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Abstract

The purpose of this study was to investigate the effects of silicon and nickel additions that influenced the impact and tensile
properties of heavy section as-cast ductile irons for wind mill. Based on the results of the metallographic analysis and the mechan-
ical testing on the 2.0 wt.%Si (LS group) and 2.4 wt.%Si (HS group) ductile irons, which contains 0.0, 0.3, 0.6 and 0.9 wt.%Ni,
respectively, the following conclusions could be obtained. The nickel additions increased the tensile properties, the microhardness of
pearlite, and the pearlite fraction of matrix for the specimen with the same silicon content. The mechanical properties of LS group
specimen were in the range of the specification for the ductile iron wind mill castings. The LS group specimens showed higher
absorbed impact energy at room temperature and -20°C than that of the HS group specimens. However, the absorbed impact energy
at -20°C for the HS group specimens was observed to be sharply decreased under 10J by addition of the nickel.
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Table 1. Selected chemical composition for heavy section wind mill castings.

. - . . Recommending range
Factors influence the transition temperature and impact properties g rang

(wt.%)
C A high carbon content.increases the grap.hite fraction, lowers the absorbed impact energy. 3335
Alow carbon content increases the transition temp.
S Strong solid-solution hardening effect in ferrite, The lower the Si content, the lower the transition 1922
temp. But minimum level is needed to maintain its graphitization potential. ’
Mn Pear!ite promoting elements sh(}uld be maintained at trace levels as well. The higher the pearlite <015
fraction, the lower the absorbed impact energy.
Ni To offs§t some of ]pss of yield strfmgth iljl fe.rritic ductilf: iron, when the 1;\"61 of Si has bc;e}l reduced. Upto 0.8
Ni can increases yield strength without significantly affecting the elongation or the transition temp.
P Keep it to an absolutely minimum. Embrittling element. <20.030
S A mini}num S content is required for inoculation. High nodularity is needed for optimum impact 0.008-0.012
properties.
Mg  Ensure good nodularity while minimizing the formation of dross. 0.035-0.045
180, 7|42 100% HetolE, 48 80% oPd o= 7174 Sie] H7hee C, Mn B3 peol Eaighak #dejdd & J%e
&l olt) Atk ANy dlgolE #dEdFEe] AR e
Table 12 S8 Wd® FEAe] &5 5974 Az AFNAL, Aa EEATE ] s WHE AT
of FHEIL e FEFEAL 2.9 Rolt}H3,5,7-10]. 4 F gabb vk NI HFO S AR EE TR,
(Siys FEARAEE Yn, 332 Holr =o)7] i) 1.0 wt.2%Ni2] H7H= 0.06%9) # A eSAagEFE SEr Ni
THE AL WFANE ST B8 TIEATH Aol 2-5A(y Pegraphite)] 3L Ro) 3, AAREI|E(y
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WE T ORth Sie TRASAFEY A FEdacl, met &2 wlti(hub body)el F2314 delE 2olEr) v

Fig. 1. An example of casting process of (A) molding, (B) core setting, (C) mold closing and (D) as-cast ductile iron wind generator hub body
castings.
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Table 2. Chemical compositions of specimens
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Fig. 2. Dimensions of 80 mm Y-block made by furan mold.

IFL Si o] B 24 wt%Sig BEFAeZ 3k Aolr},
LS &S Ni ®7F 533l wet 242 LSO (0.0wt.%Ni 7|
), LS3 (03 wt.%Ni 7I5), LS6 (0.6 wt.%Ni 715), LS9
(0.9 wt.%Ni 7|5)CZ Y-blockS F23I9t}. 22|53 HS 1§
2 Ni®] H7F X wet Zhzt HSO (0.0 wt.%Ni 7]15),
HS3 (03 wt%Ni 715, HS6 (0.6 wt.%Ni 715=), HS9 (0.9 wt.%
Ni 71%)2.2 Y-blocks %313t} Fig 28 FA4EAFH
Y-block®] ¥743 A& Uehl™, Table 2= & Al A
48 FAEAFE Yblockd 3stxAL Jehdn

2.2 OIMIZ=ZAEE, QERAEE X SHAEH 718

Table 29 3lelrAdo® T2 742t Y-blockOEHE 1]
MzZ] AIEH, JAFAFAKS B 0801 45 4 S4AE
AKS B 0809 V-notch 74)2 71&siith. A g
Tensile/compression test machine(Tackyong Tech & Tester
Co., LTD. DTU-900MC)& 22315301, Q1A FLE (cross-
head speed)= 10 mm/min. 2.2 319t £HA YL Charpy
impact test machine (Kyeong-Do Precision, KDMT-235)&
Age AT FANGL AL 200ce) M AN ST

31 OM=Z 854
Fig. 32 Y-blocke] IAEH A7) thatA¢l #skdv]
7 Az vehdth 4% volg §Ho® FAE waz

Specimen groups LSO LS3 LS6 LS9 HSO0 HS3 HS6 HS9
CE 441 429 4.40 429 4.44 4.40 4.33 4.26
C 3.72 3.63 3.69 3.65 3.65 3.63 3.49 3.46
Si 2.09 2.00 2.14 1.93 2.37 2.32 2.52 2.39
Mn 0.17 0.15 0.17 0.18 0.26 0.25 0.23 0.23
P 0.019 0.027 0.038 0.036 0.019 0.021 0.035 0.032
S 0.009 0.012 0.017 0.019 0.001 0.002 0.011 0.013
Ni 0.02 0.34 0.57 0.90 0.02 0.32 0.58 0.92
Mg 0.048 0.044 0.051 0.043 0.052 0.042 0.042 0.041

CE = [Total carbon % + Si%/3]
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Fig. 4. Comparison of (A) areal fraction of graphite, (B) pearlite, (C) nodularity and (D) nodule counts for the specimens with different amount
of Si and Ni additions.
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Fig. 5. Variation of tensile strength with Si and Ni additions.
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Fig. 6. Tensile fracture morphology of LSO and HS9 specimens.
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Fig. 7. Variation of yield strength with Ni and Si additions.
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Fig. 8. Variation of Brinell hardness with Ni and Si additions.

30

25

®  Elongation for LS group : "\:‘:\
¢ Elongation for HS group .
A Reduction of area for LS group

w Reduction of area for HS group

10- I I H ]

14

Elogation and reduction of area (%)

00 03 06 09
Ni addition (wt.%)
Fig. 9. Variation of elongation and reduction of area with Ni and Si
additions.

[

137, 141 2 15322 Ni 37}8ko]
2 %6‘}3%} Sie] sho] U AL, Ni Arhgo] S
2 Hajd Ao Z7RIeH, Ni A7) 93T W, Si9
@%h | BOMAH AE QA Folxth

Fig. 9= LS 253 HS 259 dilest & 58 7
AE SiE Ni #H7be] 9 vepdch Niel H7heA] e
LSO AEHe dalgs d $58 247} 257 2 19.9%°]
Row, HSO AlgHe] 44 %4 W FEEol 747t 244 B
17.8%c191.e™, Si¢] ghake] oF 03 wi% FoRAH AAlE54
W 52 o Ahdhe A B 9 sie]
o] Yo 1§ 1EA Nigl H7tEo) 03, 0.6 2 0.9 wt%
Z71e o), A& A7k 256, 242 D 19.7%SE 7FAsHA
3, 9 —’ﬁ—i—%& 199, 189 ¥ 15.8%= 743530t 3l
Si¢] ko] =& HS ZEF oA Niel H71gke] 03, 0.6 2
0.9 wt.%= ~7}§=} o), ANES 7hzF 243, 222 B 184%E
Aol W ?zes 18.6, 18.5 & 14.9%& ZrA8Ha

Flg 10& LS 2153 HS 159 71z]}_24, = #Hzhol ES
2= Si W ONi Avbe] gk
< Jehdt sl Bl mads AHE B, Nio| 37t
A ere LSO B HSO AlgHe HetolE naH e 717t
107.7 2 121.0 MHV °]22H, Ni°] 09wt% 71 LS9
9 HS9 AEHe] HgolE uaAxE zhzt 1237 2 1323
MHV o7 ofF At TVIE Kt IR HATe|E v
T W3S Nio] F7IER] 22 1LS0 2 HS0 AlE#He #
a}o 1E mla7dse 22t 1489 2 1963 MHV 0|21, Nio|
0.9 wt.% 471 LS9 2 HS9 A HFolE vih s
747F 2213 2 2492 MHV OB FA58tE 23S 2yt
olake] Axjolr Si FaFol UAHT A, FHIATHY Jﬂ
gpolE 7)A] n]AAE St disk Nio] Frtade ofF v
okl o}, Hdatol Bl mAAE F7tol gk Nigf @7}3

|



- 264 — Journal of the

Korean Foundrymen’s Society

Vol. 26, No. 6, 2006

140

280 T T T T
240 i
g L
é 220 -
]
4 200}
c
5 x
E 160 8 Ferite for LS group
w0 ¢ Femite for HS group
g 160 4 Pearfite forlS group | |
5 ¥ Pearlite for HS group
5
g
2
2

120

100 L i 1 . 1
03 06

Ni addition (wt.%)
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Fig. 12. Impact fractography of LSO and HS9 specimens at room
temperature.
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Fig. 14. Impact fractography of LSO and HS9 specimens at -20°C.
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Table 3. Summary of the reference for the standard specifications and the experimental results.
DIN GGG 40.3 JIS G 5502 FCD 400-18AL LS group HS group
(EN GJS-400-18U-LT) Thickness : 60-200mm specimen specimen
Tensile strength (N/mm?) . >370 >370 371-425 408-461
Yield strength (N/mm?) >220 >240 279-319 309-354
Elongation (%) 18% miin. 12% min. 20-25 18-24
Hardness (BHN) 160-170 120-180 131-147 135-153
Impact energy at -20°C(J) 10 J min. 10 J min. 10.6-14.5 5.4-8.5
Nodularity (%), more than 90% - 87-95 86-91
Nodule counts/mm? 100-200 - 202-249 200-283
Ferrite fraction (%) Predominantly 100% 87-62 85-62
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3) A2 2 AL FF FFUAe Si g3l REe5E =
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