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Abstract

DIN CK35 (JIS S35CK) steels have been used as a material in fuel pump blocks for marine engines. Failures
in the inner surface of a drilling hole, due to the initiation of fatigue cracks have been frequently reported.
However, the mechanism initiating these cracks and growths has not been clearly diagnosed yet. This study was
conducted using a scraped fuel pump block, containing an initiated fatigue crack in the inner surface of a drilling
hole. Initially, the cracks and fractured surfaces inside the block were investigated using an optical microscope
and a SEM (Scanning Electron Microscope). In addition, microstructure observation, fatigue life test and fatigue
crack growth test were performed using a specimen, which was taken from the same block. Results from these
tests are summarized as follows; (1) The early crack in the block was supposed to occur inside the inner surface
of the drilling hole. (2) The fatigue endurance of this material was about 330 Mpa. (3) The early crack was
generated in the cavitations created by the breakdown of a big inclusion, or separation between the big inclusion
and the base metal, in which the fundamental ingredients of the inclusion were C, S, and Mn. (4) In order to
prevent these types of failures, the suppression of inclusions inflow by improving the casting process, formation
of fine inclusions by applying a heat treatment process, and coating of the surface of the drilling hole were

required.
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£ dFdME AHEEFTAd 24 vixe B2F A# € DIN 17200 CK35 (JIS S35CK)°]T}.

d ez st #HrlE NSDANY fuel pump ZADE NEAL blocke2HE AHE T
blocks dldoz sty &4 2 Fddg A ol® 2 ol (emery paper)E ol&3ta] #20007+
stil ZAESstY F4kste] Basdk &9 7lxAs A gAAR dntg F, A3 EFEE(ALOS)
£ gx3dtxn & ALs WAsr] 4 gy TEE o]&3sted HHUE viFe dAvupsigth A
T8 2 FJ2FYE RAA7] A HEp HdHE 259 AH F 2 % Yol E(nital) SR
e &4 AN HQg diojeE FR3} 2 9F 20%& E9 of H(etching)dt FIHT Ao
1z &kl 2 sl #Ed 24AAE Fig 19 Al

AEte AF 2ol & F o] E(ferrite) 9} 2 e}o)
E(pearlite) V7 EA3HE =8 2}o] A (normalizing)
dAg 239 EAL ZF HoFa AU

2. A8 Mz

2 479 Fdd A" HEE A A9

hydraulic actuator pump blocke] A=A A5 Table 1 Chemical composition of the CK35
i1 dE TFRE =¥47 DIN 17200 CK35 (JIS
S35CK)Volw, 2E B4 9 Agd) Algd ME C Si | Mn |P(max)|S(max)

i)

M T duudoR $% #7149 Misubishi DIN 17200 0.32 | 0.15 | 0.50

At A B3 blocko. ZRE AHY Aotk CK35 | ~0.39 | ~0.35 | ~0.80 | 0033 | 0.035
Table 19] DIN % % JIS 7204 &+3= JIS S35CK| 032 | 0.15 | 0.60 | o030 | 0035
S 2w AT AAz AgE Azel (8330) | ~038 | =035 | 999
Mitsubishi BoHAT B BRo1A e KIMM) Mitsubishi | 0.33 | 030 | 0.69 | 0.011 | 0.007
o HAATRE WA ANFAL As o KIMM | 037 | 042 | 070 | 0.014 | 0.010

g 238 2oF3n oy, Mitsubishi 57143

AA F(S)el %ol thE A FAF} AT Ao Table 2 Mechanical properties of the CK35
£ Hola YA TS | YS E | RA}
T Table 20l B ATAE9 J|AH EA (MPa) | (MP2) | (%) | (%)
= Al 5 ol O A m Ao 539
g AN don DIN #2 2 1S 729 DIN 17200 | —686 | 323 | 20 | 50 | QT
a771ER AAE AHEE A& Mitsubishi 3 CK35 290
_ N 7 274 27 - Norm.
Az 2 B AP HrtARE Wl ~63
o L JIS S35CK | 490
A& R, 22y Mitsubishi B7HEdRT 2 (S35C) 610|255 ] 14 | 35 | QT
Aol AAg FrlAxe Zrdo] vlwA Mitsubishi | 558 | 333 | 229 {378 | QT
=74 Jebdo  odst  sstAdle]  ol:= Miryang Univ.| 590 | 472 | 135 | 373

Mitsubishio| A& AMEEA] & AgdAM @S @
olgtsr F&E ) B AFoME n2(<F 450°C)oll
A A AbEE A Fgto] BAAsHY #H7|"
AEAA ANEHE AMFste Hrrek Ao 7)<
gte Aozt AlEEY. & B2 $EAAA B
1 e, 12 87 sl FArAbgel w
A% 3} (temper brittleness)®t Fuksle Al
B} g N FAHAAG?

AfFo L8 AEE AHE F A4
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Fig. 1 Optical micrographs of the CK35
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(a) (b
Fig. 2 Fatigue crack in hydraulic actuator pump
block

(a) Micrograph of area 1 (b) Micrograph of area 2
in Fig. 2(b) in Fig. 2(b}
Fig. 3 Fatigue crack path in hydraulic actuator

pump block

(a) (b) Higher magnification
view of A in (a)

Fig. 4 SEM micrographs of fatigue fracture surface
of hydraulic actuator pump block
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Fig. 5 Shape and dimension of the fatigne life test
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Fig. 6 Shape and dimension of the fatigue crack
propagation test specimen
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2H02 ASTM E647-957¢] FA3le Fig. 69
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Fig. 7 Relationship between Omax and cyclic number
to failure
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(c) Higher magnification view

of rectangle A in (b)

(d) Higher magnification view
of rectangle B in (b)

(e) Higher magnification view

of rectangle in (d)

Fig. 8 SEM micrographs of fatigue fracture surface (Omax—=495MPa)
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(a) Crack initiation area (b) Higher magnification view (c) Striations of rectangle B
of rectangle A in (a) in (a)
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Fig. 9 SEM micrographs of fatigue fracture surface (Gmax=354MPa)
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(a) Crack initiation area (b) Higher magnification view (c) Higher magnification view
of rectangle in (a) of rectangle in (b)
Fig. 10 SEM micrographs of fatigue fracture surface (Omax=389MPa)

(a) Crack initiation area (b) Higher magnification view (c) Higher magnification view
of rectangle in (a) of rectangle in (b)
Fig. 11 SEM micrographs of fatigue fracture surface (Gmax=425MPa)
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(a) Inclusions in fatigue fracture (b) Dimples in final fracture (c) Dimples and inclusions
area area

Fig. 12 SEM micrographs of common features in fatigue fracture surface of CK35 steel
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Fig. 13 The result of chemical experiment of
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Fig. 15 Inclusions and cavitations on the fracture surface of fatigue crack growth test
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