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[leAb pabOTHI

AfanTaums metoaa UMMNYNbCHOMO TEMMOBOrO
TeCTUPOBAHNA ONA KOHTPOMNSA TOYEYHOW CBapKM

0 AHanus Tepmorpaguyecknx gaHHbIX 3KCrnepmumMeHTa no
NMMYNbCHOMY TENSIOBOMY HepaspyLiarLwemMy TeCTUPOBAHUIO

o PaspaboTtka meToaa oueHKkM nnowaan cBapku Ha OCHOBE
Tepmorpadunyecknx AaHHbIX
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‘ MoaAeADb IIPOXOKACHUA TEIIAQ YEPE3
CBAPHOE COEAMHEHUE

laT (X,t) ) % ’ 0<t <t i —  meMnepamyponposoOHOCHLb
—8n = —  mMenionposooHOCMb
oQ 0, to <t C — menioémKkocmob
oT (X,t) 0 te [O,tm] L — NIOMHOCMb
on o0,

o0 X, =X aT((;'t) —v-(avT(xt), xeQ, te(ot,) [a:%c)
%\ T(x,00=0, xeQ
I O6J'IaCTI/I, rge cBapkKa npounsoLusia
= 3ajava pelleHa YMCNEHHO Npu pasfNYHbIX KOHUrypaumax
obnacTtu cBapku
= MogenupoBaHue NokasbIiBaeT, YTO TeMrnepaTtypa Hag obnacTsamu
CBapKun NogHMMaeTcs Bbille 1 boicTpee

= PaspaboTtaH meTon oueHKM NoLLaan CBapku OCHOBbLIBAKOLLLAACA Ha
3aBMCUMOCTM TemMrnepaTypbl OT BPEMEHU B KaXXO0W TOYKe
MOBEPXHOCTU
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I Iposepka meToaa. PesyabraTer

[TogrotoBreHbl 0bpa3sLbl TOYEYHOW YIbTPa3BYKOBOM
CcBapkKu

ONeKTpuveckmne cornpoTmBneHnsa obpasLoB N3MEPEHbI
npu NOMOLLK cneymarnbHOW YCTaHOBKN

ObpaboTaHbl TepMorpaduieckme gaHHble,
NONy4YeHHbIE B 3KCMNEPUMEHTE UMMYITbCHOrro TEMNSOBOrO
TECTUPOBAHUS

B3aunmocBsa3b MexXxay Kputepuem U NeKTponpoBoAHOCTbLIO
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OnpeaeA€HUE TEITAOBOTIO ITIOTOKA 110

TCMH@p ﬂTYprIM AAHHDBIM

BTopas 3agavda: onpegenenme nnoTHOCTU TENMOBOro NoToka
NorrowaemMoro NoOBEPXHOCTLIO obpasua
Bbin NnpoBeaEH psaa SKCNEPMMEHTOB, B KOTOPbIX HA MecTo obpasua
yCTaHaBnmMBanacb TOHKasi MegHas nnacTuHKa
Heobxoaumo pewntb ObpaTtHyto 3agady TennonposogHocTn (O3T)

(8T (x,t) _ a52T(x,t)
ot ox?
y JT(x0)=0, x €[0,1]
T(,t)=T,(), telot ]
T
L OX

=0, telot, ]

xe(0,1), te(0t,)

D)

[ d

q(t) = k

oT (0,1)
OX

N3BecTHO, 4TO O3T NMeeT eAUMHCTBEHHOE PELLEHNE, HO
SIBNSETCHA HEYCTOMYNBOWN OTHOCUTESNBbHO NCXOAHbIX AaHHbIX
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CBA3b TEMIIEPATYPHI U TEITAOBOTO IIOTOKA

A
Annpokcmmauus q 2 q |

TENNOBOIO NOTOKA o
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tO tl t2 t3 tM I_IyCTb ti = iAt’ i = ]_,—M
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T(t)=To+ 6ot —t)-olt ~t )+ G (olt ~t)-olt ~t, )+
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Ti(t)=T =T, + ZI: A, | (3)

Teopema [droamens:
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Matpuunas dpopma

T(t)=T =T, +> gAp,_ B i=1
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NNOTHOCTb MOTOKA, ,U,)K/(NF c)

AnaaAn3 ycrormauBocta MeToAa [IToapta

| =1.6mm
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MeToA ITOCAEAOBATEABHOM
(PYHKIITMOHAABHON AITPOKCUMAITIN

— . q A
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Metoa peryadgpusanumn

M

M M1 M —2
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[Tepexoa K O€3pasMEPHBIM BEATINHAM

[ns 6onbLien oOLLHOCTM BCE anropuTMbl U

KOHTPOMbHbIE MPUMEPLI ObINY peann3oBaHbl B
be3pasmepHomn cbopme
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KOHTPOAbelﬁ IIPUMEP: CTYIIEHYATOE
HM3MEHEHUE ITAOTHOCTH

TecT: cTyneH4yaToe U3MeHeHve UMn ynbca. TennoBow NoTok TecT: cTyneHyaToe nsmeHeHne nmnynsca. Temnepatypa
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KOHTPOABHBIN IPUMEP: UMITYABC
IPAMOYTOABHOM (DOPMBI
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NNOTHOCTb TEns0BOro NoToka

‘ KOHTPOABHBIN IPUMEP: TEIIAOBOU
IMITYABC TPEYTOABHON (DOPMEI

TecT: TennoBoW MNOTOK TpeyrorbHOW opMbI
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NNOTHOCTb TEMNSIOBOro NoToKa

‘ Metoa dyHKITTOHAABHOM

ATIITPOKCUMALTAT. PesyabTaTh

OueHKa TensioBoro notoka (MpsAMOYrofibHbIA UMY IbC)

OueHka TennoBoro notoka (NocTosiHHbIA, deT = 0.5)

1 & e I e e 1.2 L
oo L x o ] . \ MCTUHHAS NMOTHOCTL .
/ e /{ WCTUHHAS! MIIOTHOCTb / \ oueHka, deT = 0.1, r = 4,
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ana metoaa LWTonbua
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NNOTHOCTb TEMNJ10BOro NoToka

MeTtoA PYHKITMOHAABPHON AIIITPOKCIMAITH.
TpeyroAbHBIIT UMITYyABC

. OLeHKa TENMOBOro NoToKa (TPeyronbHbIA UMAYIIbC) r AT Z(qM_ af Tl%( q_| - Qi‘
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MNOTHOCTb TENJ10BOro NoToKa

1.2

Meroa peryaapuzanuu. | lpamoyroAapHbIN

TEIIAOBOU MMITYABC

OueHka NnoTHOCTM (MPAMOYTOSfbHBIN, UCKaXKEHHbIE AaHHble, deT = 0.05)

19.06.2012

[ [ I M
WCTUHHAs MMOTHOCTb Art a, a, a, | ucraxcenue \/;(q, q)z
—%— alphal = 1le-3 M
o ~ L~ alphal = 5e-3 HeT 1,07E-01
S\ ~— % alphal = 1le-2 :
y '  5,00E-02 0 1,00E-04 0 ecTb 1,32E-01
i HeT 1,16E-01
5,00E-02 0 3,00E-04 0 ecTb 1,25E-01
HeT 1,18E-01
5,00E-02 0 4,00E-04 0 ecTb 1,25E-01
Xﬁ HeT 1,20E-01
%\ 5,00E-02 0 5,00E-04 | 0 ecTb 1,26E-01
&R. e < e HeT 1,23E-01
g o ' 5,00E-02 0 500E-04 | 0 ectb 1,27E-01
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 CpeaHeKkBagpaTU4HOe OTKNOHeHUue
BpeMmsi 1,34E-01 [ | |
° 1,32E-01 b ocpe,quKE_s_. OTKNOHeHne
Pe3ynbTaThl Nnyylle, Yem Te, YTO | § o e
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ko3t puLmeHT




NNOTHOCTb TENIOBOIro NOTOKa

Metoa peryaspusaruun. CpaBHeHHE
METOAOB Pa3HBIX TOPAAKOB

OueHka nNnoTHOCTM (UCKaXKEHHble AaHHble, deT = 0.1, "onTumanbHble" alpha)

0.3 r r r r
UCTVHHAS NIIOTHOCTb
A —+— O nopsigoK
0.25 'u“\ % 11 nopagok a
~ 1~ 21 nopsigok

0.2

M
«ONTUMarbHOE» (qI o )2

a =

0.15 M

f 01 nopsigok 2,00E-03 9,12E-03
0.1 11 nopsigok 5,00E-03 4,94E-03
21 nopsigok 2,00E-02 7,24E-03

0.05 i

S
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R

-0.05 - : : : : : : :
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4

19.06.2012 19



NNOTHOCTb TENMoBOIro NoToka

‘ Mertoa peryadapuszarmn. Banauame ormmmoox

OueHka nnotHocTM, MmeTod 1ro nopsagka (alpha = 0.001, deT = 0.01)

0.3 r r
NCTVHHAsS NIIOTHOCTb
0.25 —%  oLeHKa MO TOYHbIM JaHHbIM L
L~ oueHka no nckaxeHHbIM gaHHbIM (0.1)
0.2 ~®  oueHKa Mo UckaxéHHblM AaHHbiM (0.02)
M J—
o’ o Z(qi _qi)z maxiq; — qi‘
0.15 |:1T i=1,M
0 0 3,83E-03 1,92E-02
01 4,88E-04 0,02 8,17E-03 2,61E-02
2,44E-03 0,1 3,49E-02 8,95E-02
0.05
-0.05
-0.1 : - :
0 0.5 1 1.5
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Temnepatypa, rpag. C

OILleHKA IIAOTHOCTH TEIIAOBOTIO IIOTOKA IIO

SKCIIEPUMEHTAABHBIM AAHHBIM

= K akcnepumeHTarnbHbIM gaHHbLIM ObIST NPUMEHEH
MeTon perynapusaunm

NcxoaHble AaHHble Pesynbrar
OKcnepuMeHTarnbHas 3aBMCMMOCTb x 10° OLeHKa TennoBoro NoToka no 9KCnepUMeHTarbHbIM AaHHbIM
5
45 T = —

‘( & deT = 0.03, alpha2 = 0.005 %
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NMoTHOCTb TENMoBOro notoka, x/(c l\%)
l_\
(6)] N
\ﬂe\

0 ; ; 0.5 : ; ; ;
0 001 002 003 004 005 006 007 008 009 0.1 0005 0 0005 001 0015 002 0025 003 0.035
BpeMS, C Bpemsi, C
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3AKAIOYECHUE

Ha ocHOBe moaenu NPOXOXAOEHUA TENJ1a
Yyepe3 CBapHOEe coeagunHeHune npearyioxeH
METO OUEeHKN niowann CBapKn

lccnegoBaHO HECKOJIbKO METOA0B peLLEHUS
obpaTHOM 3aga4M TENNONPOBOAHOCTH

[1o JKCnepmMmeHTasribHbiM laHHbIM
BOCCTaAHOBJIEHA MIOTHOCTb TENJ10BOIO
NMNOTOKA
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EAaFOAapHOCTI/I

General Motors R&D and Planning
a JleoHung Jles

a xuH Co

o Hukonan KoHapaTheB
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OIeHKA IIAOIIAAN CBAPKHU

A= {(Xi : yi XT (t, Xi y yi ) >TANSYS_away_of _Welding(t)}

Kauecmeo ~ ‘A‘

1,2 7

TemnepatypHbie 3aBucumoct: ANSYS u akcnepumeHT

‘ ‘ o ANSYS: in the center

border point

o]

o ANSYS: away of the welding
Experiment: hot point

M ATy Experiment: cold point
Oy ) d

PO

6eapasmepHas Temnepartypa

AN AN SR

0,00

0,01

0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10

Bpems, ¢
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OHP@A@A@HI/IG TEIIAOBOTO IIOTOKA IIO

TCMII €p aTYprIM AAHHDBIM

= BTopas 3apava: onpegeneHue NNOTHOCTM TEMMNOBOrO NOTOKA
nornataemMoro noBepxHoCTb0 obpasLa

a®) (0T (x,1) _ L 07T (% 0
p N xe(0,1), te(0t,)
JT(x0)=0, x<[0,1] >

_____ T(l,t) =T,(t), te[O,tm] (t) k@T(O t)

MY ot [0t ]

OX
AHanuTnyeckoe pelleHue:
T (n) (t)IZn—l

™ ey _ T (1)
3TV = pra vn = q(t) = k;a “2n 1)
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‘ | I[pumMeHIMOCTD K peaAbHOU 32Aa4€

6 8 2
% 10° MnoTHOCTL TENMoBoOro notoka - petuerve CMAY Orex ~10° 10 ﬂ‘?’lc/ (M ' C)
12
| 5 ~1-20mc
—% oueHKa
10— WCTUHHAA NMOTHOCT: T
UMMYIbC NPSMOYTrofnbHON dIOpMBl,
npoaosPkmMTenbHOCTL 10Mc
| / \

AT =10mc

NSIOTHOCTb NOTOKA, D,)K/(lv? c)
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e |
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TennoBo NOTOK TPeyrosibHOM opMbl = CYNeprnosuLms YeTbIpEx

1.5 r I I T
linear(t)
-linear(t-t0)-linear(t0)
10 -linear(t-t0)+linear(t0)
linear(t-2t0)
g /
E 05 —
c
2 // / —
8 /\
= 0
)
[&] \
(@]
(@]
c
[= \
-1
-1.5" - : " " -
-0. 0 0.2 0.4 0.6 0.8 1
BpeEMS
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q, 2.8 -
g, 3.54-10°

1%
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Temnepatypa (Npu y4éTe BO3AYLIHbLIX 3a30POB)

. o ® rpaHuLa
border point 6 — P _

(3) & coceqHss
E 5 & X L|eHTP BO3AYLLHbINA —
; A « x PAIOM C Kpaem BO3YLUHOM| |
o « g brere |
E‘ 3 : XXXXXXXXXKXXKXK XX XK K KX XK XX 33 X e 3¢ E— 'Y
g ARARXRIKK XK KK X KXX X XX XX Xx <XXXXXXXXXKXXXXXX)()()°
GE, 2 o L XX XA XX ook K 3K KK K KK KK KK 3K KK KK KK KK 3K KK KK KK KK 3K KK KK KK K KK KK KK KK K PSK KK KK KK K 3
GE) xx**x,”‘
=

1 .

0

0,00 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10

Bpems, C
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