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Materials Surface Finish Data

4 300M Steel A 4340 Steel

« Cadmium Plated

* Chrome Plated

* Chrome Type 2

- Electroless Nickel

« Electrolytic Nickel Plating

- Polished

- Polished, Shot Peened

- Shot Peen and Cadmium Plated
* Shot Peen and Chrome Plated

» Shot Peen and Chrome-Strip-Chrome
* Shot Peen and Chrome Type2

» Shot Peen and Chrome Type2 -
HalfLife/Strip/ReChrome

- Shot Peen and Electroless Nickel
- Shot Peen and Electrolytic Nickel

* Chrome plated

- Polished

* Shot Peen and Chrome Plated

* Shot Peen and Chrome strip Chrome

A4 7075-T7351 Aluminium Alloy
+ Anodised
- Polished
* Shot Peen and Anodised
* Shot Peen and Anodise-Strip-Anodise

« Material surface treatment fatigue database

Paul Roberts,
Product Manager - nCode DesignLife, HBK
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Material surface treatment fatigue database

Abstract

The nCode Premium Material Database (PMD) contains fatigue properties measured on materials
tested at the ISO-9001 certified Advanced Materials Characterisation and Test Facility owned and
operated by HBK nCode. This collection of fatigue properties contains over 150 materials, mostly
commonly used types of steel and aluminium, plus some other non-ferrous materials, and includes
recent additions for additively manufactured titanium and Inconel material.

From nCode 2024, the PMD will include fatigue properties for baseline materials and surface
treatments resulting from work to characterise fatigue performance of aging aircraft landing gear
through overhaul and maintenance cycles. The baseline materials are 300M steel, 4340 steel and
7075 aluminium, with a range of surface treatments including; electrolytic nickel, electroless nickel,
cadmium and chrome coatings, and many of these with and without shot peen.

About the presenter, Paul Roberts, Product Manager — nCode DesignLife, HBK

Paul Roberts has been involved with fatigue and durability analysis for the over 40 years. He has
been with HBK (formally nCode) for a total of 17 years as an application engineer and product
manager for the DesignLife product. Prior to joining nCode, Paul held positions in product
development, testing, RLD analysis and FE based engineering consultancy at GKN Technology and
Ricardo. Paul graduated with a degree in mechanical engineering from Aston University in
Birmingham, UK.
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Introduction to the nCode Material Databases
. The Premium Materials Database (PMD)
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Introduction to the nCode Material Databases
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nCode Material Databases

4 Multiple databases available

* nCode Premium
nCode standard database (iceflow_standard.mxd)
FKM

- 5t 6th and 7t editions

Mil Handbook 5
ICG demo materials
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nCode Material Databases — Standard database

y'

Standard nCode materials types
* EN (Stain-Life) >200
* SN (Stress-Life) > 400
* Dang Van > 180
* Seam Weld - 15
* Spot Weld - 12
- Incudes SPR
* Crack growth
* High temperature
EN
- SN
Chaboche

Larson-Miller
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Properties

Graph

Carbon Steel SAE1018_118_QT:Strain-life {E-M)

Description

MaterialType

Y5

uTs

E

n_monotonic

K_meonotonic

me

L2

5F

b

C

Ef'

n

n's0

K50

Mc

SEe

5Ep

SEc

MNe

F5M

5

5B

GammaP

Gammah

Comments

References

13

290
496
2.07E5S
013
671

3N
-0.09
-0.35
013
0.25

240

2E8

Data from "Crack Initiation Fatigue; Data
Analysis, Trends and Estimation.”

SAE Paper # 820682, Bruce E. Boardman, Deere &
Co. Tech. Ctr. Meline. L.
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Material Type

Yield Strength (MPa)

Ultimate Tensile Strength (MPa)

Elastic Modulus (MPa)

Manotonic Werk Hardening Exponent
Monotonic Work Hardening Coefficient (MPa)
Elastic Poisson's Ratio

Plastic Poisson's Ratio

Fatigue Strength Coefficient (MPa)

Fatigue Strength Exponent

Fatigue Ductility Exponent

Fatigue Ductility Coefficient

Cyclic Strain Hardening Exponent

Out of phase Cyclic Strain Hardening Exponent
Cyclic Strength Coefficient (MPa)

Out of phase Cyclic Strength Coefficient (MPa)
Cut-off (Reversals)

Standard Error of Log(e) (Elastic)

Standard Error of Log(e) (Plastic)

Standard Error of Log(e) (Cyclic)

Endurance Limit (Reverszals)

Fatemi-5ocie parameter

Wang Brown parameter

Wang Brown parameter B

Walker Mean stress parameter for +ve mean

Walker Mean stress parameter for -ve mean

Comments
References N
HBK
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nCode Material Databases — Standard database

4 Example EN materials data

Properties Graph

Carbon Steel SAETH 8_118_QT=:Strain-life (E-N)

Description

MaterialType |13

L= 200

uts 496

E 2.07E5

n_monotonic |0.13

K_monotonic | 671

me

mp

5F 391

b -0.09

C -0.35

Ef 0.13

n 0.25

n'sd

K 240

K90

N 2E8

SEe 0

SEp 0

SEc 0

MNe

FSN 0.6

5 1

5B 0

GammaP

GammaN

S — Data frlom "Crack Initiation Fatigue; Data
Analysis, Trends and Estimation.”

P SAE Paper # 82063_2. Bruce E. Beardman. Deere &
Co. Tech. Ctr. Moline, IL.

Material Type

Yield Strength (MPa)

Ultimate Tensile Strength (MPa)

Elastic Modulus (MPa)

Meonotenic Work Hardening Expenent
Meonotenic Work Hardening Coefficient (MPa)
Elastic Poisson's Ratio

Plastic Poisson's Ratio

Fatigue Strength Coefficient (MPa)

Fatigue Strength Exponent

Fatigue Ductility Exponent

Fatigue Ductility Coefficient

Cyclic Strain Hardening Exponent

Out of phase Cyclic Strain Hardening Exponent
Cyclic Strength Coefficient (MPa)

Out of phase Cyclic Strength Coefficient (MPa)
Cut-off (Reversals)

Standard Error of Log(e) (Elastic)

Standard Error of Log(e) (Plastic)

Standard Error of Log(e) (Cyclic)

Endurance Limit (Reversals)

Fatemi-Socie parameter

Wang Brown parameter

Wang Brown parameter B

Walker Mean stress parameter for +ve mean

Walker Mean stress parameter for -ve mean

Comments

References
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Stress Amplitude (MPa)

Monotonic and Cyclic Stress-Strain

500 |

450 [— /

350 —7

300

250

150

SWT Parameter (LE MPa)
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Smith-Watson-Topper

TATTTT

Strain Amplitude {UE)

1E5

1E4

1000

100

|

Strain Life with elastic and plastic lines

/
\\I\H‘

/

l

4

[ |

/

100 1E4 1E6 1£8 1E10
Life (reversals)

Legend
Carbon Steel SAE1018_118_QT::Strain-life (E-N) Sf:391 MPa b:-0.09 Ef0.13 c:-0.35
Carbon Steel SAE1018_118_QT-:Strain-ife (E-N) - elastic line
Carbon Steel SAE1018_118_QT- Strain-life (E-N) - plastic line

HBK
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nCode Material Databases — Standard database

A Example SN materials data

Properties

Graph

Cr - Mo Steel SAE4130_267_CON:Stress-life [S-N)

Description

MaterialType

99

Y3

684

uTs

912

E

2.1E53

me

i

SRI1

3002

b1

-0.0632

MNcl

1E6

-0.0632

1E30

W4

GammaP

GammaN

FatigueLimitRatio

Comments

Tested under reversed bending; results converted
for axial loading.

References

Vibration Analysis for Electronic Equipment,
Dave 5. Steinberg, 2nd Edn. 1988, Publ, Wiley.
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Material Type

Yield Strength (MPa)

Ultimate Tensile Strength (MPa)
Elastic Modulus (MPa)

Elastic Poisson's Ratio

Plastic Poisson's Ratio

Stress Range Intercept (MPa)
First Fatigue Strength Exponent
Fatigue Transition Point (cycles)
Second Fatigue Strength Exponent
Standard Error of Log(N)
R-ratio of Test

Fatigue CutOff

Mean stress parameter M1

Range (MPa)

Mean stress parameter M2

Mean stress parameter M2b

Mean stress parameter M3

Mean stress parameter M4

Walker Mean stress parameter for +ve mean
Walker Mean stress parameter for -ve mean

Fatigue Limit Ratio

Comments

References

UNRESTRICTED

3200

3000

2800

2600

2400

2200 [

2000 ——

1800 [——

1600

1400 [

1200 [—

1000

800 [—

600

Stress Life without UTS correction

100 1E4 1E6
Life (cycles)

1E8

Legend
Il Cr - Mo Steel SAE4130_267_CON:-Stress-life (S-N) SRI1: 3092 MPa b1:-0.0632 b2:-0.0632 NC1: 1E6

1E10
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nCode Material Databases - FKM

4 FKM

 5th 6th and 7t editions

» 761 datasets in the 7t" edition

Stress Life without UTS correction

=
Properties Graph =
% 275 ML (normalised):Stress-life {S-N) Description N
MaterialType 14 Material Type
Y5 275 Yield Strength (MPa)
urs 370 Ultimate Tensile Strength (MPa)
E 2.1E5 Elastic Modulus (MPa)
me Elastic Poisson's Ratio
mp Plastic Poisson's Ratio
SR 5277.6943 Stress Range Intercept (MPa) =
b1 -0.2 First Fatigue Strength Exponent %_ |
Nel 1E6 Fatigue Transiticn Point (cycles) %’ *
b2 0 Second Fatigue Strength Exponent .
SE 0 Standard Error of Log(M)
RR -1 R-ratio of Test
Nfc 1E30 Fatigue CutOff
M1 Mean stress parameter M1 B
M2 Mean stress parameter M2
M2t Mean stress parameter M2b |
M3 Mean stress parameter M3
[ES Mean stress parameter M4
GammaP Walker Mean stress parameter for +ve mean
GammaN Walker Mean stress parameter for -ve mean o
FatigueLimitRatio |1.7331 Fatigue Limit Ratio
Comments synthetic §7.5% SN Curve Comments
E—— based on characteristic values of FKM guidelines References

7th edition, 2020

8 | www.hbkworld.com | © HBK — Hottinger, Briiel & Kjeer | All rights reserved
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100

1E4 1E6

Life (cycles)

Legend

l S 275 ML (normalised)::Stress-ife (S-N) SRI1: 5277.69 MPa b1:-0.2 b2:0 NC1: 1E6

1£8

1E10
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nCode Material Databases — Mil Handbook

LY nCode Materials Manager

A Mult-R Ratio SN Data

MaterizlsManager

VibrationManager

9 | www.hbkworld.com | © HBK — Hottinger, Briiel & Kjeer | All rights reserved

Main Menu

6]

Glyphiorks

[

DesignLife

7

VibeSys

Iy

Autemation

e

Studio

@

Applications
Tools

Manuals

Eile

b
b
»
»
b

TR TR T T T

Edit View Help
+ [0 e\..\mats\milhdbkS.mxd (read only)

#~ R-Ratio=0.02

2024-T4 (R-Ratio Curves)
5061-T6 (R-Ratio Curves)
7050-T7451 (R-Ratio Curves)
7050-T7452 (R-Ratio Curves)
7050-T7651% (R-Ratio Curves)
7075-T6 (R-Ratio Curves)
7149-T73 (R-Ratio Curves)
7175-T74 (R-Ratio Curves)
7475-T7351 (R-Ratio Curves)
AISI_4340_125 (R-Ratio Curves)
AIS1_4340_150 (R-Ratio Curves)
AISI_4340_200 (R-Ratio Curves)
AISI_4340_260 (R-Ratio Curves)
Inconel 625 (R-Ratio Curves)
PH13-8Mo (H1000) (R-Ratio Curves)
Ti-13V-11Cr-3A1 (R-Ratio Curves)
Ti-4.5A1-3V-2Fe-2Mo (R-Ratio Curves)
Ti-6AI-4 (R-Ratio Curves)
Ti-8Al-TMe-1V (R-Ratio Curves)
ZKE0A-T5 (R-Ratio Curves)

2024-T3 (R-Ratio Curves) {nCode SN R-Ratio Curves)

Properties  Graph

Reset Limits Set Limits

R-Ratio Life Curves

850

800 [

850 [—

550 [

450 [

400 [

Stress Range (MPa)

200
1000

UNRESTRICTED

1E4

Life (cycles)

Legend
2024-T3 (R-Ratio Curves):|
2024-T3 (R-Ratio Curves;
2024-T3 (R-Ratio Curves;

1E6
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nCode Material Databases — ICG demo materials

A Test data only

L nCode Materials Manager

File Edit View Help

- (3 c\.\mats\ICG_DemoMaterials.myd (read only)
= [ Test_Aluminium

Main Menu

@

GlyphWorks " Forman
BJ InterpolatedFarman
@ MASGRO
M welker
DesignLife = [ Test Steel
M Austen

BJ interpolatedForman
Paris

5

VibeSys

Properties Graph
Test_Aluminium::Austen Description
MaterialType | 100 Material Type
Y5 365422 Yield Strength (MPa)
uTs 455 Ultimate Tensile Strength (MPa)
K1C 36.262 Plane Strain Fracture Toughness (MPa(m™1/2))
K1D 72.524 Plane Stress Fracture Toughness (MPa(m*®1/2])
C 1.86E-11 Paris Law Coefficient (m/Mpa(m™1/2)}"n)
n 4,05 Paris Law Exponent
D 3.6 Delta K threshold at R=0 (MPa(m*~1/2))
D1 07 Delta K threshold at R->1 (MPa(m*™1/2])
Rc 0.8 Stress ratic threshold at knee
FL 230 Unnotched Fatigue Strength (MPa)

Applications

Tools

[ Start pruals Test_Aluminium:Austen {nCode LEFM Austen)
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Froperties

Graph

Reset Limits Set Limits Select Curve  |Delta K Effective Plot |

dafdN (m)

Delta K Effective Plot

1E-10

1E-11

Detlta K Effective (MPa(m™1/2))

Legend
l Test_Aluminium::Austen C: 1.86E-11 n- 4.05
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The Premium Materials Database (PMD)
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The Premium Materials database

A All data measured in our own lab
A 149 data sets for > 120 different materials

A Includes

12 | www.hbkworld.com | © HBK — Hottinger, Briiel & Kjeer | All rights reserved

Steel

Cast iron
Aluminium
Titanium
Magnesium
Bronze
Copper
Nickel
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The Premium Materials database

4 Example Data

Edit View Help
E 409 Stainless Steel Sheet; Longl
[*~ 409 Stainless Steel Sheet: Trans
[ 40CrNiMo Steel
[*= 4340 Steel (Chreme plated)
[*= 4340 Steel (Polished)
[*~ 4340 Steel (Shot Peen and Chrome Plated)
[*~ 4340 Steel (Shot Peen and Chrome strip Chrome)
[ AA 1050-H14 Alurinium Alloy Longl
E AR 1050-H14 Aluminium Alloy Trans
[*= AA 2014-T651 Aluminium Alloy
AA 201 T 8511 Aluminium Alloy

[~ Strain-life (E-N)

% Strain-life (E-M) Design Curve

[ Stress-life (5-M)
[ AA 2024 - T851 Aluminium Alloy - Longl
[*= AA 2024 - TB51 Aluminium Alloy - Trans
[ AA 2024 Aluminium Alloy
|% Strain-life (E-M)
[~ Strain-life (E-M) Design Curve
[ Stress-life (S-N)
AR 2124-T831 Aluminium Alloy
AR 5083 Aluminium Alloy
AR 5251-H22 Aluminium Alloy
AR 5251-H22 Aluminium Alloy Longl
AR 5251-H22 Aluminium Alloy Trans
AR B061-TE31T Aluminium Alloy
AR B0E3-TE Aluminium Alloy
AR B0B2-TE Aluminium Alloy
AR T0M9-T73 Aluminium Alloy
AATO30-T74 Aluminium Alley

FFEFFFFFFEFF
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Properties Graph

AA 20144 - T6E511 Aluminium Alloy

Description

MaterialType

Y5

uts

E

K1C

K1D

n_monotonic

K_monotonic

me

e

Comments

References

150_Specification

WNR_5pecification

EM_Specification

UNS_Specification

B5_Specification

US_Specification

DIN_Specification

NF_Specification

JI5_Specification

Other_Specification

i|| Trade_Name

UNRESTRICTED

101
47,27
505.83
8.7108E4

0.0652
649.97

0.3

0.5

20% load drop values from 31 specimens.
MDO043
AlCud5iMg
3.1235

EN AW-2014
A%2014

BS 2193
2014-Tes11
AlCuSiMn

A 2014 BE

Material Type

Yield Strength (MPa)

Ultimate Tensile Strength (MPa)

Elastic Modulus (MPa)

Plane Strain Fracture Toughness (MPa(m*1/2))
Plane Stress Fracture Toughness (MPa(m*1/2])
Monotenic Work Hardening Exponent
Monotonic Work Hardening Coefficient (MPa)
Elastic Poisson's Ratio

Plastic Poisson's Ratio

Comments

References

150 Specification

Wnr Specification

EM Specification

UNS Specification

BS Specification

ASTM/SAE/AISI/AMS/AA Specification

DIM Specification

NF Specification

IS Specification

Other Specification

Trade Name

HBK
s
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The Premium Materials database

Example data

1E4

1000

Range (MPa)

100
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Stress Life without UTS correction

Strain Amplitude (UE)

Strain Life

1E5

164

1000

100
01

1000
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1E5

Life (reversals)

1E7

1E11
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Material Surface Treatment Materials Data
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Materials Surface Finish Data

4 Data generated as part of a USAF project run by SES

A Three materials
* 300M Steel
* 4340 Steel
* 7075-T7351 Aluminium Alloy

A Multiple surface finishes

16 | www.hbkworld.com | © HBK — Hottinger, Briiel & Kjeer | All rights reserved
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Materials Surface Finish Data

300M Steel

Cadmium Plated

Chrome Plated

Chrome Type 2

Electroless Nickel

Electrolytic Nickel Plating
Polished

Polished, Shot Peened

Shot Peen and Cadmium Plated
Shot Peen and Chrome Plated
Shot Peen and Chrome-Strip-Chrome
Shot Peen and Chrome Type2

Shot Peen and Chrome Type2 - HalfLife/Strip/ReChrome

Shot Peen and Electroless Nickel
Shot Peen and Electrolytic Nickel

17 | www.hbkworld.com | © HBK — Hottinger, Briiel & Kjeer | All rights reserved
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4340 Steel
Chrome plated
Polished
Shot Peen and Chrome Plated
Shot Peen and Chrome strip Chrome

7075-T7351 Aluminium Alloy
Anodised
Polished
Shot Peen and Anodised
Shot Peen and Anodise-Strip-Anodise

HOTTINGER BRUEL & KJAER



Materials Surface Finish Data

A Example Surface Finish Data

T T P e e e T Pl e P ral P Pl Pl P

300M Shot Peen and Chrome Typed (HalfLife/Strip/ReChrome)

300M Steel (Cadmium Plated)

F00M Steel (Chrome Plated)

300M Steel (Chrome Type 2)

300M Steel (Electroless Mickel)

300M Steel (Electrolytic Mickel Plating)

300M Steel (Polished)

F00M Steel (Polished, Shot Peened)

300M Steel (Shot Peen and Cadmium Plated)
300M Steel (Shot Peen and Chrome Plated)
300pA Steel (Shot Peen and Chrome Typed)

300PA Steel (Shot Peen and Chrome-5trip-Chrome)
300M Steel (Shot Peen and Electroless Mickel)
300M Steel (Shot Peen and Electrolytic Mickel)
4340 Steel (Chrome plated)

4340 Steel (Polished)

4340 Steel (Shot Peen and Chrome Plated)

4340 Steel (Shot Peen and Chrome strip Chrome)
T075-T7351 Alurninium Alloy (Anodised)
T075-T7331 Alurninium Alloy (Polished)

T075-T7331 Aluminium Alloy (Shot Peen and Anodise-Strip-Anodise)
TO75-T7351 Aluminium Alloy (Shot Peen and Anodised)

18 | www.hbkworld.com | © HBK — Hottinger, Briiel & Kjeer | All rights reserved

Strain Amplitude (UE)

Strain Life

1E5

1E4

1000

100
1 100 1E4 1E6 1E8 1E10

Life (reversals)

HBK
Y
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Summary

1. Multiple material databases are available
2. The PMD provides an unmatched set of materials data from our AMCT

3. Surface finish data available for use in DesignLife
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Thank You

Paul Roberts
DesignLife Product Manager

paul.roberts@HBKWORLD.com
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Full i .
structure — Qualification
Components -
and Systems
_ Reliability
Element testing
welds, joints, composites -
Physical
Coupon testing - .
material properties Properties
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2023 HBK Technology Days

Materials Surface Finish Data

4 300M Steel A 4340 Steel

« Cadmium Plated

* Chrome Plated

* Chrome Type 2

- Electroless Nickel

« Electrolytic Nickel Plating

- Polished

- Polished, Shot Peened

- Shot Peen and Cadmium Plated
* Shot Peen and Chrome Plated

» Shot Peen and Chrome-Strip-Chrome
* Shot Peen and Chrome Type2

» Shot Peen and Chrome Type2 -
HalfLife/Strip/ReChrome

- Shot Peen and Electroless Nickel
- Shot Peen and Electrolytic Nickel

* Chrome plated

- Polished

* Shot Peen and Chrome Plated

* Shot Peen and Chrome strip Chrome

A4 7075-T7351 Aluminium Alloy
+ Anodised
- Polished
* Shot Peen and Anodised
* Shot Peen and Anodise-Strip-Anodise

« Material surface treatment fatigue database

Paul Roberts,
Product Manager - nCode DesignLife, HBK
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