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BeeneHue

QForm B mupe

[NpeacrasmuTtenbctea U napTHepbl QForm B 24 cTpaHax mupa
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BeepgeHue

QForm npumeHAeTca ANA NPOLECCOB:

Ob6bemMHas

LTaMMOBKa

CAIP nepexoaoB LITaMMOBKY

JlncTtoBada wWtamMnoBkKa

PackaTtka

CopTtoBas
npokaTka

CATllP
~ 1 Kannbposku

s it

BuvHTOBaa npokaTka

TepmoobpaboTtka



BeepgeHue

Cepaue nporpammbl — alaNTUBHbIN FEHEPATOP CETKM KOHEYHbIX 3/IEMEHTOB

ObecneymBaeT TOYHOCTb U CKOPOCTb pPaCyeTa

Mporpamma npegHasHayeHa gna
MOAENUPOBaHMNA BOMbLINX NAACTUYECKUX

aepopmaunin MeTannmyeckmx n3aennm




CoaepXaHue

= BBeageHue

" [[pob61eMbl TEXHONOTMU: aHANN3 TeYEHUS
MeTanna, npeackasaHne aedeKkTos, aHan3
MHCTPYMEHTA

= J/IncToBaA WTAaMMOBKA

= AHANN3 MUKPOCTPYKTYpPbI
" [IpoKaTKa

= [lpeccoBaHue

= 3aK/1t04YeHne



O [lpeackasatb

—

&*’ﬁ PelunTtb i')‘ y o [Mpobaembl
| TEXHOJI0TNU

LLITaMIMOBKW

@ OnTMmM3npoBaTb

NcnbiTanne B QForm agaet 6onbLue
MHOOPMaLMN, YEM peanbHbIN
3KCNEPUMEHT.

Hanpumep, coctoaHne metanna BHYTpU
TeNa 3aroToBKW U MHCTPYMEHTA, KOraa w
rae 3apoxaaetca gedekT, aHMMauno
TeUEeHWs MeTaNNa, 30Hbl KOHTAKTA ...



Distance to contact
[mm]

Mpobaembl TEXHONOMMU

[JedeKT «cKnagKa»

CK.I'IaAKVI = CaMOKOHTAaKT NOBEPXHOCTN Ha NMOKOBKe
noka3aH ob61akom KpaCHbIX TOYEK

o

VLA

HOLSBY METALL AB




Mpobnembl TEXHONOTUU

Cknagkm

[ledeKT He3anoIHEeHUS
JDKOHOMMSA

WTamna MeTanna
NMpo6aembl
TEeXHO/Iormu
LWITAaMNOBKM

Kpome BO3MOXHbIX OLLIMBOK

NCNOJ/Ib3yeMble METOAVKN ToelHL MpocTpensi,
NPOeKTMPOBaHMA LUTAMMOB
HE rapaHTUpyrOT UX KauecTBo, Tak Kak YTAXKNHbI
NPOLLECC TeUeHMA MeTana 3aBUCKT OT
Macchbl GpaKTOpOB, KOTOPbIE HE YYeCThb
aHANNTUYECKUM PacyeToM.

BosokHucroe Pa3pyweHune

B nepsyto ouepesb HEOHXOANMO CTpoeHne lwTamna

KOHTPOJIMPOBATb 3alnoJIHEHUE

rpaBopbl LWTaMMNa -



Mpobnembl TEXHONOTUU

[edeKT He3anoNHeHUs

QForm nokasblBaeT 30Hbl KOHTaKTa MeXay MHCTPYMEHTOM M 3aroTOBKOW, a Takke MOXET NnokasaTb —a
MUHVMAIbHOE PacCTOSIHUE [0 NOBEPXHOCTU UHCTPYMEHTa Ansi GECKOHTAKTHBIX 30H, YTOBbI yBUAETE
BENMNYNHY HE3AMNOITHEHUS
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Mpobnembl TEXHONOTUU

[lpocTpensl,
YTAXKUHDbI

DKOHOMMUA
MeTanna

Tpewm Hbl

BonokHuncToe
CTpOeHwne

Cknagkm

NMpo6nembi
TeXHO0rnN

LITaMMAOBKN

HezanonHeHMe

Pa3pyweHune
lwTamna
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Mpobaembl TEXHONOMMU

AHanu3 Hananuma npoctpena — «faptoung»

, TR | . 1.00
i . | | . 0.95

j a 0.85

. i oat
AR ! | 0.75
TN — ’ g 0.70
g ‘ 0.65

] 0.60

| | 0.55

i 0.50

il N | 045

| 0.40

| | 0.35
e 0.30

faptéonng

Mone « MMHUManNbHasa
ANCTaHUMA Ao
NOBEPXHOCTU»

MpMNoBEPXHOCTHbIE NarpaHXeBble TMHUK

AedekT «npocTpen», «yTAXKMHA»: Ha NOKOBKe AedekT NOXOX Ha CKAALKY, HO NMOABASETCA He B pe3yabraTte
CaMOKOHTaKTa («CKNnajblBaHUSA» NMOBEPXHOCTM), @ U3 3a BONbLLOM Pa3HULLbI CKOPOCTU TeUEHUs MeTanna.
Hanpumep, korga yacTb rpaBropbl 3anoHeHa (BepxHsAs 606bIWKa), @ B HMXHIOK H00bILWKY MeTann NHTEHCUBHO
Teyer.
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Mpobnembl TEXHONOTUU

Pe3ynbTaTbl MOAENNPOBAHUA
N CpaBHEHUE C SKCNEPUMEHTOM

«fapTdunnp»:

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.80
0.55
0.50
0.45
0.40
0.35
0.30
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Mpobnembl TEXHONOTUU

Pe3ynbTatbl MogeIMpoBaHUA «fapTung»:
N CpaBHEHUE C IKCNEPUMEHTOM

> g

=
TN

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.43
0.40

0.35
0.30

C pa3peweHns DMM International



Mpobnembl TEXHONOTUU

Pe3ynbTaTthl MOAEIMPOBAHUA
N CPaBHEHME C IKCNEPUMEHTOM

«faptdung»:

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
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Mpobnembl TEXHONOTUK

AHANN3 NMHCTPYMEHTA

Cknagkm

DKOHOMMUA
MeTanna

HezanonHeHMe

NMpo6aembl
TeXHO/10rUNn
LITaMMAOBKN

[lpocTpens,
YTAXKMUHbI

Tpewm Hbl

BonokHuncToe
CTpOeHwne
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Mpobaembl TEXHONOMMU

OCHOBHbIE NPUYMHbI PA3PYLLUEHUA MHCTPYMEHTA NPU LLITaMMOBKE

* PaspyuweHue B cneacTBUM NeperpysKku

* TepmomexaHMYECKOe YCTa/IoCTHOE pa3pylleHmne (ManouuKknoBasa ycTanocTb)

*  W3HOC rpastopbl

18



Mpobaembl TEXHONOMMU

PacyeT MasIoLMKAOBOM YCTA/IOCTMN B NOAMNPOrpamMmme «YcTanocTby»

Ha npounssoacTtee: paspyleHne NHCTpymeHTa nocse ~200 wrtamnoBoK

Mone «4Ymcno ymknos Ao
paspyLleHmna» :

Min=284
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Mpobaembl TEXHONOMMU

AHaNN3 N3HOCA MHCTPYMEHTA

177

0.0170

0.0160

0.0150

0.0140

0.0130

0.0120

0.0110

0.0100

0.0030

0.0080

0.0070

0.0060

0.0050

0.0040

0.0030

0.0020

0.0010

0.0000
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Mpobnembl TEXHOIOTUM

BONOKHUCTOE CTpOoeHue

Cknagkm

DKOHOMMUA
MeTanna

HezanonHeHMe

NMpo6aembl
TeXHO/10rUNn
urraMriOBKu

[TpocTtpentl,
YTAXKMUHbI

Tpewm Hbl

Pa3pyweHune
lwTamna
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[Mpobaembl TexHONOTU

CraHgapTHaa noanporpamma “Beixog BONOKOH Ha MOBEPXHOCTL"

Oca>keHHas 3aroToBka MpeaBapUTENbHbIN [letans nocne
nepexog, MeXxaHMYecKkomn
06paboTku

OkoHuaTenbHas
LUTaMMOBKaA

LLITamnoBka 3ybuaTtoro koseca. [1oka3aHbl 30HbI C YI/I0M BbIXO4a BONOKOH Ha noBepxHOCTb 30°-90°

90.0

85.0

20.0

75.0

- 70.0

- 650

60.0

55.0

50.0

45.0

40.0

35.0

30.0




Mpobnembl TEXHONOTUU

PaspyweHune, TpelwuHbl
1U3-3a ncyepnaHumAa
pecypca N1acTUYHOCTH
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Cknagkm

DKOHOMMUA
MeTanna

HezanonHeHMe

NMpo6aembl
TeXHO/10rUNn
UJTaMfIOBKu

[TpocTtpentl,
YTAXUHbI
BosokHucroe Pa3pyweHune
CTpoeHue lwTamna



Mpobnembl TEXHONOTNU

TpewwnHbl

MognduumnpoBaHHbIN KpuTepui paspyleHunsa Kokpodra-/latama

Habop kputepunes paspyLueHms

NMO3BOJIAET NpPeaCka3blBaTb 30HbI O6pa3OBaHI/IF| TpeWwnH

1.00
0.95
0.90
0.85

- 0.80

075
0.70
0.65

- 0.80

0.55
0.50
045
040

- 0.35

030
0.25
0.20
0.35
0.10
0.05
0.00
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Mpobnembl TEXHOIOTUM

Cknagkm

JKOHOMMA meTanna
HesanonHeHne
NMpo6aembi

TexXHo/0rmm
LWITAaMMNOBKU

TpewmHbl [TpocTtpentl,
YTAXUHbI
BosokHucroe Pa3pyweHune
M, HakoHeU, gake Korga Mbl NONyYunm CTpOeHwne LwTamMmna

[I0OBONbHO XOPOLUYH TEXHOMOrM0, nodemy Obl
He onTuMmM3nposaTtb ee? Hanpumep, no
pacxogy marepuana
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Mpob6aembl TEXHONOMMU 28

OnNTUMKU3ALUA C LEeNblo SKOHOMUN MeTanna

231.75mm

96mm

| pomm ~

B nepBOHa4Ya/IbHOM TEXHONOIMMM UCNOb30BaNach 3arotoBka 31,75 x 96 mm. -
[locne onTMMKU3ALUUN pacCYMUTaHA 3aroToBKa 28,5 x 93 mm.



Mpob6aembl TEXHONOMMU

JDKOHOMMA meTanna - 20% Ha KaXXgom nsaenmu.

O6bem 3arotoBKU CHUMKeH Ha 20%, Npy 3TOM NOHOCTbIO 3aMONHAETCA rPaBlopa WTaMnia U NOKOBKA He
nmeet aedpekToB. Pe3ynbTaT - BbICOKOE CHUXKEHME cebecToMMOCTM U3aenn NPU CEPUNHOM
NpoOn3BOACTBE.
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CoaepXaHue

= BBeageHue

" [Ipobrembl TEXHONOTMU: aHANN3 TEYEHUS
MeTanNa, npeacKkasaHne gepeKkToB, aHaN3
NHCTPYMEHTA

" J/lInctoBaA WTaMMOBKA

= AHaNN3 MUKPOCTPYKTYpPbI
" [IpoKaTKa

= [lpeccoBaHue

= 3aK/1t0YeHne

30



JlncrtoBana wWTamnoBKa

JlnctoBas WTamnoBKa basiku

[@bapuTbl 3aroTOBKMU:
AnvHa = 1700 mm

lnprHa = 230 mm

ToawmHa = 15 mm

KapTepa
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CTaH,ﬂ,apTHble noanporpamMmmbl 44 JINCTOBOW LLITAaMIMOBKM
[Mpumep mogennposaHus

rmokKu

Juazpamma npedesnbHo20
¢opmousmeHeHus (FLD)

30HbI wraMmnyemocTu

Bonblwas gedopmaums (McTuHHAR)

. PazpywieHune PWCK BOSHUKHOBEHWA TPELLIMH
YpesmepHoe yToHEHNE . Hert aedexros

. CknoHHOCT K CkNaakoobpasosaHnio . Yronwenne

1
. Heaoctatounas aepopmauua 0.00
MeHbLias gepopmaumnsa (MCTUHHEA)

Pe3y/7bmamb/ MoaeﬂUpOBGHUFI 3KcnepUMeHma/7be/e pe3ysiemdamel

ﬂd zone

Yronwenue

CknoHHoCTb cknagkoobpazosaHuio

Her aedexros

Puck BO3HMKHOBEHNA TPEWWH

 YpesmepHoe yToHeHue

HeaocratouHas aepopmauus

Paspywenue

CarypH

@ oAk - pa3peweHna OJK-CatypH



CoaepXaHue

= BBeaeHue

" [pob61embl TEXHONIOTMWU: aHANIN3 TeYEHUA METaNNa,
npeacKasaHue aedeKTos, aHaNMU3 UHCTPYMEHTA

" J/lInctoBaA WTAaMMOBKa

= AHa/IM3 MUKPOCTPYKTYpPbI
" [IpoKaTKa

= [lpeccoBaHue

= 3aK/1to4eHune
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AHann3 MUKPOCTPYKTYpPbI: pa3mep 3epHa

MopaennpoBaHue MUKPOCTPYKTYpPbl MHKOHenb 718

KoHTpornbHble Toukn M1 and M2: mogenMpoBaHMe U 9KCNEPUMEHT

MukpocoTo Touka M1: pazmep 3epeH 13 MKm

[TokoBka 6e3 obnos

ASTM grain size:
Mean intercept:

ASTM grain 5
Mean intercept: 18 ym -

-80

90

180

Workpiece
13 average grain size
14.15
A — 1S
B | s—005

18.5

17.5

16.5

15.5

145

w— 1
J 12N
Ki— 115
L — 105
o
[T T —




AHanu3 MMKPOCTPYKTYpbI: pa3oBble NpeBpaLleHma npu TepmoobpaboTke

100.0
95.0
90.0
85.0
r 80.0
F 750
F 70.0
F 65.0
r 60.0
F 55.0
r 50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0
5.0

0.0

Moaynb TepmoobpaboTtkm QForm

AycTeHut

AI [ 13 [50 B 22 | Tl
26.982 °||> 47.90

Aluminium Titanium

AnOMUHUA TutaH

7 26 | Fe s 28 | Ni
: 55.847 > 58.69

Ferrum Niccolum

Xeneso Hukenb

Point 1 - Temperature, “C

1000
{ 260)
L

— 600

— 400

L 1
200 400

I
600 800

|
1000
Time, s

L L L
1200 1400 1600

L.
1801879 2000
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OCHOBHble mogenupyemble NPoLLecchbl:
* 3aKankKa

* OTnycK

* CrapeHueurT. a.

YunTbiBaETCA TENIOBbIAENEHUE U
n3meHeHue o6bEMma npu $pasosbIx
npeBpaLeHusX.

Pacuer:

e ($a3oBbIM COCTaB,

* OCTaTOYHbIE HANPAXKEeHUSA,
* pedopmauui.

[lporHo3npoBaHue
3KCN/IyaTaLNUOHHbIX CBOUCTB:
 Teéppoctb

* [pepen NPOYHOCTH



AHanun3 MMKPOCTPYKTYPbI: XUMUKO-TEPMMYECKana 06paboTKa

MogennpoBaHve andpPysnoHHbIX NPOLEeCcCoB

TrnoBoW NpoLecc BakyyMHOW LleMeHTaLmm
(ASM Handbook, Vol. 4 Heat Treating)

(210%90"; Soa\k ’Bc\mstl ?iﬂusion (1‘?(?00)
HaCbILLI,eHVIe OAHUM KOMMNOHEHTOM / 982°C 01 kPa, |Uniosding
815 Soak \ \ 100
o (1500) N / 843 °C J‘ (750)
= oil
© Nitrogen quenching
; ; 80 kPa |
Hemetannamu MeTannamu T s e Lol
§ (1000) (500)
§ / Hydrocarbpn _/_J Evacu[a(ion
C - uemeHTauws Cr - xpomupoBaHue 260 gas backfill - -
(5001 Evacuation Nitrogen — (250)
backfill )
N N X ; & 27°C 27‘ oc ' Unloading
- a30ThnpoBaHme | — HUKeNnpoBaHue o - > - 5 ~ - 50
Time, h
Si— cnangmnpoBaHmne Al —annTnpoBaHme Pe3ynbTaTbl MOAENIMPOBAHUA LEeMEHTALNN -
KOHUeHTpauus [%] yrnepoaa (paccMOTpeH
arMeHT 3aroToBKM BbICOTON 1T MM):
p
B - 6opupoBaHune

Step: Il TabbedBoxT [%]
Time step, ms : 0
Time, ms: 0 o~
CE
080

0.70

060

050

e 0.40

D 020

010

000

Mo>keT bbITb npomMmoaennpoBaHoO p,mq)q>y3|/|0HHoe HacblileHe OAHMM KOMIMOHEHTOM

Pressure, kPa (torr)



CoaepXaHue

= BBeageHue

" [Ipobrembl TEXHONOTMU: aHANN3 TEYEHUS
MeTanNa, npeacKkasaHne gepeKkToB, aHaN3
NHCTPYMEHTA

" J/lInctoBaA WTAaMMOBKa

= AHaNN3 MUKPOCTPYKTYpPbI
= []pOKaTKa

= [lpeccoBaHue

= 3aK/1to4eHune



HoBble Mmoayanm h BO3SMOXKHOCTU MOAENNPOBAHUA MPOKATKN

HazeaHwe npouecca

|I'Ipou,ecc [11 |

HazeaHwe onepayun

A
| IR
L
Twun enepayun 7
Jedopmauma d
3 OxnaxsesmerHrges”
bl () OxnaxaeHne/| arpes
lecmeTpua J ) Unknuueckunivbarpes nHcTpymenTa
= () Packatka K&'IELI,

u @] Pac»(aTK!Konéc

MapameTpol (") MpogontHan npokatk -
3aroTOBKH -
() BuHToBaa npokarka ==

E (7) Pesepcuenan I'IFI-OKETKEI —_——
Mapametpel () MNpeccosanue npoduneii
MHETPYMEHTa J B
) Crnaxgenne npodmnei
() 3nexTpoBLIcagKa
¥cnoena (0 ToncToAWCTOBAN LUTAMMNOBKA
OCTAHOBKN

[0
»
E]
z
a

0 2 2 o
2
u

RO
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CpaBHeHme pe3ynbratoB moAaeNNpPoBaHUA U SKCNEPUMEHTOB

Pe3ynbTaThl NpoMblWAeHHbIX ncnbiTaHnm QForm Ha EBPA3 3CMK

QForm 10.1.0
Temneparypa [*C]

1175

« 1150
1125
1100
1075
1050 YcpeaHeHHaa cxogMMoCTb Mo TeMmnepaType
99.2%, 3arpy3Ke npmneoaos 91.3%,
1025 reomeTtpun 98.7%
1065.0 1(m
v . UTorosaa cxogmMmocTb
1050.0 o
- X3 s 96.41%
s 950
10200 Makc: 1169.37
B Mun:  953.624
—a

—EBPA3
3K -



CoaepXaHue

= BBeageHue

" [Ipobrembl TEXHONOTMU: aHANN3 TEYEHUS
MeTanNa, npeacKkasaHne gepeKkToB, aHaN3
NHCTPYMEHTA

= J/lInctoBaA WTaMMOBKA

= AHaNN3 MUKPOCTPYKTYpPbI
" [IpoKaTKa

= [lpeccoBaHue

= 3aK/1t0YeHne



OcHoBbl QForm Extrusion

TeueHue npodpuna
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CoaepXaHue

= BBeageHue

" [Ipobrembl TEXHONOTMU: aHANN3 TEYEHUS
MeTanNa, npeacKkasaHne gepeKkToB, aHaN3
NHCTPYMEHTA

" J/lInctoBaA WTAaMMOBKa

= AHaNN3 MUKPOCTPYKTYpPbI
" [IpoKaTKa

= 3aK/t04YeHne



3aKknto4yeHune

[lonb3oBaTenn QForm no Bcemy mupy

ﬁ schmiedewerke Grodiz [ A o\

GmbH - sedt 1779 - Edelstahl . ) )
Powering Business Worldwide

~—
Sundr Fast Limited
(J!_s{} undram Fasteners Limite
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ENKO onierr [l

[lonb3oBatenu - 8 51 cTtpaHe

KAZCIOGLY



3aknoyeHue

HekoTopble nonb3oBaTtenn QForm B Poccuu
@ @G @ oo Cor 2

CarypH HIMO SHEPTOMALL

€ @ Ty Al Qo dist

H3B3 KPAcHAm WMy

ow““ E;%.(\‘ IRKUT g‘éﬂ a
' ) ' e, CeBepcTanb ([g)vpz
HMO TEXHOIMALL 3ABOA Merus

7%
YM. C.A. ADAHACBEBA Ky m3 HPRYT

EW ) oHaP @ Wecmno @jm“ ~~~~~ C/BNTEK s

- _qprcTOm '\

ARIHOHEPHOE DFNIeCTBO -
= METAJITYPTHYECKHIT 3ABO] YENABUHCKUNA - 1 Kombuear
KY3HE4YHO-NPECCOBbIN SNIEKTPOXUMITPUBOP
2 3AEKTPOCTAAD ) PYGIONMMET
KyneGakckuin Metannyprueckuit 3ason
TPEANPUATME FOCKOPIMOPALMY «POCATOM »
N

. Ros I AR @E HEPTOMALUCTIELICTAAL
‘ Nz BN ERCOMASHEPETSSTAL
® RESEARCH-AND-PRODUCTION ASSOCIATION

PocHUTI CT3

P
S B mens EUU:
- GGUBURUNPRUM - EBPA3

bonee 100 nonb3osaTtenen 8 Poccum
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Hosas Bepcusa QForm 11: HOBbIM YPOBEHb MOAENNPOBAHMUA!

QForm — u3BecTHbli1 B MMpe POCCMUCKMI NPOrpaMMHbI NPOAYKT, UCMONb3yeTca
6onee uem B 50 cTpaHax:

(@

4

G;, ONTUMU3UPYIA  AHarmsipys
npouecc

MHTepdeiic nporpammbl Ha 13 A3biKax

MNoppobHas goKymeHTaLMA C npUMepamMmmn NpUMeHeHuUn
BbicTpan TexHUYecKaa noaaepKKa

O6yueHune 1 Kypcbl NOBbIWEHUA KBaMPUKaLUm

YMeHbLuan
pacxos
mMaTtepuana

MpeackasbiBal  Yetpawsii

AedekTbl

HezanonHeHue

Peluan

[NoBepxHOCTHbIE
AedeKTbl

PaspylweHuve

UHCTPYMEHTOB
BonokHucroe Py

CTpoeHNne

Cant: www.gform3d.ru

JunHammnyHana pa3paboTKa
nporpammsl: 6onee 200 3HaYMMBbIX
M3MeHeHnn B Bepchn 11

Cnacunbo 3a BHUMaHue!


http://www.qform3d.ru/
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