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Abstract

This study was performed to evaluate basic characteristics of electron beam welding process
for a 9%Ni steel plate. The principal welding process parameters, such as working distance,
accelerating voltage, beam current and welding speed were investigated. The AB (Arata Beam)
test method was also applied to characterize beam size and energy density of the electron beam
welding process. The electron beam size was found to decrease with the increase of accelerating
voltage and the decrease of working distance. So, in case of high voltage (150kV), spot size and
energy density of electron beam were revealed to be 0.9mm and 6. 5% 10°W/cm® respectively.
The accelerating voltage among the welding parameters was found to be the most important
factor governing the penetration depth. When the accelerating voltage of electron beam was low
(<90kV), beam current and welding speed did not affect on the penetration depth significantly.
However, in case of high voltage (>120kV), the depth of penetration increased very sensitively
with the increase of beam current and the decrease of welding speed.
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Table 1. Chemical composition and mechanical property of 9%Ni steel used

Chemical composition (wt. %) Thickness
Remarks
o Si Mn P S Ni Sol-Al (mm)
0.07 0.25 0.68 0. 004 0. 001 9. 262 0.033 23 QLT
(a) Chemical composition
Tensile property
VE-19 (.D
YP (MPa) TS (MPa) El (%)
671 729 30 220
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(b) Mechanical property
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Fig. 1 General view of electron beam welding
system
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Fig. 2. An AB test piece made from 9%Ni steel
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Pig. 3 Variations of beam diameter with distance
from a focal lens in terms of dial values
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Fig. 4 Variations of beam diameter with distance
from a focal lens in terms of dial values
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Fig. 5 Variations of beam diameter with distance
from a focal lens in terms of dial values
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Fig. 6 Variations of beam diameter with distance
from a focal lens in terms of dial values
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Fig. 7 Relationship between accelerating voltage and
min. beam diameter at various dial values
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energy density at various dial values

3.2 8YSYol| o|xje EH=H IY

216

A % 8 -3 A &
AEsS Hsioh &Y5A HA= §HxAL
ZNE ZMEAY, A AR, 9 A, 345, 2
FTEFO Ut B AYAAE o5 2@ T AF

E 1.2x10M0rrE A, agts 12 43
8}9\1‘;}‘. 0217]*1 ab“i‘? Do/Dfo]:ﬂw OE‘ ixd ;’lﬂz-i
5H A7 A", D 2RAY. &, aF
1o]gh= 271 Wdsk 28 A7) 439mm=z Y
gt 2ol

321 & AY 2 £HEEe) 9

L5 mAE sMEAY £ 5T o
F2 AES7] std, ¥ AFE 0mAR 4AH3
A B3, ZHEALE 60, 90, 120, 150kVE W 3A]
713, SHEEE 100 ~ 2,000mm/ming] ¥
M52y WA 3T F §dgold st
o AES Btk agln B YA AR
£3H 7= 60kVel A H ) 40mAc)) W& A 7t
LA WA A A S FHE + Ae
30mAS] dAS =45 Al 29 102 2
ADE veld AHolth, e stEAgdel A £H%
=7} Z7 el wel £ o) 4y, si&A

o] 258 asts Fol AN TAHHE A

30mA, Wd 439mm, a,=1  <L2x107orr
50
@ 100mm/min
40 . | —®— S500mm/min
E —&— 1,000mm/min
5 %0 | | ~* Lsoomm/min
£ —E— 2,000mm/min
5 23, Ipass
E 2+
£
10 |
0 L 1 |
60 90 120 150
Accelerating voltage (kV)
Fig. 10 \Variations of penetration depth with

accelerating voltages at various welding
speeds

Journal of KWS, Vol. 15, No. 3, June, 1997



9%Ni el WA SR B @7 (1) - AU FAH 8D 8

< ¢ 7 U 53], $£HEE7 =9 100 2
500mm/minol| 4], 7}&ASe] g 8Pl i
ol ok A1, 7HEAY 60kVSY 150kVe] 8914
o] & vt B oF 7] o] zpoj7} &S <
% Sk

SHEE = A9 sMEAYd b 8914
ol7} @A A ztelst Uiz olf9} sHE At
ET5, Bold A EYE5EY o] 2
olF-E olryl Y] wHAF &) Y
& oz F, 23 &AL 2 £YE e
22EAS FAEIY Bt

a9 112 SR dFte Ay Aoz, 1
¥ 125 7FE At digte] Hald Aolrh o)A
FTHE YA E A, S9EYe gt
gda3 ¢ (W=W/PL, W:2d, P89}, L:&
BN & et &, @9dde] ZAE £ §
A7171 gt AEd AAUXE FAETE 29
11e A 7} A9k0] 60kVe] A9 W7t 25 =31,
7HE Y WkV oA e 100mm/min® £ =g
o] %2 & JeRhAIR, 100mm/ming A3
EHEENAE Wae AY 9% S veE
LU RS E F Y $9, 29 122 EH B
Y IHERGAME £HEE E5 R WEkel

Wd 439mm, a,=1 <1.2x10%orr
s
—- 60kV
4
-@— 90kV
—~— 120kV
3k
-—o— 150kV
L
2+
14
o 1 1 | 1 1
100 500 1000 1500 2000
Welding speed (mm/min)

Fig. 11 Relationship between power per area and
welding speed at various accelerating
voltages

KRS HEEEE $15% $3W, 19974 6H

EUE AL S+ Yk

AA 7HEet 60kVel A B3] &g olrt g,

goll Bashoux] Wte] 2 o]f 2 nasn

1057 2k J1E ddes RS 28477
AAE e oux dx (E) o]4o] Bast
oo z2Ely 19 99l & 5 9le whebgo) 60kV
9 A clda "E7) o}F ol 7]E @A 9
3 BFHE Fol ofF M7 wEel Rod WH
o},

EE, £FHEET ofF =¥ 100mm/mino) A
Wogto] 2 o8 uds] B g o, oy
A AE7t & Ae, Folz o] MY £
o 8§71 718 E4o) 3 =ZAE &8 AT
=t R o] 2HE, guF S g7 =
L% dURE 4AY 2 fHE T BAY
o] Z& o Nydn}, AZ, £HETI -
100mm/min®] 7% 2L WHL g§A7)=0 B
2% A7t o AL FolR AR} 71E
Aol o3 ZAE E§A7)= A ol dAx
o o8 ARENE Ry Yzt o)F dA
EEYS ZAE do| WIdR T wgoz 4§
@2z £8) A7AY, ZAE ZYA M98 Ao
2 qyHEh g8A 8§ Zo) Yoz, 84 o

Accelerating voltage (kV)

Fig. 12 Relationship between power per area and

accelerating voltage at various welding
speeds

217



86

G (HAZ) = Hold Zez ofgdd.

3.2.2% A7 4%

a9 10914 & 5= %] ZF 7HE G €Y
ol 343 Walsle 44 %<2 500mm/min
& E EHEER2 A3 §] AR MAE &
dzZolg wWzlE ZAENL F, &HEHS &
A AN g FUsA st WY ARs
A A SUEAS HE e 2] 19 130t H]
AFY F7ld wet &4l ol7t Frkste g9t
¢l A%E F el AT 90kV olEte] AA
Gz ME £dHole) Frivt B @utsta
A gYdold T3 Y& AL F gl
ot a2y 120kV o]4ke] S s A%}
A £4Zo)7t F1EE & F A2 /AR €4
548 Jehysich

ol Aas UM AFTF H (V) o2 R Z
& 5 Qo] 7H&Agtel SRR HA HAY
AAL AL 4AFo wul& (Vs A3}
2o Zolx|z| v, ¥ AAL ¥ AFIT F43
W AF ) vaEisted F718A dch webA
7H& A gke] & 120kVelgol A= Wl AR/ F7l
g Ax FAe Frinct spEAgte] Ft
)% AW 2 A 7hel o3 AR D F7t
EAH7E o Z7] el &g delrt A A Fot
¥ Aoz Atk £, A&5ALT B AFsL
Z71sld £HAEFol FHF oz Fr1sta ok
o} 22 ()47 BAAA A Te= A3
7R 7] o 2o vl st §Y3olE oA
A Bt

Eq=1/m- (2/S)% - V™A @

o3 714 S=((16"*k/me) ¢ #° (T/i) )** o]tk

agl: ki BREY A, el A}, o FHEFA
A, £ A2 2HAY, T §59 25, b &
2o 33} AAYE ot}

2, duix Ax7 Fod FE] & FAH
£AA} 2AH MA} $E5 L& £9)o] Ao
A U] AE7L G FL 7 E0] FE3] F
AR B3l £8F459 EHE © BARZ i
o] do] 24=o] §¢o] IR RE# ez A
dAoh

218

4% 8 -7 3 2

500mm/min, Wd 439mm, a =1 <I.2x10%orr
45

40 - -~ 60KV
—@- 90KV

—&— 120KV
—&— 150KV

5

20 -

15 |

Penetration depth (mm)

10

10 20 30 40 50 60 70
Beam current (mA)

Fig. 13 Variations of penetration depth with beam
current at various accelerating voltages
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