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Oy = ;ilsine (4-1)

L%, E£le, BROEIIENT 2 AMNIE 143 L O, 13 x @ild5m L y @rmo 1 Th
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Ty = gcose (4-2)

Ty =0 (4-3)
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1
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Fig.4-4 {T/Rr L2 K 512, MET) 2N OB O S OFEE & ANES IN OZ vz kg
5L, MES 2N OB OV S OFHEITNES IN OZ % ERlb. LiER-T, ki
DA & W ANET) 2N OB BEEEBEOFEMEITMES INOZR LY  R&EL 2D,

Wiz, ©—27 OB BM BB B JIE TR EE2E 2 5. WREOEZAR LU
ABESIE, Fig3-7 BLO Fig.3-8 IR L2 L 2 ITMES IN ITBWT E— 27 o
IZE BV L, IIES 2N ICBWTIE e — 7 ) 1.24kW DA Tl 5. F7-, fklkr
OB, Figd-4 TRLELIIC=MAESY A THENIZB T, IES IN Tl —27 1
TNTBT DEARIT/NE WA, JIES 2N Tl —27 ) 2.26~2.57kW TlI K& < b4
5. Lo T, ERRORENS B —27 HAOBIMT & b 72\ OB B EhEREE T HN L 72w g
PTThb. LnL, Figd-21 1R L7=X 91T, MES IN TIIEHM B EIFEEED EEE 02 L,
F/NZND, MES) 2N TIEE— 27 A O & b 72WnZudgins 5. 2 2T, ERkE
DEERB L OEAREE RN HDTAERICHOWTEZ S, BREOERE X OALES
DI 1% Tabled-1 IZBWTE— 27 )OI & & 720 A /Sy X OFABAE I T OB
MT 57 ThoTz. LoT, ANy ZRRET 5 2 & THRMWICHE £ 28RO &ITD
72 <720 AT O EAER X ORIAZR ST L7z, M omm L7z &R S3mL Ty
A7 DM BEIERE I L E 2 b5,

WIS, BT OTR S ORI 5 BRI OWTE 2 5. BT O S 1T DS BRI O 1A il
MICHIAENT RIS THDHTD, IWIARRS LR THEE2OND. 22T, ©—7H
2B DM DR S B L OVEIARRS OFAL & T 5728, = A4 A Tkl KO
R 2 A T A Ao T e — 7 ks K OMEER O R & OBtk % Fig.4-25 IZ7~ 7. Fig.3-
8 BLO Fig.4-25 # b+ 2 L v — 27 M OEIC L DEARES B L OMERHHBOE S O
ZAITEBI L TS, 2 2 THIARRES LIBRT DR S ICERN H D LB 2, TWMARIRS &
EWHE DR S & OBIfR % Fig.4-26 (TR T. BALES OHANT & & 22 W REIFTEH O 7R S A3
MT 52 LB D. ZiUE, EIAHRI DN 2 Z &I12 XK o THEM 2 B NI iiATe =
ERFRE L AR D HEERIEINT 2720 ThHDH LB BILD.

3

4-5-3 MEFIRAEIC I ST TR BB RED 724

e

4-5-2 fHiTlE, AR IOEIMNTE LW ORI NENT 52 2R LT, £

“HERTRFB TR



20

7z, BT ORI BEINT 5138, MMBBERES T 22 L 2R L7z, LIRS T,
EWTER OVR S OFENNC X 0 kRN T 5 2 &2 n, BB EhEEEE & kTR 2T 5
MOEEND D LB 2, Figd27 \THHMBEIERE L M TFRE & OBRE RT. QO =MAF
H A TRERHNZ BN T, BMBEIEEEORINIC & b 22 WREFRE I L. Zhix, #6
BEHEERE O & b 22 WIS ORI BSIN L7 2 L2 D, B DS NI EE S A &
NhldThdeBExLND. —J, O)DERY A THEICBWT, BB EEERE ORI
I EBRNETTIEH D AHEFIRE TR L7z, kTR om LA/ NS WEH & LT,
Fig.4-3 \Z/R L2 X 2 ITHES IN B LU 2N (2B T, BRWTER D EAED S DO ZEAL /3 /N
SN D, MEEERRLIZE EOMOEMOEI/NE  BEISSTOZEIFT/ NI V.
72, MHET) 2N ORWErER DT S OSEEITANES) IN OZ vz ERlID A, Ak o X 512
FE& 72 Uiz & & O ICER T 2 ARG T — L Ol 1M & 0 |®EIS S0 0.5 1%
Thbd. XoT, O)DHERH A T Tl FREOE (TSN EEZEZ NS, Ko
T, AR ENREBITHRET HRMEERCT, METIHRE T B ENEEEO RN X 0 Bk
HOWENEMT s tickoTHETAEEZOND.

4-6  HRAS INTEIWT O R AETRIRNC B 5 2 &5 5%

REOYIDIZ, MEST IN B LN IZE T DT RED BRI NI T H - 7ok F 0 < Y
NEHDESB L OIEIZETOE—7 BB W TRME LR —0 0.32mm TH Y, WHETES
DGR TITHRTFIRE & DI ZAT O 2 EBHRRWZ 2R~ LavL, BMIc< O
DL E 72V HBD O TR N T 2B IOV T 6/ TRV, 22T, LR T
IE, IS ONDBBIE SN2 WIS DL L TN THEB T 2B HIZONWTEX S, F
T, HIET) IN 36 LT 2N T IV THA PRk IET & BREF PRI O Fe=iE, D) IN 20
T, 67:33 THVIHEII 2N TiX 86:14 TH Y, HET) 2N OFF BB NAkWriZZ . Lz
Mo T, FEWITEREITINE /I D RIK CTod 5 rIREMED B Y, INE T OHEINIHA B B R HE A 1Y
IMEHD. % Z T Figd-28 ([THA LTS X O NG CoOE L7 & S OMES IN B
L OVN TR T DR BB IR & kTR & OBIfRZ R, /7 7ICBWT, MED INE
KOV 2N T IV N THA N T DR AA TS B REIE S J2 OV T 08 B 1 AR PO I & P9~ % & /)
ENHLONRENZ RS, F£2, Figl3-2 T/RLEL DI, MES INEBLO2N TE
LTIV TS O JEI B 2 A2 B 3 B BHA TV, Fig3-3 TRLEL I, M
AN CIId OFH L 0 A U BB L T b, L7 > T, BB oMk T
RAFIZHRAA S 5 F KA E N o 7272 < QRUVER N S 43, B O JE B2 B Y A
TVWALTE DB P DIZ ONEMHER TE R ol LR I D.

“HERTRFB TR



21

HhE MFEREOITSOXICET A ELE

o4 BBV, MTERE MR ORI O8I & b iavmE B L, RO S 38R
MBBNEEE ORI & e WNT 2 2 &b, fEFREIEM BB E b 72
ST ETHZ %KL, LML, Figd4 R LEE S ITENB LY — 27 HAAFE
—Tho THOMTFRE TSN o7=. 2T, Figd-21 1R L7z X 5 I BEE
BEDIXH DX TR LTS EE X DD, MMBEIREEHIERE D OB OENTH D Z
LD, BMBEIEHOIXL S XL —VFREICKVEM OSSN ERMLET T 57 2k
ANTELTND EEZBND. LR T, RETIHEET OB OB ONTELEE
179.

5-1 M OENLLO ERER KX OGHEME & o bk

MM DVERLL CHRMICBIE T 2 7 e A%, b—FRENC X0 M o fein 28y & b
LCIREFRY, B dein & b il & ORI v v INEL, SRR TT 5 2 & TR
CERETHT oA THD EHESND. LERn- T, MMBEREOIES S i1Zzn
DR ANICBWTRE D EEZOND. TIT, BMBEEHOIZS X 2D 5120
2, LR RS THRM 2 ITRIC o TRLIE L & & oM oZM %, INES IN B
LN OLMETEAEN 10 BIFOMRIE Lz, IE L=SMENTBT D88 OZER O
R%& Fig 51 1R 3 . @ITNMES IN, OGUIMES 2N ORI BT D8 DAL TH
L. WTNOMEINZBWT OB OEMITIZS S ZENbnd. 22T, BMOEN
MIE LSRRI OWTHFTT 5720, RIS > T A ZAB LM 2/ LT+ &
XOETNVEBZ, MMBET LILE ZOBMOEMEZRD .

Fig.5-2 12, IFRICL > TE NS ZAB LM 2 LT L 20TV ERT. 225,
EEDOIXNB IO A ZFAT U LV ABROIENICH L1290, 1IRTOEE) D% E
25. £, AT UL RABOMENEIZRB IO 8 A ZEE S fIER o [ &
DR7e & DEBITBE L2V,

W&, MENZTET HIEXRKITEMRESNTZRETH D, B 2B LM OE &
DOF%E m, [TROEMELa, RIEMEZ O, EEROMWIIMNENZFE L, % FRIOMRM
DN EEYy =075 &,

2

F=m ZTZ =mgcosd — k(y—a) (5-1)

yIZOWTERT 5 &,

ey 2 2 - |k _
dt2+wy—gcost9+wa ) w—\/; (5-2)

(5-2) D fEIE, [FRITHRA

SEARFRFE LAHR



dtz iw 2y=0 (5-3)

D—EARIZ(5-2) DRFRF N Z D LB D.
Z 2 C(5-3) DR T

22+ w?l=0 (5-4)
(5-2)DFrE AR Z < &,

A=tJwi

X oT, (5-3)D—WfiElx

y(t) = Asinwt + Bcoswt  (5-5)
F(5-2)DEFRfRIL, y=PEB< &,

ZTZ + w?P = gcosO + w?a  (5-6)

ZZT, PO1MEESE LD 2 B

ap dzp
x=0 o w@T
ThaA7=D, PII,
gcos6
P= 2 +a (5-7)

ko T, (5-2)D—fiEIx

y(t) = Asinwt + Beoswt + 2= 59

(5-8)
t=0 DL X, y=0 LV,

y(0) =B = —(a + £27) (5-9)

£z, 5-8) WMot oL,

dy(t)

pra = wAcoswt — wBsinwt (5-10)

t=0 O L X, dy—“’)_ow

YO —A=0 (5-11)

FoT, FRTHLHE L L EOBMEMOEENILLTO LS ITRTZ LBHEKD.

59

y(t) = —(a+Z )cosa)lt+

BB, B ABIOBMOEEOM m ITFERIZ LY 0.02kg,

“HERTRFB TR

(5-12)

22



23

it E 457, iFROIEREE k IFARIC LY 0.5N/mm, [$R0/EHEE a 13(5-1)= 0 HNE
712N 2B\ T 3.722mm, MES IN 2B W T 1.722mm TH 5. 5—12)X L v skRd 7=
JEJ) IN B8 X 2N 128 1T D8 OEM OFHFAE %, Fig.5-1 T L7 FERIE & AT
Fig.5-3 [ZR"T. 7T 7128\, MM OO FERIEZ TR, FHREMZHHRE TR L.
(@DMET] IN B X OMD)DIMES 2N DWFTINORMFIZIBNT S, [F— 728 OENAL A 15
L7 D ORFRNIZFERAMEDO HF R RKE N ERDND.

5-2  EEROME OBEHE 5 L OFHRE & O g

Fig.4-1 (2R LTI X A THEWRHC VT, BRSO IRITHAM OFRIZEERI L TR0,
F72, Figd-24 1R L7 K 5 IS BEIBEEEOHINC & b 2 WEBRS O S A L= 2
LD, EERITHRM B ORISR DN IAEN TR S 2B ORS Th 5 LARET
DL, MR DM OBEEE AT 513 SRS 1IN B2 60
5. T, WMMEEIZET 28 OBEIHEZRD LS. Lo, #MBA Ry ZIZXD
MERATZEZIIFIAHATHS. 22T, MBARY ZIZLOVREFATZEESEZ, L—F
DARy METH D 0.3mm EE L=, Fig.h1 bt 72ET) IN B LO2N (12

BT DAY 0.83mm [F T L7z & & O OB ENER I X ONG-12) X0 bR 7= MES) IN
B LO2N IZB T DM OB ENHE DGR E Figh-4 1277, 777128\ T, OHl%
FEEOMM OB EHE, @AM OBEME DG REME Lz, =7 —\— |3 REE%
AT MEST IN B L O 2N (2381 5 FEEOBM OB L OEEEIZENEN
28mm/s, 40mm/s TH Y, NIES IN BT 5 EEOMM OBEIHE O-L)E & k3 5
L, MIET) 2N OZNDFINKENZ ER 0D, £z, MEHINBLO 2N IZBIT D5
b OB IE L O FHRAEI, %ﬂ%ﬂlﬂmm&memmf%@ k%%@mrﬁ Ik
WT b FEEEOBM OB R E OFEEITFEME L v /& <, IES IN TIEEFHREOR
0.22 %, JNEJ] 2N T} ﬁﬁ@@ﬁOlMﬁ?%Dmrﬁ2N®% ﬁﬁ@%% HEED J7
WD T 52 ERbhD.

ZID OB OEME L OBEREE OB OJFIRE LT, BERIZLIEENREZLN
%. Fig.2-3 1R L7z & 91T, MBI 2 M 2 7o f b s IR B ORRGETOBE, X7 L X
BOMEN EIFREB LT S RZEE S BIER O ME & ORICI T 2 B % B
THI, B UL RZEE I TOWHEIRHROME O/ E AT o L AO ME DN
IV 05mm /NS L7 VT Z U REFR TN, 07 VT 7 AOEEIZL MO/
TOBICARBANCBIS O NS L 27 L 2RO NS L RN E2ET 5 2 & TREENICIES
TN Z VM OEMNIE S ONWTAREMER S D, £70, MENDKE WIEERM OBE)
BENKZ WD, BIEROME N AT L 2 8o & |2 Eed 58, BEFINRKE L
R0 BN KREL DT, MESH 2N IZH T DM OBENRE I TMNES IN L0 K
xNnEEZOLND.

“HERTRFB TR



24

LA EDFERNG, fEFIRE DTS S IIHMMBEIEREOIX S SENRETH L Z & 1D
molz. Elo, BN A REE SNEBIEROME & A7 L Ao M & O BRSO
L DM BB D S & 2ET 2720121F, BEOHH OO AT L ARO
MEOWNENZ 7Y — A EOMIBAIZ BT 5 2 &0, BIEROMEAT v L AROME D
LA O, BIEROMNE L AT LABMOME L OO 7 V7 T A% /NS
HIENEBEZBND.

SHERTRFR TR



25

HHE s

7 AU e TEAMT VI =0 Ll OITRMER L — PRS2 17V,

DHEFIRIEIC I KT B2 T LICRER, DLUT ofiima 1572,

1)

2)

3)

4)

3)

IEF 0.IN THERIFTRE CTH - 7=k F1E, SIERBRANICEM N T L=, £72, Th
DSOS B DT EA R Ch o 12

MES) IN BEOV2N TERLL7ZEFIL, £ To v —7 BBV THEBERIZ < UL
BRI nerol=. £, MBI N EZ IR N TH Y, &2 Tor—7 D
I B W TINE S 2N 2B T D HETFHRE OSEHMEITINE S IN OZFn % Elnl->7-.

E— 27 AN K ST, IES O &b W R OE AR X OEIAZ R S I3 L
T3, R ITERE O EAR L OEIASIRS AL Tha kL LR -7z

5IEFRER % D 7 v IO NI I 1 DB O Brim i RIE, =4 A 7 E7130E
XA T O2FENBEST, WTHD XA ZIZBWTHAIE OB & b 7y ik
HOVES OFEMEITHIIN L7223, RIS T B HEERS OB O FEHMEO T/ h &
otz Fiz, MFRET, =AEE A 7 O Tl R 23T 2o EERs
FOMEBIER OGRS DA & b7 a B L, B A 7 O CIEBKRT OB S OHE N
WZEHRWE LT

WA T OB ENREEO N & b 22 W OTR S NG5 Z Lo, fkFIRAEIE
PR REENEERE O & b B LTe. E7z, #EFRE OISO E 1T B EIER O
EHOXINRFERTH Y, £ OJERITIS B 20 2 - RFF s BRI I o 2
NA ANZEE SN BEROME & AT v L ABMONE L OFEBROERICE 25O T
bDH I ENRERISNTZ.

PLEXY, 7o 2 fge TERMT VI =0 2 E OENER L — P RER: T,
INESOHEANT X 0 AREGE ORI 3L, MEFRE X L L7z, F72, ZEDO Ay
AR D EMEERLS & =27 HIIOHEINT X 0 AW o S 3w B L, MR Xk
L.

SERERE TR



235 3CHk

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

AT : R OMER T A TR & BREEFIRAER 7 U — 13X A T D S BRI (<R >80
7 U XA, WS, 69-2 (2000), 100-107

HEJEK v A 7 aEZEIC8 0 57 v A6, BRSEFSSMW, 287 (1989),
595-601

Ve RFGME, FiH—, HHEEZ, ELHKRC, FREE MR & ITATZD > X HIRE
FEH & DIRBUATE, BRSO, 84 (1990), 57-61

FUEMER, /NEFSFIERE : BT A YR T 4 v T E O HEEC KT T HEA B OB D
W, T L7 b= RFETREE, 6-2 (2003), 68-72

AT, PEHEREE, fARER, BEIEME . 2T 2 L AFO L — PR OYSA R S
kT oNnNT =TT my MCED T, L—YITyaEs, 21-3  (2014), 44-50
S.A.A. Akbari Mousavi , A.R. Sufizadeh : Metallurgical investigations of pulsed
Nd:YAG laser welding of AISI 321 and AISI 630 stainless steels, Materials and
Design, 30 (2009), 3150-3157

R LM ToREFTY @EmNAbyIal—arET), HEH,
(2007), 144, 401

F.Xostrubiec, Z.Lisik, R.Pawlak, K.Jakubowska, A.Korbicki : New laser
technology for wire bonding in power devices, Microelectronics Journal, 32
(2001), 543-546

EAEER, TEASEEL, WBCHIK : SRRIRR & S O EREE A TR D IRERE) & A
FE, L—W¥INTH45E, 13-4 (2006), 66-72

FRPESL— WA & b & O L — P EIARE I B 1 DRk TR I3 KIE IR IR O
W ERL 2T R

AR - BUREERE T, A4 — 24k, (1974), 138

“HERTRFB TR



A

AR EED DIZHT- 0, KEERO)R THREZBY £ L7 ZERFPRFPE LFPres
SRSV R HER, N L EEER, RSB R EHE L £

Flo, KX axEewdrllhic THELZHY £ LI RRFER LR PR 3R — 0
FRAITTR EHEL E T

S LA EZITT DICHTZ 0 ZH TN T 72O T B BE R I R E O KIS L D
AL £

RRIZREZO TN ZTAE 200, a2 ITHlERA 2B TE oo T2k L, £DIk

fLERFECT DL LB, BATHILE L LT ET.

SHERTRFR TR



Table 2-1 Chemical compositions of

materials used (mass%)

Material N1 Cr Mn S1

Chromel | 88.71 10.65 0.01 0.63
Material| Si Fe Cu Mn /n Al
A1100P| Si+Fe =0.95 | 0.05~0.20 | =0.05 | =0.10 | Bal.
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Fig.2-1 Schematic diagram of laser welding equipment
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Table 2-2 Conversion from the flash lamp voltage

to the peak power

Flash lump voltage|V] Peak power[kW]
280V 0.98kW
300V 1.24kW
320V 1.56kW
340V 1.81kW
360V 2.26kW
380V 2.57TkW
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Fig.2-7 Schematic diagram of tensile tester
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Fig.2-8 Schematic diagram of weld joint after laser welding



(a) View from side direction (b) View from above
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Fig.2-9 Measuring position of weld shape
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Pressure force:0.1N

Fig.3-1 Example with pressure force of 0.1N of welds
after laser welding
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Fig.3-2 Appearance of weld joints after laser welding
for different peak powers (Pressure force: IN, 2N)
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Fig.3-2 Continued




Peak power:2.26kW Peak power:2.56kW

(b) Pressure force:2N

Fig.3-2 Continued



Weld metal

(a) Fracture in plate
Plate

Weld metal

(b) Fracture in wire

Fig.3-3 Example of top — bottom cross section
of fractured specimens after tensile test
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Table 3-1 Frequency and amount of spatter generation
for different welding conditions

Peak power [kW]
0.98 1.24 1.56 1.81 2.26 2.57
0 0 0 0 2 3
Frequency —_ —_ —_ —_ —_ —_
5 3 | 3|13 |3 | 3|3
, N ECORECORNCORNECONNORNG®
© 3 3 3
8 Frequency — — —
S| 3 3 3
)
—
a Amount O O A
N
O
A 2 3 3 3 3 3
Frequency — — —_ —_ — —
2 3 | 3|13 |3 ]3| 3
v | QOO A|A|A| X
© No spatter generation
O Minute amounts of spatter
A Small amounts of spatter
X Large amounts of spatter




[ Fracture in plate
A Fracture in wire

50— . |
Z 40f B -
s f sl
' 30r @
s | 0O
S0t 0 @qgﬂ :
~ 10 éﬁ .

A

o BB
0 0.5 1 1.5

Molten diamater [mm]

Pressure force:
Green:IN Red:2N

Fig.3-10 Relationship between molten diameter
and tensile strength

(Pressure force: IN, 2N)



[ Fracture in plate
A Fracture in wire

50 T T T 1

- O
Z 401 o &g -
= | 0
50 301 s
g + O -
© 201 D%D _
— 10 .

|:|
' &U a8 [r{=0.46

0 02 04 06 08 1
Penetration depth [mm]

Pressure force:
Green:IN Red:2N

Fig.3-11 Relationship between penetration depth
and tensile strength
(Pressure force: IN, 2N)



= ‘_‘ﬁ

Peak power:1.81kW

Fractured zone

Weld metal
Plate

Peak power:2.26kW

(a) Pressure force: IN

Fig.4-1 Cross section of broken part after tensile test
(Top — bottom cross section)



*
2
-
oF
¥
Mo
) §

LY

Peak power:2.26kW Peak power:2.57kW

(b) Pressure force:2N
Fig.4-1 Continued



Fractured zone

| Weld zone

T Plate

(a) Triangle type

Fractured zone

—— Weld zone

\Plate

(b) Rectangle type

Fig.4-2 Schematic diagram of 2 shape types
of broken part



1.5

Broken part diameter [mm)]

W

p—
T T T T T

V :Triangle type
—: Average

<<
K
<
<

S

1 2
Peak power [kW]

(a) Triangle type

Pressure force:

Broken part diameter [mm]

[E—
()]

S
W

[
T T

[ [:Rectangle type
- —:Average

g

1 2
Peak power [kKW]

(b) Rectangle type

Green: 1IN Red:2N

Fig.4-3 Relationship between peak power
and broken part diameter
(Pressure force: 1IN, 2N)




Broken part depth [mm]

S

S

N

S

p—

i

' T ' ' ' T
|V :Triangle type ] [1:Rectangle type
—: Average — 1 Averagg

o0

—
S
o0

o

=
O

[}]}

—F
<4
<K
<
I I
Broken part depth [mm]
- -
—F
D§

(\O]
|
<
R YRS
<l
o

O
—
\O)
(OS]
-
—
[\

Peak power [kW] Peak power [kKW]

(a) Triangle type (b) Rectangle type

Pressure force:
Green: 1IN Red:2N

Fig.4-4 Relationship between peak power
and broken part depth
(Pressure force: IN, 2N)



Tensile strength [N]

50 V :Triangle type []:Rectangle type

50 5
v L
40F v N 1 Z40F .
\Y ,' — |
v ,
301 gi 1 530+ -
T A2 5 g o
20 v oV vV 4 Z20- [EED .
L v,’ v v E B /D
10 7 {1 &10F . O _
v -
VoV [r=0.58 r/=0.86]
0O 02 04 06 08 1 C 02 04 06 08 1
Broken part diameter [mm] Broken part diameter [mm)]
(a) Triangle type (b) Rectangle type

Pressure force:
Green:1N Red:2N

Fig.4-5 Relationship between broken part diameter
and tensile strength
(Pressure force: IN, 2N)



N
S

Tensile strength [N]
(\®)
O

(IS ()
S ()

[
O

0

V :Triangle type 50 [1: Rectangle type
e — T T T T T 1
v :
B o W _ 240_ _
v L 1530,
i Vv W 1277 |
vv.Yv e o
N %V 4 @90k ] O |
A A\ o O 0 /” O
V.G {= | -0
- 4 810 O -
/, - F - .
, 1 vIv 1 | 1 | ||r|I:O|77 ’llu | 1 | 1 1 |r|I:O|-76
02 04 06 08 1 0O 02 04 06 08 1
Broken part depth [mm] Broken part depth [mm]
(a) Triangle type (b) Rectangle type

Pressure force:
Green: 1IN Red:2N

Fig.4-6 Relationship between broken part depth
and tensile strength
(Pressure force: IN, 2N)



lv : Triangle type [1:Rectangle type

[
T

o
o0
I
|
S
o0
I

’ -
4
’
4
.
, —_
.
’
/

<
N
I T

=
T

4

<

Broken part depth [mm)]
\\\ 4 1
G~ dq
Broken part depth [mm]

’ -
.
.
.
.
Vi —_
v
v
v
v

ot l
o -
V WW _ DDEEI _

» Y v ;9 ¥ |r| =0.42 . Ir|=0.24-
Z ’ 1 | 1 | 1 | 1 | 1

0 O. 2 0. 4 0 6 O 8 1 0 02 04 06 08 1

Broken part diameter [mm] Broken part diameter [mm]

(a) Triangle type (b) Rectangle type

< S
~
I T
]
o
T~
I T

vV

S
(\®)

T I T
S
(\®]

T I T

Tensile strength :
Black : ~20N Green:20~40N Red:40N~

Fig.4-7 Relationship between broken part diameter
and broken part depth
(Pressure force: 1IN, 2N)



Peak power:2.26kW Peak power: 2. 57kW

Fig.4-8 Cross section of broken part after tensile test
(Pressure force: 2N)
(Right side — left side cross section)



o

(@) @) ok
| ' | '
| |

S
N
I 1

O
4T —4-O

Broken part diameter [mm]
=
NS}
-
|

N | N | N
0 1 2 3
Peak power [mm]

Fig.4-9 Relationship between peak power
and broken part diameter
(Pressure force:2N)
(Right side — left side cross section)



Weld metal I

Plate

Fig.4-10 Schematic diagram of force acting on weld
interface 1n tensile test (Triangle type)



Fig.4-11 Schematic diagram of force acting
on side of cone 1n tensile test
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Fig.4-16 Schematic diagram of force acting
on side of cylinder in tensile test
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Fig.5-2 Schematic diagram of model of wire pushed
by spring
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