AUSTEMPERED DUCTILE IRON
GRADES FOR STRUCTURAL
COMPONENTS
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Introduction

This document is designed to familiarize the designer with mechanical properties of Ductile Iron grades for
structural components. It 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. The content of this informational sheet has to be considered “for information only”. The real component
design shall be based only upon international standards and/or contractual agreements.

Material notes

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.
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Mechanical properties

Static engineering properties

ADI - Minimum values from international standard 1SO17804:2020 (separately cast samples).

IDI — Zanardi Database (separately cast samples).

Tensile test according to standard EN 1SO 6892-1:2009, specimen diameter ® 14 mm; Brinell hardness test
according to standard EN ISO 6506-1:2014.

Table 1 - Static engineering properties

Reference Reoy Rm As
[N/mm’] [N/mm?] [%] HB range
Guidance
Relevant wall
. t=30 30<t=60 60<t=100 t=<30 30<t=60 60<t<100 t=30 30<t=60 60<t=<100 values
thickness [mm]
IDI 800-6 480 480 430 800 800 750 6 250-300
JS/800-10 500 800 750 720 10 6 5 250-310
1S/900-8 600 900 850 820 8 5 4 280-340
JS/1050-6 700 1050 1000 970 6 4 3 320-380
1S/1200-3 850 1200 1170 1140 3 2 1 340-420
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Impact properties

Presented figures are taken from Zanardi experimental database (separately cast samples).

Impact test according to standard UNI EN ISO148-1:2016; specimen’s size 10 x 10 x 55 mm un-notched, striker
radius R2 mm, initial energy 450 J. The impact test shall be carried out on four unnotched test pieces; the lowest
impact energy value shall be discarded, and the average of the three remaining values shall be used, according
to ISO 17804:2020. Same procedure is used for IDI.

Table 2 - Impact properties

Ref K23 K-20 K-40
eference
]| D1 D1
Relevant wall
. t=30 30<t=60 60<t=<100 t=<30 30<t=60 60<t=100 t=30 30<t=60 60<t=<100
thickness [mm]
IDI 800-6 70 60 55 63 39 31 52 33 28
1S/800-10 143 140 126 117 104 87 112 89 67
JS/900-8 144 - - 124 - - 105 - -
1S/1050-6 124 105 109 108 98 75 90 71 50
1S/1200-3 113 101 82 104 95 72 88 70 50

Cyclic properties

Presented figures are taken from Zanardi experimental database (separately cast samples).

Table 3 - Cyclic properties

Rotating bending fatigue test Gear fatigue test [*!

Reference Gagsor!” AKu! ore GHiim
[N/mm’] [MPa m0.5] [N/mm?] [N/mm’]
Relevant wall thickness
t<30 30<t=60 60<t=100 t=30 30<t=60 60<t=100 30<t=60
[mm]

IDI 800-6 390 320 315 16.0 19.0 19.5 = =
JS/800-10 410 = = 19.0 21.0 225 455 =
JS/900-8 430 360 350 19.5 - - 490 1150
JS/1050-6 440 360 355 20.5 245 23.0 500 1160
JS/1200-3 400 315 285 - - - 460 1170
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[1] Experimental rotating bending tests have been carried out using 6,5 mm diameter round plain specimens
machined from separately cast samples. Test setup was according to standard ISO 1143, while test procedure
at fatigue limit was according to Brownlee-Hodges-Rosenblatt short stair-case (run-out a 5106 cycles). Values
are given at 50% probability of survival, confidence level 95%.

[2] Experimental procedure as described above, by means of sharply V-notched specimens in order to define the
crack threshold. Two remarks are worth to mention:

e the singularity degree of V-notch characterized by an opening angle 2a equal to 45° (or up to 90°) is
close to the value relevant to a crack 0° ( 8 =0°): then the V-notches have been treated as cracks having
the same depth;

e all theoretical estimations indicate a sharp behavior of the specimens, i.e. the 0.17mm notch tip radius is
ineffective on the fatigue strength, which can be assimilated to that of notch having a zero notch tip
radius. In fact, because short non propagating cracks exists at the tip of notch under threshold
conditions, the notch can be considered equivalent to a crack having the same depth.

[3] Tooth root bending stress tests performed by means of pulsator, Back-to-Back tests perfomed by means of
FZG machine. Test gears obtained by hobbing with cutting tools and process parameters optimized for ADI. Gear
inspection according to I1SO 1328, load capacity assessment according to ISO 6336.

Other properties

ADI - Informative values from international standard ISO17804:2020.

IDI — Informative values from Zanardi Databse.

Table 4 — Other properties

Ref Poisson ratio v Density E A o
eference o o
[-] [kg/dm?] [GPa] [W/m°K] [pm/m°K]

IDI 800-6 0.27 7.2 170 25 =
JS/800-10
JS/900-8

0.27 7.2 170 23-20 18=14
JS/1050-6
JS/1200-3




