
i~ëÉêìåíÉêëíΩíòíÉë=qêçÅâÉåÉáëëíê~ÜäÉå=~äë=ÜóÄêáÇÉë=oÉáåáJ

ÖìåÖëâçåòÉéí òìã=båíÑÉêåÉå=ëí~êâ=Ü~ÑíÉåÇÉê=pÅÜáÅÜíÉå=

ìåÇ=sÉêìåêÉáåáÖìåÖÉå

UK=q~ÖìåÖ

fåÇìëíêáÉ~êÄÉáíëâêÉáë=qêçÅâÉåÉáëëíê~ÜäÉå

mêçÇìâíáçåëíÉÅÜåáëÅÜÉë=wÉåíêìã=
_Éêäáå

NOK=j~á=OMMS

oçÄÉêí=eçää~å

pÉáíÉ=O

däáÉÇÉêìåÖ

oÉáåáÖìåÖëëíê~íÉÖáÉ

báåÖÉëÉíòíÉ=i~ëÉêJ ìåÇ==qêçÅâÉåÉáë~åä~ÖÉåíÉÅÜåáâ

^å~äóëÉJ ìåÇ=^ìëïÉêíÉîÉêÑ~ÜêÉå

m~ê~ãÉíÉêçéíáãáÉêìåÖ=báåòÉäîÉêÑ~ÜêÉå

bêÖÉÄåáëëÉ=eóÄêáÇîÉêÑ~ÜêÉå

wìë~ããÉåÑ~ëëìåÖ=ìåÇ=^ìëÄäáÅâ



pÉáíÉ=P

oÉáåáÖìåÖëëíê~íÉÖáÉ

sçêJ ìåÇ=cÉáåêÉáåáÖìåÖW=

J ^Äíê~ÖÉå=ÉáåÉë=dêç≈íÉáäë=ÇÉê=sÉêìåêÉáåáÖìåÖLòì=ÉåíÑÉêåÉåÇÉå=pÅÜáÅÜí=
ÇìêÅÜ=qêçÅâÉåÉáëëíê~ÜäÉå

J cÉáåêÉáåáÖìåÖ=ÇìêÅÜ=i~ëÉêëíê~ÜäÉå=

J ^åïÉåÇìåÖ=ÄÉáÇÉê=sÉêÑ~ÜêÉå=áã=ÖäÉáÅÜÉå=ÄòïK=îÉêëÉíòíÉå=cçâìë=

píÉáÖÉêìåÖ=ÇÉë=íÜÉêãáëÅÜÉå=bÑÑÉâíëW=

J píÉáÖÉêìåÖ=ÇÉë=íÜÉêãáëÅÜÉå=bÑÑÉâíÉë=ÇìêÅÜ=båÉêÖáÉòìÑìÜê=ãáííÉäë i~ëÉê

J ^åïÉåÇìåÖ=ÄÉáÇÉê=sÉêÑ~ÜêÉå=áã=ÖäÉáÅÜÉå=ÄòïK=îÉêëÉíòíÉå=cçâìë=

hçãÄáå~íáçå=ÄÉáÇÉê=píê~íÉÖáÉå=

J i~ëÉêìåíÉêëíΩíòíÉë=qêçÅâÉåÉáëëíê~ÜäÉå=òìê=píÉáÖÉêìåÖ=ÇÉë=íÜÉêãáëÅÜÉå=
bÑÑÉâíë=îÉêÄìåÇÉå=ãáí=i~ëÉêÑÉáåêÉáåáÖìåÖ=ìåÇ=ÓîçêÄÉÜ~åÇäìåÖ

pÉáíÉ=Q

dêìåÇä~ÖÉå=i~ëÉêíÉÅÜåáâ



pÉáíÉ=R

báåÖÉëÉíòíÉ=i~ëÉêíÉÅÜåáâ=fW=kÇWv^dJcÉëíâ∏êéÉêä~ëÉê psNM

J tÉääÉåä®åÖÉW=NMSQ=åã

J píê~Üäèì~äáí®íW=
dêìåÇãçÇÉ NIN

jìäíáãçÇÉ=TIM

J ÅïJiÉáëíìåÖW

dêìåÇãçÇÉ NU=t

jìäíáãçÇÉ=NMM=t

J mìäëÇ~ìÉêW=VM=åë

J mìäëÑêÉèìÉåòW=M=Ó ORM=âeò

J cçâìëÇìêÅÜãÉëëÉêW=

Y=OM=”ã=Ó OMM=”ã

1

2

6

3

4

7

5

pÉáíÉ=S

báåÖÉëÉíòíÉ=i~ëÉêíÉÅÜåáâ=ffW=aáä~ë aáçÇÉåä~ëÉê=NRMM=t

J tÉääÉåä®åÖÉW=VQM=HLJ R=åã

J i~ëÉêäÉáëíìåÖW

Äáë=òì=NRMM= t

mìäëÇ~ìÉêW=VM=åë=

J cçâìëÇìêÅÜãÉëëÉêW=

PIU=ãã=ñ=U=ãã



pÉáíÉ=T

báåÖÉëÉíòíÉ=qêçÅâÉåÉáë~åä~ÖÉåíÉÅÜåáâ=fW=aêìÅâJ ìåÇ=
fåàÉâíçêëíê~Üä~åä~ÖÉ=`~ÄROI=píê~ÜäéáëíçäÉ=d=RMMM=
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J píê~ÜäÇêìÅâW==

Äáë=òì=NS=Ä~ê

J píê~ÜäéêáåòáéW=
î~êá~ÄÉä=ÇìêÅÜ=ìå~ÄJ

Ü®åÖáÖÉ=báåëíÉääìåÖ=

îçå=c∏êÇÉê Ó ìåÇ=
píê~ÜäÇêìÅâ=EO=C=PF

J j~ëëÉåëíêçãW

OM=J NMR=âÖLpíÇK=

pÉáíÉ=U

báåÖÉëÉíòíÉ=qêçÅâÉåÉáë~åä~ÖÉåíÉÅÜåáâ=ffW=
aêìÅâëíê~Üä~åä~ÖÉ=f`b_i^pq=hd=PM

J píê~ÜäÇêìÅâW
Äáë=òì=NS=Ä~ê

J píê~ÜäéêáåòáéW=
aêìÅâëíê~Üä~åä~ÖÉ

J j~ëëÉåëíêçãW

PM=Ó NMM=âÖLpíÇK

J píê~ÜäÇΩëÉW=
ÇáîÉêëÉ
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pÉáíÉ=V

báåÖÉëÉíòíÉ=qêçÅâÉåÉáë~åä~ÖÉåíÉÅÜåáâ=fffW=
pÅÜåÉÉëíê~ÜäÉå=c~K=háéé

J píê~ÜäÇêìÅâW==========
QIR=J NO=Ä~ê

J `lOJaêìÅâ=EeçÅÜÇêìÅâëíÉáÖêçÜêÑä~ëÅÜÉFW=
Å~K=RT=Ä~ê

J `lOJj~ëëÉåëíêçãW=
Å~K=OM=Ó QR=âÖLpíÇK=

pÉáíÉ=NM

sÉêÖäÉáÅÜëã~≈ëí~Ä

J _ÉëÅÜáÅÜíÉíÉ=pí~åÇ~êÇéêçÄÉW
cÉìÉêîÉêòáåâíÉë=pí~ÜäÄäÉÅÜ=ENIR=ããFI=
mroJOJhçãéçåÉåíÉåä~ÅâI=
pÅÜáÅÜíÇáÅâÉ=NMM=”ã=ìåÇ=OMM=”ãI=
aÉÅâÑ~êÄÉ=ëÅÜï~êò=ìåÇ=ïÉá≈

J oçëíéêçÄÉW
cÉìÉêîÉêòáåâíÉë=pí~ÜäÄäÉÅÜ=ENIR=ããFI=
áÇÉåíáëÅÜÉ=rãÖÉÄìåÖëÄÉÇáåÖìåÖÉå=
ìåÇ=a~ìÉê

J qÉëí=~å=íÜÉêãáëÅÜ=ÖÉëéêáíòíÉå=eáíòÉëÅÜìíòJ
ëÅÜáÅÜíÉå=îçå=eáíòÉëÅÜáäÇÉêå=îçå=d~ëíìêÄáJ
åÉå
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2 cm



pÉáíÉ=NN

^å~äóëÉJ ìåÇ=^ìëïÉêíìåÖëîÉêÑ~ÜêÉå=fW=q~ëíëÅÜåáííãÉëëÖÉê®í=
q~äóëìêÑJNOMi=òìê=^ìÑå~ÜãÉ=ÇÉê=lÄÉêÑä®ÅÜÉåéêçÑáäÉ

J jÉëëí~ëíÉêëéáíòÉåÇìêÅÜãÉëëÉêW=
O=”ã

J jÉëëëéáíòÉåïáåâÉäW=SMø

J cçêãÑÉÜäÉêW=============Y=MINR=”ã=

J jÉëëÄÉêÉáÅÜW==============HLJ O=ãã

J jÉëëJ ìåÇ=^ìëïÉêíÉä®åÖÉW=

çêíÜçÖçå~ä==============OM=ãã=

é~ê~ääÉä======================R=ãã

pÉáíÉ=NO

^å~äóëÉJ ìåÇ=^ìëïÉêíìåÖëîÉêÑ~ÜêÉå=ffW

J pçÑíï~êÉ=òìê=^ìëïÉêíìåÖ=ÇÉê=lÄÉêÑä®ÅÜÉåéêçÑáäÉW=
q~äóã~é råáîÉêë~ä=sK=OKMKNMI= q~óäçê=eçÄëçå räíê~

J dê~îáãÉíêáëÅÜÉ=^ìëïÉêíìåÖ

A B C D E

2 cm



pÉáíÉ=NP

m~ê~ãÉíÉêçéíáãáÉêìåÖ=i~ëÉêëíê~ÜäÉå=f
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Wartezeit pro Laserpuls t
w
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Abstand Oberfläche-Fokusebene des Lasers a
Fok

^Äëí~åÇ=lÄÉêÑä®ÅÜÉ=Ó cçâìëÉÄÉåÉ=ÇÉë=i~ëÉêë

t~êíÉòÉáí=éêç=i~ëÉêéìäë

pÉáíÉ=NQ

m~ê~ãÉíÉêçéíáãáÉêìåÖ=i~ëÉêëíê~ÜäÉå=ff
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Laserpulsfrequenz f
p
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Laserpulsabstand a
p
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pÉáíÉ=NR

m~ê~ãÉíÉêçéíáãáÉêìåÖ=qêçÅâÉåÉáëëíê~ÜäÉå=f
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Trockeneisstrahlwinkel α
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Trockeneismassenstrom m

qêçÅâÉåÉáëëíê~ÜäïáåâÉä

qêçÅâÉåÉáëã~ëëÉåëíêçã

pÉáíÉ=NS

m~ê~ãÉíÉêçéíáãáÉêìåÖ=qêçÅâÉåÉáëëíê~ÜäÉå=ff
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Trockeneisstrahldruck p
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pÉáíÉ=NT

hçåòÉéí=eóÄêáÇîÉêÑ~ÜêÉå=i~ëÉêJqêçÅâÉåÉáëëíê~ÜäÉå
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C

i~ëÉêìåíÉêëíΩíòíÉë=qêçÅâÉåÉáëëíê~ÜäÉå=

i~ëÉêìåíÉêëíΩíòíÉë=qêçÅâÉåÉáëëíê~ÜäÉå=ìåÇ=i~ëÉêÑÉáåêÉáåáÖìåÖ=
âçãÄáåáÉêí=

pÉáíÉ=NU

bêÖÉÄåáëëÉ=eóÄêáÇîÉêÑ~ÜêÉå=fW==sçêêÉáåáÖìåÖ=ÇìêÅÜ=
qêçÅâÉåÉáëJ ìåÇ=cÉáåêÉáåáÖìåÖ=ÇìêÅÜ=i~ëÉêëíê~ÜäÉå
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 TES
 TES+

     Laser

sÉêÄÉëëÉêìåÖ=ÇÉë=
j~íÉêá~ä~Äíê~Öë=ÇìêÅÜ=
Ç~ë=eóÄêáÇîÉêÑ~ÜêÉå=
qêçÅâÉåÉáëJi~ëÉêëíê~ÜJ
äÉå òïáëÅÜÉå=OU=B=
ìåÇ=QV=B=áã=sÉêJ
ÖäÉáÅÜ=òìã=çéíáãáÉêJ
íÉå=qêçÅâÉåÉáëëíê~ÜJ
äÉåK

A B C D E

2 cm



pÉáíÉ=NV

bêÖÉÄåáëëÉ=eóÄêáÇîÉêÑ~ÜêÉå=ffW=i~ëÉêìåíÉêëíΩíòíÉë=qêçÅâÉåJ
Éáëëíê~ÜäÉå òìê=píÉáÖÉêìåÖ=ÇÉë=íÜÉêãáëÅÜÉå=bÑÑÉâíë
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2 cm
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Vergleich Trockeneisstrahlen - Hybrid

 TES
 Hybrid 

          (TES+Laser)

sÉêÄÉëëÉêìåÖ=ÇÉê=
sçäìãÉå~Äíê~Öëê~íÉ=
Äáë=òì=RMM=B=áã=sÉêJ
ÖäÉáÅÜ=òìã=çéíáãáÉêJ
íÉå=qêçÅâÉåÉáëëíê~ÜJ
äÉåK

pÉáíÉ=OM

jÉëëìåÖ=ÇÉê=
lÄÉêÑä®ÅÜÉåîÉê®åÇÉêìåÖ
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jáííäÉêÉ=e∏ÜÉ=ÇÉê=mêçÑáäÉäÉãÉåíÉ=oÅ

dÉë~ãíÜ∏ÜÉ=ÇÉë=mêçÑáäë=oí

^êáíÜãÉíáëÅÜÉê=jáííÉäïÉêí=ÇÉê=mêçÑáäJ
çêÇáå~íÉå o~



pÉáíÉ=ON

wìë~ããÉåÑ~ëëìåÖ

i~ëÉêÑÉáåêÉáåáÖìåÖ

i~ëÉêìåíÉêëíΩíòíÉë=qêçÅâÉåÉáëëíê~ÜäÉå=

qÉÅÜåçäçÖáëÅÜÉ=sÉêÄÉëëÉêìåÖ

£âçåçãáëÅÜÉ=sÉêÄÉëëÉêìåÖ

J píÉáÖÉêìåÖ=ÇÉê=oÉáåáÖìåÖëäÉáëíìåÖ=ìã=Äáë=òì=QV=B=áã=sÉêÖäÉáÅÜ=òìã=
qêçÅâÉåÉáëëíê~ÜäÉåI=ÖÉòáÉäíÉ=sçêÄÉÜ~åÇäìåÖ=ã∏ÖäáÅÜ=

J ^åïÉåÇìåÖëÑ~ää~ÄÜ®åÖáÖÉ wÉáíJ ìåÇ=_ÉíêáÉÄëâçëíÉåÉáåëé~êìåÖI=Ü∏ÜÉêÉ=
fåîÉëíáíáçåëâçëíÉå

J píÉáÖÉêìåÖ=ÇÉê=^Äíê~Öëê~íÉ=~ìÅÜ=ìåíÉê=ìåÖΩåëíáÖÉå=sÉêëìÅÜëé~ê~ãÉíÉêå

J kÉìÉ=^åïÉåÇìåÖëÄÉêÉáÅÜÉ=ÇìêÅÜ=ÖÉëíÉáÖÉêíÉ=^Äê~ëáîáí®í

J dÉòáÉäíÉ=píÉìÉêìåÖ=ÇÉë=íÜÉêãáëÅÜÉå=ìåÇ=ãÉÅÜ~åáëÅÜÉå=bÑÑÉâíë=ΩÄÉê
píê~ÜäÇêìÅâ=ìåÇ=i~ëÉêäÉáëíìåÖ=

J

pÉáíÉ=OO

^ìëÄäáÅâ

ïÉáíÉêÑΩÜêÉåÇÉ=råíÉêëìÅÜìåÖÉå=åçíïÉåÇáÖ

J léíáãáÉêìåÖ=ÇÉê=eóÄêáÇé~ê~ãÉíÉê

J sÉêÖäÉáÅÜ=oÉáåáÖìåÖëëíê~íÉÖáÉå=ÇÉë=eóÄêáÇîÉêÑ~ÜêÉåë

J £âçåçãáëÅÜÉê=sÉêÖäÉáÅÜ

J _áäÇÉêâÉååìåÖ=ìåÇ=Ó~ìëïÉêíìåÖ ÇÉê=qêçÅâÉåÉáëJ

îçêêÉáåáÖìåÖ ÑΩê=ÇáÉ=i~ëÉêÑÉáåêÉáåáÖìåÖ=



pÉáíÉ=OP

sáÉäÉå=a~åâ=ÑΩê=fÜêÉ=^ìÑãÉêâë~ãâÉáí>


