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Quantitative Evaluation of Scratch Related Tool Life for
Stamping of UHSS Using Pin-on-Flat Surface Test
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Abstract

When stamping ultra-high-strength steel (UHSS), the phenomenon of galling, which corresponds to a transfer of
material from the sheet to the tool surface, occurs because of the high contact pressure between tool and workpiece.
Galling leads to increased friction, unstable interface conditions, scratches on the sheet and the tool surfaces and,
eventually, premature tool surface failures. Therefore, a simple and accurate evaluation method for tool scratching is
necessary for the selection of tool material and coating, as well as for a better optimization of process conditions such as
blank holder force and die radius. In this study, the pin-on-disc (PODT) and pin-on-flat surface (POFST) tests are
conducted to quantitatively evaluate scratch-related tool life for stamping of UHSS. The variation of the friction
coefficient is used as an indicator of scratch resulted from galling. The U-channel ironing test (UCIT) is performed in
order to validate the results of the friction tests. This study shows that the POFST test provides a good quantitative

estimation of tool life based on the occurrence of scratch.

Key Words : Pin-on-disc Test(PODT), Pin-on-flat Surface Test(POFST), Friction Coefficient, Galling, Ultra-high-strength
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M Scratch (galling)

Fig. 1 Photo of scratches on surfaces tool and product
in stamping
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(a) Pin-on-disc test

Constant load

z (ZOi)N)
J_’Y sliding direction tool material

X (v =5mml/s) (STD11)
: X_R10 Q
sheet material (DP980-1.6t) &
! ke
‘ 120 mm !

(b) Pin-on-flat surface test
Fig. 2 Test methods used in this study for the evaluation
of scratch related tool life
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Table 1 Surface characteristic of sheet and tool
Sheet Tool
Material DP980, 1.6t STD11
Hardness Hv,,230 HRc60~61
Roughness(Ra) 0.5+0.05/m 0.1£0.02/m

Table 2 Chemical compositions and material pro-

perties of DP980
Chemical C Mn Si Mo Cr
emedl 011 | 25 | 035 | 005 | 05
composition -
\% Ni Cu Fe
(Wt%)
0.01 0.1 0.1 Bal.
Young’s modulus Yield strength
Material 207 GPa 730 MPa
property Tensile strength Flow stress
990 MPa & =1434-z"*MPa
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Fig. 3 Distribution of contact pressure on tool in
stamping of B-pillar
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Friction coefficient (i)

Sliding length (mm)
Fig. 4 Friction coefficient vs. sliding length curves
obtained from PODT and POFST

sliding direction
_

galling—»

]
54800 15.0kV 13.3mm x200 SE(M) zoopm

(a) pin (tool material)

severe scratch

sliding direction

adhesion particle

—
200pm

S4800 15.0kV 13.3mm x200 SE(M)
(d) disc (sheet material)
Fig. 5 SEM observation of tool and sheet surface after
sliding length of 40mm in PODT
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Fig. 6 SEM observation of tool and sheet surfaces
after sliding length of 10mm in POFST

#An) A4 oz 2k Fig. 591 PODTA 40mm

ey $o] F3A 9 AA xHY FARAAE
v #F ARE Yehdidoh. a3 A9 zHd
A ZHEE Hold A X}(Transferred fragment)oll <]

W BY AN F
JEEEERS
of M

g 5(8.)01]/‘1 éu]'?la Zl“

=& o#HS
SO

e,
wo Abg o] 7]
g AsEel dE e

S Yehdta A ATH9]. weEkA =

o] && JAE w11y HFo] HyPH upgt &
Aol FHREE WA Wnk olyg w11y
weko 2 _éELEH‘l—% H“M?l Al #T}. Fig. 5(b)<]
27 o] #ek #HF AFo|AME YERtX],
2o w1y %JOMWE Ads] At 2w ol
B S % S gon, Tuxke x|
Ra 0.5imoll Al RalOmm o2 AA =789}

Fig. 6= 10mm POFST $9] A9} AAle] %
He FAAER Aoz A3 ARE el
o)t} Fig. 6(@)ll A 5@ Aol xH mAg &2
P27t I E A on Fig. 79 EDX A A3, o]
= AAERE Hol®l Fe UAE UEpRth A,
POFSTOllA w119 ZHo] Z7|gAle = AZ =
S5 7kl wAle] zmwo]l w3l o3 Hrhshd
< Fig. 6(b)ell A =Heldt 4= 9t}

o

SaM718 e | /M 223 25, 2013H/89



254 - 44

Spectrum 7

0 1 2 3 4 5 ] 7 & ]
Full Scale 785 cts Cursor: 0.000 ket

Fig. 7 Result of EDX analysis for adhesion particles
shown in Fig. 6(a)
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(a) sheet (1st blow) (b) sheet (2nd blow)

sliding direction

(c) tool (2nd blow)
Fig.10 Photo of tool and sheet surface after UCIT
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