forced through one or more channels 
(' ')into the die. The polymer solidifies under pressure and the component 
ithen ejected. 
Thermoplastics, thermosets and elastomers can all be injection molded. 
Cinjection allows molding of components with different materials, colors 

dfeatures. Injection foam molding allows economical production of 
lmolded components by using inert gas or chemical blowing agents to 

kcomponents that have a solid skin and a cellular inner 

Physical Attributes 
Mass range 0.01 - 25 kg
Range of section thickness 0.4 - 6.3 mm
Tolerance 0.2 - 1 mm
Roughness 0.2 - 1.6 µm
Surface roughness (A=v. smooth) A 
Economic Attributes 
Economic batch size (units) 1e4 - 1e6
Relative tooling cost v ery high
Relative equipment cost high 
Labor intensity low 
Design guidelines 
Injection molding is the best way to mass-produce small, precise, polymer components with complex shapes. 

hsurface finish is good; texture and pattern can be easily altered in the tool, and fine detail reproduces 
llDecorative labels can be molded onto the surface of the component (see In-mould Decoration). The only 

fi i hioperation is the removal of the sprue. 
Technical notes 
Most thermoplastics can be injection molded, although those with high melting temperatures (e.g. PTFE) 
difficult. Thermoplastic based composites (short fiber and particulate filled) can be processed providing the 
fillloading is not too large. Large changes in section area are not recommended.  Small re-entrant angles and 

lshapes are possible, though some features (e.g. undercuts, screw threads, inserts) may result in increased 
licosts. The process may also be used with thermosets and elastomers. The most common equipment for 
ldithermoplastics is the reciprocating screw machine, shown schematically in the figure. Polymer granules are 

f dinto a spiral press where they mix and soften to a dough-like consistency that can be forced through one or 
channels ('sprues') into the die. The polymer solidifies under pressure and the component is then 
j d

Typical uses 
Extremely varied. Housings, containers, covers, knobs, tool handles, plumbing fittings, lenses, 

The economics 
Capital cost are medium to high, tooling costs are usually high - making injection molding economic only for 
lbatch sizes. Production rate can be high particularly for small moldings. Multi-cavity moulds are often 

dPrototype moldings can be made using single cavity moulds of cheaper 
i l

Shape
Circular Prismatic True
Non-circular Prismatic True
Solid 3-D True
Hollow 3-D True

=
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5.3  Property Charts 

Exercise 4  Making Property Charts 
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5.4  Selection using a Limit Stage 

Exercise 5  Selection with a Limit Stage 
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5.5  Graph Selection 

Exercise 6  Selection with a Graph Stage 
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=
 

Selection line, 
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5.6  Tree Selection 

Exercise 7  Selection with a Tree Stage 
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