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Summary

A hydraulic fatigue testing machine was manufactured using a
personal computer, a proportional valve, a hydraulic system. A numerical
simulation by 4 order Runge-Kutta method was done for examining the
dynamic quality of the hydraulic fatigue testing machine. Corrosion fatiuge
crack growth behaviors of SGH41 in the 3% NaCl aqueous solution was
investigated with this hydraulic fatigue testing machine. The results can be

summarized as follows;

1. This hydraulic fatigue testing machine can be controlled loading
waves, stress ratios, frequency by personal computer. The loading waves
which can be used in the fatigue test are a sine wave, triangle, square of

single acting and double acting.

2. When the displacement of a piston is finished, the pressure of the
return region is falling rapidly, so rapid fatigue test can be done. Because
there is the difference of pressure displacement, the double rod cylinder

must be used.

3. In the comparison with the uncoated specimen, corrosion fatigue crack



growth rate of SGH4l in the 3% NaCl aqueous solution is reduced by anti

—corrosion effect of zinc and the crack closure.

4. The correlation between the stress intensity factor range 4K and

crack growth rate da/dN for the coated specimen and the uncoated
specimen follows Paris rule in 3% NaCl aqueous solution ‘da/dN= C(4K)™ .
Where m the slope of the correlation, and is 2.24 for the coated specimen

and 3.66 for the uncoated specimen.

5. The corrosion sensitivity of the coated specimen was about one third
as sensitivite as that of the uncoated specimen under the low region of 4
K. Under the whole region of 4K, the corrosion sensitivity of the coated
specimen nearly did not change, but that of the uncoated specimen was

low little by little.
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A g7e] AlER F8 REL Table 19, Al2"9 /% FEF8 Aoy
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C3®

1. load cell 10. hydraulic pump
2. test specimen 11. hydraulic tank

3. hydraulic cylinder 12. D/A converter

4. proportional control valve 13. personal computer
5. proportional control valve amplifier 14. printer

6. power supply 15. plotter

7. relief valve 16. keyboard

8. filter 17. strain amplifier

9. pressure gauge 18. A/D converter

Fig. 1 Block diagram of fatigue testing machine
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Table 1. Principal part of fatigue testing machine

NAME MODEL MANUFACTURER| NOTE
PROPORTIONAL | 0811404034 BOSCH Prax
CONTROL VALVE 315bar
C%‘}\IOTP}%LT I{;)EI?\E‘E 0811405030 BOSCH
AMPLIFIER
A/D, D/A _ :
oA PLC-714 ADVANTCH CO. 14bit
LOAD CELL LUB-1TB KOYWA ft%r;
PERSONAL
COMPUTER 80386 ATOM
HYDRAULIC _ Cap.
AR 63-50 NAMDO Cap.
POWER SUPPLY - NICE
St ELECTRONIC Co.| 20V»3A
STRAIN i
AMPLFIRE DPM-612A KYOWA +5V
HYDRADC  |GSD-ACSOBA | yCcHIDA 86cc/rev
RELIEF VALVE BT-0374 FUJIKEN
EII\,/[EOC’I%?I%C TTH-0374HP OL-JI 1720rpm,
~905K ELECTRONIC CO. 1364
PRINTER HP-505K SAMSUNG HP
15P 1 10C
FILTER o VL PARKER




(b) hydraulic system part

Fig. 2 Photograph of fatigue testing machine
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(2) WAVE : ¥ Fdxn, Atzds, 42433, agn d3e Fds, A4z
o, Azt g e A5 E AMERIe] HHe] mEA WH2 By

(3) GRAPH : A5 ¥ dio|E§ 3o =2 F.



START

SUB CONSTANT

Control Card
Initializing

&<

SUB WAVE

¥hile not
ESC

DATA
Sampling

SUB GRAPH

END

Fig. 3 Flow chart of control system
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Pyst Py Abele] @4 334 thesh ol vehd 4 Qo
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2. 30l 3Mo) "Wa Y B AT

43 Aol Wad 4F 45T FolA wa Az Wne BAY F5E
o] AFel A4 3Ate GRS Fa .

Fig. 6& AL ® WHe] BE MEE, Fig 7€ o Wre) ¢ Hto] @a
#% AES Yz gtk olE aPo2RE M Agrle AH8H uUn
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2 o] Aol AHgE FAEL obdlol A G
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Ay 2E g [Ay] = —4’5 x (0.0063%—0.003%) [ m? ]
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Fig. 6 Bode diagram of proportional control valve
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2. 29 AoAY 2dHYE T3 TG LA A, A AH] FEAL
Al ol ddtr] et T2 aPL FAAY. FAHAY Yo o] WA
A g g udY FEo] XdHY lorm 2 474 Runge-Kuttal & AHg
Atk F TIPS FAXTE Fig. 84 Yehdien, Zzte] AMH2Ee)
715l st d9-2 3d o3 2o

(1) CONSTANT : #x 3o AlR=E= 2 M55 27|83 AFghsol
Folxo

(2) RUNGE : 4349 &F WAAL HE3o AoAY HAHAHEL 3
3 A ot

(3) DATAC : FA NN doid AAZEL Formate] B @G},

(4) GRAPH : 4% Z#4& FH3FH W 28y 23032 AAgd,

(5) DATAS : @€ A} EL FileZ AF T



( START )

N = 1000

DIMESION
|
SUB CONSTANT

SUB RUNGE
]
=T+ DT

=

=1 +1
TPR T + DTPR

|
SUB DATAC

SUB GRAPH

1

SUB DATAS

Fig. 8 Flow chart of numerical analysis
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Fatigue Testing
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Fig. 9 Wave signal (double acting)




Material Fatigue Testing

Input e >
Frequency
Output @
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Output 8 . \ . NN
Frequency
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o |
Input e - - - - - - @ - — -
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i ; i e T T T T
Output 2] T R A B | i fy
Frequency
Fig. 10 Wave signal (single acting)




Material Fatigue Testing
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Fig. 11 Monitoring of experimental situation (cycle, time, wave, Hz)
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Pressure (bar)

Pressure (bar)
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(b) when Ps is enhenced rod part
Fig. 12 Result of simulation (P1 : pressure of supply,

P2 : pressure of return)
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€ d7d A Y d3AsE EYFTHAAFT YA AFQ da8Solde
¥ 7% KSD350G SGH419l #Aeln), Mue 283 AJEL Table 2o,
7I1AA 4AdL Table 3ol Yl Al@HL old =3F®  H(coated
specimen)¥d EF%E ZIAAHo2 Ankstd AAF YA A1¥ ¥ (uncoated
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Fig. 13 Test specimen (unit : mm)



Table 2 Chemical composition(wt.%)

c Si Mn P S SAL

0.158 TR 0.64 0.019 0. 007 0.025

Table 3 Mechanical properties

YP(kgf/mn®) TS(kgf/mm®) EL(%)
39.2 51.5 32
1.2 48 84

A9 873 14 M2 F9 47 549 va volgHE A7 st 37
34 FFRTE 832 3o WE 3% NaCl 84L& AlgHon, 49 25 ¢
Agelg, 74 92 Y FA+ Fig. 149 Yetd upe} o] 3¢ ol=d
2 AR 49 =F olF AwAL *}—8’?}04 4 Fz oA APH e
T4 FHE 3L & A A ¥ F2e EF2H FRoln, B4
T2 ¥ £2 Alold FetA¥E Y EZ(FA4AL PF-064D)S A st A¥
84S S8AA A FF &9 Lo FVA }AX, <8 A= W@
FHA4A 525 AT §F L& 502 S, 849 F= W o
FE HAE7] A3t 17U 13 M2 852 a@/IHHPC.



1.3 4% 4y

Agde Fag NP7l Ae 13 WA AYEE F7] FAA 29
MR £5(HE 420Hz, 515 386 ke/mm’e) FARE Fo| F 05mme} |
F9e¢ HAANAYG. B AL F7 FH 3% NaClF8d FolA &3y
(R=Prin/Pma) & -0.77, 33 WI8 £E(HE 42022 3] AURE FA

2y M2 79 A% 23S FIP 98 ALNAA FE2 AYE FE
&1 1/50mme) 23 938 23 UE stelEA oA ulg 1002 A A
& Bag olF ¥WnA @ £ AnH (JOIF, XJZ-6)2 AH&-3to Z+Z 100
Wi s} 500M9) Wl&2 AL, LAY ASAE ToldACIA(1/100E ¥
Fste] APHe 29 FA Yol& 2ARPT. AW AFN)E PCY =
Ugdl EAEEE 3% ol 242 R 7Y Zol(da)st ¥ AN
B, £ d/dNF $RSRAS (LK) #AE FIAALH, FAFUAS
(4K) A24(Yagane, 1988) %&3 2o

AK= oVraF(%) 9)

o7lA 0.5 £<0.6 &

F(¢)=1.12—0.213¢ +10.55¢ 2-21.72¢ %+30.39 ¢ 4 (10)

0.5>¢>0.2=2¢ «

F(£)=0.265(1—¢)*+(0.857+0.265¢ )/(1— ¢)'* an



A7l ¢ = P/(BW), a=t+c, & = a/W ot}
(B : Ag#e T4, W: AU ZF ¢t = X9 do], c: A9
Td dol, P: 3%, 0 : %8, a: AA FE deol, F: A¥H Y AF)

AldEe] e 33 A dnFS ol 83Ad.
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Table 4. The experimental constants C and m

of Paris’ da/dN= C(4K)™ ]
Experimental
constant m C
Environment
3% NaCl (Coated specimen) 2.24 70x10°°
3% NaCl (Uncoated specimen) 3.66 1.05x1071°
in air (Coated specimen) 2.78 3x107°
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