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Research and Development on High-strength, High—toughness,
Low-temperature Impact-resistant Nodular Iron Cast Main
Shafts of Large Offshore Wind Turbines

XU Dean!, JI Hancheng', XIAO Zhiyu?

(1. Guangdong Jinzhili Technology Co., Ltd., Shaoguan 512100, China; 2. South China University of Technology, Guangzhou
510641, China)

Abstract: With the rapid development and increasing installed capacity of offshore wind power, the market demand for
large main wind power shafts has increased sharply, necessitating urgent requirements for the research and development of
high-performance main shaft materials and advanced manufacturing processes. Focusing on the main shaft structure and
usage requirements of large offshore wind turbines, innovative research has been conducted from three aspects: casting
material, key casting technology, and machining technology. In terms of materials, by optimizing the chemical composition
and innovating nodulizing and inoculation processes, high-performance solid solutions strengthened with as-cast ferritic
ductile iron have been obtained, meeting the stringent requirements of the main shaft for high strength, high toughness, and
low-temperature impact resistance. The integration of the casting process with self-feeding technology has improved the
process yield and significantly decreased the product scrap rate. The use of vertical multihead CNC machine tools and
optimized machining processes has improved machining accuracy and production efficiency. This main shaft production
technology reduces production costs and has been put into large-volume industrial production, improving the overall
production yield and economic benefits.
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Fig.1 Main components of a typical wind turbine
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Fig.2 Schematic structure of the M17 offshore turbine
main shaft
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Tab.1 Mechanical property requirements for cast—on samples and samples cut from the main shaft

Tensile strength  Yield strength  Elongation Average hardness

Impact energy, KV»/J

Sample 23°C -20 C
/MPa /MPa /% (HB)
Ave. Indiv. Ave. Indiv.
Cast-on samples =480 =380 =125 170~200 =10 =8 =6 =4
Sample cut from casting =430 =360 =10.0 170~200 =8 =6
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Tab.2 Requirements of graphite and the metal matrix
from cast—on samples and samples cut from the main shaft

Ferrite Carbide+steadite Nodularity Nodule

Sample .
Iwt.% /wt.% /% size/grade
Cast-on sample =95 <l =90 5~7
Sample cut
i =95 <1 =85 5~7
from casting
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Fig.3 Comparison of impact energies (Charpy V-notch) at various temperatures among three ferritic spheroidal graphite cast irons, a
solid solution strengthened with increasing silicon content (up to 3.8 wt.% Si), and ferritic-pearlitic spheroidal graphite cast iron with
intermediate tensile strength!”
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Fig.4 Schematic diagram of cube specimen extraction location
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Tab.3 Composition of the cubic test block
(mass fraction/%)

Type of iron C Si Mn P S Mg RE Cr Ti Sb Bi
Base iron 3.31 2.58 0.15 0.03 0.015 - - 0.03 0.02 0.004 0.015
Ductile iron 322 3.72 0.15 0.03 0.008 0.055 0.006 0.03 0.02 0.004 0.015
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Tab.4 Mechanical properties of samples taken from the cubic test block

Impact energy, KV»/J

Tensile strength ~ Yield strength ~ Elongation ~ Average hardness 5 5
No. 23°C =20 C
/MPa /MPa 1% (HB)
Ave. Indiv. Ave. Indiv.
1 536 413 15.5 187 12.0 13,12, 11 8.0 7.0,9.0, 8.0
2 525 408 17.5 182 11.6 10,12, 13 7.0 7.0, 6.0, 8.0
3 530 410 16.0 185 11.7 11,12,12 8.5 8.0,9.0, 8.5

SRl ES PRI

https://www.cnki.net



SRl ES PRI

(it AR )05/2025 #ER, %S ALELRENATRESIEAEE D SRBEREMOT L -485-
RSUAFKREHEALN
Tab.5 Metallographic structure of samples taken from the cubic test block
No. Ferrite/wt.% Pearlite/wt.% Carbide+steadite/wt.% Nodularity/% Nodule size/grade Nodule count/m?
1 =95% <3% <1% =90% 6 159
2 =96% <2% <1% =90% 6 131
3 =98% =2% =1% =90% 6 150

P 5 S IS B A 2 () 7 B2 2L (b) AR 2T
Fig.5 Metallographic structure of samples taken from the cubic test block: (a) graphite structure; (b) matrix structure
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Fig.6 Molding parting and process design of the main shaft
casting
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Fig.7 Simulated results of the Magma software: (a) filling status at 50 s; (b) complete solidification
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Tab.6 Mechanical properties of the cast—on sample

Impact energy, KV,/J

Tensile strength Yield strength Elongation Average hardness 3 C 20C
/MPa /MPa 1% (HB)
Ave. Indiv. Ave. Indiv.
515 394 18.5 180 11.2 12.0,11.1,10.5 6.43 6.8,6.0,6.5
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Tab.7 Mechanical properties of samples cut from the main shaft

Tensile strength/MPa Yield strength/MPa Elongation/%

Impact energy, KV,/J

Average hardness(HB) 23°C

Ave. individual

492 375 15.5

175 9.9 9.8,9.9,10.0

SRl ES PRI
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Fig.8 Graphite and matrix structure of the cast-on sample and the casting: (a, b) cast-on sample; (c, d) the casting
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Tab.8 Mechanical properties of cast—on samples of M17 main shafts for volume production
Impact energy, KV»/J
Tensile strength  Yield strength Elongation Average hardness 5 5
23°C KV,/J(-20 C)
/MPa /MPa % (HB)
Ave. Indiv. Ave. Indiv.
490~536 390~430 13.5~22.5 170~200 11.0~14.0 9.0~15.0 7.0~9.0 5.0~10.0

A7 100 AR M7 5 318 3230 3406 2 Bt it 225K . M17
T R RP Ak F o 2.3:1.0, T 20 R IK 90.65%,
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JEL K W 1T 5 A2 3 3k R AR ] 19 Ak 2 1 o3 15 1 28 AR
HARALR) T 28 Repe i R e, Bit#s A=
K2 F 5 500 14, B R E & 17 500 ¢, Horb g ik R
a3 1 R S 108 t, S N 0.62% . K
FLARNEBL A, 1 R R B A 40K 1 R
AN B E 1A DR B 5 B v o PR RE S A A
el .
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RG(=E), SRS = A3l 7 3k 0K o 45 1 A )
TAE, Gt &2 48 F s A BR AR 2R Machining %%
O B, SHURERAE S B AN Tig 17 &35
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HIGERE)  RST RS BE B R S HEAT TR A 70 B, B 3 A
Bl 7 S W e AR 0 AL BRI 0T 5 rE s i
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B, KA EME A RS St Rtk
0T 4 500 4, B4R A 17 500 ¢, 0 TR
T2 10 RS R 30 t, KM F 0.17%, %E
P R S AR ERIZR A R R <1 %,

6 &g

(1)id 3 P Ak 3 il Ak =2 1L 53 (%) . 3.0~3.5 C, 3.3~
3.8 Si,Mn <0.2,P <0.04,S <0015, 0.045~0.055 Mg,
Sb=<0.005,Bi<0.02,Cr=<0.05,Ti<0.02,RE<0.015,
Al<0.04, RHAGMERBHRACR, L HIRARE
I TAL B R AR G IR AR AL SR AR A R
KA b X ALZH 32 50 5 B s B TR I b
PEREMYZR

9 CKS52 FR 5 H XE 2 2 4 RN T . (a) =04 70 IE7E 428 25l 5 (b) In T 58 AL 35
Fig.9 Machining of the CK52 series CNC double column vertical lathe: (a) three cutters turning the main shaft; (b) machined
main shaft
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