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Simulation of Ball Indentation Process by Elasto-Plastic
Contact Analysis
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Abstract

Computation of the elasto-plastic solution of ball indentation was carried out by the quadratic
programming method. The problem was formulated as an elasto-plastic contact problem under
the assumption of small displacement and small deformation and then transformed into a
minimization problem. Finite element approximation resulted in a quadratic programming
problem. Numerical and experimental study were done with aluminium Al 2024-T351 and
commercially pure copper. The computed load-displacement curves were in good agreement with
those obtained from experiments. Tabor's relationship for representative strains was also
examined. Stress distributions were found to resemble closely those results available in the
literature.
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Fig. 1 Idealized model for ball indentation test

223E joll AF =13 vepdch,
(3) WA= FE3} ALY BA

ds.-;=—;-(dxu+du,-,.-) (3)
@) EFEH Y= FE BA
doi;=Cisim deim (4)

A7, Cume F9%T B4 AT HARA
BaE o] o AL AY U4 a2y A4z
e 4A 7€ 4 ok B44 WYL fFEolE
of & xneisie AFAEE Z¥AL F U,
44 #Hygo)l dF Ciyme von Mises 8274 &
wzw] 7}FA G=H(fde?)® 298 & 4
de A5y A%

i 300y - do'y

dEij —Z(TH' dé + 2°G (5)
_1-2v ,

ds,'j— E dcu (6)

2 38 7% 4 Yo,
(5) W91 AA=A (vl A)
du:=0 (7)
(6) AZHol M =2
Fig. 1ol A €9 w34 L,
(x—x0)"+ (y—y:)*=R? (8)
2 3ds5a, SAHY HE (1, yo)v Y ZA
TFol =k Hdd, FEF Y F4HL (O
—ur —du;)oln WEA Azl (x, y)HFL F

BE (x+ustdus, y+uytduy)@el B, FE
3, Wy" 249 ZE HL £ vhel glojok 3
=22

(x+ uxt+dus)®+ v+ us+duy+ ur

+du,)*2R? 9
o Aold FEFS 2AFEE FAG
_B+kxdux+kyduy+kydurso (10)
o] slz
_(xtue)®+ v+ uytu)®~R*
_ X+ Ux
kx—__R (12)
by=— y+ u};+ Ur (13)

ok, dZAM A0 HEE -0 Fea,
0t AE%d 23S el AEFAAL >0
olm W=l @=0ols, @>00l s=0clojo} &
9o ol doz Edsu

O (s+ds)=0 (14)
o] ®c}, =, AEYYPL Wiz ] Foloje}
s+ds=0 (15)

ol o},

Aed A4S Fesd & A EA 4
D~ (1), (14) ¥54(10), (152 2443
2EE, o HAHAE A Fv AL A £}
TR sAHAY JHE AEdd. AT A



188 o]

AT A e oSS BeR 2
& HanEAz QPR

min J (du, dur) (16)
subjectto —P<0 on % a7
du;=0 on [ (18)
o 7] A
7= [(ou+tdos)dewdV — (F+dF) dur
(19)

of 4% BAGl F¥24 AL A4,
oAm Fyolde ¥ 4 A4 EAEL FAU
2AAYY A7 53 Lemkes) g g ol g3
4A HE AE ¢ U,

3. getassy

£ 49 A9 FAHHNE S8 Fig. 29 2L
Frdes =il AL 2 AR A
Rezz £ —yF ¥ AATE #H u
A4z #id, gdHe A AF=A
x2E7F 1.75mmel 7R FEsG e A
A Aol gks) whe] 1.25mmell o] Zwlj7hA]
Fe L A3t

AEz7L Fdsx 249 FF A2 FA
Ae FAEAAN AESHGD AEE F¥aLE
A 8424 2xe] BYFE ZE ALY F

4% rlo nfo

1.75

F
E

o«

o~

~ B

D
1] c

Ao

of) 7} ¥ 4~ (isoparametric) &4-0]v] 4£x3wWgo]
ol ol o AslE ddolME 949 HEHE,
2 G ME ol AEAE Z2A s, §
) BAzAez 2d Y, F y=-5mmel
HHES yupk HAE LI
249y AEA SN AE=Y o 373
aejelr] el £49E8e ST e AW
Mol sl of dtF FEeict BAEE 4249
A 249YE FEE FHAA 27 A
AP EE AAsdc 28, 3T FEF &

F¥¢ Bulerd¥ yyoz
AYFL 271940l
gorz FEAY wet 27

‘?{_x‘
32
o
T e
2
Ho
do
=
e,

o o ® P o o
[
ot
e
f
r_\‘l_‘
o
e

o5
i
(L3
A
o
n
du
3.‘5
N
do
2
N

, % © e o
oy P
- 2

2
L oo
[3)] Jl.u:
X 2
N o\
i :!-i :l‘ 9 =
pv o
N
o
e
o
lo
fu
_c‘)l_:'
32
*
o
"
31:{
ofy

pA
N
%
o
ox
md,
e
Mo
2
i
>
i3
L,
e
ok
2
L

32,

8 AS 27 FEFL % A7 WE
74 1.25mm FE7tA] WFA]71eH 1000
4ol Basiet, webd £ =FelA e
1 #A3 ZAHA-sIT A 7127
dof vl FEFE 292 SR

23 o

ot :E e
%o e
i 2

[+]

N

N
S
o
o

ol
o

N2 2 o ofy
o
oXx

ARA e AR A YT +ELAL
5
G
F
E

Fig. 2 Finite element mesh for the indented body. Dimensions in mm
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