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ABSTRACT    

A comprehensive review of fatigue behavior and fatigue design of heavy section wind 
turbine castings made of ductile iron EN-GJS-400-18-LT is performed. Common 
metallurgical defects that are affecting fatigue behavior of this material were 
studied. Review of different researches on quantitative effect of chunky graphite and 
micro structure on fatigue behavior of EN-GJS-400-18-LT was performed. Finally, safe 
life design and damage tolerant design of heavy section wind turbine cast iron 
components were reviewed and compared with each other. It is tried to cover all the 
required points that should be considered in fatigue design of large EN-GJS-400-18-LT 
wind turbine castings. 
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1. Introduction 
 
The sharp increase in energy consumption and oil 
price in recent years, also the global warming due to 
greenhouse gases call for a sustainable energy 
resource that decreases the energy dependence of the 
world's largest and fastest-growing economies on oil 
and gas, also it does not create more co2, pollution. 
Wind power is a renewable, predictable and clean 
source of energy. 

The wind power industry has been growing 
astonishingly in recent years. It is expected that wind 
power share of global power consumption will grow 
to at least 10% by 2020. The targets for renewable 
energy in the EU and China will account for 20% and 
15%, respectively, in 2020 [1].These targets mean that 
installed capacity is set to rise from 200,000 MW in 
2012 [2] to at least 1,000,000 MW in 2020, which 
means annual growth of more than 20%. Currently, 
wind  power   is   the   best   option  for  reducing  CO2 
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 emissions. 
One V90-3.0 MW wind turbine can save the 

atmosphere from more than 5,000 tons of CO2 
emissions every year [3].  

Wind turbine manufacturers have to compete with 
other sources of energy such as natural gas and coal. In 
order to produce cheaper wind electricity, larger, 
lighter, more efficient and less expensive wind 
turbines have to be developed. This is the most 
important challenge for the wind turbine 
manufacturers. Cast components such as hub, bearing 
housing, bed frame, torque support and gearbox 
housing make up most of the weight of a modern wind 
turbine, Fig. 1.  

Wind turbines experience severe fatigue loading. 
Large cast iron components in wind turbine nacelle, 
such as hub, bearing housing and base-plate, transfer 
the fatigue loads from blades to tower. These large 
castings are under severe fatigue loading and their 
reliability is very important to maintain wind turbine 
integrity. This causes very high demands for materials 
of structural components. Cast irons have several well-
known  manufacturing   and   engineering  advantages, 
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a) b)  
 

Fig. 1. Typical Ductile Iron (DI) castings for windmills 
 a) a wind turbine hub, b) a wind turbine bed frame 

 
including low manufacturing and good performance 
characteristics, such as wear resistance and vibration 
damping. Because of a larger content of free carbon 
and higher silicon content, graphitic cast irons have the 
greatest fluidity and the least shrinkage of any ferrous 
metals. Spheroid graphite cast iron EN-GJS-400-18-
LT, former designation German DIN 1693 [4], Grade 
GGG 40.3 is the material of choice for many of the 
world major wind turbine manufacturers. To have 
larger, lighter, more efficient and less expensive wind 
turbines, the cast components should be optimized 
with respect to fatigue life. Thus, good knowledge of 
fatigue behaviour and fatigue design of large EN-GJS-
400-18-LT castings is required.  

In this paper, first a brief review of ductile cast iron 
is performed. Then metallurgical defects which affect 
the fatigue behaviour of ductile cast iron are reviewed. 
It is tried to evaluate the influence of chunky graphite 
and microstructure on the fatigue behaviour of EN-
GJS-400-18-LT. In the last section, a review of safe 
life design and damage tolerant design of an EN-GJS-  
 

 400-18-LT heavy section component is performed. 
 
2. Ductile cast iron 
 
Ductile iron is a type of cast iron which also known as 
nodular cast iron, ductile cast iron, spheroid graphite 
iron, spherulitic graphite cast iron and SG iron [5].  
This material was invented in 1943 by Keith Millis 
[6]. Most of cast irons are brittle while ductile iron, 
due to its nodular graphite inclusions, has much more 
impact and fatigue resistance. Figure 2 shows a typical 
microstructure of a ferritic ductile cast iron.  

In fact, spheroid graphite cast iron is a group of 
materials that can be produced to have a wide range of 
properties by controlling the microstructure. Ductile 
Iron is not a single material, but a family of versatile 
cast irons exhibiting a wide range of properties which 
are obtained through microstructure control. The 
common specification of this group of materials is the 
shape (morphology) of the graphite, that is in the form 
of nodules rather than flakes (as in grey iron).  

 

 
Fig. 2. Typical microstructure of a ferritic ductile cast iron 
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This nodular shape is inhibiting the creation of 
cracks and act as "crack-arresters" providing the 
enhanced ductility that gives the alloy its name [3]. 

Ductile iron consists of primarily two materials: a 
steel matrix surrounding graphitic nodules. The steel 
matrix can be ferritic, pearlitic or martensitic, or a 
combination of any two. The majority of ductile 
castings are generally ferritic with less than 10% 
pearlite. The matrix in which the graphite nodules are 
dispersed plays a significant role in determining 
mechanical properties. 

Wind turbine cast iron components are under heavy 
fatigue loading. The fatigue properties of ductile cast 
irons are based on spheroid graphite in pearlitic or 
ferritic matrix. Sometimes different graphite 
morphologies such as vermicular, spiky, coral, 
exploded and chunky graphite have been observed to 
form in thermal centres of heavy ductile cast iron 
sections during solidification. Metallurgical defects can 
severely deteriorate fatigue strength of ductile cast 
iron. 

In fatigue design of wind turbine cast iron 
components, metallurgical defects such as vermicular, 
spiky, coral, exploded and chunky graphite are not 
acceptable on the component surface and should be 
removed from the surface and if not possible, the 
component is mostly rejected. Thus, metallurgical 
defects in ductile iron can be very costly to the 
foundry, not only because the part has to be remade or 
rectified, but due to the unfortunate fact that many 
defects are not revealed on the surface until after the 
expensive machining stage. Care in the selection of 
raw materials, good process control in the melting 
stage and proper metal handling procedures will go a 
long way to the prevention of defects. 

 
 

 3. Common metallurgical defects in ductile cast iron 
 
In  heavy   thick-walled   (>100mm)   components,  the 
desired spherical morphology of the precipitated 
graphite often degenerates to several different 
morphologies such as vermicular, spiky, coral, 
exploded and chunky. Common defects may be divided 
into two basic categories [7]: 
 Those related to nodule shape and size, such as 

compacted graphite structures, exploded and 
chunky graphite, graphite floatation, spiky graphite 
and nodule alignment. 

 Those related to inclusions/abnormalities, such as 
flake graphite, slag inclusions, carbides, gas pores 
and shrinkage cavities. 

 
3.1. Compacted graphite 
 

Figure 3 shows a good example of compacted graphite 
in the structure [7]. There are several causes of this, the 
most common being that the nodularisation process has 
partly failed. Incorrect weighing of the nodulariser or 
the use of the wrong nodulariser are possible reasons 
for the failure, although a long holding time in the ladle 
or excessive temperatures can be contributory factors. 
 

3.2. Graphite nodule flotation 
 

Flotation is normally revealed by the presence of dark 
patches on the top surface. When large, low density 
graphite nodules are formed during the solidification of 
thick section or otherwise slow cooling castings, 
graphite nodule flotation is formed. Slower 
solidification rate in heavy section castings is typically 
responsible for this defect. The  nodules,  being  of  a  

 

 

 
Fig. 3. Compacted graphite present in the matrix [7] 
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