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Figure: Out-of-plane gusset welded joint
specimen (unit:mm)
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Figure: Changes in strain amplitudes

during a constant amplitude fatigue test
(Ac=67.8MPa)
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LR (%)
e Aks2(NKi#g#) | ¢ | si [ Mn | P | s [cul cr | N [ Mo | v [N [sAa] Ti|cCess
X 100 X 1000 X 100 x1000 | x 100
Mn | - | - [0 | -] -] -[-1-]-1-1]1-1]ft :
R
Max.| 18 | 50 | 160 | 35 | 35 | 35 [ 20 | 40 [ 8 | 10 [ 5 | - [ 20 | 36
HEH 14 | 15 | 110 | 20 | 6 1 5 1 1 0 1 27 1 34

Crg3 (RF=Z&E)=C+Mn/6+(Cu+Ni)/15+(cr+Mo+V)/5

FERER (EZEAM) 100mmP A4 X

BIEHBR(EEEEAM)  BAMEES=200mm Ay
A5 AK32 (NKRR A4 N _ -
HEAG NG em /] simss U HREE | FORRIALY—
N/mm”™2 % °C J
st Min. 315 440 17 0 31
Max. - 590 - -
a1 344 489 23 0 230




7 fif LR 57 AR

» PBVEABREEZHERALTERMERK i = 50
EIE F7 s ER & SR . : sy

» NpIZBA 9 HSNERE

» SNERBEIZFH 1T HBasquind =X, EL. 151
BB - ~NEFEEHW

-C=3.443 x 10° MPa, m=-0.293

Stress range [MPa]

Ac=CN,"

} %Eqﬂ{,ﬁ L/T:Eitl%ﬁ1$ 'i\ ZjOIJ:/$\\ 30.0 } } } ——t } - - —_
:/7\ E%ﬁi%?%ﬂ%ﬁ?_gtﬁl% . ' | Nur;ber of cycles Nb . '
L 3 =t o =
DFmMTHY . ABRAETHEEE Figure: Fatigue strength of out-of-plane gusset

DWW ENFEZREINT- welded joints under constant amplitude loading tests
(the relationship between nominal stress range and

Nb)




EWMAT Y X FHER T

» SABRSEH

Opp O | K 2R E B IREIEL

oy “hy d Frbe
Aopp A s | IR 2RIt JIEGBE
: wHF | AolF | AoHF | AolH | Aoceq.rf. Nb
Series T.P. No.
wLF | (MPa) | (MPa) | AolLF (MPa) (Cycles)
S1-C-1* 3.8 36.7 27.0 0.74 59.5 1,882,314
S1-C-2* 3.8 35.6 33.6 0.94 65.0 716,663
S1 S1-C-3* 3.8 35.6 44.7 1.25 81.4 221,986
S1-C-4 3.8 34.6 24.7 0.71 56.0 1,450,388
S1-C-5 3.8 34.9 23.7 0.68 55.7 1,007,997
S2-C-1* 3.8 47.6 28.0 0.59 73.3 494,034
S2-C-2* 3.8 48.0 36.5 0.76 82.4 424,371
S2 S2-C-3* 3.8 47.8 55.2 1.16 105.6 152,189
S2-C-4 3.8 46.5 36.5 0.78 77.0 610,213
S$2-C-5 3.8 47.1 35.7 0.76 79.0 398,268
S3-C-1* 3.8 60.1 21.4 0.36 78.3 480,000
S3 S3-C-2* 3.8 62.8 12.2 0.19 68.9 646,208
S3-C-3* 3.8 62.0 32.3 0.52 86.3 274,446
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Figure: The relationship between equivalent stress
ranges determined by rainflow stress counting
methods and Nb in constantly springing
superimposed tests.
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» Nc(Chl 5% drop life), Nb(Ch| 65% drop life)
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» NbE TDranflow# = EDr
Series TP No. wHF | AolF | AoHF | AolH | Aoceq.rf. ns_ Nb Nc Np Dw

wLF (MPa) | (MPa) | AolLF (MPa) ntotal (Cycles) (Cycles) (Nb—Nc)

S1-1F-25-1 38| 379] 278] 0.73 629 0.25 1,016,059 236,628 779,431 1.19
S1-IF-25 S1-1F-25-2 38| 365| 29.7| o0.81 63.6 | 0.25 811,522 121,766 689,756 | 0.98
S11F-50 S1-1F-50-1 38| 371] 29.2| 0.79 63.7| 0.50 1,234,330 596,360 637,970 | 1.50
S1-1F-50-2 38| 373| 282| 076 62.7 | 0.50 1,117,460 1.29
S2-1F-25-1* 38| 484| 525 1.09 103.0 | 0.25 684,058 428,266 255,792 | 4.30
S2-1F-25 S2-1F-25-2 38| 410| 303| 074 68.6 | 0.25 730,533 219,612 510,921 | 1.14
S2-1F-25-3 38| 414| 325| 0.79 724 | 0.25 655,183 440,953 214,230 | 1.24
S2-1F-50-1 38| 496| 356| 0.72 755 | 0.50 338,504 53,274 285,230| 0.74
S2-1F-50-2 38| 46.1| 348]| 0.75 76.0 | 0.50 468,811 150,307 318,504 | 1.05
S2-1F-50 S2-1F-50-3 38| 416| 305| 0.73 69.2 | 0.50 555,333 99,712 455,621 | 0.90
S2-IF-50-4 38| 412| 344| o084 70.6 | 0.50 611,041 171,726 439,315 | 1.06
S2-1F-50-5 38| 412| 323| 0.79 70.0 | 0.50 527,572 218,507 309,065 | 0.89
S3-1F-25-1* 38| 622] 315] o051 86.0| 0.25 935,231 530,000 405,231 3.18
53-1F-25 S3-1F-25-2* 38| 611| 327| o054 841| 0.25 768,873 556,000 212,873 | 2.41
S3-1F-50-1* 38| 618] 317] o051 87.6 | 0.50 519,719 102,000 417,719 1.88
53-1F-50 S3-1F-50-2* 38| 614| 31.7| 0.52 85.7 | 0.50 363,487 90,000 273,487 | 1.22
S1-LF-50-1 38| 387] 29.0] 0.75 552 | 0.50 4,175,000 3.13
S1-LF-50 S1-LF-50-2 38| 430| 334| 078 60.7 | 0.50 1,053,567 99,326 954,241 1.11
S1-LF-50-3 38| 428| 334| 078 61.4 | 0.50 1,886,312 | 1,119,088 767,224 | 2.03
S2-LF-50-1 38| 46.7| 356| 076 68.8| 0.50 834,824 364,527 470,297 | 1.32
S9.LF-50 $2-LF-50-2 38| 465| 356| 077 67.3| 0.50 559,267 40,045 519,222 | 0.82
S2-LF-50-3 38| 498| 375| 0.75 711 | 0.50 792,344 320,003 472,341 1.41
S2-LF-50-4 38| 486| 365| 0.75 702 | 0.50 600,373 163,793 436,580 | 1.02
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The relationship between equivalent stress ranges
determined by rainflow stress counting methods and
Nb in intermittently springing superimposed tests.
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Number of cycles (Np)

The relationship between equivalent stress ranges
determined by rainflow stress counting methods and
Np in intermittently springing superimposed tests.
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» R-3030 exciter

QI 3920 N (IE5&HE A J76F)

R T84 m/ s 2 (EAHKE) -
He REENL 30 mmp —p

RS & 60k g (FEERE)

IREN B 1~3,000 H z Gl X —IETHHERD D)

BDE U 5 Kg

RE &~k ¢ 170 mm

NNy #1170 K g (BEET L)

BRI SR JEFE 0~40° , {BJE 0~85% (@& L)

» APD-500 power amplifier

TER ) 3000 V A

JE B RR 1~5,000 H z

S Nk 50d BLL L (20V H IFREIZ V)
A J18EE 1 Vrms

ANA = A 10k Q

HAA v eE—F 2 2 Q

HEE 4. 5KVA

AR 130 Kg

— AP RAEAR —FH-200V -2.0A-LL I
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The electric PVB fatigue testing apparatus
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o Load cell inserted between the drive
train and the exciter

The drive train of electric PVB fatigue testing

apparatus
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Waveform parameters of the whipping superimposed waveform
Primary wave Secondary wave _ Slaming intl | Darmping time | Acigeq
Range (kN) | Freq. (Hz) | Range (kN) | Freq. (Hz) Fzzaier:éﬁ; (cycl) (cycl) (Mpa)
Whipping 2.5 4.0 2.5 16 0.'27 5 12 116.8
Springing 2.5 4.0 1.5 16 0 — — 121.8
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time (sec)

Waveforms of applied load and nominal strain response
measured in the whipping superimposed loading test
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Waveforms of applied load and nominal strain response
measured in the springing superimposed loading test.



» AP=4kN (Ac,=137.5MPa), [EK%kf=15Hz
» TrEEEE100%, 80%, 60%(Ac,=137.5MPa, 109.8MPa,
82.4MPa)
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w .
£ O Exp. (electro-dynamic)
Regressed (C=3443.2, m=-0.293)
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Number of cycles (Low frequency)

Comparison of constant amplitude fatigue test results loaded
by the motor with eccentric-mass apparatus and the electro-
dynamic actuator.
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Constantly whipping superimposed fatigue test results of
welded joints tested by the electric PVB fatigue testing
apparatus with various load magnification factors.

Primary wave Secondary wave Slaming | Damping
Aok | Freq. | Aoye | Freg. | Phase diff. | intvl. time (Mpa)
(MPa) | (HD) | (MPa) | (H2) | (xmrad) | (cyel) | (eyel) | ™
WHIP100-1 79,300| 0.766
WHIP100-2 8.9 4.0 8.9 16 0.27 5 12 116.8 91,200{ 0.881

WHIP060-1 51.6 51.6 70.1] 498,200] 0.842

Aot |\ (eyel) | Dy

» IHFANbIZEITHEFEEE:0.766~0.842
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HFafa R, ERERIVIENICEKRAIOHTE.
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Intermittently whipping superimposed fatigue test results of
welded joints tested by the electric PVB fatigue testing

apparatus.

Primary wave Secondary wave Slaming | Damping Ao Ao

Acir | Freq. | Aope | Freq. | Phase diff | intvl. | time ('\VZH:)@“ (MSOI:)Q Nb (cycl)| Dy

(MPa) | (H2) | (MPa) | (H) | (xmrad) | (eyel) | (oyel) | P P
WHIP100-IF-1 1165 |148.700] 1.441
WHIP100-IF-2 ) 94,300| 0.914
WHIP100-1L-1 85.9 4.0 85.9 16 0.27 5 12 116.8 o 131.400] 0.901
WHIP100-IL-2 ' 163,400| 1.127

» NbETDIRFHEE:0.901~ 1.44]
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