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Stresses theoretical knowledge of the underlying physics
that govern welding arc processes

www.weld.labs.gov.cn www.weld.labs.gov.cn

1B R/ heat intensity

BA (FEmilmR) SR {LIE (fusion welding) PR E#HBERTFRILEESE
HEN. R=FH=E, (EINEEM) AREESBUESEPHNEENF. R, HAZZEX, 28
EE (IREFH) F—% XBEHEE

Prof. Thomas Eagar, MIT <Welding and T 100 W/ cm? Wi ER (power density)T, SRAFH
Joining Process> rEfRl, ARMANES
http://ocw.mit.edu/OcwWeb/Materials- Z/EE 500 — 1000 w/cm?HII EBES RRIBLER
Science-and-Engineering/3-37Welding-and- MRIRBFEES, K4107w/cm?, THEESHZITEES
Joining- ik, BRI, FlmHkR(Laser Beam)MHE TR
ProcessesFall2002/coursehome/index.htm (Electron Beam)
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1efE# e /heat intensity 12fE#E /heat intensity
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LEFELTE /heat intensity LEFELTE /heat intensity
REhgE
o DIKEEIK: 2-10% A=K
- HIENHKEN 30-70% (EIHREFT)
o THEWES (108 watts/cm?2): 99% A
=11 12 th RIS AU ZEK
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1z E /heat intensity 12fEHE /heat intensity
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1efE# e /heat intensity 12fE#E /heat intensity

Table 2 Thermal diffusivities of common alloys from 20 10 100 °C (68 %o 212 °F)

- BESREFILESZERNXRA:
Ho  fifaoH
q q

Aw

- BIFEMIRLHEE—DIRiE, U=20V, I=200A,
v=5mm/s, f1=0.9, f2=0.3, q=10j/mm;

~0.9%0.3x20x200
5x10

Aw =21.6mm*
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1z /heat intensity r2fEHuE /heat intensity

PE{E =M XHAZ(Heat {4k & B F7 T FtE (Interaction time)
Affected Zone)3E &

Lt - AR

<10*w/cm?, 518k
HEEFE,

>10%w/cm?2Ef, HAZ3
ESrExX, £4HAH
}E&iﬁﬂu, ELLTFREXRE

AY b EREFI AR EEGR R

Heat intensity

leat Affected Zome Width (cm)

wt

W 1 =
Heat Intensity (Wattglem?)

www.weld.labs.gov.cn www.weld.labs.gov.cn

1z E /heat intensity 12fEHE /heat intensity
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BRI BRI

- fili$# i 2= (Ionization by collision) - #H#EE(Thermal Ionization)
- BFEFXTWIRER, REREN, ASHENTRE - EHRSHERST, BN THTFHENZENEEAR
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- BFF¥HHE(Mean Free Path)
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BTG BTG

- BN EERBRETFESHESEREGX - #F %5t (Thermionic Emission)
« BHHF(Free electron): £ RHAMBEFAUEST - ;g&*%w, SRABNAHATFERRS HEHIIER
2 ; m
BT SR AT HAS S, Ew: R CRRRK MRS
s X‘IF;‘ZE‘]%EWJ“J@E EEJ_‘TE' Uwo j:4n21vek:T
et o . - ARMETRIER, 120.4 (A/cm2K3), BREGEHRS
o Seraem RHEIRIF 5 —460.2, FRARAZHIBX.
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BFX5] BFX5]

- 7% % 51 (Field Emission) ShaneiAtE Y TR T EMAGIEE 2, ST FAKEE
LSS ETRFIEZAHE
- MRFABLY, EETEHEEHTW, =el, EER Schottky Effect/2 FAHREI# B -TER F I EBERIAHIE
RSME I EHTRAERIRY, HiETRRESIAT AERASRS, MEBXFULETHRETES,
e(eE)*/2, HETHRHEBEEN: AEHEIGESE, BESERER0. BTFHALL
(Uw—eE) eeE r“-.' gl\ig Hj 7
j'=AT" R —jew BBEHEPRE, T2RHAAR.

- 1 RigE BIFRIM n 45, FRASchottky Effect

.b,

WEX=106V/cm, T=2500K, Mn~6, 1N

M1.3.8 Smisisal
X=107V/cm, Mn~250 EEREELNE H R

[E 319
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B F BT BN HTZ BT S

Anode, Cathode, Arc MEX
column/arc plasma b iRESLTF5000-50000K2 (8], SbF#HAFHEIRZS
Rt WP SRR ABIVNRTFSESRART, PR EEN

BRFXHE—SIWARFHASF. REEEEESN, W=
Cathode Voltage Drop, = E S Hhd b,

Anode Voltage Drop, e i WE MR RSl TR SRR, BTFiRS99.9%
Positive Column Voltage i - , BFRG0.1%.

Drop - [ R DR RS E
| . Pc=ELI, =8

Ua :Uc+Up+Ua

TAr:‘f‘J-ﬁiJ;
Pn: I ‘Ua: I '(Ua+Uc+Up)
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B HTZ BT S B HTZ BT S

=m/NBERE HRFE

o LEEE, EREEMN, MlEESXEERFE
BERDEYE, BREWEEEE, BNk, & 2253 MEARERZD)(C.0. BRI
e BN | ~10ABSID .

I Cate) WA )

6.3~5.7

Bl ) 1Ha~13.3

1.8~24.5

INETERT, SRAEEIERIR :::.

KBRS, HTHBHRGERE, IR SRR et
. Bk EIIAIS R 1EA80A. | a5
NGB EE: 10-300A/cm?2, EE{KF7000K

; MABRFAEL03-104A/cm2, BE#HET10000K
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B HTZ BT S B TZ B IR S

FIRESHHRAR: FH &
M AR SIS A EMEIFAR, FARAS %516
BN BF, ATFHER
BLAREE A PEARXiE, MFRAERITEREES
Bl FEEESTHEMER
PRARAFE BEAR X 61599.9%o b B T HE A FEAR
BP=RHS InFABAR, KR, BARIEL

Pa=1-Us=1-Ur+Uy+Ua)
WA, Ui/, RS BER X e B
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B TZ B FERES B HTZ BT RS

PERBE = B
- pEFEE, BEFABRRREAABRSTINESE, T T4, BRESHSMNBEIR, REGFEESHN, &
XA T
- #WXEF, SRETHEEGEER, —BEEEES 71 FFe, Cu RIS BANR, ALXEHTRE, FBRXRE
EB#EN, RASEWIEREME, BilEhFik. [ MIEBTHER, KHERE, SESBLL.
FBARRESE R T—&, RS, BRBELL PR X R A T, RN K
MHERSHEE .
© BN IR kER>103A/cm?, BIRARR
EE TR 8%, JafE, ERRETEEH
BRETE, BHEEXEEUREERR
WBAIR: Fe, Cu, =4 IAHRBE A
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B HTZ BRI B HTZ BRI

FRARIE A= - $EEE

- BISHABERERERE—PBIRE, ZXiE —- BFEEEEAE,
BREE. BE. EABETSTHERE, FRIEHR - ABSHBEET, WRIIARNIERA, THTRTOERE
B RX. - BT RESLENEE, SEOSSEREE, BFRED
RIE A BHERIRR (BL) B, 24 BRIRIER K, FARBFRGNES BRAISHAESERESSE
T, MRERSUESSEARPS, FIPSHEIT T, AT A AR
(IERBRFARK) SREZIHSHIER, il - ERLEHBRINEE RN (RELRBELS) .
ZRERS, NEBaSREEHENAE, BIEE - EETEGUmESLE
:.Fiq:', i‘ﬁlﬂéﬁﬂﬂﬁéﬁﬂcﬁﬁ (*‘giﬁ) , B NGHE, HRBE, 0n ocnsai
NS EEESE PERET ARDRE.
AR BAR B e A T (T A= 2Bk s, B RS
FTRSFETHRXE, EIlEIZXERESETHR
HIXHFEREE RN
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B F BT B F BT

GTAW DCEN Straight Polarity o MBAZ 5 a8 T35 Bk 4 AMEFH (R HTh)
L ~ BTRNSERE
'W | [S' - BRiE: BTRNBRERRADT I
- w8 — RS A SRR L (R TR hikE)
N //\&\ - BHFEAED

Anode is heated by e- Tip is cooled by Z ﬁiﬁﬂ;&ﬁgﬁluﬁgu 100;%l$¢
condensaton e evaporaton ~ BRI RE AR (T AR
GMAW DCEP Reverse Polarity - GTAW BEERSERFANGZE

- Rig
— BEXi#i: TIG = tungsten inert gas, MIG = metal inert gas
— #[E: GTAW 1 GMAW
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R FEREEA
BlanEmiRfESIRBRE, RATISH: AMIXERERITE
U=20V, pC=0.0044 J:mm-3 - °C, I=200A, t=5mm, - FAAEKIEERERPHERAZIIEXHAZESpima

V=5mm/s, f;=0.9, T0=2 °C, H,=720 J/mm, 7, MIEEEEX2FENSE 1R LS ET L
T,=1510 °C R,

77 by T.= o *ERBAREREL MG RESOSMAR, By
i_i 7 gt F730 cCHIGEERE, FitBEERMETp=730 °C
=3mm#ait: T,=976 °C FHEIY=5.9mm

2 EERNARMEAS, SiT430EMEN, AEAR
Ve . S L RO 5 4 0 B G A T e BATREREAEME. HRitEY=14.2mm
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R— 271‘k(Tc~Tn)1
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