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Fig.2.1 Method for measuring beam power density distribution

Table 2.1 Welding condition

Accelerlating

voltage V, 50kV

Beam

current I ZOQmA

Welding -
speed v, 25,50,100,200 & 300cm/min
R 17 5mm

distance D0
ay parameter 10.78,0.88,1.0,1.15 & 1.40

Welding Flat, Horizontal,
position Vertical-up & down




(a) (b)
Fig.2.2 Welding method with Ni filler metal

BECEBRLU T, Fig, 2.2 KT EHKK, BERDI LG ZhLEAFTMICNIZED
RAALVERBEZHW, BEZONIOSAREI S HEREB OB E U TICREEOMR & #
ELE. £, ABFRAICD T2 FMEBORBBEH I, FEROKFEA RS U EH
HEFASOBERERZICIVRANE,

DEDEBRFEE, REOALL T, FE3XEUTTHEXORMOBEBEBDBEERS%
ZHMICHANEEICHV TV S,

2. 3 AKEXTHRONRLLUEHEXRK

AEBOBREICBWT, ABEEFEOBEORBORENRD LN, BE2OKRMOD
REEBRM CICTHERBECEL TE, FE3BUTTHEMCENALAD, 2ZI TR, K@WXT
HRONGE UEBBEAKRICEDSLBEEORBERL. TOBBICOWTHRND,

Fig. 2.3 ~2.7 ICi3, BERMONER, T Fig. 2.8 K THEEFECBTL %
NENO R OEAEFEREBEANIRT,

Fig. 2.3 RU2.4 3, TEBBREREOL L TRETHARELE - NE2RT, NYEY
H¥— R, Fig. 2.3 KRBhB&LDIC, E—RRETZ AL FHEAAMHICHERE
DRETHY. < OBE, FHTHEMEBENFEL. REFRORELE>TWS,
Tk, BERZIURTICHLOBMEBIRET 220, BAANRTHHEREERE
DERMNBEDH O, BICHRIBMENOREEZES Z LS,

PUAAY PE—RIE, Fig. 2.4 ERTEOKCE-NRECTHRESR LB LOER
IR EROBAIHRENIRMTH S, ChAOLHAELY — NoREIZ, ©— NABEEHE
RHE»YTEERLS, E—RFLBMOMTEYREDHBREND =D, IGTEFRICEVEY
RREPHENHEORT2EBL,



Fig.2.3 Typical appearance of humping bead
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undercut bead solidification cracks example of
porosity

Spiking

Fig.2.7 Typical examples of spiking, root porosity and cold shut
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Fig.2.8 Formation regions of welding defects
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Fig.2.11 Transverse cross-sections of EB welds for various beam focussing
conditions
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Fig.2.12 Transverse cross-sections of EB welds for various welding speeds
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Fig.2.21 Distributions of Ni filler metal

Fig.2.20 Melting process pro- added at various positions of
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Fig.2.22 Distributions of Ni filler wire in some horizontal sections
along penetration
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and down focussing conditions
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Table 3.1 Welding condition for investigating effect
of beam focussing condition on humping
bead formation

Accelerating voltage Vb 58kY
Beam current Ib 200mA
Welding speed \ 100-280cm/min
Object distance DO 180mm
Focal current If 4.90-5.55A

ay parameter 0.75-1.22

Table 3.2 Welding condition for investigating effect
of beam current on humping bead formation

Accelerating voltage Vb 50kV

Beam current Ib 100,150,200,250,
300, 3508400mA

Welding speed Vb 50-650cm/min

Object distance Do 175mm

a, parameter 1.0

Table 3.3 Welding condition for investigating effect
of welding position on humping bead formation

Accelerating voltage Vy 50 kv

Beam current Iy 200 mA

Welding speed vy 25 - 500 cm/min

Object distance Dy 175 mm

ay, parameter 0.86, 0.92, 1,00, 1.08 & 1.20

Welding position Flat, horizontal, vertical-up
& vertical-down welding
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Fig.3.1 Welding method for preventing humping bead in
vertical-up welding
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Fig.3.2 Effect of beam focussing condition on humping and
undercut beads formation
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Fig.3.3 Effect of beam current on humping and undercut beads
formation
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Fig.3.4 Typical appearances of humping bead in
low and high beam current ranges
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Vertical-up welding VD=50kV Ib=200mA Do=175mm
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Fig.3.5 Humping bead formation ranges in vertical-up welding
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Fig.3.6 Typical appearances of humping bead in vertical-up welding
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Fig.3.7 Formation process of humping bead
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Fig.3.8 Effects of bead width and penetration
depth on humping bead formation
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Fig.3.21 Effects of beam current and welding speed on
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Table 3.4 C(Calculated temperature at the sides of beam cavity

Beam cavit
£B y Y

\@//////A
4

Vb=50kv vb=300cm/min y=0.05cm

'

h=0.57cm(100mA) , 1.18cm(200mA)

x(cm) 0.2 0.3 0.4 0.45 0.5
Temp. | 100mA 1529 1369 1241 1188 1141
(°c) 200mA 1583 1418 1285 1230 181
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Fig.3.22 Variations in length and height of molten
pool during vertical-up welding
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Fig.3.32 Comparison of molten metal flow during
welding with or without deflected beam
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Table 4.1 Welding condition

Accelerating voltage Vb 50 kV
Beam current Ib 200 mA
Welding speed Ub 25 50,100, 200 & 300 cm/min
Object distance Do 175 mm
as parameter an| 0-78, 088, 1.00, 1115 & 1.40

Table 4.2 Welding condition

Accelerating voltage Vb 50kV

Beam current Ib 200mA
Welding speed % 25cm/min
Object distance Do 175 mm

ay parameter 0.88, 1.00 & 1.40
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Fig.4.1 Specimens used for investigating some effects on molten metal

behavior and solidification pattern

Table 4.3 Chemical composition of base metal

Material Chemical composition (%)
C Si Mn p S v 0 N
SM 50A 0.15 0.32 1.33 0.025 0.008 0.04 0.0014 0.0029
SS 41 0.18 0.038 0.66 0.008 0.024 —_ 0.013 0.0015
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Fig.4.5 Solidification structures in horizontal section of
EB welds in case C type crack occurred or not
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Fig.4.6 Solidification walls in horizontal section of EB
welds in case C type crack occurred or not
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Fig.4.7 Microfractograph of C type crack
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Fig.4.8 Microfractograph of A type crack
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Fig.4.9 Horizontal sections of EB welds in case A type crack occurred
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Fig.4.13 Highspeed photogaraphs of molten metal flow for just focussing

condition
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Fig.4.14 Tansverse cross-sections of EB welds when A-1
and A-2 types of specimen were used
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Fig.4.15 Effect of molten metal stagnation on occurrence
of nugget type soidification pattern
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Fig.4.16 Comparison of solidification pattern in case
standard and A-2 types of specimens were welded
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Fig.4.17 Force balance on the vapor-metal interface at
the bottom of beam cavity
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Fig.4.18 Effect of Mn content in base metal on solidification pattern
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Fig.4.19 Behavior of molten metal when Fe-20Mn alloy was welded
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Fig.4.20 Solidification patterns in longitudinal section when Fe-20Mn
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Fig.4.23 Occurrence of molten metal stagnation in case of inserting
Fe-Mn alloy at middle portion of penetration
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Fig.4.24 Solidification pattern in longitudinal section
when Fe-20Mn alloy was welded at (b=1.40
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Fig.4.26 Effect of gas involved in base metal on solidification pattern
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Fig.4.27 Solidification pattern when type C-2 specimen was

welded at dp=1.0
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Fig.4.28 Variation in solidification wall with time in case of
welding C-2 type specimen at {p=1.00
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Fig.4.29 Highspeed photographs of molten metal behavior
when C-2 type specimen was welded at ({»=1.00
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Fig.4.30 Schematic diagrams of beam distribution pattern and molten
metal behavior
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Vb = 50kV Ib = 200mA Pb = 25¢cm/min Qb =100

Fig.4.33 Solidification patterns in some horizontal sections of EB welds
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Fig.4.34 Formation mechanism of concaved solidification when
C-2 type specimen was welded at {,=1.00
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Table 5.1 Welding condition for investigating effect of
focussing condition on spiking phenomenon

Accelerating voltage Vb 50kV
Beam current Iy 200mA
Welding speed vh 25cm/min
Focus lens current I¢ 4.,98A
Objective distance D, | 145-215mm

Cold-shut

Spiking

— Root porosity

Fig.5.1 Measuring method of spiking length Ahp and root
porosity size Lp
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Table 5.2 Welding condition for investigating effects of welding
speed and beam focussing condition on melting process

Accelerating voltage Vb 50 kV
Welding speed Vh 5, 10, 25, 50,
100 & 200 cm/min
Lens current If 4,98 A
Objective distance Do 145 - 275 mm
V=50V 1,=200mf v,=25cm/min 1¢=4,98A4 Dp=205mm Ao
\l.’ SUS b VUL b LI0NH f » K H
5o 155 165
{1m)
g o ; :j; ‘ t?}"
Do 185 195 215

“ R ST R SN Yy Cti
Down focus Upper focus
Just focus

Fig.5.4 Effect of beam focussing condition on occurrence of spiking and root
porosity



Vp=50kV I,;=200mA vp=25em/min
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Fig.5.5 Effect of beam diameter at the root on root
porosity size Lp, mean spiking length Ahp
and penetration depth hp
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Fig.5.6 Two types of beam diameter distribution
pattern at the root
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Fig.5.9 Effect of welding speed on spiking phenomenon
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Fig.5.10 Longitudinal section near the root in case
of welding Fe-20Mn alloy
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Fig.5.11 Variation in X-ray intensity
generated at various posi-
tions along penetration for
down focussing condition
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Fig.5.12 Variation in X-ray intén31by
generated at various posi-
tions along penetration for
upper focussing condition
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Fig.5.13 Distributions of X-ray intensity and bead width

along penetration (Do=145mm, Df =205mm)
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Fig.5.14 Distributions of X-ray intensity and bead width
along penetration (Do=155mm, Dy =205mm)
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Fig.5.18 Highspeed photographs of periodical flow
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Fig.5.22 Fluctuation of X-ray intensity near the root (hp=44 mm)
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Fig.5.27 Effect of Mn content on variation in X-ray intensity
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Fig.6.3 Distribution of beam diameter and molten metal flow
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Fig.6.6 Beam diameter distributions with or without beam
modification coil
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Fig.6.7 Modification of beam configuration for preventing
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Table 6.1 Experimental parameters for mesuring
beam characteristics

Accelerating voltage Vp 50kV
“Beam current I 50mA
ED control coil current I 0-3A
Measurement direction X&yY
Object distance Do 125-225mm
Focus lens current l¢ | 4.90-5.25A

X direction Vp=50kV Ip=50mA  Ir=4.98A
/e Wy 110 Wp Y direction Vp=50KV [,=50mA 1¢=4.98A
Do=
‘r 125 o 7] A =
R 135 E
g //° =
~ O,
145
3 — 3 -
158
165 i
° o 175 °
Do=
185 2]
o 2 / -1 : 2+ \ 125m -
= / o 195 > S
205 \\
/ o 215 s o 135 Do= |
/ 225 ) \ ° © 225 mm
\ © 145 215
— \
1 1 k 0 155 205 -
(o]
g/ o 165
] 5 o 175 d J
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© 195 e
0 \ 0 N .
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Ig (A) lS (A}
Fig.6.8 Effect of beam modification Fig.6.9 Effect of beam modification
coil current on beam diameter coil current on beam diameter
in X axis in Y axis

—116—



{LERARERY, FAEIY LY XHE (Do<205mm ) Tl IsO#EMICHEWE — LEDNEBS
T50I L, Do=205mn Tid, WicWmMI 2EMERLE, Fig. 6.10% iCid, #EC
MNYEHEEZ LY, E—LEWARICBTF LI —LE (YHRA) ONfizrRd., 2hzR5
ELVTRDISKBWTHE-LENR/NELDNE, T2DBYHFRATOEADNEE
U, TONERIsOBEMICHE VDo /N lineBITLUE, Fig. 6.9 T, E—LEOE
LHEMAFE2BICRE LR >0, ISAEDDIZLICIYYFRATOESANEIBEIL -
EHTHb, Fig. 6.11IClH, XFATOL - LRONHE21-T, KERTIZ, BEOH
& EDo>225mm TOE —LBEHENTHRZLENTERIoE, 2O, a4 L%
EEILEd L T, WThOBESHDoOEWIMCHENE - LEAIBL T 2HEAICH>E, £
2T, Do>225mm COHOE—LREABFAMCIYPELE, TOHER, NPiIcHBETRT
&I, XHFARECBWTHY AL RBER>EMBETEANEEN, FoMEBIZIsoM
WD KB BRINEBIFLE, 20EDIC, BRIANVEEFTHIZLICLYXET
YARMTOEEN TN TNEL>EMETHIIND LD ICRY, WEOHIBIE. Iso#m
CHEWKREL LD ZLAERSLE, ZhiZ, Fig. 6.6 TTFHLEESMNEBEOBHER
E—HT 5,

Y divection Vp=50kV I,=50mA I.=4,98A

— — [s=0A

eemeQeee= [ 21A
4 + —J

——pmeew | 2R

E ——Qe— ] =3A

wr

= 3

S

>

o

5

=2

=]

= 2

:

=]

§

&1

" L L " . . N
125 135 145 155 165 175 185 195 205 215 225
Do C mmn )

Fig.6.10 Distribution of beam diameter in Y axis for various beam
modification coil currents
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Fig.6.11 Distribution of beam diameter in X axis for various beam
modification coil currents
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Fig.6.14 Results of spot welding for various objective distances
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Fig.6.16 Schematic didagram of feedback control circuit for suppressing
spiking
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Table 6.2 Welding condition for suppressing spiking

Accelerating voltage Yo 50kV
Beam current Iy, 200mA
Welding speed v 25¢m/min
Focus lens current _ I¢ 4.,98A
Beam modification coil current Ig 0-3A
Objective distance D, 135-195mm

Table 6.3 Welding condition for feedback control

Accelerating voltage Vb 50kV

" Beam current Iy 180mA
Welding speed vh 25cm/min
Focus lens current I 4,984
Beam modification coil current Ig 0-3A
Objective distance D, 165mm
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Fig.6.25 Suppression of spiking and root porosity by feedback control
of beam configuration
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