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Introduction 
 
The aim of this document is to familiarize the Customer with machinability properties of Austempered Ductile 
Iron (ADI) and Isothermal ductile iron (IDI). This is a reference document, not to be referred to as a standard. 
The data in this document are taken from Zanardi research database, international standards, and technical 
papers. This is a reference document, not to be referred to as a standard. The content of this information sheet 
has to be considered “for information only”. Machinability figures have to be considered for general purposes any 
particular application should be analysed as a single case study. In no case Zanardi Fonderie will be liable for any 
use of the information contained within this document. 
 
 
 

1  
 
Austempered Ductile Iron (ADI) 
  
Austempered Ductile Iron (ADI) is obtained by heat-treating an alloyed 
ductile iron, casted with a special preconditioning of the metal bath. 
The matrix structure consists predominantly of ferrite and acicular austenite. 
The obtained matrix is called “ausferritic” which offers the combination of 
high fatigue resistance, toughness, wear resistance, lightness and extensive 
freedom in designing components together with significant machining 
properties.  
 
 
 

Isothermed Ductile Iron (IDI) 
 
Perferritic Isothermed Ductile Iron (IDI) is a material from a process 
consisting of austenitizing an unalloyed ferritic ductile cast iron and 
quenching in a salt bath. The following quenching above martensite start 
temperature transforms austenite into pearlite due to the fast cooling rate 
imposed by low salt bath temperature. The characteristic microstructure of 
IDI contains a ferritic network with very fine pearlite in between. IDI 
therefore represents an intermediate state between the lowest 
austempered ductile iron (ADI) grades and pearlitic ductile iron. In contrast 
to ADI, no additional alloying elements like Ni, Cu or Mo are necessary to 
achieve an IDI microstructure, as the formation of pearlite is a desired effect.  

 

Material notes 
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 Process parameters 
 
The typical values of the machining process parameters are indicated in the following figures, where the relative 
value 100 corresponds to the machinability of a Pearlitic spheroidal cast iron (PDI). 

 

Table 1 - Brinell hardness classification 
 

Material designation 
Brinell hardness classification 

HBW 
Min Max 

JS/700-2 ISO1083 (=PDI) Benchmark 225 350 

IDI STD 101:2007 220 300 

JS/800-10 ISO17804 250 310 

JS/900-8 ISO17804 280 340 

JS/1050-6 ISO17804 320 380 

JS/1200-3 ISO17804 340 420 

JS/1400-1  ISO17804 [2] 380 480 JS/ HBW 400 

HBW 450 ISO17804 [2] 450 - 

 
 

 
 

 
 
 
 
 
 

 

Property machinability 
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Graphic 1 – Turning: cutting speed [VC] vs Brinell hardness [HB] 
PDI (Pearlitic Ductile Iron) = EN-GJS-700-2 according EN1563 

 
 

Graphic 2 – Milling: cutting feed [fz] vs Brinell hardness [HB] 
PDI (Pearlitic Ductile Iron) = EN-GJS-700-2 according EN1563 
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Graphic 3 – Drilling: cutting feed [fn] vs Brinell hardness [HB] 
PDI (Pearlitic Ductile Iron) = EN-GJS-700-2 according EN1563 

 
 

Graphic 4 – Threading: cutting speed [VC] vs Brinell hardness [HB] 
PDI (Pearlitic Ductile Iron) = EN-GJS-700-2 according EN1563 
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In the following table are listed some suggested cut parameters for general operations (see “Disclaimer”). 
These values are referred to ADI grade JS800-10, Customer should recalculate the parameters for each grade 
following the rates plotted in the graphs above. 
 

 

Table 2 - Suggested cut parameters for general operations 
 

Turning (with Lubricant) 
Depth of Cut Cutting Speed Cutting Feed 

aP [mm] VC [m/min] fN [mm/rev] 

Roughing 3 170 ÷ 200 0.25 ÷ 0.35 

Finishing 0.5 190 ÷ 220 0.20 ÷ 0.25 

Superfinish 0.5 220 ÷ 250 0.08 ÷ 0.10 

 

Drilling (with Lubricant) 
Depth of Cut Cutting Speed Cutting Feed 

aP [mm] VC [m/min] fN [mm/rev] 

Drilling - 70 0.15 

Boring 3 120 ÷ 150 0.08 

 

Threading (with Lubricant) 
Depth of Cut Cutting Speed Cutting Feed 

aP [mm] VC [m/min] fN [mm/rev] 

HSS Tap - 15 ÷ 20 - 

Cemented Carbide Tap 3 20 ÷ 30 - 

 

Face milling 
Depth of Cut Cutting Speed Cutting Feed 

aP [mm] VC [m/min] fN [mm/rev] 

Roughing 3 250 0.08 

Finishing 0.5 280 0.05 
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 Chip formation and material behaviour 
 
The chip form and the surface quality that results from machining Ausferritic spheroidal graphite cast irons 
(ADI) do not differ significantly from the chip form and the surface quality obtained when machining other (SG 
irons). In general, the mean cutting forces of cast irons (including ADI) are substantially lower than those of 
steels of comparable hardness. However, the cutting forces for ADI contain higher dynamic force factors 
compared to steels of comparable hardness and to pearlitic grades of SG irons. Cutting force oscillations are 
relatively independent of the tensile strength of Ausferritic spheroidal graphite cast irons and increase with 
higher feed rates and lower cutting speeds (VC). 
 

 

Picture 1 
   a) Typical shearing chips          b) Typical machined surface of ADI 

 

  
 
 

A short and rigid design of the tool holder system and rigid clamping of the work piece are important because 
tool oscillations can reduce tool life due to the chatter vibration tendencies of ADI. 
 
The quality of ADI microstructures can affect machinability significantly.  
The following influences must be considered:  
o variations in hardness through the microstructure lead to reductions in tool life; 
o tool wear increases as the tensile strength increases, and the applicable cutting speed must be  

correspondingly reduced; 
o a higher percentage of alloying elements (in particular, of carbide-forming elements such as molybdenum)  

increases tool wear; 
o areas of the casting with insufficiently stabilised Austenite have clearly poorer machinability; 
o increased graphite nodule counts minimise micro segregation and improve machinability. 

Process notes 



  

 

AUSTEMPERED DUCTILE IRON  
PROPERTY MACHINABILITY 

8 

 
Machinability after heat treatment is an essential tool for ADI market development. In many instances, this 
feature gives the opportunity to implement the simplest fabrication cycle: 
o casting; 
o heat treating; 
o machining. 

 
 

 Tool material and geometry 
 
Tool wear increases with material hardness and cutting speed must be reduced approximately in proportion to 
increases in hardness. In addition, wear resistant cutting tools materials and coating should be applied.  
For turning, drilling, and milling, wear resistant tungsten carbides (K-grade) show good performance. 
Furthermore, higher strength and ductility of ADI lead to higher cutting temperatures, which can be 
counteracted by suitable coatings, for example, titanium aluminium nitride or aluminium oxide. Ceramic tools 
are applicable in some cases with good wear performances.  
Tool life improvements can be obtained, for example when milling and drilling with tungsten carbide tools, by 
using optimised tool shapes that consider the high specific mechanical load on the cutting edge. 
The choice of the tool geometry should be a compromise between tool toughness and cutting-edge sharpness 
with the principal aim to give the less energy as possible to the workpiece to avoid its self-hardening due to the 
SITRAM effect (Stress Induced Transformation of Retained Austenite into Martensite). 

 
 
 

 Insert geometry effect 
 
Rake angle γ 

o positive rake angles could reduce tool or insert toughness making it too weak to dynamic force 
variations; 

o negative rake angles could give too much energy to the workpiece making it harder (SITRAM effect) 
and not machinable at the next operation; 

o null rake angles it in most cases the best compromise solution; 
o chip break tie it is suggested. 

 
Edge radius r 

o choosing reliable tools/inserts with an accurate and repeatable edge preparation leads to good results 
on machinability; 

o edge radius shall be neither too big, in order to avoid work-piece self-hardening, neither too small in 
order to avoid premature tool breakage; 

o suggested values of edge radius are listed below: 
1. roughing (aP > 2.5 mm)   r = 1.2 ÷ 1.6; 
2. finishing (aP < 0.5 mm)   r = 0.4 ÷ 0.8. 

 
Deep of cut aP 

o deep of cut bigger than 2.5 mm during roughing operation; 
o deep of cut not less than 0.5 mm when possible. 
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Picture 2 - Insert geometry 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 3 – Typo of tools 
 

 
 
 
 
 
 
 
 

Acronym Extended description  

CCT Cemented Carbide Tool (TiN, TiAlN coating) 

CER Ceramic Tool (good results  Al2O3 ceramic tools) 

CBN  Cubic Boron Nitride 

HSS High Speed Steel (TiN, TiAlN coating) 

TGW  Traditional Grinding Wheel 

CGW CBN Grinding Wheel 

 

 

γ 

r 

aP 
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Table 4 – List of suggested tools for each material 
 
 

Materials IDI JS800-10 JS900-8 JS1050-6 JS/1200-3 HBW400 HBW450 

Turning 
CCT 
CER 
CBN 

CER 
CBN 

Milling CCT 

Drilling CCT 

Threading CCT 

Deep Drilling (L> 5 x Ø) CCT [e] 

Hobbing [e] CCT Not 
Compliant 

Broaching [e] HSS + CCT [e] 
Not 

Compliant 

Gear Cutting [e] HSS HSS + CCT [e] Not 
Compliant 

Grinding [e] TGW 
CGW 

CGW 

 
[e] = data under upgrading  
 
 
 

 Lubricant effect 
 

Lubricant plays an important role in the machining process of ADI. The cutting process energy is as higher as 
the material is tougher. The ADI cutting process as for all the tough materials generates a high quantity of 
thermal energy. So, the use of lubricant during the cutting process is advisable and gives positive effects: 
1. it reduces the tool wear; 
2. it reduces the workpiece overheating; 
3. it helps the chip evacuation on the tool face. 
 
 
 
 



  

 

AUSTEMPERED DUCTILE IRON  
PROPERTY MACHINABILITY 

11 

 

Picture 3 – Lubricant effect 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keeping the temperature at low rates the tool/insert wear will be reduced increasing its life. Moreover, reducing 
the work-piece overheating, the self-hardening effect will be avoided or at least reduced, this will reduce the 
total cutting process energy and will preserve the tool life. Chip evacuation will avoid some eventual over 
heated areas on the tool face. A secondary positive lubricant effect is the higher dimensional stability of the 
machined part due to the higher thermal stability of the machining process. 
 
The positive effects are as more significant as reliable is the cooling system and it depend on: 

o lubricant temperature. A lubricant conditioning system is suggested, when possible. Suggested Fluid 
temperature is 10 ÷ 12°C; 

o machine cooling system. It’s important to carefully set the direction of lubricant adduction on the 
cutting area. It is useless to address the lubricant spray to the tool or the work piece only. 

 
Of course, to machine ADI parts is not necessary to implement all these tricks but they would help to improve 
the machining process. 
On the other hand, in case of interrupted-cut operations (like milling) the use of lubricant could lead to thermal 
shock and a premature tool wear. 
The improvement of tool coatings could give the opportunity to avoid lubricants due to their high temperature 
resistance. 
In case of interrupted cut, the experience on ADI materials have shown best results where dry machining is 
applied.  
In the cases where the use of lubricant is required for aspects not directly connected to the cutting process (as 
chip evacuation, machine cleanliness, etc), the use of lubricant is possible even if interrupted-cut operations 
and it can give acceptable results whenever the oil percentage in water is about 7-8% and the adduction during 
machining is highly efficient. 
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 Process Integration 
 

ADI machining is one part of its production process. 
Most of machinability matters depend on: 

o knowledge of the material properties and behaviour; 
o material production process quality and accuracy; 
o machining system rigidity (Machine – Clamping - Tool); 
o tool and coating quality; 
o design and process integration between Customer and Foundry; 
o support from the tool and material manufacturer. 

 
Co-operation between tools and material manufacturer is a key factor on ADI machinability development.  
Zanardi Fonderie and some of the most important tool manufacturers and research centres have established 
fruitful co-operation to develop more effective machining processes, as listed below: 

o Kennametal Hertel, US; 
o CeramTec Gmbh, Germany; 
o WZL University of Aachen, Germany; 
o OSG Corporation, Japan. 

 
Other qualified suppliers, experienced on ADI are: 

o Noris taps, Germany; 
o Emuge, Germany; 
o Bass Tools, Germany; 
o Guering, Germany; 
o Fraisa, Germany; 
o Sandvik, Sweden; 
o Ceratizit, Austria. 

 
Lubricant qualified producer: Blaser Swisslube 
 
 
 

 Machining before Austempering 
 

For high hardness and wear resistant grades machining after the Austempering heat treatment, is possible, but 
could not be an economical process. 
The ADI grade considered the limit for machinability after heat treatment is JS1200-3. 
In these cases, is possible to machine the material at as-cast conditions, where hardness and mechanical 
properties are similar to a JS700-2 and the make the Austempering heat treatment process. 
Deformations on the parts during the Austempering should be considered. 
Deformations depends mainly on the part geometry and then they must be analyzed case by case. 
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From our experience, in general, is possible to state that after heat treatment: 

o systematic mean deviation of dimensions is about 1 mm every 100 mm (ex Ø100 mm becomes Ø101 
mm) 

o tolerance field admitted, considering the process dispersion, is IT11 according to UNI EN 20286 (ISO 
286 compliant). 

 
Machined surfaces will appear with a dark grey oxide skin due to the heat treatment. This does not affect 
neither roughness neither the corrosion resistance. Corrosion resistance will be the same as for a machined 
surface. 
 


