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Numerical simulation of hydrodynamic suspension polishing process
using finite element and discrete element method

XIE Zhong, ZHU Sheng-wei
(College of Mechanical Engineering, Zhejiang University of technology, Hangzhou 310014 China)

Abstract: Aiming at the process of particle impacting the workpiece involved in hydrodynamic suspension polishing. ,the distribution of the
residual stress along the depth direction was studied with respect to the different impact velocity and impact angle. The three-dimensional fi-
nite element model that is to represent the single particle impact the surface of workpiece was onstructed by using ABAQUS. The velocity
field during particles impacting the surface of workpiece was calculated. The three-dimensional discrete element model of the particles impac-
ting the surface of workpiece was developed by using PFC/3D. The results indicate that with the increasing of impact velocity and impact an-
gle the pressure stress field was increased in the workpiece surface. The residual stress is decreased sharply along the depth direction and the
largest residual stress in the workpiece surface. Considering the collision between abrasives in the fluid has not so big effect to the velocity
field of particles impact the workpiece surface.

Key words: finite element method; residual stress; discrete element method; velocity distribution

N T R T BB S T, 5 T

0 31 & PEPBRAS I T SA0 5 b, T3 A 1 F 2 T 52
B2 R R HL e 2 BRI il o, IR B PEE GaR R WA R4S
RF DRI T e Ay P T ORISR RILIC 2RSS .
R e R g ey PIPOVRESRAIET PR i
T HRT AT, e o oM ke SR PSR UG

WHmBEA:2016 - 11 -26
EEUIE : EHEK A ARPHE RS IIWH (51375457) s WillA B ARARE G ¥ I H (Y14E050057 , LQ16E050011)
YEB®IAT AT (1992 - ) RS 5 FHN WL AIT T A, S NS 8 BORDRS 3 n T BOR 45U 5 T F 5. E-mail :x21992_ofyou@ 163. com



. 852 - #l L

™ % $34 5

SRR o H X0 R 1 s B A 5 D - Griffin 45
BN T 220K SR oy BE 1, B9 1 4R ol J R I P A 5
T R 2 OB T B AR o SR ) 3 1 e A
JOLSD s VR AT X AL SR T AR T T S
A7 FRCAAL, 22 EE 5 F 9 1 WL T 5 SR % B A% B
FIG e  E X OALER i AT T AT BROC
FIEFROCHIRELL (A B e B R MG IR RS R
fi i TS IR BETT 0] Y BRAR I ) o0 A AR BEA TR
WP, AT 25 AL 18] F) il 488 26 176 0 AL 1 o 32
BRI

ABIFFENS W Bh J 8 I Ot i R AT BE Y,
AR PR AR ol TR 3R T A A R OC AR Y T ST O
HLAE AN [R) 2 JBE AN ] 3 J3E Ay oy & TR R i vy TR
O W B AR IS T 0 43 A LR 5 3 S B L 48 i T AR R
TET 14 B TR Y, M T PRC/3D SR 0o P Rt A7 e
it

1 B L 4 o7 T4 3 1 9 A BR T
)

1.1 ARTKEBET

W A PR RGBT A LR
PR L

«— Jish
1 B TS P A G A8 1) i 1

R T R R AR o TR SR T AR AR I A
FErh Al T AR AL R Ok, 75 ABAQUS FREAR
T VREIE , DRI T AR R BN 5, A
FELE PR T 50 S AR R A Dy il 1R AR R,y T
PRI 5 28 A R FRC T2 Bl 0T R ), 80 mT LA JBORE 2
R S T ¢ W NG e sy e S5 s
FLARKR/NL pom, 2 8 1) 0P XoF T4 3% il 43
ROR B A7, SB35 AR BEAE |, 4 B A 0 AR R 47
I Y RO Ak PR A T X Rl R O 45 R AT
N ELAI TR o ASBT 5T 0L BCER R AL i ki 42 D
1 mm, S ERIR LR NI, TAFF AT 4D x
8D x8D,

AR R A o TR A A BR T AR AR R A ] 2
FioR.

P2 SR R o A0 A PR T AR ST

SEFWTIT A BRAA R X BE B ) il 45 7] At
HEAT AR Rl 3 6 JE LR FH I T A B G C3D4, A
R/ KSR DA R0 B0 C3D8R, JF X TAFR
TET L )l 488 DX S A 3 25 ) RO R i R A B R A
B G 2R g 11 647, TRRE 8 1Y C 2 5l
101 620, ¥l A 53 BT W] LAAE T3 B TT I A8 73 i 1Y
SR A HONORS B 1 32 S AR 3 3, H R AR e
AU M TR A

A AT (0 2 SRR A LR, P AR G
{4 T AR B R R B 8 AR B0, MR 2 B R 1 PR

x1 MHSH

bR %R p/(kgem ) BAMERIE E/GPa YA v
AL,O, 3 960 370 0.3
Cu 8 900 125 0.34

SRk /TR [ B 2 R I AR Y | 22 me
SR i<

W B BTG R GE h R S TR T 2 [H] B A
HAEHJEE T4l n) &, 48 5 090 I 7 2 B & T
PFRTFRAR N ST KN, R 225 8 R 5 T A m
FEAM LSS BOK 2 g M 15 B R surface-to-surface”
CTRDXF T2 fish ) | I 8 BB o = B fb Tvn, T4 Sk 1) 2
il TET , 7 FH A PRE AR AR A8 R BHL L E PR 2 ik T RO A D i3 20
O B AR 0.3 i TR AL — DX PR Y, B0
TR X FR B AT , X TAFRE T XOZ - T8 il i 16 % B 2
R A T AR TR T 4 29 B DB ) A2 s
ZHfFTEY) I iE 5 .

FEA 5 T AR T 2 ] P4 i g 2 i B R 12 Bl
BREE A Y, RIBERE DL — i 1) B R0 A B o TR
AT, DT X T A4 2 T it o b o 2 ff . 78 ABAQUS/ Ex-
plicit HGE BRI — 5 B W) 46 8 R DL SO R 5 T
2z TRl s 20 o W BN R TR O, Sl A
® 1£ 500 t/min ~1 500 r/min , {245 5] &2 sh it n] 15
AMEBE v = ro, WIHETLE N 1.3 m/s ~9.4 m/s,



8 1

A RS R O R L T A A A 5 - 853 -

T AEF 3BT B, AR T B R B R ) FRE o R

3 m/s.6 m/s 19 m/s, b B v 1 g S 451 2 X B

SERTCREM R T RIS AR A AR, 2w Bk S T

P fhad B ) BE K

1.2 BRTHEERRSH

1.2.1 FRRE4E &R EGH R
AN T AR R I8 5 R S8 v A4 B4, LA 3

AN TR) A B A (0 = 90°) 48 o7 T4 1 A4 21 i) A

IGRARNTT Sy, TAFRIERERATN 10 O, ARA (0 ek 1]

NI IEFE T 1) Sy AT Gl 3 R o

—=—p=3m/s
=20 —e—p=6m/s
—a—v=9m/s

0 2 4 6 8
h/mm

3 ON[R) S o T W IR T [ R AR ) 23 A

VT P RGBS 2% 5 M B A% IV ) 4 A Y — > T
BRI, BT 3t LU H, OB ) 3 4% 1 7 3R 0 R e
7 SRl T R TR B A ER AR N T 43 A B SR
] s B KRB AN B AE T AR IZ W R BE 7 [l 5R AR N )
H 20 R, BT LABR AR Y ) B e T 43R 2 X3k
1.2.2 RFE&EAEATA

FE SUEERL I A ST EE 0 anl&l 4 R o

Z

\J/R "
8 X

N

IS

K4 R o i TR

B IEANRI I AR £ BEXT AR AR A 1 ) A 15
i, AT BEUE R JEE O 9 m/s, FEAR I 53] LA
NG BE 30°,45° .60 ,90° %5 i ¢ 1 47 Al 43 15 2 7Y
BRI RN T 8, WIREETT 0 AR Ui 5 B

SEIRFI R A3 A1) JEE 1) A2 A 23 2 ) B KR AR IV T
(B, B IR AR 32 B0 1S I, e R AR AR L (B 0, 3R
A o SR I AN 1B 1 % D SRR 1/ e

ok P
=l
4k
—6F
8l
~10F
“12F
_14L
-16
~18F
20k
22 F
-24

—a— Impact angle =30°

5y/MPa

—e— Impact angle =45°
—&— Impact angle =60°

—w— Impact angle =90°

0 2 4 6 8
h/mm

K5 N[ B e T W R T 10 BRI ) A

WURLS T A f /N, fE— 2 R ERERS /N T
(RPN Z NI

2 KL S TR O R O

A BRIT I TC AL R S AR T4 o i o e
BEARLZ (B AR BRI S O ik e L T i de R i 2
AT R B (B A AEL T %, 3 AR BS T Ik 2k
Wiz By KRG ) BB RS HUURIF 5 1Y) 38 FH
2.1 BRETEER

AT R I B HOT A R PRC B, Hosk Y
BHOT L ITTE IS R AR A o A - R T,
XA BRI R B ks Bz s RRvE . AR s e Ay
B o R 52 BN [R] 09 /R 7 i 5 | 132 3RS J1-07
R 3 IR o3 B JURE 22 (8] 04 A5 B AR FH 7 FAE X2 80
A AR 2 Hertz-Mindlin $2 fiil 1 W BEH2 ik |
TS AEARY , ABFFER Y2 Hertz-Mindlin $ i
I, Hertz!" BE 38 3 335 (9 32 1, 18] i % A
Mindlin BSTHEYI VR 98 J5 12 A 0 55 — e
SR LIRS B AR 8 ok e A A A e
FIAE IR SE LS BOCEE T . BT A w1 fi
AT LG R BR- 3Rk o R BR - AT 2 fh

BR-BREE AL AN 6 PR o

I

K6 BR-ERIZf

XFFA B WIASEURL, B4R 00510 R, FI R, , UKL A



. 854 - HL L

™ % %34 %

R BE N w, UKL B TR BN, R A 50k B 2
(] AR X B BE R A, = wy — wy, OB Z [R]85 1] J1 R

F, = (ka® +m,A,) (1)
Aok, — R MR a— M ESE,y,— EH
FHJE BBk, TR IR .

L e
K E, Ey— ERA FIER B (3R 50, ,v,— BRA I
Bk B AR .

MER A FER B BRI R, 42— Lk, R

2RE
n, AR
n, =2 . /mk, (4)
Y 73R
F. =-ks-nA, (5)

AP A, — Ml A T AR S B b — DD 1) SR AR KL
n— VI fHe R

UNSRAURLAE 32 Ak ) FF A6 A2 A 1 AR i 30, T 1)
FTBIH B ITEE -

F,o=p - F, (6)
A o, — BB R IR A 50N
TN R A + -2

k= Saz(TAA + G B) . (R;{ARSB) (7)
X6, G— BRA FIEK B (95T VIR

HER A FIBK B BOARARIR , AR — St &,

L (8)
. B9 AS I
n, =2 ./mk, (9)

XoFFER - TRl BE AT AR R TC R K, [R] At 3
2 IR, A L T ER - BRAE Ak, BR - T Al b e i B
HAZ AR E 7 FioR

73K - TR

V0 R O
A L (10)

A G—ERAY BT YRR o— BRAYTAAN L, o— BB
DY i) W B R HOH
_2[3 -1 -uw)R]"”
’ 2 —w
2.2 BEHTHEBEEYT
ASHIESERT T PRC A X6 B R I Al 438 147 1T 14
P REFEATRALL IR AL T A b0y g B o7 ¥ R AILA= 1,
JITAT BERE 1) FA A AR ], 5 #60 LA ] A ) 3 32 %o = T
AT , BRI R B R v, = 252m/s, FABE 0 =
45° , flf 4 1 B ORI BL AN K] 8 B, i LR R BN
0.3,

(G- F,) (11)

® 9
o ®

8  ESHUTHR

PERLAN TR ORI SR AN 2 36 3 B
£2 BEHERSYH

ZH (1

HAE /pm 50
P /(kg - m’) 6 970
HEL/NE4 0.06
s /GPa 1. 86

SEHE /(m s V., =0,V, =25,V. =25

®3 IHERESH

ZH i
W /(kg - m™) 2 700
THFA L 0.15
B /GPa 157

2.3 BHTHEZERRSH

ABIFFER L3 B OO B R AT U E AL, 2R A%
PR o TSR AR 9 BT

R AR AR R R EY id 5, PAAR AR TR o B JET 9 ]
VAFE H , RSN T 1) ) T J3E A i P LA fHL e T
()L 22 O BRI 20 A1, 2 T 1) B R R/ 32 B A
25 m/s LS TRTBEAL y J5 1) ) 8 EEAR FEAE o 2 T T
{103 B SR L, n] AR BRI Bl A v JE R A
TEAE T ZE R0 y T 1) )



W AR RS RIS TR A R AR (E AR AT 5 - 855 -

316 EE/(m - s7)

020 40 60 80 100 120 140 160
BERLid
O B TR T A A

BERLAE T TR A 0 SEitaniEl 10 Brs .

120

100

0~10 10~20 20~30 30~40 40~50 50~60 60~70
R 0/(°)

K10 Bk o TR A 0 Seit

TE75 SR RLIA] Y R 5 m] AR M R 5 Tt
FAIEIIAAE 0° ~ T0° 2Z [8], A #0 0 B KA B R[] (19— UK
W URIHE TSR TR A, T 30% ik

4 Sl

ARHIEFT VAR Bl 2 v O R IS X 4 T A FR
JUEA ABAQUS F5Y T Ut A i 5 v 8 e il 8 1A 3%
AT B A% 18 77 43, 308 2o A [) (1% il F3 3 8 R Al 4
FARE X T A4 T R BUE AL, JF R PFC/3D sy
TR o TR ) = A S HOTAR R R A T R
LG, AT I 4518

(1) B3 o T A4 2 T 1 £ 38 R0 o A0 Ak 2 5 )
TR T 8] (B AR ) A o Bt i o A R

A5 AR

JERIIER AT A RIZIE U IS N S 223 K. A
el e ol £ ME LT T TR EE T 18] B9 e 7 7 A KL
AL, H B KRR AR B EAE TAFR)Z (Z =
0 mm) , YFIREETT IFR AN (2R T B

(2) 25 R P WL IR v PR -5 R 2 () ) il 98 ), 2%
o5 | R PR ARE I 140 T 8 7 70 e, L2 AL ) 48 ok 38 DR/
I JEE 4 32 2034 DI

£ %% 3L ik ( References) :

(1] REJE, TBM, SORME, 4. B & m TBUREA LT ] AL
PR TR 412,2010,43 (1) :3548.

(2] SCRWE, A0 A 4T, 5. BOGH RN THOR BT
JEL)]. HL T2 ,2015,32(5) :579-584.

(3] M BT, SCAOME, FMeh 5=, W8l & 7 e £ ) B0 K4l
JEM RS ARIIFELT] . T 5% %, 2015,40(7) :56-59.

[4] JUNKAR M, JURISERVICE B, GRAH M. Finite element
analysis of single particle impact in abrasive water jet ma-
chine[ J]. International Journal of Impact Engineering,
2006,32(7) :1095-1112.

[5] GRIFFIN D, DAADBIN A, DATTA S. The development of
a three-dimensional finite element model for solid particle el-
ement model for solid particle erosion on alumina [ J].
Wear,2004,256(30) :900-906.

(6] FFming 55 %, WM. JE ALV T rb S L e ol Y
ARTTCHTLT ] Al T4 ,2012,28 (51) :68-73.

(7] B #%, 2004, L2157 WL = 4E5% 430 1 37 WA BRIT
BT ). HLB R4, 2006 ,42(8 ) :182-189.

(8] i, £ K,8 MR ARV, POLRA ROTHRI 2
FURLAR AL B A BRITACAELL T ] 78 22 5858 K272 41, 2007 ,41
(3) :348-352.

(97 ¥t 98, E£:EM6, B . BRIk R 0y BR TR B HL
JCRAR [T ] E AL T2 ,2008,19(11) :1321-1325.

[10] X4 %, Jl Jh . A T 570 S0k $8 o B 10 19 A4 BR o0 40 #7
[J]. HLHL LR 244, 2014 ,31(3) :342-345.

(11 X022, X0 A, W R IR Sh 4 RIL o AUk ) k) i3
AR BUEDT T [T, R Be A 52 2R B oA 4l
2002,19(1) :3542.

[4REE. 2 W]

W R BBl RO R RS TR WA A BB RS ST D] AL LR ,2017,34(8) 851 - 855.

XIE zhong, ZHU Sheng-wei. Numerical simulation of hydrodynamic suspension polishing process using finite element and discrete element method[ J]. Journal of

Mechanical & Electrical Engineering, 2017,34(8) ;851 —855.

CHLHL THE Y 247 - hitp : //www. meem. com. cn





