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1.0 Abstract 
Accessing state-of-the-market technical, specification and training materials for castings is 
challenging. There is a need for better cast part design and specification data for longer service life, 
scrap reduction and improved performance. The American Foundry Society (AFS) is working to 
provide current and qualified information in a network friendly form to users of castings. This effort 
includes both archival and recent technical information in searchable databases. Specifications and 
standards are summarized, and the user is guided in their application. Tutorials covering the 
fundamental design concerns are also presented. These tools facilitate more effective and efficient 
procurement to both Department of Defense (DoD) and industry. Along with data from various AFS 
research projects, such as projects for the Development of Fatigue Properties Database, AFS has also 
incorporated the USAMP USAMP/USCAR Light Metals Materials Database properties and strain 
life fatigue data for CGI Grade 400 and a hi-alloy Class 40 Gray Iron into the AFS Casting Alloy 
Data Search (CADS) tool onto the AFS design website.  

As part of the American Metalcasting Consortia (AMC) Casting Solutions for Readiness (CSR) 
program, a new project, Casting Alloy Data Search (CADS) tool was developed by AFS in 
partnership with PDA LLC and has been funded through the Defense Logistics Agency Research 
& Development Office.   CADS, an online material design property database, is an enhancement 
of previous AFS AMC efforts to provide supply chain tools to facilitate reduction of lead time for 
castings and streamline the casting supply chain.   This work builds on previous AMC, DOE, AFS, 
Steel Founders’ Society of America (SFSA) and North American Die casting Association 
(NADCA) funded work, as well as on previous AFS sponsored research and DOE 
USAMP/USCAR work to develop material and physical properties benefiting designers.  CADS 
greatly enhances the ability of the component design engineer to create the lightest weight and 
most efficient parts more quickly and at lower cost.  The work planned under this project will add 
design properties for 4-5 additional cast metal alloys per year, while continuing to upgrade the CADS 
online database.  

Industry users of this website will find CADS easy to use with step by step instructions on the 
website.  Information has been disseminated through metalcasting industry associations via 
conferences, committee meetings, research reviews, periodicals, specification standards, webinars, 
and web sites. Presentations have been given at the AFS Casting Congress, Casting Design 
Conference, AFS Cast Iron Committee, SAE Fatigue chapter, and Investment Casting Institute 
conference. The AFS publication Modern Casting has included articles introducing readers to 
CADS.  A webinar is also planned to introduce CADS users to the database and how to use it.   

This work is valuable for the DLA supply chain by providing capable suppliers and enhanced 
supply base to ensure availability of critical cast parts to keep weapons systems operational. It also 
assists with obtaining optimized cast part performance and light-weighting. 
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2.0 Background/Motivation 
Preliminary engineering design properties that reflect the capability of cast metals are not readily 
available in a convenient searchable form from a recognized source.  The American Foundry 
Society is the recognized industry source for process technology and the logical source to establish 
a searchable database for cast metal properties.  Qualified data is vital to design engineers to 
effectively design more sophisticated parts and components.  Light-weighting often results in more 
highly stressed parts due to thinner section thicknesses. Castings are becoming extremely complex 
with the capabilities of 3D sand printing. 

Current handbooks contain material properties which are either inadequate, printed format, 
generated with outdated test methods and lack the pedigree information such as process, chemistry, 
etc.  Due to a continuous decrease in the number of metalcasters and to critical design properties 
sometimes being difficult to find or simply not available, there are times when substantial delays 
occur in the procurement of castings.    

Task 1: CADS Upgrade 
The CADS database provides casting process and design guidance for quality and performance. 
The properties within a casting differ as the cooling rate differs, so that it becomes important to 
realize the differences in properties as a function of cooling rate (section size or microstructure). 
To address these differences in properties, the CADS upgrade to Version 2.0 includes temperature 
dependent physical and mechanical property data.  Additionally, this new Version 2.0 separates 
each sub-group of the data category for better viewing and printing individually.  

The upgraded CADS Version 2.1 separates each sub-group of the data category for better viewing 
and printing individually.   Temperature dependent physical properties and mechanical properties 
are incorporated into an existing database.  Other improvements in this version are: allowance of 
the typical or actual chemistry to be added for which the properties are developed; expansion of 
the chemical elements to allow for some trace and alloying elements; additional extra fields for 
aluminum such as SDAS, grain size, eutectic modification; addition to expand the strain life 
fatigue data for various iron and steel grades.  Moreover, there is a tutorial incorporating strain life 
fatigue data. 

The upgraded CADS Version also has a new module, Mold Material Data Selector, (MMDS).  
This new module is a tool for engineers to select mold and core materials engineering data for 
various processes and alloys as applicable to enable a quick method of mold material selection 
dependent on the casting requirements.  It provides a search tool to design engineers with 
engineering and simulation data digitally. Thermo-physical and mechanical properties for four 
different samples, including 3D printed sand, have been entered.  This additional module was part 
of the original Statement of Work for the CADS project. 
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Task 2: Additional new alloys 
Over the last 10 years, AFS has been developing a material database, which now includes over 32 
grades of cast iron for strain-life fatigue properties per SAE J1099 and a comprehensive 
mechanical and fatigue database for various other cast alloys, such as Aluminum E357, 535, A356 
and A206, for inclusion into the AFS CADS.  This is an online database search and retrieval tool 
maintained by AFS, in partnership with PDA to benefit design engineers for Finite Element 
Analysis (FEA) based validations for new product development and optimization and by the 
casting and design community.  It is an Open Access Database, which has been shared with other 
design communities.  Additionally, previously developed alloy data by USCAR/USAMP for 
various cast aluminum and magnesium alloys are also incorporated into CADS.   

3.0 Results/Discussion  
The CADS (Casting Alloy Data Search) Tool has been developed as an online casting material 
database to assist DoD, OEMs, and 
metalcasters with easy 
accessibility to all critical design 
properties.  This database has been 
designed so that the material 
properties can be imported into 
CAE design and FEA programs.  
CADS assists the casting design 
engineer with the latest data sets 
for engineering properties 
including strain life fatigue 
determined using the latest test 
methods available.  The CADS 
tool is integrated with the other 
tools, such as Casting Alloy and 
Process Selector Tool (CAPS) and 
Metalcaster Directory developed 
for the casting OEM design 
engineers and buyers as an 
assistance with detail design and to match the right metalcaster with their product anywhere in 
North America.  There is a tutorial with detailed instructions of the use of CADS, as well as a help 
function and a case study.  The CADS tool can be accessed directly on the AFS website by going 
to http://www.metalcastingvirtuallibrary.com   

In CADS Version 2.1, the tool was enhanced to included thermo-physical properties and thermo-
mechanical properties to assist process modeling.  Also, capability to add data tables such as stress 
vs. number of cycles (S-N) curves and figures for each alloy was added. 
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As a continuation of the mission to populate more cast alloy properties into this database generated 
using the most modern test methods and approaches for design optimization thus promoting the 
use of castings over wrought or fabricated products, additional data has been generated and 
additional alloys have been added to the database. At times, statistical methods were used, 
considering the sensitivity to section thickness and casting process used to pour test bars or test 
castings from which test specimens are extracted.  The test bars were poured with typical process 
variations found from foundry to foundry at the same time keeping a narrow spread in the major 
factors.  To keep a narrow spread in the major factors in those instances where heat treatment was 
outsourced, all sample test bars went to the same heat treater to be treated in the same furnace to 
eliminate/minimize the variation in this factor.  

This database continues to grow with the addition of several alloys each year and now has over 
300 data sets for various irons including Austempered Ductile Iron (ADI),  High Silicon 
Molybdenum iron (HiSiMo), various grades of common cast steels, and aluminum and magnesium 
alloys imported from USCAR/USAMP research projects.  Some of the alloys tested and added 
most recently include WCB steel, 4330 steel, 8630 steel, CF8M (316) stainless steel, 420 (CP40) 
stainless steel, and Solution Strengthened Ferritic Ductile Iron (SSFDI).  17-4 and 15-5ph steel 
data and A206 aluminum data from the CHAMPS project have also been added. Leveraging AMC 
membership, five steel alloys have been added from SFSA data.  Neenah Foundry supplied data 
for GJS500 (lower hardness version of 80-55-06); Waupaca Foundry supplied data for Class 25 

Data viewing of 
sub-categories 

Thermo-
physical 
properties 
added. 

Thermo-
mechanical 
properties 
added. Software enhancement 

to allow data tables, 
such as S-N curve, 
thermo-physical 
properties and figures to 
be added for each alloy. 

Strain Life Data 
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Gray iron; Chrysler Corporation supplied data for HiSiMo ductile iron; Eck Industries supplied 
data for the new proprietary Al-Ce alloy developed by ORNL and licensed to Eck Industries. 

Details on how to use the strain life fatigue data are given in Appendix A. Testing methods are 
given in Appendix B, which is the Element test report for the SSF ductile iron alloy that has been 
tested. Similar test methods were used for other alloys that were tested.  The applicable standards 
were applied for the various materials.  For example, CF8M austenitic steel was cast in accordance 
with ASTM standard specification A351/A351M-16 for “Castings, Austenitic, for Pressure-
containing parts” and CA40 was cast in accordance with ASTM standard specification 
A743/A743M-13AE1 for “Castings, iron-chromium, iron-chromium-nickel, corrosion resistant 
for general application”.   Appropriate ASTM standards were used for each material in each step 
of the processing and testing.  The tables below list the various materials that were tested: cast 
irons; cast steels; and cast aluminum. 

Austempered Ductile Iron: ASTM A 897-06 

ASTM Grade Material Condition Section Size 

110 / 70 / 11 

Austempered 

48 mm by 43 mm by 185 
mm section of rectangular 

casting 

125 – 80 – 10 

 (130 / 90 / 09) 

25 mm Y-block 
150 – 100 – 7  

(150 / 110 / 07) 

175 – 125 – 4 

200 – 155 – 1 

Ductile Iron: ASTM A 536-84 (Re 1999) 

ASTM Grade Material Condition Section Size 

60 – 40 – 18 

As-cast 25 mm Keel block 

Subcritical Anneal 25 mm Keel block 

Full Anneal 25 mm Y-block 

Heavy Section; As-Cast 76 mm Y-block 
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65 – 45 - 12 As-cast 25 mm Keel block 

100 – 70 – 03 

As-cast 25 mm Keel block 

Normalized 
25 mm Keel block 

76 mm Y-block 

120 – 90 – 02 Quenched and Tempered 25 mm Keel block 

Ductile Iron: DIN EN 1563:2012-03 

DIN Grade Material Condition Section Size 

EN-GJS-500-7 As-cast 25 mm Y-block 

EN-GJS-500-7 As-cast 76 mm Y-block 

EN-GJS-500-14 As-cast, SSF 25 mm Y-block 

Si-Mo Ductile Iron: SAE J2582 Jun 2004 

SAE Grade 2 As-cast Bars 

Compacted Graphite Iron: ASTM A 842-85(Re 1997) 

ASTM Grade Material Condition Section Size 

300 
As-Cast 25 mm Y-block 

350 

400 
As-Cast 25 mm Y-block 

As-Cast 76 mm Y-block 

Gray Iron: ASTM A 48-00 

ASTM Grade  Material Condition Section Size 

20B As-Cast 25 mm Y-block 

30B 

As-Cast 13 mm Round 

As-Cast 25 mm Y-block 

As-Cast 76 mm Y-block 
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35B As-Cast 25 mm Y-block 

40B 

As-Cast with C.E.= 3.7 25 mm Y-block 

As-Cast with Normal C.E. = 
4.0 25 mm Y-block 

Austempered Gray Iron: No Standard Specification 

Base Iron Material Condition Section Size 

Class 30B Austempered 25 mm Y-block 

Abrasion-Resistant Cast Iron:  ASTM A 532 

ASTM Grade  Material Condition Section Size 

Class III Type A Level 2 
(25%Cr) 

Quenched & tempered 16 mm rectangular bars 

Table 1: Cast Irons 

Table 2: Cast Steels 
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Table 3: Cast Aluminums 

A representative table of the type of data generated for the alloys in Tables 1, 2, and 3 is show in 
Table 4.   
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Sand Cast 
Tensile Bar

PM Cast 
Tensile Bar As-cast As-cast

13 mm
(0.5 inch) 

Diameter by 
180 mm (7 
inch) Long
Dogbone

13 mm
(0.5 inch) 

Diameter by 
203 mm (8 
inch) Long
Dogbone

25 mm
(1 inch)
Plate

"Verification"

50 mm
(2 inches)

Plate
"Test"

LowSi-356Sand LowSi-
356PM

E357 25 mm 
Verification

E357 50 mm 
Test

Si 4.0 nominal 3.9 4.0 nominal 4.1 6.5-7.5 7.08 7.14
Fe 0.6 max. 0.11 0.6 max. 0.11 0.10 max. 0.06 0.05
Mn 0.35 max. <0.005 0.35 max. <0.005 0.10 max. <0.01 <0.01
Mg 0.20-0.45 0.33 0.20-0.45 0.34 0.55-0.6 0.60 0.61
Ti 0.25 max. 0.01 0.25 max. 0.01 0.10-0.20 0.124 0.123
Be - <0.0003 - <0.0003 0.002 max. <0.002 <0.002
Ca - <0.005 - <0.005 - <0.005 <0.005
Cr - <0.005 - <0.005 - <0.01 <0.01
Cu 0.25 max. <0.005 0.25 max. <0.005 - <0.01 <0.01
Ni - 0.005 - 0.005 - <0.01 <0.01
P - <0.005 - <0.005 - <0.005 <0.005
Pb - <0.005 - <0.005 - <0.01 <0.01
Sn - <0.005 - <0.005 - <0.01 <0.01
Sr - 0.03 - 0.03 - 0.0165 0.0165
Zn 0.35 max. 0.01 0.35 max. 0.01 - <0.01 <0.01

Other, Each 0.05 max. <0.05 0.05 max. <0.05 0.05 max.
Other, Total 0.15 max. <0.15 0.15 max. <0.15 0.15 max.

Al Remainder Remainder Remainder Remainder Remainder Remainder Remainder

- 0.22 - 0.15 - 7 7
- 0.18 - 0.12 - 0.1 0.3
- 101 - 95 - 128 127
- 37 - 30 - 24 30
- Medium - Medium - Fine Medium
- 5 - 5 - 5 5

[70] 86.6 [85] 83 [>90] 110 109
>30 (205) 40.7 (281) >33 (230) 40.8 (281) >45 (310) 53.4 (368) 50.5 (348)
>20 (140) 32.2 (222) >22 (150) 31.2 (215) >36 (248) 45.5 (314) 44.6 (308)

>3 5.4 >3 9.1 >2 7.2 3.6
- 4.6 - 10.3 - 11.3 5.9
- 0.116 - 0.137 - 0.074 0.063
- 60.5 (417) - 62.3 (430) - 69.5 (479) 65.0 (448)

- 10500 
(72400) - 10500 

(72400) - 10700 
(73800)

10700 
(73800)

- 0.331 - 0.330 - 0.330 0.319

- 10500 
(72400) - 10500 

(72400) - 10700 
(73800)

10700 
(73800)

- 0.243 - 0.201 - 0.241 0.199
- 264 (1820) - 166.7 

(1149) - 322.3 (2222) 211.5 
(1458)

- 0.0509 - 0.0677 - 0.0237 0.0798
- -0.6453 - -0.6613 - -0.6045 -0.6873
- 128.7 (882) - 97.1 (669) - 130.7 (901) 127.9 (882)
- -0.157 - -0.1328 - -0.1458 -0.1366

Matrix Microhardness (HV200gf)

Macroscopic Grain Size (AFS chart)
Degree of Silicon Modification (AFS chart)

Dendrite Arm Spacing (DAS) (um)

Material Condition

Maximum Interconnected Pore Size (mm)
Microstructure

Cast Section Size

Ultimate Tensile Strength (SU), ksi (MPa)

Element (wt%)

Material Code (Folder Title)

ASTM B26/B26M-
12 Standard 

(except for %Si)

Brinell Hardness (HBW500)

Elastic Modulus (E), ksi (MPa)

Poisson's Ratio (µ)

Porosity Content (%)

Cyclic Strength Coefficient (K'), ksi (MPa)
Cyclic Strain Hardening Exponent (n')

Elastic Modulus (E), ksi (MPa)

Strength Coefficient (K), ksi (MPa)

Percent Elongation (%)
Percent Reduction in Area (%)

Aluminum Type

Grade: 

Fatigue Strength Coefficient (σ'f), ksi (MPa)
Fatigue Strength Exponent (b)

Strain Hardening Exponent (n)

Monotonic Properties (Hardness and Tension)

Fatigue Ductility Coefficient (ε'f)

Cyclic Stress-Strain Properties: Strain-life Method (ASTM E606; SAE J1099)

Strain-life Properties: Strain-life Method (ASTM E606; SAE J1099)

Aluminum Alloy Castings
7.0Si-0.58Mg-0.15Ti 

(E357.0-T6)  

SAE AMS 4288 
Standard

ASTM 
B108/B108M-
12 Standard  
(except for 

%Si)

Aluminum Alloy Castings

Low Si 356.0-T6

Chemical Analysis

Fatigue Ductility Exponent (c)

Tensile 0.2% Offset Yield Strength (Sys), ksi (MPa)

Table 4: Example of Typical Data Generated

Photomicrographs were taken of each material at 50x, 100x and 500x, etched and un-etched.  An 
example of the SSF ductile iron microstructure at 100x is shown in Figure 1. 
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Figure 1: Photomicrograph of SSF Ductile Iron 

4.0 Technology Transfer 
One of the primary objectives of the American Foundry Society (AFS) is Technology Transfer.  
There are several ways in which this is accomplished by the American Foundry Society.  There 
are more than 800 corporate members and 7000 individual members.  This big footprint makes 
reaching a multitude of industry partners possible. Many industry foundries supplied data and/or 
in-kind for this project and have a vested interest in this database.  This information has also been 
distributed to multiple industry OEMs.  The properties have been entered into the American 
Society of Materials database.  Presentations have been made at eight major industry conferences, 
such as SAE, TMS, MS&T, Aeromat and SME Rapid 2016. A webinar is being scheduled for 
November 2017 to introduce how this database is used.  The CADS tool has been promoted on the 
AFS website and in thee AFS publications.  An example of one of these promotional articles is 
shown in the figure at the right. AFS CADS has been incorporated into the AFS Institute 
Metalcasting Design Course.   
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5.0 Summary of Work/Conclusions 
The CADS tool is continuously upgraded with more data and more data fields. PDA maintains the 
database and has added thermal-physical properties, thermal-mechanical properties, and strain life 
fatigue data.  Additionally, data generated for more steel, aluminum and iron alloys has been added 
to the database.  These additions are needed for process simulation modeling.  These upgrades will 
allow the designers, specifiers, producers and users of DoD and civilian components to more 
readily select the best casting alloy for the application and model that design for the lightest weight 
and lowest scrap thereby reducing lead time and producing the lowest cost and highest quality 
parts. With the consolidation of this information in the hands of designers and OEM suppliers, the 

DLA supply chain will be improved by reduction in lead time and cost at the same time improving 
quality.   Furthermore, it will allow for the training of design engineers and scientists. 
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