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Fig. 1-1 Microstructure of spheroidal graphite cast iron.
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Fig. 1-3 Rare earth of periodic table.
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Table2-1

Chemical composition of nodularizer.

mass%
Si Mg Ca RE Al
REO% 46.27 5.80 3.02 - 0.81
RE2.0% 46.62 5.95 2.36 2.03 —
Table2-2 Chemical composition of inoculant.
mass%
Si Ca Ba Al Fe
73.71 1.75 0.93 2.06 Bal.
Table2-3 Chemical composition of molten metal.
mass%
C Si Mn Cu S Mg P Cr
REO0% 3.8412.5410.39(0.088 |0.006 [0.037 |0.015 0.039
RE2.0% | 3.80 |2.62 |0.34 (0.162 |0.008 [0.040 |0.018 0.040
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Table2-4 Spheroidal ratio and mechanical properties

of specimens.

Spheroidal Nodule Tensile . Brinell

ratio count strength EIorEOg/a]tlon hardness
[%] [counts/mm?2] | [N/mm?] ° [HB]
REO0% 88 303 518 17 179
RE2.0% 83 301 504 19 170

Fig. 2-1 Microstructure of specimens.
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Fig. 2-3 Plane bending fatigue testing machine.
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Fig. 2-4 S-N diagram of smooth specimens.
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Fig. 2-5 S-N diagram of casting surface specimens.
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Fig. 2-6 Fatigue strength of smooth and

casting surface specimens.
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REO0%

RE2.0%

Fig. 2-7 Macro observation of fracture surface

in smooth specimens.

Fig. 2-8 Casting defect of smooth specimens.
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REO0%

RE2.0%

[

Fig. 2-9 Macro observation of fracture surface

in casting surface specimens.

Fig. 2-10 Casting defect of specimen in inside.
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Fig. 2-11 Casting defect of specimen

in surface.
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50um 100um
Fig. 2-12 Casting defect of maximum measurement

in inside and surface.

Table2-5 Parameter in casting defects of
maximum measurement.
Internal Surface
Varea [um] 177 148
/K [MPaVm] 7.89 8.32
/1K, [MPavm] 5.70 5.23
KK, 1.38 1.59
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it L 72, BB & U 72 3R B 80 88 81X FCD450 M 4 & L, & X
7 7y T EREMBE L TERBE, Y P Ay F I TERRALH
AT o 7= . i H L 7= # M A X Table 2-2 L @ —o b O ThH bV,
fEGVEIR LR B A IR, 2 REMZTEGREZERE L L 2.
O Rk X Fig. 3-1 kT 7 = T A4 MM (LBLFL,FDI), /N — F
A4 K~ H(BLF ,PDI) & WA & L CHEIT®E CTHEHALEN—F 4 FH#
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fg L FL#k o — &2 1T o 7= . Fig.3-2 AWM HE X & ok F . FDI © #
P L L T 1183K T 3h e L 72 1% ,623K £ T 80K/h o & &
Twm A x24T o=, PDI @ BB S 1% 1153K T 1h fr £ L, 1073K
FTHFMHLEIWC IhKFLLHEZE, mHl22mE L. FDI & PDI(30)
I FCD450 1 % , PDI (X FCD700 f8 4 T & % . Table 3-1 iC % fit &
MowHIlk T 2%k n z2rT.

FHR M o BRI R IO B W E LU .

WE HFEFR=EER & L. Table 3-2 12 &% Mk 2 B 1 2 ¥ W
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RE O F#EEICL-TEEFT IS, BHEREHEEZ L. AR A E

WX AT ®E Fig. 2-2 0 i#E 0 b o &M L. M8 L7 el B B

s

BXOEBRSLMHEICOD W CTIXEIE 2.2.2 L REEEE L.

3. 38 EBRRERBIVEEZE
3. 3. 1 EFHFRBRER

EHBRICB T 2B OMKEE Fig. 3-3 2777 . Fig. 3-3 &
D £ R B A ICB I D FDI 1T RE2% T 250MPa, REO% T 220MPa &
7% > 7= . PDI(30)iZ RE2% T 310MPa, REO% T 270MPa & 72 » 7= .
PDI |3 RE2% T 390MPa, RE0% T 300MPa & 72 - 7= . Fig. 3-4 |2 %
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FHEMMBE IR W TETRE OR FRNRR - HERZHAE
T BH o, ik o SEM Bl £ % 4T o 7= . Fig. 3-51Z RE2.0% & REO%
DA K A% I B 5 SEM BB & o8 ¥ . Fig. 3-5 X W RE2.0% T

T A R B Wy T, A e RN Bk X AL, REO% T X
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SN 5. REOWO B A ICHFAET D28 ERMKO AKIAKm O #E I1X
FDI T 1.24, PDI(30)T 1.37, PDI T 1.47 & 7% VvV, AKIAK O #

K &t &x/ME oW ClEBELEZSE A TYH PDI OfEN 1.78 & 720
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KeE o, Z0OZ &N RE2.0% & A & b L T 9 M JE %
BTFS®EEERLEE ZLNLD.
PDIICBWTH T REOK  FERNKRELS Ko ERLEL T,
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MAT, "= A4 FEDPEWVWI LTI TRHROERICHKTDH -

MBI D Y.
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PDI(30)

Fig. 3-1 Microstructure of specimens.

Heat treatment of FDI Heat treatment of PDI
1153K

1183K 80K/h

air cooling

air cooling

| 3.6ks! 3.6ks | 3.6ks |

10.8ks | 25.2ks

Fig. 3-2 Heat treatment condition.
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Table3-1 Chemical composition of specimens.

mass%
C Si Mn S Cu Mg P Cr

FDI 3.84 2.54 0.39 0.006 0.09 0.037 0.015 0.04

RE0% | PDI(30) 3.84 2.54 0.39 0.006 0.09 0.037 0.015 0.04
PDI 3.83 2.60 0.55 0.007 0.68 0.037 0.016 0.04

FDI 3.80 2.62 0.34 0.007 0.16 0.038 0.016 0.04

RE2.0% | PDI(30) 3.80 2.62 0.34 0.007 0.16 0.038 0.016 0.04
PDI 3.82 2.60 0.57 0.007 0.67 0.038 0.017 0.04

Table3-2 Spheroidal ratio and mechanical properties

of specimens.

Spheroidal ratio Nodule count | Tensile strength | Elongation | Brinell hardness

[%] [Number/mm’) [MPa] [96] [HB]

FDI 88 303 440 22 140

RE0% |PDI(30) 88 297 518 17 179
PDI 92 263 935 9 293

FDI 85 301 431 24 140

RE2.0% |PDI(30) 83 301 504 19 170
PDI 89 269 965 8 302
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Fig. 3-3 S-N diagram.
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Fig. 3-4 Fatigue strength of specimens

in RE2.0%

and RE0%.
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25um 25um 25um

Fig. 3-5 Casting defect of specimens.
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Fig. 3-6 Casting defect of specimens

in RE0O% by Vareamax.

Table3-3 Parameter in casting defects of

maximum measurement.

FDI | PDI(30) | PDI

V areag[um] 291 177 345

AKmax [MPaVm] 7.43 7.89 15.87
AK ymax  [MPavVm] 5.8 5.7 9.9
AK/AK y, 1.28 1.38 1.6
UK/AK ) max/(AK/AK ) min 1.29 1.35 1.78
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Tabled4-1

Chemical composition of nodularizer.

mass%

Si

Mg

Ca

Al

RE

0%

46.27

5.80

3.02

0.81

0.3%

45.95

5.64

2.81

0.23

0.28

0.5%

45.90

5.88

2.89

0.42

0.42

2.0%

49.32

3.96

0.36

2.25

2.25

Table4d4-2

Chemical composition of molten metal.

mass%

RE

C

Si

Mn

P

S

Cu

Mg

Cr

0%

3.44

2.93

0.27

0.021

0.009

0.06

0.057

0.039

0.3%

3.27

3.06

0.27

0.021

0.008

0.06

0.064

0.037

0.5%

3.39

2.75

0.31

0.020

0.008

0.09

0.053

0.049

2.0%

3.42

2.99

0.31

0.021

0.008

0.09

0.036

0.049
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Fig. 4-1 Effect of rare earth content on
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Fig. 4-3 Effect of rare earth content on tensile strength and

brinell hardness.
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Fig. 4-4 S-N diagram.
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Fig. 4-5 Observed casting defect.
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Fig. 4-6 Casting defect of maximum measurement.

Tabled4-3 Parameter in Casting defects

of maximum measurement.

RE 0% |0.3% | 0.5% | 2%
Stress[MPa] 302 | 314 | 316 | 314

J areamax[pum] 2945|744 | 779 | 52.0
AK[MPa Vm] 92 | 48 | 49 | 40
AK;[MPa Vm] 64 | 41 | 40 | 3.7
AK/AK 4, 144 | 1.17 | 1.24 | 1.08
(AKIAK ) ma (AK/AK ) min | 1.60 | 1.37 | 1.34 | 1.30
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