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Influence of Section Shape of Plating Barrel on the Movement of
Materials in Mechanical Plating Process Based on DEM
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Abstract: The influence of the cross-sectional shape of the plating barrel on the mechanical plating process is limited by mechanical
plating equipment and other reasons, and there are few related studies. In order to study the influence of plating barrels with different
cross-sectional shapes on the motion law of materials in the barrel during the mechanical plating process, the discrete element
simulation software EDEM is used to establish the materials in the plating barrels under different shapes (quadrilateral, hexagonal,
octagonal, and circular). The collision between the materials in the barrel is studied from the four aspects of the collision area, the
collision frequency, the collision contact force and the collision energy. The results show that the cross-sectional shape of the plating
barrel has a great influence on the collision and motion of the material in the barrel during the mechanical plating process. Under the
same simulation conditions, the inert area of the material movement in the octagonal plating barrel is the smallest. Comparative
analysis of the collision frequency, collision contact force and collision energy between materials in the plating barrel, the motion law
of the material in the octagonal coating barrel is most conducive to the shape and thickness of the coating during the mechanical
plating process, and the octagon is the best plating barrel section shape. In addition, the influence of the section shape of the plating
barrel on the movement of the material in the process of mechanical plating is discussed through the method of computer numerical
simulation, which provides a theoretical basis for the development of mechanical plating equipment and process optimization.
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Table 1 Intrinsic material parameters

Shear modulus E / Density pm /

Material Poisson's ratio GPa (kg * m,g)
Impact
i 0.25 1.96 2456
medium
Plated barrel 0.47 2.90 1300
Substrate 0.30 70 7 800
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Table 2 Basic material contact parameters

Collision method Recovery Static friction Dynamic friction
factor factor factor
Impact medium-
. . 0.6 0.9 0.05
impact medium
Impact medium-
0.6 0.7 0.05
substrate
Impact medium-
0.6 0.6 0.04

plated barrel
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Fig. 3 Collision kinetic energy distribution under different cross-sectional shapes
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Fig. 4 Changes in the number of collisions between the substrate and the impact medium

ARFDL LA B HL R R B A TR o
AT PR S TP
S-SR LA, AR R b U RN,
DA FAE AR SR TR (RO RE SR, A5 A A e
FERese I AR SR, DI BX PRI Si8h,
AR SR, OB — 4SRRI - TiL e
I ARSI . W1l S B A AN AR BEEAe A
B IR IR AR AR, R T 12 S A
A BTE R, T LR, AR LR
BRI N, BRI R S T BT
I, BRSPS ) R AR
HHEL 21N, b JBE-ARAR ) RO SR DR 18
%, e - T R R S P T

200 . Al]—— Impact medium-Impact medium
190 Impact medium-Substrate

—+— Impact medium-Plating barrel
180 —

170 e
160
1601
1402

Collision frequency / (10°s™")

b

4 6 8 10 12
Number of section sides
KIS AN[RITEARABEA P - ISR ROl A1
Fig. 5 Collision frequency of various collisions

in plating barrels of different shapes

kT A S-SR AR 22 T R R 1 < e UKL A ik
PRI HERR T B W B0, DR I R A A RO
A TP T b A - AR < 1] PR A T A
FHORHE 2 TR B 19 JE I RE AT, ISRl ol T

ROEgE . 6 D9 AR AR ST P AT Rkl
bosEIE, AR RT LA A A T ) 1
s AR L AR LIS DUIL A
INILTERE AR AT B S LA, )RR
AR P AT O PR g, R B A R
Pl i o

0.007 1
0.007 0
0.006 9
0.006 8
0.006 7
0.006 6
0.006 5|
0.006 4
0.006 3
0.006 2

—=— Effective collision percentage

Effective collision percentage

7 T
Number of section sides
6 ANFIARI AR BE A A A AR A o L
Fig. 6 Proportion of effective collisions in the plating

barrel under different cross-sectional shapes

PUBBEERL R, RERIR BB, AR
A, A Ay s O T A BY TR IE
JRAIIEE o BT, WU ) S A B A 48 RN
SIEFE ) LI B T
2.3 flEEARNEN

WU B 2 2 ot R e e o ook i R s
<2 UKL R SEAE FE MR TR B AL phili /e B 5
IR R AT I AE S, SRR ) (Fa) Al
DI Efl )y (Foy, Wil 7 pros i /v 5 Sk 2
8] AR P 7 i B o 35 1) 1 R e 1 P A < e L
SR HERR AAESLAR R, B Il BB R T34



% 2 4

IR, S JETEHURICHE (DEM) BFSUHEARAER I TE- RO HUB L R P RHE 3 (¥ 5% ) 201

SRR I B A, FO RS 7 B BTk
RAEIEAR s DR FES g o2 RSP BE A2 e R
T 10 < J RORE e Ao < e RURE 5 A (67 % 2 B 7 )
BRIR I, IR 8 5 50 10 o BRI I 1 1
B < RURE 7

Impact medium

TEH . B 7 han o R 2 e 4y,

Powder

K7 B ER

Fig. 7 Schematic diagram of contact force

iy

'Substrate
g e

A T B W E I TR AETE R SR,
J2 B T U A X

W 8 B A UBK 9% £ 2 W i 5 3K T SEM B33
Bl fEf 8arh, aXMChHEERI, LA EIDIM
Pl ) B R AR MREATRIT I S R A RO s
NAFAERIR, A2 R AR 5, 1121 8b 22 WL
WOR T A PR & 8a h 8b IR N
PERER AR, fEMEE R AR SRR R, RV
I Bz i ) AN D) Iy B Al AL FAE TR, & Jm ek e
TR RVARTE, ARIUE T 82 45 At RS 1 1)
FeAEs [ 8a i 8c B i EE ) Bk AR
T, RAEARTE M BEN R o

(a) Fracture morphology

(b) Surface morphology

Kl 8 HUBBER 2 Wi TR A& i TE 3

Fig. 8 Fracture morphology and surface morphology of mechanical zinc coating

HUBR D% 3o 7 &8 AN B 1) 25 P o A 0 5 35 1
2 V) PRI i 42 e DR /NSO 40 T v ] 9 TR
INTRIL, BERIN 0.5 s JFafliel, BaJS{E 1.2 s
IS Al 35 5 B AR e R A, AL JE 2 Ak g 4 H R 44
PERI AL . RS s e rp, SRS il
I T 2 1013 ) 2 fal 0y (0 K/ — B T U ) 2 i
735 PR EZ A g B B TR AR A AR S AR AR ) . DY
10T A TR ) B ek ) K /N 4 A A 0.006 ~
0.119 N, 17) i) 4% fih 77 ) K /N 4> A 76 0.001 ~
0.056 N; 7~ JE 85 A i [n) H2 ik ) 43 A /1 0.008~
0.068 N, Y] [ #fith 3 4> 4ii /£ 0.003~0.021 N; J\ &
FEAREA HH 92 ) 2% A 3 43 A1 4E 0.005~0.049 N, 1] i)
Hefih 74> A £E 0.002~0.020 N [ T 48 A vy 1 2
fi 7343 A 7F 0.007~0.053 N, 1) [ $% fish 3 23 A £
0.002~0.029 N. nJ LA4G H, b5 F8 A A 1 121 5 )
Ban, AT, kRl i shve e
PN, Bk ) AR A S AR . DU R A N

T2 A 7 0 30 A8 A v L S e T H AR AR T R
MIPEAR, HAENUBRPE R rh, o K ) ik
Jil B B 55 A R AR T 11 < Je R B v, S R B R
RO IR0\ T8 G T AR AR 2 A g 1) 23 A
B FAlT, X F 43T 1.5~5 s I 1] B P 31X 1 i
AN TR AR TR 2R B ARS (1 12 Ak g fR e sl R, Al
A 0 )\ TE IS, H A g BB sh B,
9c H, Ay S BL O YKl Mo AE R A (A
o) B 5 s, WRBEAE R, Ak
L5 phi A 5 18] R Ak g AN 18 o i R i /N
SRR M 5, i g % AR — S I TR] A
I NP EAR A . XTECIET 3 15 ] H AR Al 4 B e
(Ko, AR DR, JE A ey A Ji 2 1) (1
MEFEANTE R, $R Al ARG, AR TR
BRI TR B AR P Ak — T S B
PERIARAL, SIS IE L b il AL, R A
TR RAE T



202

b =B X W L =

2022 4

035
0.30F
0251
0.201
0.151
0,101
0051

—— Normal force
—— Tangential force

Force /N

—0.05

Time / s
(a) Quadrilateral
0.18-
015
o2f |
z
- 0.09F
5 0.06F
(¢
0.03+

~— Normal force
-— Tangential force

-0.03

Time / s
(¢) Octagonal

9

0.351
0301
0251 |
0.201

0.151 |
0.101+ |
0.05F

-0.05

— Normal force
“ —— Tangential force

Force /N

Time /s
(b) Hexagonal

0.15¢

~— Normal force

0.12 | —— Tangential force

- 0.09

8 0.06
o
=
0.03

-0.03

Time /s
(d) Circular

NIRRT AR 8RR A b o Jot S A [ it )

Fig. 9 Contact force between impact medium and substrate in the plating barrel under different cross-sectional shapes
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