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Dynamic Failure Tests on Piping
— Dynamic Tests on Straight Pipe Components —

(Test Report)
Yukihiko Okuda®™, Yoshikazu Shinohara*2, Morito Horikiri*s
ABSTRACT

Dynamic failure tests of thin-walled straight pipe components with the
diameter/thickness ratio of the piping for Fast Breeder Reactor were
conducted due to evaluate vibration characteristics, elastic-plastic behavior,
failure mode and ultimate strength under dynamic load. The following
items were confirmed by analyzing and Investigating test data:

(1) In accordance with input acceleration increasing, natural frequency
18 increased and damping rate is decreased. These are considered the
effect of response reduction.

(2) Although progressive deformation was observed near the fixed end
of the specimens, the load-displacement behavior of the specimen
was stable and fast collapse did not occur.

(3) Although the specimens received much damage under dynamic load,
dynamic ultimate load calculated from response acceleration is
larger than static buckling load.

(4) Finally, the specimens failed because cracks penetrated. As a result
of SEM, the pattern like striation was observed on fracture surface,
so failure mode is considered due to fatigue crack initiated inside of
the wall growing and penetrating under cyclic load.

(5) Asa result of damage evaluation near the crack location, test data
can be evaluated as the effects of fatigue and ductility consumption
caused cumulative inelastic strain with progressive deformation.

"t Structure Safety Engineering Group, Advanced Technology Division, O-arai Engineering
Center, JNC '

*2 Former Structure Safety Engineering Group, Sodium and Safety Engineering Division,
O-arai Engineering Center, JNC (Presently Mitsubishi Heavy Industries 1td.)

*# Btructure Safety Engineering Group, Advanced Technology Division, O-arai Engineering
Center, JNC
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2. REFE
2.1. BBEE

CRBREEICITERE A 2 VEREE KEISEEYy— XA tu=z
ATSAREHOBEYTH ERERBRER T AV BE W EMEAREED
£EPEE 21.1IIRT, AIHEEEIX, 3 SO LMENRERED S HEK
BN, FEBELY 7 12X 2o HTHHICEETSE, R CHEBRESTRES
T THREREORBEICH LIHERBR L2 5 EFTWEETH 5, 2B, N
BRORE 2FEHEHEFT L5700  ZRICERITREAV -ZFEEREIXNEZR
BLTw5,

& 2.1.1 ICIHREOBRE g tfR 2, B 2.1.2 IRtz R ¥ Ik
B, 3ton BB CRAMEE 106, HAEE 2m/s (7 ¥ 7 L30%), RA
B 01~50Hz L W) HEER AT ABDE - BNMEERTH Y, RBREIES
DEVEEZIY O RET, BEEMREELIMET A LICX Y, BHY
BIBETLHERNZRBEICER L . ABREAZHEIELIIEZHWELT
BE LD DOTH D, FREBRTIE, ZONOMHMENRE 1 &2 AW, BED

- CTREMEF RRAICHHRICE S,

2.0, ALk

2.2.1. RERE - o |
KEAOEATING, BEFEBREED Dt (BEE/RENL) 22FI1C,
DA=60 2Rt LTEE L DARERLELLTAILICLY, U
BT E, BAIFERLELWIEHEMETVE LB, E 61, ORI
FREBOMEREZBIZ L T6B & L. 6B/Schs (¢ 165.2mmX2.8mmt, D/t = 59)
ODEEZMEHEH L, M 2.2.1.1 KRBREOTEEZRT, RBEIE, BEE
WOWMIC TS v PEPY T gL - TB Y, BEERORE S, &E
E-AV L VOREFEHTELDRBELZER L LT818mm & L7z,
REREOBEIZIZ., HERBRROE AR L HWRICIRZ 5720, BT
ST LEERMII OV TIETBREETS L) KRB L. ZM X Yk
MIOEERC, 79 VHML VBV ZLAEEEETFE— L5 (EBW)
WX DEAL, SHICFEETOFEIC L VAEZI) BV, BHE/HO
75y VBEHEIELAATIC BETHRA L. BERERSOIL I EF = B
175 7-OBEMINTIC X DIEL I BT, KRBT, D Lokic LT
VEE N RERKZ SEFEH L. IhEORBEIZONWT, RBREDOBE,
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R, BERREOEELHR T 2720, SMERE, SRR, BHEELT
BEZERL, BEZNI EEHEA LR,

ZEOFHAICHWAEEHOEEMEIR, F2.2.1.1 OBEERE R 1F5R

(7Y V% LY dmm) Wi L, RO WEITIR R U EIARE % 5HAI L
720 BMOMEFRETNEEZH T, REME 34K (S5, S6, S8) DAIHATE
REFH L ERER 2.2.1.2 1R Y BRFIZEHE Lom ¥ v FOE
ZBWTEHFmS ¥y FTREllEZIT, BPiCiREE LC#iH R 10~60
mm \ZBWTC 10mm ¥y F TR LIz, ZORR, #EFke 22H8M (¢
165.2 mm) 5 OBRBREZ 1o DNTHEZ E #HETZ LT,

T, BBROBEERES 2 HWT, MBE0MPRES A 25 Uk
RZM2.2.1.3 IR AREEFHANIE I 5 mm ¥ v FOUEIZBWTEFH
5 EvF T2 CidfFEE LTHIHH 256~50 mmilBWT5°
¥y FTRLUZz, REFFEE 2 5WE 2.8 mm 123t LT, FEEEIZ+0.2am

DHTHBZ L EHEL .

2.2.2. mﬁk | - |
AERIROF BN, A — x-mw’ b,ﬁz%:/ L A48 SUS304 %mmto =X
CEEHMOINY -1 %FR2.221 CRT RBMENF ISHEL2ERETAZ L
RHEITHEL LD, SMEAOER T~y 2 IAETA2IL2EABE LT, &
BICBITAHBRBREER L2, RBEBIISERBREEHREBRTH Y,
ABRIIEEEM PSR LI =F 2 7HBE ( ¢ 2mm) % Fviiz,

FIRAERIX JIS Z2241 (B #5 [FRABR 1) 1[CHEBL L THT o 72, SUS304
DERIZBITL5ERBRERTE 2.2.2.2, BFEEHOTABREE 2.2.2.1
WCRY . ETOISHBEELZHME L TWEZ &b b,

F72, SUS304 OFRICBITIEFRBEELE 2.2.2.3, ﬁ??lﬁiﬁ?«w‘:lzl
2.2.2.2, FE LI OTAERZR 2.2.2.3 IR, SUS30M4 ZZHETHEZ L
BV R U2 RT, M 2222 OEXRBEROERICL ’C{?% h
72 SUS304 D&Y 1 7 ViEFREIILTOR L 25,

Ag, =12.22- N +1.511- N> (2-1)

LI, BNRBREHOZEL LT, ARBRLAROEEEZRG AL H
VT B E?ﬁw‘e%%‘ﬁ Lizo BRBOMEZM 2.2.24 ZTRT, RBEELE
ECEZE L. 58 30ton DEHABET AV TRBATEBICHERTT — A
EWRDEANLTKFICRYELRRHEN 5277, £/, T—ALCREE
Ston DU — FENVEEEL,. WEZEHZE L,

REBRERLLT, BWEECBI0OME—SMBEGELE 2.2.2.5 12577,
CORPSFHATN B RIBREIL 19.94N, BEREMIX 70.7mm T o 72,
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2.2.3. RERIGH

RREIATICRE SN HbORELE LoM2.23.LI0RT & 312,
RO+ AR IR (B8 200n) 4 L OIHERICEY 1T b
REERE L AR RE L CHERE R L. BH 2.2.3.1 IIHK
BRARIE 2 HH TR OREE RS,

ERERR, HEWICTO2ER NI 2 BESEL-00@EE IREX
BT 2EBRER AP OBR ISR TWE , BOBEI L A8EBHNETBH
EMALB L LD, BCRET AT HEOEEN 2 RBEIEETES &
i, SRMBTAERVCELTRT A HELRA L, B 2232 25
BAERE THADBEEZRT . KEFMCFEL P, SRELHICHIEOB VTR
PERLTBY.IMEAFAIST LTI TAOREL2BRITIEREICAEEE R
T3, |

REEICEA T 5B S E IR X EEEETES N 20, SOK
BURRBREOEFEICKE 2 FBL 525, BORE L LR HEOIER
BOFMFEL FAICHEL. IHRBOBKXILEEERE (106) THARKE
BIRERZ T LHFTETH Y, »0, RBREDOEFEH U EL 2V TET
TR OHHMEESELL LR WwE D12, E0ER % 468k (ABEBEIIN
9Hz) ZERE L7 ,

&5, ZRBETAFMEANICEREESA RV LEHRT B0,
ST R E OB ERBR T £ L /. ZBREE T4 EE 126k OINHER
BRETEANTLRETY y €V FEBREM W, £2.23.1 O X)) REEX
BEEY v Y IRBRESEON, hIZEB L, SBEBTAD LXK
BEEIREIEUE 126k BB TR LTHz TH Y . 500kg BEEFICIE L.OAZ LT
WETT 5, Ziud, RBREOBEEFREH (B o) W L THoEL, &
7oy EBRICE T AORTT) & Y REOELH OFFXEM E %2 DT,
REABROREFE I LEEII D 2WbDEEZILLNS,
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2.3, EHAlFEE

IEABR T, REMFME, HEERE), PRt FE2IEEB T 5720, BB
HOMREE, B, OFTA, BEDOLOONZNT—F 2L, IRECT
— Y B EAT 572,58 2.3.1~2.3.4 CRRICER L FHIEBE0—BER 2R T,
& 6T, FIHREBICRBRAOBREHA 2 £ L7z Th 5 0sHlFEEL TS
i I - |

2.3.1. I EE | nEEEFE '

MREFH & 0 AR, SER UEAMFTIT B EONILERE 2518 U7zo A&
EFtosrlilaNELH 2.3.1.1 IZRT, MEEFHCIIEMEE BR) #Holl
ToO2REFFERAL., SHISEEICL > CEL LD DIZFVITZ, &8, M
RO IR BT IIREEICEL D 1T - & BEST & Vv CRHI L 720

¥ 2.3.1.1 IEFEFTOREKX—E

. THRE | e E R
PR (G) )
AS-10B +10 0~300
AS-20B +20 0~650

2.3.2. 47 : V—F—frEt -

L—F—BNE AW TRBROEM ZEHEI L7z, M 2.3.2.1 IZEMED
AN EBERT . V¥ -BMEHCE () ¥V RABOBTOL) %
SEEOL VY —~y FRUT Y72y v 2FH LA, L—¥F—EAMEHE
BEREENL CIREEBICEE L/ZRECHER L, BT IEE O N
ERFHIT A2 L IC X YIHERE L MBS NTNE 2 L ¥R L,

§E & MRS ORI, $EOF EFEEDP b ORBAENM L IHREDENM
DEIZLYEH L7z, 2B, HEEOEMIIMERENMRAOR 1 —2

B ERAWTn5S,
#2.3.2.1 BNFORN—E
LU =AY F | TryTa=y b EHAEE
- (mm)
LK-080 LK-2100 +15
LB-300 LB-1200 +100
LK-500 LK-2500 + 250
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2.3.3. 0 FA : TR -, T RETHIARTF

IHEF I RET 2 0 FTREVFRF —JICE Dl L7, B 2.3.3.1 I
BT V¥ AEBEIBERBREO A -V ORHIIEMNES. X 2.3.3.2 1T
HO R W IR SRR R ORI IR TR SABRES 0 0% 7" — ¥ OFHALSUAL
BE2RT. CNEERT ¥ ¥ 2 REHEINERBREO T ARESMEZERL
T, OFHF =Yoot aNBEERZREL/2OTH S, 0T AF—VITIER
HHIBRRTgERT (Bk) 3o YFLA, #ME¥E (¥k) o KFEL, KFG @ 3
ORHBOT ATV 2R L,

B 5, T RS — U CIREHIERN & 2 5 RO APRELGEICD
THRY—VEHET 5 ENT, OTHEHIART 2 AV TRE T & 25
Lz 2B, MEEEFIMEREBRE T, OFAHIBETORBELLTL
mm MR TEHERE AL TRKOFHA 2T o7, 2 TIIBEBREKOETICHKT
ROBEXEHL, XZHICOTAHAZEETSHHDTH S, K 2.3.3.3 IIF
PR OBELZRT , BFO/NF— X, 0.5mm AOEFBETE 1mm
X5mm DEFBERICBEEL-dDTHL, T, CCODI AT ((BR)
A0y 7 28, NA PO v, KH-2200) % FHWT, 250 EOBTFEE (640
X480 ¥ 7 k) RBE - BET 5, COHEBIrLETA XAV ) V77—
¥ (FOR:A CO LTD #., Iv-560) %\, ¥ VB TRTEREOHE
D RHEARY ., FRCEEETRAM oA — NV (lomm) OBEY L0
WE ) BFRTERERT 5, KkiZ, SOBRTFETEICT L. ABREOER
BARIC L ZWEET - 725, oI X D RBREOERE VT AEHER L,
2B, 1 EZENOHEAIYEENE L2EE, BFRTER 25,m BE
DREFEE BB M0, AFHNC X 2 OFAEHIMEICIZ L1.0%BREORE
FEEFNLLEEZOLND, .

B 2.3.3.4 \CEE T v ¥ AR EHE MR R OB RS IRAER I BT
50 AFHIARTER, K 2.3.3.5 CHEERFIMERBRICB T 0T
HEHARFMEE R T,

2.3.4. 1REE | BEX

AFRB TR, RBREREEICEL I CORAEZLHFNENERIT 5720,
SEHETRIEBICRELBROTAIREL., BEICRES LA T S,
Ok & BEFOTRF—VORIMECH LTHEERIITERSESH L7
%, BRENEHWTHIHERORBRARE 2Lz, M 2.3.41 IZHRELD
AN ELRRT,
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2.3.5. JLIREH I B AR R ,

RERBCENER L - L Bb RS FIEE L NV OIHR T, REBREOLE

BB TR 5729012, MHRBICHIREHIEERE L2, 512, RBKRTH
IR O EFTREH 2 3 H L7z,

FREHINZER L - RBERIRGHIIEBEOMEZ K 2.3.5.1 ha"é‘o BER

n-l‘??ﬂﬁﬁai\ - "5‘“%&#’2%@5&{1‘0)%%7‘5[‘]L?ﬁ&ﬂfﬁ&OD{’*,—\- iz
I, B, COBREEFT T AT A FR—RIZHo THAMICHEE
HEIZLZ23DTH Y, S L Y RBEE AR CE RO ERICR-
LRRET RS RECTH B, .

DRIz i%, RERAIZI Y [ - B RHIEEE £ BT 5 72012, B 80°
EUT260° @2 EHLEE, BIHEIC 0~250mm DHERICOWT lam ¥y FT
TBIRRTR 24T 0 720 2. BEBRETHRICIE, SHIEE2 2 TRV A L2,
BHEmIC 5 ¥y F B MIC 0~250mm DHFFIZOWT 1om ¥ v FTHER
ek OBRETE 1T 2 720

ZIC, 2EOHMEREREIICHER L-BEEHESTOMEL K 2.3.5.2
R BEERER 2 V- —EMNEH L AROPRRABECELNT, B
HIENC5° v F, BIHFMEIC 20~ 100mm D#E % 5mm ¥ v F CHEREET
WEIT o720
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2.4. EHE

ST, B3 (55, 56, 58) I L. BET ¥ ¥ LR VHER
FHGT, SEEONERE (R ¥ ¥ ARNIHERE, BEGEIEIHE
ShER SN REANESAER) B L7, oAb OIIERBRO&NE T T IR
+o

2.4.1. BE T v ¥ LEEEINESE

S-6 REKICH L CEE T v ol AV UIHRRAER 2T o7 BET ¥
FLBRIEETEBCIERLZEETH ), FEORZOREEZMN o256, €
DD RMS ERFHEES & £ OFEHEER IREMFEFRE CED
bRWEW)BEEET S, |

- ARBRCEEL LAEET U FAEOREL LT, K2.4.1.1 @IZMEE
BHEL, K2.41.10 OUST—ARZ FVEIRT, ERIET Y FAWIT, M
REFEOHIMAEEEE (VAX STATION 3000) %= HWT., EEEHE 4~
14Hz, RMS & : 0.05G, ke : 30sec DEHAHTER L2 DTH S, %
B, BEEEHEER., RBFAOBAREHEIELL L HLEEDREIESL
B X ), REMEOMIHRIC BT 5 BAREE (W 9Hz) 2 E¥EITE5Hz,
Thbb 4a~14HZ ICBRE L 72 :

AFERE, MRV ANV EBREIIC LT T CHEERRER L L, ABREDS
BRI A O EAICHERICE A F TO/M, B 7 — 7 2 IZIZSFHBTHAET
ELEICMHBEL ANV EREL, L Y ZINREOMBERLIEE,
FEROREES Y ARISTTAIHREVRNVOBEIZINER 2411 DX H I
Eﬁ%bfio

%2411 TET V¥ AEEHENRRBROAREE

T~
iR (555)
M1 X1
M2 X 2
M3 X 8
M4 X14
Mb - X22
M6 X30
M7 x40
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2.4.2, HiFR I B B MR AR

S-5 BRI U CTHIER & AV TIHERER 217 o 72, THEREBHOHE
WElERT BI2H7-0 BEOREEY ? B TRERFIOWBLESR
BEHBRE LTERSNARBREESEL Lz, B2 L LI BREIX, B
FIRCEORATI N FETFED OB - EYAHEERBTCL > TES
N7 BT IPERBA VNV COMBEEAE & 53 5 MEERE X <7
MVTHB, HBEEHELTE, BEEBREZHEEL, CAWEEE
Vs=2000z/5 HSFAV: & iz, BEBBROBMEL LT, X 2.4.2.1 D@ICHIE
BRAEZ, OIRIBEANRT MVERT . RIBEARY IV bRARNL
5 EBIREN I B L Z 62D I2H B,

ARBR TR, RBREOEFRSEE CIHEEBOHREEZEE L T, AR
MV OEBIRBIZH 8Hz, MR EIAS 30sec. RMS E © 0.05GRRE L% 5
KRB LA- O ATBHMERE LTHRE L, NHERBRICHE W - HE
FOREM 2K 2.4.2.2 DK UFOIZTT .

AFERIZ, MR L <V E B EITFOn HEmRRER e L, RO
MEBERAEL EEOATERERECHTAIRL AVOERICL YV E
2421 DEIICHRE LI, BB, 22 BOHBEEIC L A2IHEREST EHEL -
BRI, AREOBEFIRFHOEIERARE -0 HMER L 25 1 EOBE
B X D IHRRERZ 4T o 726

#2421 WEEEENEREORESZM

HE L~V
iz (f55%)
P1 X 1
P2 X 1
P3 X 2
P4 X10
F5 X18
P6 X22
P7 X 1
P8 xX22
P9 X 1
P10 xX22
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2.4.3. HbEE Tk B R mREAER
S-8 BRERME I L CEUHER % B CHERER : 0 L 2o RSB T3
FEOBBESHMIHERBROBREESEIT, 1 HONHRRE CRBAIRR
MEHE S CEET 5 £ AEIRL SV ONERBR Y B L Lo LAt
o, BEEBHEINERRICEIT 2 22 BOBBEEH VT, REBEHE
EEB I TERYE L IERICRBR OB A REM O A5 01
MY 25 1 BOBBRIC X AMERBEEIT V. %méﬁﬂ#@bnlﬁﬂwﬁ
: ----tibnﬁw\wm@fk rygE243.1 03; ) r‘"‘%w_o -

% 2.4, 3 1 ﬁﬂ%&[‘ﬂﬁﬂﬂ%ﬁ‘—ﬁ%ﬁ@ﬁ%ﬁe#

o ﬂu:})EI/f\Jl/
TR (%)
T@1 X 1.
Q2 X 1 =
Q3 X22 .
Q4 X1
Q5 X22
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Surveyor To

We herewith certify the material hesein has been mannfactured and exarined in accordance with
the requirements.specified in this oxder and the resulls are accepbnh
‘The material is in the solution heat-treated condition.

NOTE (I}—F=Full Section, S=Strip Section
NOTE (2}, (3)—Heat Number and Chemical

Composition are posted from Mili Maker’s Certificate.

#2221 EEZEMOINY—D
f‘ # R 6 1994, 9. 30
“© e ot-2022 @ STAINLESS KUZE CO., LTD. ® ‘j’:": £  motarr
" ‘ ; (Order No) Lia
% ® W MACIT STAINGESS CO.,LTD. HAKU1 WORKS . ity
o L]
=0 61 Shinbo-cho, Hakui-si,
S shetscatiod] 15 6 159°68 sussoare-s< INSPECTION CERTIFICATE Saiope g,
‘-1’: {m o
2l NEL o = om & W
%}ﬁmﬁrﬁ :? (Chemical Composition) g
- + B nE ﬁi"”“ﬁ;‘fm"m e | s
(Heat No} {Size) (Quantity}f (Mass) fi?g g._sg. %) Hardntss Hyd,matic :c Si |Mn P s _Ni Cr
! s o b L poty B kb e ctasion| HRB | o MB2_ Lic100dsca00] 00 bxtogoberocn] x100 x100 [x100]3¢100{x 100
Wotk No. 9481121 . ! - ol :
£38385 | 165.2 X 2.8 o 57.3 226 | 596 | &3 - 1.5 4|44 [109] 25| 5| 83| 1829
Work Mo _ > " -
X A
Work o, JAEILZ—2 <
B37804 | 165.2 x z.8 L as5.1 256 |eoz | 58 |~ 1.5 2|45 |aoo]| 28] 5| 824] 2830
Work No.
ly K
:;'.3 ok Do, Total
iy X 1045.0 '
= Soec, | Min | Min | Min Max | Max | Max | Max | M o mgo
g PeC- | 205 | sa0 | 28 8 jrumioon] 40| 30 100 | 2080
EAEER | AERB | ~rERM "EEL W% 5 1% % | Remarks |
i & Swface ) | (ydrostatic Tesd) | (Flatiruing Test) Glaring Test) (Bddy Cmrent Test) | pioat: treatwent 1 min 1040°C Rapid Cooling -
5 GO0D GO0D GOCD - -
= -
=
|
=
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SS-2 957 - 646 86.0 90.2 201000 A
#2223 FEHABFEFR
. . ) O REE O 7 (N/mm?) T
KRB No | B g:;“"-*;’ﬁ BIREH | popere
sec Acet A ein Ace Ao 3, max o min Nf (Cycles)
S4P-1 1.998 1.574 | 0.424 | 894 454 ~440 275 A
S4P-2 1.500 1.158 0.342 | 829 422 -407 555 A
S4P-3 RT 0.1 0.994 0.744 0.250 | 675 349 -332 1590 C
S4P—4 0.794 0.566 0.228 | 621 309 -311 4050 BC
S4P-5 0.598 0.418 0.180 | 541 278 —264 9450 A
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(1) hEE~T& s 1,130 om X 1,270 mn
(2) AR ES ;3.0 ton.
(3) SKIRT ;75 mm.
(4) BRBnEE ;£ 1,400 mn/HUH
e + 2,000 mn/5755i% (3. CtonfEdis)
(5) AR ;% 10 6 s(3. OtonFfiEs)
e * 20 G sUEMHE
(6) RIS o DG~ 50 Hz
(7) IR ANER : 50 tonf
8) MEERHBRE—XV b EEE-27+ 28 tonm
_ E Rie-dvt 14 tonm
(9) MHEESTEAR LR T |
i R—Rx7L— btk : 2,388 mm X 1,98t nm / 152 mm*
g
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#6.1 RBEHEROILD

AT IR S I Ax AL IR
IHRRABR | BoAE | BAME | rmeff | B | BME | msfE | Bl | BME | msiE Eff el
(G) (G) | (&) (@) (G) (G {mm) (mm) {mm) (Hz) (%)

M1 0.31 -0.29 0.05 0.60 -0.56 0.14 1.65 -1.98 0.46 9.3 4.2

e - | M2 | 041 -0.41 0.11 1.58 -1.46 0.41 4.69 -5.40 1.31 9.0 3.9
E;A%/ M3 1.15 -1.29 0.36 3.82 -4,09 1.34 16.18 | -13.39 4.37 8.8 6.1
| g M4 1.93 -2.41 0.63 4.94 -4.43 1.71 23.74 | -20.34 6.24 8.6 13.5
tgy | MD | 2.86 -3.77 0.90 5.02 -5.23 1.97 34.18 | -22.20 8.15 8.0 20.3
M6 | 4.33 -4.62 1.09 5.02 -5.18 2.08 49.84 | -29.87 9.31 7.9 29.8

M7 5.24 -6.58 1.39 5.30 -4.83 1.87 61.07 | ~80.06 17.97 6.8 34.2

P1 0.31 -0.37 0.06 0.69 -0.74 | 0.19 2.45 -2.11 0.55 9.4 1.0

P2 0.31 -0.36 0.06 0.67 -0.71 0.19 2.39 -2.09 0.54 9.3 1.8

P3 0.51 -0.62 0.11 1.25 -1.35 0.37 4.43 -3.83 1.21 9.3 2.6

S P4 2.08 -2.73 0.46 4.50 -4.86 1.50 21.90 | -17.84 5.05 8.6 10.5
ﬁﬁfﬂgﬁ P5 4.25 -5.18 0.70 4.97 -5.11 1.73 31.13 | -23.29 6.59 8.4 20.7
B P6 5.50 -6.70 0.84 5.49 -5.36 1.84 50.59 | -22.39 9.34 8.1 26.1
P7 0.28 -0.32 0.06 0.67 —0.73 0.20 16.90 | -12.43 0.70 9.3 8.2

P8 5.45 -6.29 0.83 5.09 -4,99 1.73 70.34 | -10.56 10.33 6.3 28.5

P9 0.43 -0.45 0.07 0.81 -0.84 0.20 31.26 | -25.96 0.72 9.3 0.8

P10 | 5.27 -6.11 0.82 4.42 -4.36 1.49 84.51 -11.97 12.16 6.3 36.1

Q1 0.28 -0.32 0.06 0.64 -0.66 0.17 1.92 -2.06 0.57 9.3 1.5

HEE | Q2 0.29 -0.30 0.06 0.63 -0.63 0.17 2.31 -1.73 0.56 9.3 0.9
BOEIHR | Q3 5.77 ~6.89 0.96 5.36 -5.54 1.94 68.47 -34.40 15.58 7.8 29.5
AER Q4 | 0.35 -0.44 0.07 0.70 -0.69 0.20 18.63 13.85 0.73 9.3 1.6
Q5 457 | -6.10 0.68 5.06 -4.37 1.25 80.96 | -14.96 8.56 7.9 33.9
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#&6.1.1 FINRARICHITIAERBIURVBELOEHER

TR TY LB IR R
Test# | Max Acceleration, G RMS Acceleration, G_Frequency mamping %
Mi 0.31 0.05 9.2 20
M2 0.41 0.11 9.1 2.0
M3 1.29 0.36 8.9 2.0
M4 241 : 0.63 8.5 8.0
M5 3.7 0.90 8.3 14.0
Mb6 4,62 1.09 80 20.0
M7 6.58 1.39 1.0 28.0
MR R A R R
[ Test # | Max Acceleration, G _RMS Acceleration, G—_Frequency Hz Damping %
PI 0.37 0.06 9.1 30
P2 0.36 0.06 8.1 _ 2.5
Pr3 0.62 0.1 9.0 2.5
P4 2.73 0.46 8.6 7.0
P5 5.18 0.70 84 2.0
P6 6.70 0.84 8.1 10.0
P7 0.32 0.06 8.9 2.7
P8 : 6.29 0.83 7.8 16.0
P9 - 0.45 0.07 8.7 20
P10 6.11 0.82 7.3 220
R KR S RS
Test# || Max Acceleration, G RMS Acceleration, (?_Frequency Hz Damping %
01 0.32 0.06 9.1 2.0
02 0.30 - 0.06 9.1 2.0
03 6.89 0.96 7.8 19.0
04 0.44 0.07 88 22
05 6.10 0.68 7.3 20.0
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#+6.4.1 FEHEEFME (CASEL)

BRI VT AR MR 08 DR AR H BRI PR IR AR
A IRAER
MERARR | EFREG | RSk | RFEG | RRER | EXHEG
M1 0.000 P1 0.000 Ql 0.000
M2 0.000 P2 0.000 Q2 0.000
M3 0.000 P3 0.000 Q3 0.530
M4 0.006 P4 0.002 Q4 0.000
M5 0.012 P5 0.004 Q5 0.237
M6 0.042 P6 0.059
M7 0.109 P7 0.000
P8 0.133
P9 0.000
P10 0.108
SRR RERR
0.169 0.306 0.766
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%642 JHAEFME (CASE2)

S AN

Hh R T R e ER B BR A IR EAER
W IR e
MEREER | ESREE | IERRE | ENEE | mERE | EyEs
MI 0.000 P1 0.000 Q1 0.000
M2 0.000 P2 0.000 Q2 0.000
M3 0.002 P3 0.000 Q3 0.162
M4 0.013 P4 0.008 Q4 0.000
M5 0.032 P5 0.057 Q5 0.151
M6 0.078 P6 0.106
M7 0.071 p7 0.000
P8 0.122
P9 0.000
P10 0.108
RIEE T RAGRE
0.195 0.401 0.313

#6433 BRBRUOTALOEHESR

FROGRY, Ze | HBIEHY, & £
(%) &,

B T V¥ AR
SR 16.3 0.073
R IS R ER 16.1 2.23 0.072
W7 BRI SR R 12.5 0.056

*OFAHFIE VEBILT, BURE T RORREOT H Ol
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7. ¥

SR, BEUHERERBREEL AV CESEZORBE S AICHL, 3
BEOMERE (BETF v 7 AREEINE, HBRHEEEMR, BRERFM

#)

I & 2ENAOIHERBRE ER L. RBRERENT - FlTHILICLY

DToEEZzHLPIZL A,

(1)

(2)

(3)

SREMKOEEEE L. BTN IHz TH o 7DIZxT L. BEEE
HEFT B IO TET L, BB THz Th o 72, BRI ITHE
BT 2% Tho=DIx L, EEERLETTHICo0NTHEKRL,
WIEEEICIIH 0% TH o770 ZHIEBRBECEE L FVF R X S
S EBHRETHLIDEELLND,

THREOESE LIS X o T, REBEEOBEERAE TR A HMAIICE © &#fT
AR (SVIVER) BROLA, BAWERERD COERILETL
755, REEAROWESMEEICEB 2 RTEIOBTEHRIEO N Do
7o

EEMEESSEN LABWEAEEIBNERTEZ TRAZ LI
hlroiz, 2%, BANERETNCELVENATREZ T T
b oT., BINEANERSENEREFRELREULTHY, BB
BRI L DRAREOBIEOFEBEIROLN G012,

Bkiyic, EANERSTEENFEE L THRICE o/, RBRETRIC
WIEBOLERFWERE 21T - 2R, WP EEFEEATIZOAEHE
iz, EEBEFATIVRE - ERLTEBCE>bDLE
ZABIENTES,

WEO SEMBEORKRE. WIETELRVWHA M- a VIROERIE
BENZ RS, BHRIVEE LAWY EF S ROBREREER -
EBICLADDLEZDLILHFTES,

WSRO 0T ABE L VT A 7 VEFEEZ5M LR, R
LERICX 2EHEG L. BTUHER (55 =y 1) 1) REFEHEE
ORI B IEEEFEL OMEERE LTEREREEHETEX LA
e iat: WA 1oF o} ol A

EAOEEEZICHLTESF oy MVEHFEELBIEETE—FTHY, #
TFHERBICE) EREEOREFFSELTwEdINEEILNS, 4. B
SEFZ QBRI 24T\, RES., MR, BHET - F, B9RA
BMEEZLZEHL T FETH 5,
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2)
3)
4

5)

6)

SEII

T I, KEUFREIIRRESEE —60 F KWe k75 ¥ + OBSHH
Za—, PNC TN9410 92-137, (1992), _

TS, BALEEZER L 60 T KWe BAEUFOREASE, PNC
TN9410 95-021, (1995).

IAIE—3, FLViEReEE WERE O, +— 2%, 1984).
BOBH, EBTENY F7y 7, 5%, (1985).

Coffin, L. F., “The Deformation and Fracture of Ductile Metals under
Superposed Cycle and Monotonic Strain”, ASTM STPG467, pp.53-76, (1970).
Asada, Y., “Fatigue Criterion on Low-Cycle Fatigue with FExcessive
Progressive Deformation”, Proceeding of 3" German—Japanese Joint Seminar,
2.2, pp3-11, (1985). |
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frex

FRBBEER. BEEREIBRT2ELEROVLEOTHLIEFRERICOV
THHRRB T\, RBRF— 7 251 - AL 72D DO TH %, FRBRIISEL
7 A EEEEAERRUSHIREO MR AL LTUTIIRT,

O REXED EAERT

LEBFEE T L PR ARORESEEICRIZTRELRL12DIC, (a) FEE
BB oTA+5E, (b) SBRRE T A +HEHRBAD 2 5 — oW TEHAEEN Z
EH L7z B2 — FICIZ FINAS.verl3 Z A L, FEZZITh-EERTE
FMEL TV 5B, EEEBROBTETVEMAEE 1.1 IRT, |

FHEE 11 K&y —ACBILRAFEBITERERT. 77— (a) IZBTF
3 1%E— FOEGREEHIINY 0.8HTH Y, RBEOEFIREE (W 9Hz)
YIS TWADITX LT, 2K E— Fid# 8.2Hz L LRV EL 2 5
Twh, F—A (b) KBIFB 1XRV2XE— FOEBFREEHIF TN
T8Hz LU 9.0Hz TH B Z &b, RIS AR T4 +HED 2 KT — F
IEVIEBRE 2 RT b b, MR 12 17— (a) BT (b) OE
HRY MVERT, ¥—A (B) © 1 RRF2RE—FIE, ¥— X (a) ® 2
KE—F, ThbbLEEBRER I LPRIBNESEESTAEHERL TWE,

COBNTHER TR R L BT 2 & ML RS OBEMHIERIC BT 5 ik
SRETRLNE L) REEWHKIC 2 WO ¥ —7 2HOFEESA L. 55
1209 % —Z (b) D 1REFLEE-FHFIL—HLTWLE I bR
Bo F7m, 1RE 2RE— FORBBREDIBIZELWI LR 6, IHERRTR
BNIIREEE ORI VEFET LI LA TES,

O FHIZEO LR
FRBICA WA NEBORR - AKELTOBY R,

RSO RS, - 5k ; 65 2.1
V- —BAET ORI - Ak fF$%3% 2.2.1~2.2.3
TRy — VOB - i ; fiH§5%3K 2.3.1~2.3.3

EERREHIEEORR - itk R 2.4
THREST ORI - fk ; fExR 2.5
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NE L1 7 —ARXB LEAEBRITESR

(a) ZEFERE T4 +iE

MODE FREQUENCY kg
1 7.98E-01 2.31E-01
2 8.17E+00 -3.06E-02
3 1.59E+01 1.49E-02
(b) LZERFERE T4 +iE+EE
MODE FREQUENCY FIBLR
1 7.75E+00 1.69E-01
2 8.97E+00 -1.60E-01
3 1.59E+01 2.10E-02
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8k 2.1 IRt OB - fifk

itV AS-10B
I HEB . *10G
EREHA 0.5 mV/V £25%
FEEAME +1 % RO
EATUIR +1 % RO
AT 120 Q+5 %
HESREINEIE 3V
EFAEHINEE 6V
Y R i R 0 ~ 300 Hz (REERZE L5 %)
B A iREhK #7490 Hz
PR +2 %
AR REREE -10 ~ +60 °C
BT # 0.64 (23 °C)
FEBAR 300 %
BEE #13g

A X AS-20HB
) 7€ s PR +20 G
EFEH 0.5 mV/V +20 %
FEE BRE +1 % RO
ERFUL A 1 % RO
AT 120 0 +8.3 %
H AR 140 Q+7.1 %
HELRENIIEE 3V
FAEEINEE 6V
B B AR A 0 ~ 650 Hz (RERZ=EL5 %)
B REE # 1.3 KHz
BREE +2 %
BraR IR BE A -15 ~ +65 °C
2o T # 0.64 (23 °C)
BERAT 300 %
B HWi13g
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6%k 2.2.1 V—F—BMEF0BRR - 48 (1/3)

B B —~ R LK-080
77 2=yh LK-2100
A Y PR OBE 80 mm
) E & H +15 mm
¥ R FAFEEL —F
% & 670 nm (FIRYE) 77R2
sl BK0.95 mW
ARy ME D70 1 m (EHEIERHICT)
B # H +0.1 % of F.S.
o R 3 pm
FimrWh BEHS +5V (3 pm/mV)
A= 100 Q
EHEH A 4 ~ 20 mA (MAX350 Q)
TI—hHh NPNA— a7 2(N.C.) B&X100 mA(40 VELTF)
BEEEIVUT '
AN e 10241 S
Bl 4% sk Z—bEn,/ 77— LT Fas B R— R e
T ARG /L AR 2GR
AT N :
E % BIREIE DC24 VE10 % Vo710 % (P-P)LLF
HEEN 400 mALL T
BERIZN  BP—roR 0.01 % of K.S. ,/C
TrT =k 0.01 % of F.S. /C
BN RS IP-67
SEHEERE BHEZ 7 -8 64T 10000 XBLF
FEARBRE Y —~yF 0~ 50C

T Taz=yh0~50C
ERREBE 35 ~ 85 %RH (RfEl&ry)

(g 10 ~ 55 Hz #HiESh 1.5 mm XYZE- 50 205
WA PR TNAIEAHAN

TrFazyh RY TR RAR
HE T —r R #9260 g

T 7=k 515 g
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fHEE 2.2.2 L —V—EMETOERX - 48 (2/3)

i B~y LB-300
T a=vh LB-1200
3= ¥ B Bk 300 mm
B E 5 A +100 mm
)t R FRA\YeE L —F
¥ & 780 mm (RPA[HR) 75 A3B
H BA20 mW (CE10 mW)
AR ME 1.2 X 2.5 mm (EZEEFRREIC O
[ER 0.4 % of F.S.
o fE 50 zm (LOKF)
TrasH EEHN +5V (20 mm/V)
WAL E—FrA 100 Q
BREN © 4~ 20mA (MAX350 Q)
T7—sH 7 NPNA—7rab74 BX100 mA (40 VELT) N.C.
REEBEIVELT
& 915Hz (HIGHRF) ,/36Hz (MIDEF) /" 9Hz (LOEF)
, £ —3 dBIZT
E B BIRER AC100 ~ 240 V10 % 50,60 Hz
HEBEES #3915 VA
BERIZN  Eo—~ok 0.02 % of F.S. /C
T Faz=yh 0.02 % of F.S. /°C
RGN AR BET 7 B FAT 4000 kAT
R FIRE B —~yR 0 ~ 50 C

T om0~ 45C
{5 A JE BRI B 35~ 85 %RH (HFER&ZL)

[ingi=E:2u] 10 ~ 55 Hz {8iE8) 1.5 mm XYZ& 5 205
Z - TrPp—awR TAIZAH RN

T a=yh RYA—RIA
E 5 TPy #5250 g

LI #9530 g
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H8rF 2.2.3 L—F—-EMNF0RE - 5 (3/3)

il Tl —a~F LK-500
 TrFa=vh LK-2500
AEE—F R
2 ¥ BH B 500 mm
#l = #5 B +250 mm
X R FRAVEE KL —F
¥ & 690 nm (A[{RE) 7523B
H A BHK15 mW |
AR R #00.3 mm (EH#EREEEICT)
B A +0.1 % of F.S.
4 fE ' 50 um ,
Trus Wl BEHS £5V (50 g m/mV)
HAAE—FZ 100 Q
B 4 ~ 20 mA (MAX350 Q)
Fo—AHH NPNA—7 a7 Z(N.C.) K100 mA{40 VELTF)
BEEEIVELT
YTV 1024 1S
Bl 8 A—NER/ T T BT Fas WA — LR

T A EIHHERE L RN 28
A7 MR E

E % EBIRERE DC24 VE10 % Uy 7110 % (P-P)LLT
HEED 400 mALLF
BERFVZN  EVP—~oF  0.02% of F.S. /C
TvTa=yh 0.01 % of F.S. ./ °C
MEREYE  REEE IP-67
EREMEREE BT BIEHT 10000 kBT
155 Al B BRI EE BAP—~yR 0~ 50°C
T Faz=yh0~50°C
{85 R 2 B B 35 ~ 85 %RH (iEEAa&rL)
=S 10 ~ 55 Hz E4REh 1.5 mm XYZ& 5 2B
7 g P —AoR TNIE A AR
T Fa=yh RYB—FBRAT
gz E T —ok 700 g
Tz #9515 ¢
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43 2.3.1 OFTAF— TR - 48 (1/3)

R YFLA-2-4F-05LT
AR ek KBRS AT 7
EHRET Cu-Nif%
=X 7.5mm
= 4mm
F— RB& 2mm
i) 1.8mm
U—Ri SR EAR0.2mm FBEEIA F U gERHR0.5mfF
¥ —IRHE 1200Q '
= 2.1
R E#iEH #+£10~+15 % (100000~ = 150000 X 10°)
{3 B IR EE i B ~20~+70°C
MR R 0.6%
B ST T I —MEEH (M)
U—R#g HRREAR0.12mm FHEI0A ©=— A HBERIHRm
OPHT— DT T-P6
il YFLA-2-5LT
=2 L7 38 Wk S FAF v
BHERTF Cu-Nif&
E 7.5mm
& 4mm
=3 £& 2mm
i 1.8mm
U—Rig HRER0.12mm FHREKI0A = — L4 S35 m s
F—VHEHE 120Q
SR 2.1
) = #E A F£10~%15 % (9100000~ 150000 X 10°%)
fi IR EE s -20~+70°C
R EE R 0.6%
BEEA T )T 7V —MNEEAI (M)
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7&K 2.3.2 OFAF—TVoBR - H# (2/3)

AR KFEL-2-120-C1
R—2 B RUAIF
EHET Cu-NiZ&&HE
BX 8mm
& 4mm
r—v  RX 2mm
) 2.1mm
U—Fi# T 7 BB HRASRRO. 5m At
F—VHERE 1200
F—®R #12.1
Bl HE10~115 % (H+100000~# 150000 X 10%)
fos FR B i BH -10~+80°C
PR BEAR S — )
BEA CC-33A (i FlR B & FE-10~+80°C)
J—Fig B = LB R 3% 5m
OT BT — Vs T-P6
i s KFEL-2-120-C1L10M3R
AN—2 ek RUAIF
HhET Cu-NiR&E&HE
X 8mm
& 4mm
F—3 S 2mm
W& 2.1mm
U—Fi V= — LR 3R 10m st
F—ERE 120Q
F—E8R 2.1
i A FE10~15 % ($9%100000~F+150000 X 10%)
& AR EHa -10~+80°C
R B Rk —
BEEA CC-33A ({5 FIR EE#E - 10~+80°C)
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14332 2.3.3 UTaF— IR - {FF (3/3)

X KFG-1N-120-C1-16L5M3R
=2 Mk RUAIF
EiRFET Cu-NiR&&E
B 4.2mm
& 1.5mm
Y A?4 B& 1mm
L] 0.65mm
U=k B = — BRSO m AT
F—TEE 120Q
B8 #12.1
B < fiBH #3+5 % (#9£50000 X 10%)
{55 TR B ~196~+150°C
HRBEFRE 2.3%
HEEH CC-33A ({# AR EEREEA-196~+120°C)
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& 2.4 EEBREHIEEORS, - Hi

fn 4 B - R
2538V TN FriB A
(BRAHT 7 Z oy hEte]
' e ¢ 500 mm
N ¢ 450 mm
SRR BB 80 mm (FHllE v —JI7E 2 e ERRE)

XE =7 HARIEE
[ AE—FET0]
=R
BEHART—
F—FN~tik
) =7 AF—UTR AR
[PV ATE—&ETe]
2K
HAPm—2
R L e R R
6 Hie vV iR B
[N R —&ETe]
EREh 5 =
Mo—2 5
[ElExf B
mhEIL—A
SNV ARE—Z L E
X &
ZEhBEhE
0 EhsEN &
A TR BE(mm/ sec)
Y — (U —PEAED
EY—yF
FrFaz=yh
FHEERE
) EHEE
SEIR
AR MR
T HERE

WAV I i

A% B (m/sec)
B—FRFAN
E-Foba—5
IN=F A a—F

700 mm
350 mm
180 mim > 200 mm

200 mm
100 mm
80 mm £15 mm GHAlMz2 - —HA4%)

TA =L V=T R

T — AT TN FREV ST o)
360° (VorFhoyr2@)

L 700 X W 600 X H 853 (mm)

5 mm / 500,12

1 mm / 500,312

2.5 mm / 500,312

10, 20, 50, 75.08, 100, 154.32, 200 (7HEHR)

LK-080 (F—=x> xiY)

LK-2100 (F—=x 28Y)

80 mm

15 mm

O —F (670 nm,/ 7N, LUL2)
FMOT70 pm (FEMERREECTD)

3 pm

1024 S

10, 20, 50, 75.08, 100, 154.32, 200 (7FE5H)
M850D

M850C

PC-LPV466D2 (DECHY)
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3% 2.5 BERHESORRK - 48

gn 4 B . AR
2B TR E
(RfHT 794 o haEte]
Az $ 500 mm
N ¢ 450 mm
B THI PR 80 mm (FHflzr —HIEEHELERE)

Xe) =T HAFBE
[Sre—aate]
ey
BHAa—2
F—FN~FiE
ZE =7 AF— iR B
L AE—&ETe]
2F
HPA 2—Z
o HiF YU UiR R
[ AE—2ETe]
ERE)F=
FA—RFR
Bl f B
BETV—h
PR —Z RIS E
Xihfegh &
ZEBEE
6 FhEEE
A& 38 (mm/ sec)
Hill— (BEEEMAT)
IR g
P72
HiRiE
r—7NAEREE
BT 2oy
B
BT RFER
HiEg (BEERES)
E-FRTAN
T—Faba—7
= F a3 a—4

700 mm

350 mm
180 mm X 200 mm

200 mm
100 mm

A — A=A X T HA

Cr—F AT TV—FRGV T T)
360° (V7 hovr2R)

L 700 X W 600 X H 853 (mm)

5 mm / 5007LA

1 mm / 500V

2.5 mm / 50073 A

10, 20. 50, 75.08, 100, 154.32, 200 (7F&¥)
GP-1504 (HARISONICHY)

15MHz
¢ 6.4mm
IR (B o iRRe)

2.5m (GR-1504F8)

L RERY =Y GREEER)

y=z—}h BS-18
BERERT ALY — (ELRR)
SONIC-434 (HARISONICED)

M850D

M850C

PC-LPV466D2 (DECHY)
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5% : 488kg

B . 6. Okg

BETADIThE
K 1102 N/mm
$E 1 9.02X10* N/mm

RKREFEDIThER
K 2 1.44X10° N/mm

777
(b) ZERFERE T4 45 SREVE
R 1.1 FEAERFTORTE L
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—8—MODE 2

—6—MODE 1
—4—MODE 3

e T T

—— e m———m = — - —

R e

ann
SO

-—-z __ZSG.A_____,-___

VU N

- - - e b - — —

1.5

1.0

0.5

0

0
X {mm)

05
(a) ZE

-1.0

-1.5

s AR 3

T

——MODE 1
—B—MODE 2
—&—MODE 3

.

ann
i

|
|
-
I
1
i
i
|
|
t
i
1
L

- Bt

15

1.0

0.5

0.0
X {mm)

-0.5
m)%%ﬁEﬁA+

-1.0

-1.5

HE 4+ B ERKR

BIFAEFNRY F IV

-
—

88 1.2 &7 — AL
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