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A Study on the Prediction of Die Wear using Wear Model

+
Jong-Nam Park
Defense Agency for Technology and Quality

Abstract : During the cold forming, due to high working pressure acting on the die surface, failure mechanics must be
considered before die design. One of the main reasons of die failure in industrial application of metal forming
technologies is wear. The mechanisms of wear are consisted of adhesion, abrasion, erosion and so on. Die wear affects
the tolerances of formed parts, metal flow, and costs of process. The only way to control these failures is to develop a
prediction method on die wear suitable in the design state in order to optimize the process. The wear system is used to
analyse 'operating variables' and 'system structure'. In this study, with AISI D2, AISI 1020, AISI 304SS materials, a series
of the wear experiments of pin-on-disk type to obtain the wear coefficients from Archard's wear model and the upsetting
processes are carried out to observe the wear phenomenon during the cold forming process. The analysis of upsetting
processes are performed by the rigid-plastic finite element method. The result of the analysis is used to investigate the
die wear the processes, and the analysis simulated die wear profiles are compared with the experimental measured die

wear profiles.
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Operating Variables

¢ Type of movement : Sliding
® Normal force : 100, 200, 300 (N)
e Velocity : 108, 216 (mm/s)

I

Systems Structure
e System component 1 : Pin - AISI D2
e System component 2 : Disk - AISI 1020, 304SS
® Atmosphere : Dry air
e Lubrication : None

Fig. 1. System model for pin-on-disk experiment
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Fig. 2. Wear experimental set-up
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Table 1. The chemical compositions(%9 of die and specimens

Type | Parts Elirs(i C| Si|Mn P| S| Ni| Cr| Mg W| V

Pin | 610

093{0.07 027 0.0140.015029 3.90 |4.62 [6.09 | 1.72
(D2) | (He)

Pin- . 53.5
Disk
on- | (1020) 1(5}%\1}) 022 0.26 049 |0.01¢0.01q -

disk 62.0

Disk
(Hg [0.04{0.38 |1.08 [0.0230.0148.15 | 18.1§-
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Fig. 3. Shape of wear specimens((a) Disks (o) Pins,)

- 30 -



i

shi= 1, 2, 3 WA R3S
Gt 1= 27EE

2 Wais] 445
5] 147} 'zero' 1 23 -8t
Fefoln 2l FReIE R ngEEe] %}
Sajo) shito] WAeH: ABEA, IEAE 4ol
e TRWAE AdEh

A LT = 108, 216mm/sZ 5t 2 SIo s
352 100, 200, 300NZ =71 710 A& atg]om,
7 AR I EE A 20 R Seick

o]Fel s Fatol vHEAlS pe nHEAIEY]
oA ==HE delHE ol&sta, vwhEAS
Archard®] AR ES #gste] AMEslth 3
shEAE FovhEwel wAY BS9S]
OM(Optical Micrographic) "2 SEM(Scanning Electron
gtk

|
=5

Microscope) S ©]
#33 9849¢ #2

AISI D2°IU4 X = gud
g»ﬂﬁcv]dﬂax7%Tmmp+ﬂq
-aT FY9 gAAANE 242 0.07~0.28
S9Ra® LFERRE
% 238 A|He %Jr AEEE vpEAE Al
o t]a= A A3} FA3FE AISI 1020, AISI 304SS =
A ARV E R ARSI st B A=A
= Table 13 2t} 4 - 313 283 A4 JFE =
Al FEHS YA sl Ant 7FEskA
oun FHA27]E= 0.10~ 0.35Ra0| )k E3] & A|A
6:3:2 =

o] A= 97, WA, Eole] vies 77t
7=z sk

1

oz

S sl Ml gEE 2 s
2 AISI 1020 A1 671, AISI 304SS Al 6
20 27 1318 AR A S

u

13

>

!l
0 oo

N oo
2 i
—_
=
o

u)
o

Wt Beah 5
1% gt

jou,
50% %2 LA 3}

ol g
ofl

g, 1o
N

fr

r
N
ACh
T ¥

2 B 4o
x b
of¢
r_&%gg
1:5&-“rL

o

A

kel

<)

NS
2

.—E'WR;EU%M
o
:)

R 22

4.1. Fia 2ES3Te| otdEs4
Archard«] 2 (6) o2 5E npEAS k&t 589
= Wb gl dgsttta et S
*doﬂ Hg3s17] Qlste] FYol FHgate 4F pot
v de] ¢ 49 1 T Wsinz A
(6)= A EF e 2 e wpd Zlo] = ok 2]
a4 ek

=

§d = k/3h[™ SnAvVdt on 9 Q" . (7)
2 (MelA sne FYEH gshE $H,
AveE 337 Az HAEHAA WIPEE, Ty
© A WA gtelth wEbA ARRE trArel A 9] Bt
Hzlol= AP o 7HgstH 9 2loRHE 24 (8)
7} o] AT 4 Qirk
Sdac =6dtk/3h [EnAv] (At on 9 Q™ ... (8)
o]71A, At FEAIZkI T
ARkE S0 gRAPent T £ 8
D= pin-on-disk APz T3 Hlo]EHE o]_g_g]_

01 AISI 1020 9x10°,
7145kl o, F3o

AISI 304SS+&= 7.6x10°0.2
oll:——t“ 638(Hp) = sto] v

A4 3k3i e
Table 32 Ao A4 - 5 A5 yUehd
, Table 4= pin-on-disk A2 T3 kit 55
]‘ 4=

-31-



o

Table 3. Dimension for cylinder upsetting experiment

Before After Punch
Material || experiment(mm) experiment(mm) | Stroke
Outer dia.| Height |Outer dia.| Height | (mm)
1020 30.029 30.001 42.215 16.075 13.93
304SS 29.982 30.073 41.743 16.640 13.43
Table 4. Friction and wear coeff. through wear experiment of
pin-on—disk
Pin | pige | vel, |Load | weir | mchon | Wear
r_%%%: mat. |(mms)| (N) | depth | coeff. C‘()l‘:gf
um) | @
100 1.00 0.31 2.1x10
108 | 200 | 5.00 0.33 4.7x10
300 8.00 0.44 6.4x10
1020 100 | 12.00 0.10 2.9x10
216 | 200 | 14.00 0.42 6.2x10
300 | 19.00 0.52 6.8x10°
Rough
100 | 5.00 0.11 7.6x10
108 | 200 | (-)2.00 | 0.36 -
300 | (-2.00 | 0.17 -
30488 100 | 30.00 0.15 2.9x10
216 | 200 | (92.00 | 038 -
300 | (1100 | 035 -
100 | 2.00 0.31 4.4x10
108 | 200 | 10.00 0.33 8.7x10
300 | 10.00 0.44 8.9x10
1020 100 | 5.00 0.10 5.7x10
216 | 200 | 14.00 0.42 8.2x10
300 | 2500 | 052 | 9.0x10°
Smooth 100 | 3.00 | 011 | 47x10
108 | 200 | 2.00 0.36 1.6x10
300 | (-5.00 | 0.17 -
30488 100 | 500 | 0.15 | 48x10
216 | 200 | (-3.00 | 0.38 -
300 | (5.00 | 035 -
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