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WFFE AR DO EE (3530) : Deep penetration is an important advantage in laser welding.  This study was
undertaken in order to clarify high-efficiency, deep-penetration welding mechanism including
weldability, optical characteristics of laser-induced plume and keyhole behaviors in molten pool with
brightness laser under partial, low-vacuum atmosphere. The penetration depths were over 2.5 times as
deep as those obtained at 101 kPa. Refraction of incident laser caused by laser-induced plume was
drastically reduced corresponding to surrounding pressure of 101 to 0.1 kPa. X-ray high-speed
observation revealed that keyhole is unstable but porosity is not formed.
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[ 10: HEHEREZE TOREE E— R

(b) Laser power: 6 kW

KEZEAZFH L, %k/A~%mwt &L
[AER 72 EER ATV, Lt@&t—bx;
@%ﬁﬁﬁ%%ﬂé:&%%%bt(ﬂlo
ZM). £, BEVNE S RTEZE N —I1%,
~ A7 mT7x—hA X BBEHREERE S
W E B EBZECHEH L.

QURELZE R TO 7 L— LD
BHZEENL—VHBETL— LB X ONEERE
RICHES D L OHE 3)RH Y, 0.1, 10, 50,
101 kPa FHSKENTHEAETHAT LA
SUS304 BL T /L2 =7 B4 AS052 D
N— LD EREBER AT o 1o, BEHSRMEIE(L)
D6 kW HDERETHD. AT L AT
N—LOBEFERZX 11 (R d. KIEAT
TIN—LNFIRES A o7, 101 kPa T
X, REBEOARRy H 2o T, E@Iﬁﬁﬁ
RO 72 7 — RIS I N T
kPa TiE, K&JE T LD BRI/ éb\7ﬂ/~
LENDHER I N, 10 kPa (2725 &, 101
BEO 50 kPa THEIMH S N- 7 — L3I
L— YRR AT ISR E &4, BRI _E22ic
IEAE L —TEBFD X O RN BESH
72, SHIZEIEL 0.1 kPa Tl A%v~
ﬁﬂ%@i?ﬁ%%ﬂ%%»ﬁ 3.
2T, BRSNS —ERoO X9 7
%%uowfﬁﬁ%ﬁo AN L— %%M®
X O RBEFIRIL, AF L —F OENIRRE
(K2 @b L8 Mﬁdtﬁu
L = AR 2 TR A L CW=D T, 0.1kPa F
BV, EEAER K040, -20, +20 mm
BRI P LEEC AL — A8 T 7=,
BEMAEREZK 12 1R T. ok, M ERE
ZEGRE L, BRENERL XIS L
JmaEIEHmET S, +20 mm EAET LEE
BECi, MM FRES B2 20 mm O(E
(AN L—FDESNLE) T, A L—VEL
PR X 9 B0 OB Sz, &K
FAIZ T UHEEER ~ A T X Fmic b4 51

Pressure [kPa]

! I | I
Video pictures
50 mm

X 11: FEZEETOL—YFHE T L—AN

Defocused
distances [mm]

Video pictures

IIJIIII

X 12: 0.1 kPa F O E LS LAE TO S — A

PRV, 386 OUIT R BRI FEdL, ek
M%ﬁf@%%%#k<&01,uméné
AL — %@ﬂ%(%%ﬁ)&&ﬁ%%
Lz, LoT, AR L—FofRciho7z
FEABIZIFHFALLHRE I TN D % %%
DI END, BIZHELESNZ L— R RE X
nfwékﬁﬁiEhﬁw.@L%fw~A
FHERT D RFEAIEN, AL —T Dt B
Tmﬁéhfﬁﬁbfwék$ Hah, KE
TETFDT — b %ﬁéﬁbwﬂﬁ&%z
5.
KELETAT LV AMEEE LS AIC
RELEI V=2 BiBESEETe—T7 1
— D, A7V —2 FORR Y kOB R
Z[X 13 1277, 101 kPa Tlx, AR v NBHE)
BELOBRZE B Z 4L, 101 kPa 2> B
JESNDITHE, ARy MBEIER X OFEIR
AL S iz, EbBEI N 0.1 kPa
T, U—VRERTE R L TAKR Yy NEE)
TFEAERL, ARy FOBIRE LR
SENnenot-. £, K13 OBEFER LY,
L—Y O & A 0 2GR LIoRER
Z[X 14 12577, 101 kPa & Lb# L, 1MLl Lk
INEREE 2o T-. L, T —LanTna
— T U=V OB E 2D HENFHL 2o
Tl lEERLTVWD
Twi:ﬁAééAwQKOwT,%ﬁEE
FAERANWE TS A—LAOBERLE S e —T L
—FORITIREDBIEZITHT2. AT LR
L FEEC, P—atTFu—7 L —F D
HAERAMN NS WZ R EINT-.

GYEEZE T TO ¥ —kR—/LZH)

B2 T OYREANE D % — R — L), {¢
kDF—A—/L (EHEL0.6mm) LV H AL,
PEES 100HZ F2E O R & <L T
HZENHBALE., ZHUIHRYI 0 R TH




Pressure Time [s]

[kPa]

101

50

10

0.1

X 13: KEZLETAT Y L AMMEEE LB AI0%
ELE V= b aFma S n—7 L— Y%

Pressure [kPa] 101 50
Angle of //’ 2 mrad o 2 mrad
probe laser beam / 1 NI _ ™
refracted / " 1mrad / - 1mrad \
\

through plume, 8

s \ / \
*‘i‘ — t +
y '& / / \\ / /
\ Q-\ e / \ N s /
X

\ eewl o \ -~ /
\\ // \\ ///
Average #[mrad] 0.60 0.24
Pressure [kPa] 10 0.1
Angle of L 2 mrad 7 2 mrad
probe laser beam || . N | o AN
refracted fo 7 P mad NS T [ Amrad
o \\ " ’, \\
} | |

through plume, 6 ,’
\

&P
/ \ !
y \ N . J/ / \, / /
\ N / \ No /
—+ -+ /
X AN / AN /
N\ Vd N Ve
AN - SN -

Average #[mrad] 0.04 0.01

X 14: EEZE T TO S I)L— LD NF

5. AR IVORZFE) (HFEhEETe)
D, EHERMR T T 4 (EPEA R D2
BR) OJRIKERERE Z BN TETNR, —b
RTADF—FR—IZAZEBRETH D
AREMENHTE 2. £72, BECEVWRI &
T AR L, L—THEI A LB IUF
— R — VO DOFENILENT D, EEthN
WD —rk—zgEE, K 15 IR T LI
WNEEN K& BN L, WG/ 58778
HRLEONTZ. E5IT, WARES 2IE
THERD, WEHIZ F—AR—L 2 ¥ 5 EE
M G ERE & i UC, BE T Cldks 6 1%
FREEHVY) CEBICEARL TS Z LB L
I ALY

5. ERFERCE

Udeskamsc) GH14h)

O FEEEEE, JAZES, A, AR A,
KEIEWE, FIIE, &) - EEE v
—HPEHNTERAT UL AR RT LI =
U BGAB DI ERA SRR T BT
FHEKORE, Wi U, B,

X 15: IKEZE (0.1 kPa) T TOX—k—/L2EH)

31-1, 2013, pp48-55.

(sER) Gt 31F)

@ FEE, JIAFEST, ARAIER, AilE
—, BREZERICR T D) L — P,
WAL 22 FEKFEERE, AR
K (K@), 201049 H 8 H.

@ BEBEEY, KEIEM, JIAES, AlE
—., Deep Penetration Welding with High
Power Laser wunder Vacuum , 29th
International Congress on Applications of
Lasers & Electro-Optics (ICALEO 2010), >k
[E 7 ~A L, 201049 A 30 H.

@ JIATEST, FEETE, ARAIEME, JilEE
=, @D - L L — Y R O T R 2R
B, 5574 Bl L — PN LA ey, HO
R, 2010412 6 H.

6. WFIEHLR

(1) wFgefEss

JIAPES (KAWAHITO YOUSUKE)
KIKKZE - O RHAIFZERT - HeHd%
WFeEFH © 70379105

O asiEE

FriliE2 — (KATAYAMA SENI)
KRR - BB 2R - Bz
s 1 10144528

Q) TEE

WAKER (NISHIMOTO KOUJI)

PRl T3 i S B P 2R - B o) -
=

W83 5 40501169



