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Development of Multi-type Fatigue Testing Machine in Axial Loading and
Verification of Its Fundamental Performance
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Fatigue behavior of metallic materials in very high cycle regime has become an impotant subject
to guarantee the safety of mechanical structures during the long term service. In order to perform
fatigue tests in very high cycle regime of N=10° a long period such as 230 days is required at the
testing fiequency of 50 Hz. The multi-type fatigue testing machine which can give cyclic loadings to
a number of specimens simultaneously is valuable to obtain fatigue test data within the specified
period. From this point of view, a multi-type fatigue testing machine for axial loading was developed
by using a special hydraulic system with a rotary valve to distribute high pressure oil into the
respective actuators. By means of this testing machine, fatigue tests for four different specimens can
be perfermed simultaneously at the frequency of 80 Hz. The loading capacity for each specimen is
+10 kN and the applied load can be given independently to the individual specimen. Thus, one can
perform the fatigue tests in the long life regime for many specimens within the specified period even
in the usual frequency where the temperature rise does not take place on the specimens. The
fundamental structure and its performance are presented here together with the fundamental experi-
mental results on the bearing steel of SUJ 2.

Key Words: Fatigue, Material Testing, Fractography, Axial Load, Multi-Axes, Low Cost, Giga-
Cycle Fatigue, Bearing Steel
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Fig.1 Overview of fatigue testing machine developed.
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Fig2 Configuration of fatigue specimen.
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Fig3 Hydraulic system to give testing load to four specimens.
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<Enlarged scale>

\\\\\\\\

/ll//////ii///////////// ///// n//////
1=¥}m=m -:mﬁ:
l

V “’///.4/5’//._/////”’/”’//"”/// //

T
A \\\@

HT\\

/u/////;////// /-l//////n///////

BV, —OOWMEREND 4 SOMET 7 F ot —H |2
HIH M A SR - G T &N TED L OITIR
ZITN D,

KA, Zoa—F J— - 2L T ORI TH Y,
F—Z CEESEN SN DA T —), AU —=TBIUOY
— 7 X DR ENA. RO OEEEENR,
BT U F am— I DR A RS R
A7, WHERENDT—F U — « sV T DER— MZ
EARR AR THELBIZ, a—FY—- 3
VT OHOAMNSET 7 F 2 m—H | TEHRBELE—5
T Ui, 23, RV —7 @I RAEIT TN
N 25 E V4EMA) FOEIRITONTWDR, =
TUTREN R T BENLRIEHRTE LT TH H.

ARFZECRA%E U 7= Sl e lifey s 77 sl b D i b
AR EATY, B MERA T ERR ORISR R o
— B Y —  YLT TSI L2 40D T I F am—H T
VA SBLL, &7 7 F ax—F ZEIZBRIGIIE
Ma s VPSRRI ETE L L OITLIZZ & TH
v, ZOREET 3HEOHEB AR [ZERIET

B 2T | 7 ARBIAFRT 2006 4 5 BIARTE
R LA Z L &FET 5.

4-3 BAHEE

AEIRE% L - AR B O T EA X 1 IR
L7228, #BRAICHER LATTA 5 2 27 DB~

Cross section of actuator (No.2)
<Enlarged scale>

Cross section of actuator (N0.3)
<Enlarged scale>

Cross section of actuator (No.1)
<Enlarged scale>

Fig4 Detail drawing of multi-type rotary valve.

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

890 % AT B 5 B O BA & BAMERE DRREE

L—A03, HEREZFET R v 7 ZAROF O _EENHE
2T enTWa, ZoOFRBE T L—2# AR LT

Mean load adjusting nuts
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Fig.6 Pressure varying pattern at valve exit
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Fig.7 Load varying patterns without/with phase angle.
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Fig9 S-N diagram under axial loading (SUJ2)
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Table 1 Numerical results of fatigue tests.
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R=—1, 0 2=1300MPa, N=7.10X 10’

Fig.10 Fracture surface in surface induced fracture

R=—1, 0 a=1000MPa, N~=4.33 X 10°

Fig.11 Fracture surface in inter inclusion-induced fracture

KT, AR CEONI ISR BER DD
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2 EHME COMBIR T T TR RA 2> T
BY, WMEDBENDLISE - Fealdkh R CSE S
AN BB, LinL, R 55
FEIR L NS SRR B A ERRRE RS, Sl
SN HHROAHTITRN DM RHAL, EREHIT 08
B0 SNEHMS LI VBN RZ 5. BiRET L
R TR E FOBESS SN FIEIZZ0 L 57248
ENRBNADIE, FREBRAWE OIS AR DOFEZ L

HHDTHY, AP EHORBIRRER T2

AEIOFEBRFEFIC OV TRFET A AL, 100 [E12L
OB CRREE LB 1T TN AR
BEAREL BRI ETHD. ZOFERY, A
LB F T ¥ v 7 O -E A OB TR
BHTRO TR X BB NENWI LEAFIRLT

WA, {iEe s, b L, 20X RIS H D%
EIIPSER L 0 FEOFHIESIEL 72D, PR
EELEAR L R BEFEILTHS. LT, AR
BRI C T 0 B LT-EB A - 1k, 8
EOILEHAREREND & & BIL, ETOACTHRER
L AKRDOIRECHER SN A AR T L— LT X
+yicEL, a— R, #BEA, 7/ Fan—H -
gy ROT T4 A2 bHHRllREn -2k
ZE L TWA,

ZDX AT, AHFE TR X S e B
FERBRHY I CH O 23D, WERE, BHILEN,
B, 57T T4 A M, TR IR
ENDEANLMEER R A D & LB, FRHZ 44D
SER R DI RBR S RTRE R mRE S 7T AR T
B0, EEEASUIDA AV - BRI B A &
iDLk, AR R EET D Z L8
TET- ek, ARBEOFBENEIT 80Hz EET
HAN, T = AEEITHOWTHIE SRR 2 i
LASRBRHSER | ORESIH I DY v 7 ROFE
RER, FU< 80Hz DEMERE T 8 LA
EDIERRENELN-Z L 25T 5.

6. El

& BB Rk 7R BR A R - E
B0, AR AR ER T k3 29 77 BR DN AT
e s s T B S R BRI ORISR T D KA. AR
W THELNHEREENTIUILTO LR THD.
1) 1 B0ORBHECERIC 4 RKORERH -3 BT

HERNVETRE e 4Bl B T BREE A BRSO 2

ENTET-

2) AFABRHEC X AR BRI O
<, 40T 7F ax—F L HLEMRICHI-DHIE
BROLEEMED HER TET-.

3) fiFEZAE : 10kN (=1ton), AFHHE : 80Hz 0D 438
Rl B A BSOS & LT, X - i —
RATEH RIS, B UWEME 2 FER 5
T EMNTET

4) ARBRIC X0, @R 0 LEFEZEICUII K
T HBRFMIER T AR EY I LIRR, {onrz
SN F—ZDIELHE IR /AEL, BEFEMEIC
BT HEEIRE T T~ NS RRE TH D), |
BR oS DR O X BB T o ha v
Z BRI,
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