COBPEMEHHDbIE J1IA3EPbI:
HOBble rpaHu ceeTa
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NNABEPHAA OBPABOTKA MATEPUAIIOB
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MUKpooOpaboTke. 3akoH byrrepa. NnasneHne. Abnauus.
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TexHonormn. 3D nevaTb.



HemHoro ncropum...

A B a10 Bpems... Kymap [Matens

(Kumar Patel) B JlabopaTopusax
Benna paboTan Hapg,
yCOBEPLUEHCTBOBAHMEM CO2

nasepa, n3obpeteHHoro B 1964 r.
Peska cranm TonwmHom 0,1
nanyyeHmem CO2 nasepa 6bina
npounssegeHa B 1967 r

B 1964 r. Ha 9KpaHbl Bbllwen 3-un
dunbm 6oHamagbl «Goldfinger». B
kHure A. dnemuHra xenmc boHa
Obl  NpuMBA3aH K LUMPKYNAPHOM
nune. lNpoatocepbl 3aMeHunn nNuny
Ha nasep, paspesatoLnit
METanmMYeckyto  NInTy  «J1y4yoMm
CMepTU» — Hay4YHO-baHTacTMyecKoe
SIBNEHNe O1si COBPEMEHHMKOB.




Bexu

1960 r. — pybuHoBbIv nasep, T. MenmaH

1963 r. — co3gaHue yctaHoBku CY-1 onsa nasepHon cBapku Ha
ocHoBe pybuHoBoro nasepa. CoobLueHus o cBapke, nnaeke,
CnnaBnuBaHnK, CBEPNEHN, NCMAPEHNN, TEPMOYMPOYHEHUN C
NMOMOLLIbIO Na3epa.

1964 r. — CO2 nasep, 1 mBT, K. MNartensb, nosgHee 200 MBT npu
nobaenennn asota. 3anyck Nd:YAG nasepa. 3anyck BOJIOKOHHOIO
nasepa.

1965 r. — CO2 nasep gnvHon 2 M ¢ gobaBneHnem Bo3ayxa — 12 Br,
1966 r. — kommepyeckas mogenb CO2 nasepa ¢ oceBblM NPOTOKOM, 75 BT, 1967 r. —
pe3oHaTop CO2 nasepa yBenuyeH o 54 m, 2,5 kBT. TpaHcnopTMpoBka NnasepHoro
N3Ny4yeHUs1 KBapL,EeBbIM BOITOKHOM.

1968 r — pesoHaTop CO2 nasepa yBenu4yeH o 229 wm, 8,8 kBT

1968-1970 rr — ycoBepLLUEHCTBOBaHWE CxeMbl Hakaydkn CO2 nasepa v AoBeAeHNE MOLLHOCTU
[0 AecsTKoB KBT.

1970 r — 3anyck H.I". bacoBbiM akcuMepHoro (Xez) nasepa (170 Hwm)

1977 r. — 3anyLueH nasep Ha CBOOOAHbIX 3NEKTPOHAX

1980 r — 3anyLeH peHTreHoBCckuUin nasep (20 HM)

1982 r — 3anyweH Ti:Sapphire nasep (dc)

1992 r — adppeKkTVBHbIN TEMNOOTBOL, OT ANOAHbLIX NHEEK, B KoHLe 90-x cTany SOCTYMHbI
avogHble nasepbl 6 KBT

1997 r — npepctaeneH 4 kBT Nd:YAG cw nasep g5 3ameHbl CO2 nasepa

2010 r — npenctaBneH 10 kBT Yb HenpepbIBHbI OOHOMOOBbIV BOFIOKOHHbIV fa3ep




LUnpoyanwumm cnekTp BO3IMOXHOCTEN oO6paboTKa
MaTepuarioB ¢ y4actuem nasepoB

e llcnonb3oBaHve pasnu4YHbIX BUOOB Jfla3epos:
- aKmueHas cpeda
- O5UHa 80J1HbI
- MOWHOCMb/3Hepausi
- HernpepbI8HbIU/UMIYbCHbIU PeXXUM 2eHepayuu
- He/nc/gbc OnumernibHOCMb UMIyrbca

e O6paboTka nobbix MaTepuarnos:
- Memarnnbl/crnasbl
- cmekna/kepamuka
- [1OIUMEPbI/KOMMIO3UMb|

e Pexunm obpaboTku:
- mennoeoll — Hagpes, rnaesrfeHue, ucrnapeHue, e3aumodelicmsue
U3ry4eHus u sewecmsa 8 Makpomacuimabe
- HemeriioeoUl — co30aHue/pa3pyweHue XuMmudeckux cessed,
g83aumodelicmeue u3ry4YeHuUsi u eewecmsa 8 macwmabe amomos

e Mwupuagbl NpUNOXeHUn, B OCHOBY KOTOPbIX MOMOXEH OrpaHUYEeHHbIN
Habop mexaHn3moB 06paboTkM



Cucrtematnsauus nasepoB NO TUNY akTUBHOMU cpeabl
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Jlaszepbl gna o6padboTkn maTtepuanos
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XapakTtepuctuku CO2 nasepa

Property Types of CO; lasers
Slow flow  Axial ~ Transverse  Transverse = Waveguide
or sealed flow flow excited
atmospheric
pressure

Wavelength (um) 10.6 10.6 10.6 10.6 10.6
Standard beam CcwW . . . .
operating mode Pulsed . .

Q-switched
Average output power (W) 3-100 50— 2,000-25,000 0.1-40

5,000

Output stability (percentage variation) 0.25-5 0.25-5 0.25-5 0.25-5
Pulse energy (J/pulse) 0.03-75
Repetition rate (pulses/s) 1-300
Beam diameter (mm) 3-4 5-70 5-70 5-100 1-2
Beam divergence (mrad) 1-2 1-3 -3 0.5-10 10
Wall plug efficiency (%) 5-15 5-15 -15 1-10 5
Most suitable Cutting . . .
applications Drilling .

Part marking . -

Welding . .

Cladding . .

Alloying . .

Microsoldering ~ « .

Heat treatment
Cleaning

Maror

Seoled ube.
Gicharge
excited

Woveguide loser-
RF excited
Keovity mirors.
o srown)

Tronsuerse
fiow laser



XapakTepucTUKuN TBepAoTesbHbIX Jla3epoB

Property Types of solid-state lasers
Ruby Nd:glass Nd:YAG Nd:YAG Yb:fibre Er:fibre
(CW) (pulsed)

Wavelength (pm) 0.694 1.06 1.06 1.06 1.03-1.1 15-1.6
Standard beam CW .
operating Pulsed . . . . .
mode Q-switched .
Average output power (W) 10-20 0.04-800 0.04-400 0.01- 0.01-500
20,000
Output stability 1-5 1-5 1-5 1-5 1-2 1-2
(percentage variation)
Pulse energy (J/pulse) 0.3-100  0.15-100 0.01-100
Repetition rate (pulses/s) 0.01-4  0.1-1 0.05-300 10'°
Beam diameter (mm)
Beam divergence (mrad) 0.2-10 3-10 2-18 0.3-10
Wall plug efficiency (%) 0.1-0.5  1-5 0.1-2 0.1-2 12.5
Price range ($) 15,000-  8,000- 3,000~ 3,500-
70,000 110,000 90,000 110,000
Most suitable ~ Cutting .
applications Drilling . . . .
Part marking .
Welding . . . .
Cladding
Alloying . .
Microsoldering . .
Heat treating .

Cleaning .



XapaKkTepuCcTUKN 3KCUMMEpPHbIX Jla3epoB

Property Types of excimer lasers
ArF KrCl KrF XeCl
Wavelength 193 222 248 308
Average output power (W) 0.3-100 2-4 2-100 0.02-150
Output stability (percentage variation) 5 5 5
Pulse energy (M]/pulse) 0.2-500 0.1-250 20-15,000 1.2-5,000
Repetition rate (pulses/s) 1-250 10-500 1/60-1,000  1-1,000
Pulse width (ns) 1.2-65 1.2-6 1.5-1,200 1.2-80
Beam diameter (width x height, mm?) 1x30to 1x3to 5x20to 1x3to
30 x 10 8 x 30 100 x 100 45 x 45

Energy

Upper state

Laser
transition

lifetimes 5 —15ns

Kr+F
—

Krt + Fz

Excitation

—_— K[+F3

Internuclear Distance



CpaBHeHMe pacnpocTpaHeHHbIX TUMOB Jla3epos,
Mcnosib3yeMbix Ansa oopaboTkm matepuanoB
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TennoBas 06p860TKa MaTepuanoB C y4acTtuem Jrnas3epoB
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TennoBasi o06paboTka MaTepurasnos C \

| Laser assisted fabrication

[ Involving change of state |

Solid — Vapor

Solid — Liquid

ydaCTuem nas3eposB

| Involving no change of state |

Solid — Solid

* Machining (culting,
drilling, elc.)

+ Deposition/coating

+ Laser assisted

* Joining(welding/
brazing)

® Surface
engineering

& Surface hardening
* Bending cr forming

cleaning * Rapid prototyping
| Fomming | | Joining | | Surface engineering |
& Direct
manufacturing * Welding » Surface alloying/
& Coloring/ * Brazing cladding
deposition * Soldering/ * Surface melting/
Rapid sintering remelting
prototyping & Repair/ ® Surface
» Selective reclamation amorphization
laser sintering




HeTennoBasi 06paboTka MaTepuanoB ¢ y4acTUeM fasepoB
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Figure 7.1  Athermal mechanisms of laser material processing: photophysical, photochemical and photo-
electrical mechanisms are regions bounded by solid lines; LP: laser printing; HPD: haematoporphyrin derivative;
PA: photochemical annealing; SL: stereolithography; OL: optical lithography; PRK: photorefractive keratectomy;
SP: shock processing (the region of thermal processing is shown with a broken boundary for comparison)



Pusnyeckue npouecchl Npu TeNSI0BOMU flazepHon oopadoTke

1. MNepepaya aHeprnm nasepHoOro N3nyyYyeHus BeLLecTBy

2. MNporpeB o6beMa BeLlecTBa No MexaHu3My TenonpoBOAHOCTH

3. PasButne B nporpeBaemMom o6beMe NpoLEeCcCcoB MaBreHnst, UCNapeHus,
MOHM3aLMN N pasneTa BellecTBa

4. OcTblBaHME BeLLECTBA NOCIe OKOHYaHUS BO3AENCTBUSA Na3epHOro
N3nyyYeHns

XapakTep npoTekaHusi 3TUX cTagumn onpeaensieT pasnuyve u
pa3Hoobpasne TeXHONOrMYeCcKNx NpoLLeccoB

Heats BO||S
103 Wmm-2 105 Wmm-2
Melts Plasma
104 Wmm-2 formation




Harpes, nnaBneHue n ucnapeHue
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I'Iepep,aqa JHEepPrmm narny4v4eHums seLlecTtBy

B meTannax v BblpoxaeHHbIX (C NPUMECHOM NPOBOANUMOCTbLHO)
NONYNpoOBOAHMKAX SHEPTUS U3NYYEHUsI NepeaaeTcsi AreKTpoHaMm
NPOBOAVMOCTMW.

B BbIpoXaeHHbIX (COBCTBEHHbIX) MONYNPOBOAHMKAX U AU3NEKTPUKAX
npeobnagaeT nepegaya aHeprumn n3nyvyeHust oHoHam — konebaHmsm
KPUCTanNNMYeckon peLleTKu.

MpPOHVKHOBEHWE M13MNYyYeHNs BriyOb BeLLECTBa ONMCbIBAETCs 3akoHoM byrrepa:

1(z,t)=1,(t)(1-R)e™”

£, Electric field
7]
Ei=Eqcosiwt — [—z

y— 2N
RN
N ’ ,
pd v
’ N
, . s N L

Reflected ray: Transmitted ray:

w _ W
E,:Em(os[mrf(—z} Er=Fqe ﬂl(os{wrf?z}




OTpameHMe n nornoweHue narny4vyeHusn

[ins Henpo3payHbix MaTepuanoB
[lns npo3payHbIXx MaTepranos

R=1-(A+T)

Reflectivity (%)

100
Al
Steel
60 P
40 ¢ Ni
Qu @
0p 2
Excimer J YAG
0 .
0.1 1 10

Wavelength (um)
Ecnu n3nyyeHme nagaet n3 Bo3ayxa (nair:].) HOpMalibHO Ha NOBEPXHOCTb

MeTanna ¢ kKoappuumeHTamm NpesioMneHnsa N N SKCTUHKLMK K,
KOO (PULIMEHTBI OTPaXKeHUs U NOrnoLleHns dyayr:

Koagghuguennot ompaxcentiss HekoMopuix Menianios

(n—1)2+k2

— Jlazep Au Cu Mo Ag Al Cr Fe Ni

2 =
(n _|_1) + k2 %piggf;gi 0415 | 0437 | 0,445 | 0,952 | 0,850 | - — 10597
PYOUHOBBIL | 930 | 831 | 0.498 | 0,961 | 0.820 | 0,575 | 0.575 | 0.676

0,694 MEM
4n YAGNA 051 | 0001 | 0,582 | 0964 | 0,733 | 0,570 | 0,650 | 0.741

A: 1,064 MEM
CO, 10,6 vxm | 0.975 | 0,984 | 0.945 | 0,989 | 0.970 | 0930 | — | 0.941

n+1)° +k?
(n+1)




OTpa)KEHVIe 1 norrnoLweHune nanyvyeHusn

Material A (um) Refractive index
k n
Al 1.06 8.5 1.75
10.6 34.2 0.108
Fe 1.06 4.49 3.81
10.6 322 5.97
Ti 3.48 2.88
Glass - 1.5
a4k,
— A
|(2.t)=1,(t)(1-R)e
[ns xeneaa -
10,6 MM
= HM
24 2-3,14-32,2
Z = =
87%
* Ark 1,06 MKM
= HM
2.314-4,49




Bpemsi Bo3nencTeus

MeTannbl MOXHO npencrtaBnATb COCTOALLMMU N3 OABYX NMOACUCTEM!
c80600HbIe AJIEKMPOHbI N UOHbI KpucmannuquKofl pewemku.

ONeKTPOHHasa noacucTemMa XxapaktepmusyeTcs 04eHb ObICTPbIM OTKITMKOM Ha
BHeLLHee Bo3aeiicTBme Nonsa cBeToBow BonHbl: 10714...1013 ¢ [10...100 ¢pcl.
3a 370 BpeM4 ycTaHaBnMBaeTcsa Temnepartypa [Mepa cpedHel
KUHemu4eckoUl 3Hepauu Xxaomu4ecko20 08UXXEHUSI| 9NEKTPOHOB.

Mepenaya sHeprum oT 3NeKTPOHOB MOHHOW NOACUCTEME NMPOUCXOAUT Ha
macwtabe 101 ¢ [10 rc.

MoHATME «TemnepaTypa BeLlecTBa» MOXHO NpumeHaTb cnycta 1020...10° ¢
[100 ric...1 Hc] nocne HavYana BO34enCcTBUs. 3a 9TO BPEMS YCTaHABMBAETCS
TENNOBOE paBHOBECKE MeXay ABYMS NoACUCTEMAMM.

Ecnn Bpemsi nepefayn anekTpoHHOW NnoacuctTeMe aHeprn, Tpebyemon Ha
ncrnapeHns BeLLecTBa, KOpoye BpeMeHM OOMEH C KpUCTanIMYeCKon
pelieTkon [<710 rc], TO BELLEeCTBO COBEPLUNT BbICTPbIV Nepexoq n3
TBEPAOro COCTOSAHNA B ra3oobpasHoe [absisyusi] B obnactn Bo3gencTeng
nanyyeHnsi 6e3 saMmeTHOro TensioobMeHa C OKpyXKatoLwmMm MaTepuasnom.

Mpwv yBENMYEHUN BPEMEHN BO3OENCTBUS MOrNoOLAeMyt0 CBETOBYHO BOJSTHY
MOXHO CYMTaTb NPOCTO MCTOYHUKOM TENNa.



OudbpakunoHHbIn npeaen. MNMyobuHa ¢poKkycupoBKu

dmin - M ZALZ
D

M 2 _ “act
= — NapameTp Ka4yecTsa

Anguler zero fields —/

Wavelength F number Mode Diffraction, Depth of 0 1 3
(um) (f/D) dmin focus, zf
(mm) (mm) . - ‘ ’
106 2 Tophat 0.26 0.08 ¢ ® g
5 TEMOO 0.13 0.5 N _—_- - -
5 TEMO1® 0.26 1.0 .
5 TEM20 0.65 25 2 o .g
10 TEMOO 0.26 2.0 R @ 7/ -
1.06 2 Tophat 0.026 0.008 =
5 TEMoQ® 0.013 0.05 TEiI10 TER1 T2
5 TEMOI® 0.026 0.1 —
L J -
5 TEM20® 0.065 0.25 , @ - ' o)
5 Multi -04 -2.0 - -
10 TEMOD 0.026 0.2 TE0m -— o




Onarpamma npoueccoB nasepHon o6paboTku
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INNazepHoe TepMoynpoYHeHue

B obnactu | basoBbie nepexoapbl
(nnaBneHue, ucrnapeHune) oTCyTCTBYIOT. B
Takux yCrnoBmsx BO3MOXHO
TepMoyrnpoYHeHne B 60MnbLIOM AnanasoHe
rnyobuH: OT e4uMHUL MUKPOMETPOB [0

HECKONMbKMX CAHTUMETPOB — B 3aBUCMMOCTM N
OT ANUTENbHOCTM BO3aencTeus — 6es

Absorbed intensity (Wmm )

ending ., i "~
anclormalion hardering) ., w
L

nepennaBa NOBEPXHOCTHOTO CHOSI, TOMbKO PR
Gnarogapsi CTPyKTypHOM NEPECTPOMKe s
MaTepuana Ha cTagusix pa3orpesa 1 oxnaxaeHusi. CKopocTb pa3orpesa
MOXHO MEHSITb B LUMPOKMX Npeaenax, BnnoTb Ao 108 rpaa/c, YTo Henbas
o6ecneunTb ApYrMMM CnocoGamu.

Nanosec
Micosee 3

PesynbTatamu nasepHoro TepmMoynpoYHEHUs SBNAOTCA:

e yBenMyeHue TBepAOCTU, NPOYHOCTU, UBHOCOCTOMKOCTMU

e CO3JaHne NOBEPXHOCTHbIX KapbnaoB — TBepAbIX TYronnaBKNx
COoeMHEHWI C yrnepoaom

e CO3JaHNe YHUKanbHbIX MPOCTPAHCTBEHHbIX KPUCYHKOBY
N3HOCOCTONKOCTH

e [OBEpPXHOCTHas 3akanka

Iwum
0’



INNazepHoe TepMoynpoYHeHue

1. Heating Processes

Induction

Flame

Arc(TIG)

Electron beam

Advantages

Minimum part distortion
Selective hardening

No quenchant required
Thin case capability

Case depth controllable
Eliminates post-processing
Improves fatigue ife

Fast process rates

Deep case obtainable

Lower capital cost than laser
(overage area

Cheap, flexible and mobile
process

Relatively cheap and flexible
[process

Minimal distertion, selective
hardening and no guenchant
required

Disadvantages

High equipment cost

Coverage area restricted

Absorbent coatings necessary

Multiple passes give loal
tempering

Downtime for coil change

Quenchant required

Part distortion

Coil placement ¢ritical

Large thermal penetration

EM forces may spoil surface

Fabrication of complex coils
for specific processes

Poor reprodugibility

Lacks rapid quench
Component distertion likely
Environmental problems

Section thickness limited
Large thermal penetration
Stirring takes place

Poor contral to avoid melting

High equipment cost
Requires vacuum
Low production rate
High processing costs




INasepHoe yaapHoe ynpoql-lel-wle

B obnactu VIl uHTeHcmBHO obpasyeTcs
nnasma 3a cyeT pasorpeBa O4YeHb
TOHKOro NOBEPXHOCTHOrO Cros,
MOCKOSbKY ANUTENBHOCTL BO34ENCTBUSA
mana, a nrIoTHOCTb MOLLHOCTY BEnuka.
[MoBEpPXHOCTHBIN Crnon yaanseTcs ¢
BonbLIO CKOPOCTLIO, a Ha BELLECTBO
AencTByeT peakTUBHbIN NMMNYIbC
oTgauu, Brnybb BellecTsa
pacnpocTpaHsaeTcsa ygapHas BoOsHa.
NasneHve gocturaet 1032...10% atm.

0 =

Absorbed intensity (W mm-2)

0

Figure 6.44 a The laser peening process.
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Short pulses of 10-100ns and 100 J cm? create plasma
mparison of depth of hardening between
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and laser peening. (Data taken from Hammersley et al. [109] for INCONEL® 718)



JlasepHas cBapka

B obnactu Il obpasyeTtcsa rnybokui

npomnmaB BewecTBa C HE3HAYUTETIbHbIM

ncrnapeHnem (Unm ero oTCyTCTBUEM).
O dPeKTUBHO NaeT cBapka u

TEpMOynpoYHEHME Ha BonbLUyto rNyOnHy
C nepennaBoM NOBEPXHOCTHbIX CMOEB.
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Table 4.1 Relative power densities of different welding processes

Process

Heat source intensity
(Wm™2)

Fusion zone profile

Flux-shielded arc welding

Gas-shielded arc welding

Plasma

Laser or electron beam

5% 10°-10°

5% 10°-10°

5% 10°-10'°

10t%-10"2

—_—
—a— lw
_O_ high
—_—— lw

_Q_ high

— —— defocus

T focus




CpaBHeHMe pa3HbIX CNOCOOOB CBapKu

Table4.2 Relative joining efficiencies of different welding processes

Process

Approximate joining efficiency

(mm? k™)

Oxvyacetylene flame

Manual metal arc

TIG

Submerged arc welding
High-frequency resistance welding
Electron beam

Laser

TIG tungsten—inert gas

0.2-0.5
2-3
0.8-2
4-10
65-100
20-30
15-25
Ta6Gunmua 23.1. DHeprernuecKne XapakTepHCTHKH CBAPOUHBIX
HCTOYHHKOB TEILIOTHI
Buabt cBapKH MusuManbHas | MaxcuMmansHas Horonnas sueprus,
TWIOAAG MATHA MNOTHOCTE Thx/m
Harpesa, v 3HEpruy, B’
T'a3opax cBapka 10° 510 52:10°
Pyunas gyroBas capka 107 10" 23-10°
AproHo/lyToBas IUIagd- 107 10" 13-10°
IMMCH 3JICKTPOACM
Houno-nyyenas 107—107® — -
MuxporuiasmeHsas 107 10" 8-10°
DNeKTpOHHO-TyHeBas 10" 108 1,510°
JlasepHas 107" 10" 0,410°




MpeunmyLiecTBa NnasepHoON CBapku

Characteristic

Comment

High energy density — “keyhole” type weld
High processing speed

Rapid start/stop

Welds at atmospheric pressure

No X-rays generated

No filler required (autogenous weld)
Narrow weld

Relatively little HAZ

Very accurate welding possible

Good weld bead profile

No beam wander in magnetic field

Little or no contamination

Relatively little evaporation loss of volatile components
Difficult materials can sometimes be welded
Relatively easy to automate

Laser can be time-shared

Less distortion

Cost-effective (if fully employed)
Unlike arc processes

Unlike electron beam welding
Unlike electron beam

No flux cleaning

Less distortion

Can weld near heat-sensitive materials
Can weld thin to thick materials
No clean-up necessary

Unlike electron beam

Depends only on gas shrouding
Advantages with Mg and Li alloys
General advantage

General feature of laser processing
General feature of laser processing




INlazepHas cBapka B aBTONPOU3BOACTBE

Cutting of airbag material

Welding of atbag sensors Marking and cutting of interior clusters

Welding of valve lifters
/ Welding of roof scams
Welding of heaf exchanger

"

Welding of gear wheels

Marking of ID numbers

Welding of tank

\

Welding of torque converters Welding of exhaust system

Welding of door construction Cutting of body work epenings

Welding of tailored blanks
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CpaBHeHM na3zepHOU U APYrux cnocodoB pe3Ku

Laser Abrasive Plasma arc Oxyfuel
water jet
Materials All homogeneous  All Metallic Metallic
Max. thickness 30 100 50 300
(steel, mm)
Kerf width (mm) 0.1-1.0 0.7-2.5 =1 =2
HAZ width (mm) 0.05 0 >0.4 >0.6

Edge quality (relative)
Edge roughness (R, jtm)

Smallest hole
diameter (mm)

Energy input (relative)
Capital cost (relative)
Productivity (relative)

Square, smooth
1-10
0.5

Low
1
High

Square, smooth
2.0-6.5

>1.5

Low
1
Medium-low

Bevelled (c. 17°)

=>1.5

High
0.1
Medium

Square, rough

20

Medium
0.01
Low




CBeprieHMe MUKpOOTBEpPCTUMN

B obnactu IV ucnapsietca goctatovHo
TONCTLIN crion maTepuana [~0,5 mm],
KOTOPbIM yaanseTcs npu paclumpeHmn
napoB B CBOOOJHOE MNPOCTPaHCTBO.
YBenuyeHve gnnTenbHOCTU MMMYIbCOB U
YMEHbLUEHNe 3Heprun BegeT K
yBEIIMYEHUIO KONMYecTBa pacnnasa,

0

Puise energy (1)

Spot size 2 mm

Mainly evaparation

-15 -10 -5

Logig (pulse length in seconds)

5 and u SEM
oil with 2008

HanuMuuio 6pbIar.
KopoTkue u

Absorbed intenstty (Wmm 2}
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¥ H ¥ ¥ ¥ Interaction e {5
£ £ g 2 £
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WHTEHCUBHbIE UMMYNbCbl 06ecneynBatoT yganeHve
maTepuana B BUZe napa, B pesysrbTate OTBepCTUsi
NUMEIOT aKkKypaTHbI BUA.

N« pife

Figure 320 Examples of the quality of trepanned holes made by laser: a an example of a laser-
trepanned hole as used in diesel fucl injectors (the typical diameter is 40-150 jm through 1-mm
stecl), and b a spinneret hole showing the versatility of trepanned laser holes, which can be of
almost any required shape. (Courtesy of AILU through http://www.designforlasermanufacture.
com and Oxford Lasers)



NazepHasa mapkupoBKa

B obnactax V u VI anutenbHOCTb
BO3aencTeus mana. [porpeTbin crion
cocTtaBnsaet BennynHy ~100 HM, YTO
No3BonsgeT UcnapsiTb NOBEPXHOCTHbLIN
CI101, NPOU3BOAUTL MapPKMUPOBKY,
npobuBaTb OTBEPCTUS B TOHKUX
nreHkax.

Absorbed intensity (W mm 3

Magnetcdomaincontrol

- Medicalapphcatons

Bending -
Tanslomation hardening .

Sterolthagraphy
1

w

o0 ~
1

Picosec
Nanosec

07

Micro sec

1072 0
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doTonuTtorpacuma

OAWH 13 OCHOBHbIX MPUEMOB MJIaHapPHOU TEXHOMNOMMK, NO3BONSAOLLEN
MoaMdULMpoBaTL CBOMCTBA NOBEPXHOCTM MaTepuarna Ha MUKPO- U
HaHomacLuTabe. LLnpoko ncnonb3yeTcs B MUKPOSNEKTPOHMKE MpU
NPON3BOACTBE MOSYNPOBOAHMKOBbLIX NPMBOPOB 1 NeYaTHbIX NiaT, a, Takke,
B APYrMX 06nacTsaX MUKPO- U HAHOTEXHOSOTUNA.

(DOTOJ'II/ITOFpa(bI/IFI BKINKOYaAET HECKOSbKO CTaauin, B Yncne KOTOPbIX:

e HaHeceHue Ha MoaMdULMPYEMYIO MOBEPXHOCTL hoTopo3ecTa —
CBETOYYBCTBUTENBHOIO MaTepuana

e OKCMOHMPOBaHWE poTopesncTa nyTeM obrny4yeHus ceemom nmbo Yepes
MacKy-gpoToLabnoH, MMBo NyTem cKkaHMPOBaHMS MOBEPXHOCTM JTy4OM.

e MposiBNeHNE — yaaneHve obry4yeHHbIX y4acTKoB hoTopesncra

e MoaMdMKaLMSA NOBEPXHOCTU B 0OPA30BaBLUMXCS «OKHAX»

e yaaneHue octaTkoB hoTopesncTa

Mpn 9KCNOHMPOBAHUKN UCMONb3YHTCH, B TOM YUCIE, SKCUMEpPHbIE Nasepsbl.
MuHMManbHO AOCTUXKMMBIN NPOCTPAHCTBEHHbIM MacwTab onpegenseTca
OTTMHOW BOJSIHbI.



AQOVNTUBHBbIE TeXHONOrum e B S LA

1993 station Invented
- — = - — 4 % | Pt | &
granted
1992 sLS125

30 modeller

AnguTnBHble TexHonornn nnm Additive e il el ol 5 [ET)
Manufacturing (AM-TexHonornn) — o6obLieHHoe

- ——- -4 - — } —

Ha3BaHue cnocoboB NPON3BOACTRA, T .
npeanonararLmx N3roToBreHne n3genums no [P N e e
AaHHbIM undposon (unn CAD) mogenn metogom e ol e o s o s o o

1988 | PBlesting

nocnonHoro go6asneHus [add] maTepuana.

T~ |7 T e

1987 Invented

SUBTRACTIVE ADDITIVE

Patent

Stereolithography | o | imened
Waterjet cutting Selective laser - —_—- -4 — - — } —
EDM wirecutting siering g
EBautting Fused deposition
e . Laminated modelling b srboss sailiass ol o B o Ly e
machining object Laser direct casting 1984 AP;‘;';‘M
manufacture it

Other layered
manufacturing
methods

Figure7.1 History of rapid prototyping. SLA stereolithography, LOM laminated-object manufac-
ture, SLS selective laser sintering, FDM fused-deposition modelling, LDC laser direct casting.

Laser bending

DESIGN PROCESS

Electromagnetic forming
Adaptive die casting
Casting

Forging

FORMATIVE

(Hemounux: www.optomec.con)

Figure 7.2 Automated fabrication techniques. EDM electric discharge machining, EB electron CAD-yoz1e1H AM-manmHa Jlerams
beam



Knaccudmkauma agaAMTUBHBLIX TEXHOMOMMNU

Knaccngukanusi: mo Metoxy GopMHUpOBaHHUS CIIOS

CuUcTEMa 3epKan

MeTanmyeckuin
MOPOLLIOK

nnaTgopma NocTPoeHNs
MNATHOPME MCTROEHAA

a — Bed Deposition 0 — Direct Deposition a



Knaccudukauma apauTUBHBLIX TEXHOMOMMNU
K.‘IHCCHQ}HKHHHH: 10 KIHOTIEB0H TeXHOIOrHH

Ja3epHBIe

IHEQMA Nasepa
("cBeT”, "Tenno”)

MOGENEHER \

Bed Deposition

Direct Deposition

-

a o
AHIKROCTH CHINYYIE
(SLA-texsomorua) (LENS-, DMD-
chImy1mHe TEXHOTIOTHA)
(SLS-TexHOmOrHA)  HOTEBHIHBIE
JHCTOBBIE (MeTaLT. OPOBOIOKA);
(LOM- (Laser based wire-
TEXHOIOIHA) feed process)

He/Ia3epHEIe
IHEPTHA
("cesT", "TENnO”,
MEXAHMECKAR)

MOENEHEIA
METEpHan \

B r
Bed Deposition Direct Deposition
B r
ARIIROCTH CBIMyYHe
(DLP-texmonorus)  (Poly-Jet-. Ink-Jet-
ChIMyIHe TEXHOTOTHA)
(Ink-Jet- HHTEeBIIHBIE
TEXHOTOTILA) (FDM-TexmomOrma )

Jncrtobble
(LOM-TexHOMOrHA)



Knaccudukauma apauTUBHBLIX TEXHOMOMMNU

ANInTHBHBIE TeXHOJIOTHH
Knaccudnranusi: 1o Metoy (pUKCAIHH CI0S

cBeT Tenno | I cBA3yllee | |
ModenbHbIA ] \ 3
MaTtepuan | "bed" !

E

— —

.

KOHTellHep

a— (l)OTOHOHHMepHBaHHH 0 — crIaBiIeHHE B — CKJICHBaHHC
«CBET» «TeII10» «CBA3YIOIIIEE»



Knaccudmkauma agaAMTUBHBLIX TEXHOMOMMNU

Kaaccnguranusi: 1o TUITY CTPOMTEIBHBIX MaTEPHAIIOB

AKHIAKHE cplny4me HHTeBH/IHbIE, JHCTOBBIE,
NPYTROBbIE IJIEHOYHBIE

r-»

»

PoTonoanMepbl Hoanmepsbl Ioanmepsbl Ioanmepsbl
AKPHJIOBBIE (STIOKCHII- HOIHAMUL, TTOJTUCTHPOIT ABS-non061b1e [IBX-IIeHKH
HEIE) PMMA (polymethyl methacry- PU-noo6uere T E—
late) MeTa/Libl T
Ileckn (feedstock B BHIIE ¢onera .
KBaplIeBbIe, IIUPKOHUEBBIE NpyTKa WIx fcTopon Cpokat
MeTa11010pOMIKH IIPOBOJIOKH)

Al Cu, Ti-Al, Ti, Ag, Au
Co-Cr, Inconel, Ni-Fe
HMHCTPYMEHTAJIBHBIE CTATH



