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ABSTRACT

The objective of this article is to study the influence of sliding velocity and contact pressure
on the tribological behavior of the mating surfaces of hardened SKD11 tool steel against ferritic stainless
steel 430 HL workpiece material under dry conditions. The study was conducted by simulation testing
with Pin-on-Disk according to ASTM G99-95a. There are three levels of sliding velocity of the contact
surface material: 50 100 and 150 mm/s under normal loads of 2 5 and 8 N. The study found that
relative damage of tool steel surface on the workpiece material comes in two forms: abrasive wear and
adhesion of workpiece material. The coefficient of friction between the contact surfaces ranged from
0.707 to 0.904. Sliding velocity and contact pressure do not linearly correlate with the coefficient of
friction between the contact surfaces of the tool material and the workpiece material. The adhesion
of the workpiece material to the tool surface does not affect to increase the coefficient of friction. The
quantitative of tool material wear and the sliding distance correlated in the same direction, also wear
is proportional to the pressure generated between the contact surfaces, which is inversely proportional

to the sliding velocity on the workpiece material.

Keyword: Sliding Velocity, contact pressure, tribology, tool steel, stainless steel.
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Symbol oo oy Elongation
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382 513 27.7
Chemical Compositions [wt%]
C Si Mn P S
0.0116 0.4913 0.3380 0.0317 0.0064
SUS430 HL
Cr Mo Ni Al Cu
18.5576 0.3235 0.1771 0.0028 0.5149
Nb Ti \Y, B
0.4138 0.0028 0.0998 <0.0001
C Si Mn P S
1.4346 0.2285 0.2869 0.0337 0.0028
Cr Mo Ni Al Cu
SKD11
11.6004 0.8489 0.4832 0.0067 0.1656
Nb Ti \Y B Fe
- - 0.2421 - Bal.
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Contact Pressure
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Contact Pressure 807 MPa  mContact Pressure 1095 MPa
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() Probability Plot of Friction Coefficient
Normal

Mean 02168
SDe 006305
N E)

20 0413
P-Vaus 0263

Percent

0.65 a0 o075 0.80 ass 0.0 095 100
Friction Coefficient

(%)  Scatterplot of Friction Coefficient vs Contact Pressure

asg0

800 300 1000 1100 1200 1300
‘Contact Pressure

(ﬂ) Scatterplot of Friction Coefficient vs Sliding Velocity
.
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2z

2
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U ooso| *
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sl . .
£ .

50 75 100 125 150
Sliding Velocity

(1) Correlation: Friction Coefficient,
Contact Pressure, Sliding Velocity
Friction Coefficient

Contact Pressure -0.139
0.722
Sliding Velocity 0.274
0.476

Cell Contents
Pearson correlation
P-Value

JUT 6 NaMIVARBUNINEDRA (1) NMINAFBUNNTUANLIA
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Faudefiarsunannsinuiiaudududanay
ausndouloalifivualduanuduiusson

duuseansanudeaniulusnuueAudunusL 3



MFENTIFNNTTUANEAS UMINYABATUASUNTI LS

U7 15 aUUR 3 \eu Aue18y — SUINAN W.A. 2563

aad o =

vy diethaflalunaaeunisadinseauainuatiu
1 95% dsman1snaaeulugun 6 wuin (n) yadeyadl

ANSLANBITLUVUNR (¥) ANFUUSEENTANULESANIU

s a £

FuulduNfanudunusidadunieauiuainuny

] £ =

dula (A) AduUseansanudsaniuduuiluung
AMUFUNUSITRAUNIIUInTuAUSAoulaa we

WANINTUINANITIASIEVARTUNUSAITUN 6 (9)

Y
nuAduUseansavduiusnlaeglusedusiunn fe
0.139 wag 0.274 lunsaiAsiziaNuduRUSTEnINg

1o

ANFUUSEANTANULALANIUAUAINUAUF LA LAY
ATWILATITIANMUFUNUSTEWINA1FUUTEEANTAIY
deaniuiuanusideulaamuaisu Weiansanan

P-Value 994914@89n5WUINLAIUINNTIITEAU

Hod1Agnivua (0.05) Gaudaniunuieldin A
dulszandmnudsanulddanuduiusidadunu
Anusududanazamsilunisideuloavesiane

o o < % ] o I3
AUNALVANNDATDIUDNULYULNTA SKD11 5Zg‘l.lLLEZNﬂ‘LJ

Y a

wannanlSadunesstn 430 HL Feaenndasiu
loNaNs819de [3] fisreauhanusududalaisvsva
Fdaauroadulsyanaanudoamuuslallgodue
WANaUIENaY Farnuanisnaaedlunuiseiuas
sre9uluenansonsde [3] liaenndssiuaunis (1)

atllanansonede [34] wesSureinaduyseansaiy

LY

deaniuduaudfvesTanntududinusvaled?

a
o i Y

YDAMLDIINAIANUAUAUNATLANTEINIRIA

N a v @ a

Wy guniNiin w adudavuiialane

v &

\WReuAFUTIMS U sufsaninivesTaniadudla

Tuiu 90307 4 wansliiuinanimiovesianiag

v v

uRatauuanAiuLeNAANSEnRnvesIdn

q

o—

De

a

Furuuuiivesianuiiuilunsiazdeulunismaass

uane1eiu waznisiinnisdafnduguuuunly

v
[ YK o a

Mo [35] dedudadumamadiviliaduszan

NDa

o

ANnUdgan Ul iauduRuSIBaduiunlInuey

ly o Al

dudavazanuiilunisifeuloavesianadudan

a o

Anwluauideil

39

=% a [

lunsdinfivesianaiesdiaiinnisdnfnvesian

FUIUILNAANUFLANIUTERINRIAAUNAAS Vinl9h

Y Y
rodldusdlunmsienvuzusidainserineinaduiaves
TaniasesllenuianBuanugeddanaladuysedns

ANULELAMIUTEISRIAF U AdIAedalaaSune ATy

Y Y

LONAN5819849 [2] T WaRsUAIdNUTEANSAINY

'
v o a

deoamuresianigdudananizReulaiiianisda

'
a o = = '

AnueeTanTueiu (A) vuiliidagasesdionuiua

q

1% '

nsfinwdanuuanaiuiuideningid e n1sda
fnvestagiuiuuuiafagniesdiolddinadeon
fuszAvianuidsanuiigedu
3.3 wgdnssumsdnsovesiagieiols
woAnssunnsanusevesianinieionanssiag

ASMANMUFUNUTTEMIUSUUNSENNSBAUS BY

mensindeunduandluzun 7-9

0.20

Contact Pressure: 807 MPa
Sliding Velocity: 50 mm/s

-+ OSliding Velocity: 100 mm/s

A Sliding Velocity: 150 mm/s

=
o

y = 3E-05x - 0.003
R2=0.9695

y = 6E-05x +0.0013
o=
y = 6E-05x +0.005 R?=0.9830

R? =0.9808
0.05

Wear Volume (mm?)
o
IS

D""D’;f ,’,f"ﬁ:”;ﬁ”t,
O o

000 f—B—E—F %
0 600 1200
Sliding Distance (m)

= o

JUN 7 YSinaumsdnvisevesTanieseilonanusiu

[

dUNg 807 MPa

0.20

Contact Pressure: 1095 MPa
= Sliding Velocity: 50 mm/s
£ 0.15 + OSliding Velocity: 100 mm/s
£ ' > y = 3E-05x +0.0027
g A Sliding Velocity: 150 mm/s R2=0.9731
% 0.10 A y = 6E-05x + 0.0013
> y=7E05x+ 0.0075 |~ - 09830, g
5 R? =0.9641 € vy
2 0051 : L gea ]
il
e T pram—m .
0.00 —=—%
0 600 1200

Sliding Distance (m)

= o

JUN 8 USinaumsdnvisevesTanieseilonianusiuy

LYY

dune 1095 MPa



0.20
Contact Pressure: 1280 MPa
= Sliding Velocity: 50 mm/s y = 6E-05x + 0_0021‘
g 0.15 + OSliding Velocity: 100 mm/s R? =0.9903
‘g‘ ASliding Velocity: 150 mm/s |y = 7E-05x + 0.0055
£ R?=0.9815
2 0107 y = 9E-05x + 0.0065 | \ |
> R?=0.9818 @ R i
= A Y D/"’B \ A
© a A
) = —A
2 0054 o &
_a —x
> /Q g A
g
000 =2
0 600 1200

Sliding Distance (m)

JUN 9 USunaumsanusevesianiesesilonainusiuy
duld 1280 MPa

Usunan1sdnnsevestanndnndaieile
SKD11 guudafuszaznsnisindeudinuduiudids
Wumsuanluynanzdeulunisnaass lnganunsa
fisanldanarada R fidenunnntt 0.95 feifudle
faquinndnaiesileguuiuatouiluvutantuny
Fpszaznanmaafeuiiiiuiu Tanwdnnduedesile
asinnsdnseluTunaniutudefaonadasiy
LONaNTe1984 [1,2,3,5,29]

NAUNTIFURTIVBRFUNTINANNFUTUS VRS
wiazanzdeulunsnaass iefinnsanuiinmuns

dnvsevesianiasesiofiguiuseaen1an1siadoun

NUIN USHIaUN158N1T08 LU SHUSAUANAIAINUAY

o o

AUNATI@DAAARINULDNATTDN19DY [1,3] A Tudnie

a '

MAnANAusENIRgdulageasdanaliuTun

U

nsanusevesiagATotions luraeNUsuun1sdn

weazuUsnnduiuanuiilunisideuloavesians

[

UNE

nRanIsANEINgRnssTuNIglnsueladsyning

v
LY YY) v v A

Addudaagasedieriuianiuau Jymdidaylu
n1svinuiuiagumanndiliadumessfn 430 HL

nudddymnisiafnvesiagiuauuuiiatanyin

LURUN Tnganglugn1IEMANAINUAUSTEINIRIA

U

'
a1

TudagafidmaliTandunuiifidianuudadesndy

o '

anviudfinviiinnswasusanisuamaaliinig

e

wazdnfniutanuifunidsdiaimnuudafigndn urd

MIANFIFNTTUANENS UMNINYFLATUASUNTILSA

o o

U 15 aUUR 3 WWou MUg18L — SWINAN W.A. 2563

laduwudadinmanusilunisideulaavesian

q

a

\IRdilauuRITAnTUIUdIHadaN1T AN TEARA

o (%

fananviselyl 9neudsefisuun [14-16,25 33 Ie

o

571891430 UsNdINafRBN15LAAN1SEnRAYDITER

Furuuuiinvesageiesiieldun euduiadaiife
sgiinvesTagiaiesdiofuiantunu szesmanms
\ndeuiivesTaneiesiiouutaniuau amnuney
i1 uaslassadrananiavesianiniasile uadilifinng
nandsmnuiiudoulon fofuiielidlafedvina

YoawUsminanvisenusfildlunstugUlans

' a

Aeon1siinn1sdnfnvesianiunu ganwagladnw

a

aw%wasumﬁaLLiJiéTﬂﬂﬁiniuﬂssmumﬁugﬂiam

MM IvageuTugUIssaly

4. &5

9

NNsANYIBNSNavesnuslunsiaeulaa

YR ' a

uazANUAUduafdmanangAnssunislasualad

= I3

AlaTanATeliowmanndn SKD11 guuda
@

o

YDINIFN

wazdanTuanumannaliaiumasssin 430 HL fe
FBnsmaeu Pin-on-Disk a1usaasulanadl

1) AnudenmgveliiianiaiesileNinfoun

o/ v 6 Y a

wimsuudanuaull 2 Uiy Ae n1sdnnTelUY

Y

AQUAZNTEARAYDITEATUIIY

2) anusilunisideuloanazainusududalyll

o & a v o !

ANUFNNUSITLdUAUAENUTEANSALLE AN

isijﬁa@'é’uﬁamaﬁa@Lﬂ?mﬁaﬁ'ﬁa@%umu

3) nsBaRnvesTantunuuuitfanedasdelsl
dwarordnsraninnudeanuiigau

4) Y3unanisdnnsevesianiaiesilofusses
mamsiedeuiiinnuduiusidadumsuin

5) luanziAnauduseninsiagduiagses
dawaliUSnaunsanusevesianeiesiiogs Tuvaid
Usnansdnmseazudsunifufuanuiiilunisiden

o W

lnavesTaneduda



MFENTIFNNTTUANEAS UMINYABATUASUNTI LS

U7 15 aUUR 3 \eu Aue18y — SUINAN W.A. 2563

LONA1TE1989

K. Lange, Handbook of Metal Forming. New
York, McGraw-Hill, 1985.

V. Premanond, “Tribological Behavior of tool

materials against stainless steel workpiece

material in a ball-on-disk model wear
device,” in the 18th Conference of
Mechanical  Engineering ~ Network  of

Thailand, Khon Kaen, 2004, p. 5.
Khantachawana, V.

“Wear

J. Sriprasird, A

Premanond and P. Kaewtatip,
behavior of contacting between thin film
coating on SKD11 ball and 304 stainless steel
disk,” (in  Thai),

Technol., vol. 29, no. 6, pp. 1591-1598, 2007.

Songklanakarin  J.  Sci.
K. Lawanwong, B. Sresomroeng and V.
Premanond, “The study type of hard film
coating and strength of materials to wear
volume by ball-on-disk technique,” (in Thai),
Engineering Journal of Research and
Development, vol. 20, no. 4, pp. 85-91, 2009.
B. Sresomroeng and N. Angsuseranee, “Ball-
on-Disk simulation to study tribological
behavior in sheet metal forming,” in the 1st
Rajamangala  University of Technology

Suvarnabhumi National Conference,
Phranakhon Si Ayutthaya, 2016, pp. 96-103.
L. Wang, J. Cai, J. Zhou and J. Duszczyk,
“Characteristics of the friction between
steel at elevated

aluminium  and

temperatures during ball-on-disc tests,”
Tribol Lett., Vol. 36, pp. 183-190, 2009.

L. Wang, Y. He, J. Zhou and J. Duszczyk,
“Effect of temperature on the frictional

behavior of an aluminium alloy sliding

41

against steel during ball-on-disc tests,”
Tribology International, vol. 43, pp. 299-306,
2010.

R. Wang, H. J. Mei, R. S. Li, Q. Zhang, T. F.
Zhang and Q. M. Wang, “Friction and wear
behavior of AlTiN-coated carbide balls
against SKD11 hardened steel at elevated
temperatures,” Acta Metallurgica Sinica
(English Letters), vol. 31, pp. 1073-1083,
2018.

L. Yan, Y. Liu and E. Liu, “Wear behavior of
martensitic NiTi shape memory alloy under
ball-on-disk  sliding  tests,”  Tribology
International, vol. 66, pp. 219-224, 2013.

D. Tobota, W. Brostow, K. Czechowski and P.
Rusek, “Improvement of wear resistance of
some cold working tool steels,” Wear, vol.

382-383, pp. 29-39, 2017.

[11] J. Morav¢ikova, R. Moravcik, M. Kusy and M.

=

[}

Necpal, “Influence of laser surface texturing
on tribological performance of tool steels,”
Journal of Materials Engineering and
Performance, vol. 27, pp. 5417-5426, 2018.

M. Alvarez-Vera, J. C. Torres-Méndez, H. M.
Hdz-Garcia, R. Mufoz-Arroyo, A. |. Mtz-
Enriquez, J. L. Acevedo-Davila, M. A. L.
Hernandez-Rodriguez, “Wear resistance of
TiIN or AlTIN nanostructured Ni-based
hardfacing by PTA under pin on disc test,”
Wear, vol. 426-427, pp. 1584-1593, 2019.

F. Hernandez, N. Demas, K. Gonzales and A.
Polycarpou, “Correlation between
laboratory ball-on-disk and full-scale rail
performance tests,” Wear, vol. 270, pp. 479-

491, 2011.



42

[14] H. Kim, S. Han, Q. Yan and T. Altan,
“Evaluation of tool materials, coatings and
lubricants in forming galvanized advanced
high strength steels (AHSS),” CIRP Annals -
Manufacturing Technology, vol. 57, pp. 299-
304, 2008.

[15] A. Gaard, P. V. Krakhmalev, J. Bergstrom and
N. Hallback, “Galling resistance and wear
mechanisms - cold work tool materials
sliding against carbon steel sheets,” Tribol
Lett., Vol. 26 no. 1, pp. 6772, 2007.

[16] P. Karlsson, A. G&ard and P. Krakhmalev,
“Influence of tool steel micro structure on
friction and initial material transfer,” Wear,

vol. 319, pp. 12-18, 2014.

_.
N
~
N

Standard Test Method for Wear Testing with
a Pin-on-Disk Apparatus, ASTM G 99 - 953,
2000.

[18] T. Altan, S. Oh and H. Gegel, Metal Forming:
Fundamentals and Applications, Ohio, ASM
International, 1995.

[19] V. Boljanovic, Sheet Metal Stamping Sies: Die
Design and Die-Making Practice. New York,
Industrial Press Inc., 2013.

[20] Outokumpu, Handbook of Stainless Steel,
Espoo, Outokumpu Oyj, 2013.

[21] JFE Steel Corporation. (2020, September 9).
Stainless  Steels  [Online]l.  Available:
https://www.jfe-
steel.co.jp/en/products/stainless/catalog/gl
e-001.pdf

[22] Juthawan. (2020, September 9). Stainless
Steel [Onlinel. Available:

https://www.juthawan.co.th/product-

group/stainless-steel/

MIANFIFNTTUANENS UMNINYFLATUASUNTILSA

U 15 aUUR 3 WWou MUg18L — SWINAN W.A. 2563

[23] Standard Test Methods for Tension Testing
of Metallic Materials, ASTM E8/E8M - 13a,
2013.

[24] Standard components for press dies 2007.9
- 2008.8 catalog, Misumi Corporation, 2008.

[25] Y. Abe, W. Daodon, N. Takahashi and K. Mori,
“Improvement of seizure resistance by

roughening surface of stainless steel drawn

cup in ironing using die having lubricant

pockets,” Production Engineering Research

and Development, vol. 10, pp.551-562,
2016.

[26] T. Altan and A.E. Tekkaya, Sheet Metal
Forming Processes and Applications, Ohio,
ASM International, 2012.

[27] B. Bhushan, Modern tribology handbook,
Florida, CRC Press LLC, 2001.

[28] F. Vollertsen and F. Schmidt, “Dry metal
forming: definition, chances and challenges,”

Precision

International Journal of

Engineering  and  Manufacturing-Green
Technology, vol. 1 no. 1, pp. 59-62, 2014.

[29] G. W. Stachowiak, Wear - Materials,
Mechanisms and Practice, Hoboken, John
Wiley & Sons Ltd., 2005.

[30] S. Kataoka, M. Murakawa, T. Aizawa and H.
lke, “Tribology of dry deep-drawing of
various metal sheets with use of ceramics
tools,” Surface and Coatings Technology,
vol. 177-178, pp. 582-590, 2004.

[31] B. Podgornik, S. Hogmark and O. Sandberg,
“Influence of surface roughness and coating
type on the galling properties of coated

forming tool steel,” Surface and Coatings



MFENTIFNNTTUANEAS UMINYABATUASUNTI LS

U7 15 aUUR 3 \eu Aue18y — SUINAN W.A. 2563

Technology, vol. 184, no. 2-3, pp. 338-348,
2004.

[32] B. Podgornik, S. Hogmark and O. Sandberg,
“Proper coating selection for improved
galling performance of forming tool steel,”
Wear, vol. 261, no. 1, pp. 5-21, 2006.

[33] W. Dong, L. Xu, Q. Lin and Z. Wang,
“Experimental and numerical investigation
on galling behavior in sheet metal forming
process,” Int J Adv Manuf Technol, vol. 88,
pp. 1101-1109, 2017.

[34] G. W. Stachowiak and A. W. Batchelor,
Engineering Tribology, 3rd ed,
Massachusetts, Elsevier Butterworth-
Heinemann, 2005.

[35] N. Angsuseranee, B. Watcharasresomroeng, P.
Bunyawanichkul ~and S.  Chartniyom,
“Tribological behavior of tool steel substrate
and solid films against 304 BA austenitic
stainless steel under dry sliding,” Advances

in Tribology, vol. 2020, pp. 1-11, 2020.

43



