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Abstract: The coating parameters in the process of sand mold 3D printing are critical to the quality of forming sand molds.
The magnitude of the sand particle size ranges from several microns to several hundred microns. Molecular forces are of
obvious advantage in particle interactions. The classical Hertz contact model did not accurately describe the adhesive
attraction among sand particles premixed with curing agent. The adhesive forces not only impact the quality of the sand
layer but also break the formed sand mold with lower initial strength. In this paper, the Johnson Kendall Roberts (JKR)
contact model in the discrete element method is used to simulate the viscous contact between sand particles with premixed
curing agent. The influence of the content of the curing agent and coating velocity on the compactness of the sand layer has
been experimentally researched. Through comparison of trial results and simulation results, the surface energy factor of the
JKR contact model has been modified. A precise simulation model of the coating process was built. Using this simulation
model, the effect of the content of the curing agent, coating velocity and scraper shape on the formed sand mold was
researched. The simulation results show that higher content of curing agent and higher coating velocities have larger
influence on the formed sand mold by the scraper during the coating process. In addition, the scraper with a -30° dip angle
has little influence on the formed sand mold during the coating process. The results have significant engineering value and
provide a theoretical guide for the process optimization of sand mold 3D printing
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Fig.1 The silica sand particles: (a) microscope figure,
(b) particle model in EDEM
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Tab.1 Sand particle model parameters of different contents of curing agent
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Tab.2 The speed of sand—paving in the simulation test
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Fig.4 The change in sand layer compactness obtained by the sand laying process test: (a) content of curing agent, (b) coating velocity
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Fig.8 Influence of the curing agent content on the maximum
external force of the formed sand mold

4.2 FHEDE BRI RY B B 2N

Sl AL R S R RS Y 3D FTENRCR I — A Bk
TR SEL, W AR ™ 5 52 i Bl D 2 1Y)
FiiE, PTG B R 0 2 i R s ) B 8l
(R RE . (&9 A AT V3 I [T 7] g 420 oA i [ 6
FIE I £ S=0.5% Y W b JURE AE &1 T80 fA R 6=0°1%
B Al D R X O R R R B K A7 0 S L
NPT R] i e i i ik A v R T RS Bl e R
B A Y 7 32 A1 7 d5e KAE R A, T 00 o0: 76 4
TR AR R X ) BUR D R fe R 32 5% A L
TR R 1 52 10 /)N
4.3 F)TIRAR 3T R RD B B9 5 i

b 2k AR R R AE ) D AR R & AR A LB
FES 85U, &7 55 0 A 42 fk () 6 £ A2 Ak 23 (45 0 KL

P19 A [ B il 10 3kt B X6 2 WO D 28 e K 52 7 B4 5% 1)
Fig.9 The influence of different coating velocities on the
maximum external force of the formed sand mold

FESH L R TR B2 80 7 AR et DR S AE b b
Bk B o U A 1 AN TR R R s e,
10a~b PR B, B I o 5390 8-30°
0, +30° B b7 v [ Ak 700 1 % 2 BIE b L) ) AT
6] e RS2 I RS2 LA . ] 10a S KL A B0 2 A
TE RS BRI ) 45 K32 Sy sgma ph £k, M R nT LB
F I a Sy -3008F, IR C ORI L R K )
6] 3 5 d5e /0N, &) T AR 6 S +30°8 & 1 X% B
W0 A1 Fe KV ] 3 520 d5e K 1 10b Ry kLG 152 X8
OB AP B3 ) d5e K A2 Dy s ma i 2, AL rpe] LA
BRI a S -30°0F, & T E O RS T Y
Rk ] 3 520 e /0 &I IR a S +30° 0, &1 77 %
BUEAD Y ) fe K3k ] Ty sg i fe ok, AR L300,
0 +30°M £ 14 1) T AE Bl B DR B 43 3% T 3 Rl
(] 9 A BT UIRAR S | RIS 5y 4] a8y U1 A K H5 1 5
Yo 8 55 DR (A5 500 78 59 U] i F v &5 7= A 1
BERYERE ) AR Ty, TERPRA 1 R v
SH B 1 23 AE— B AR L3/ NI T X6 T D R 3 1)
VERI g BB TR R b 2 7= A A /N 1) 1) JEE 482 5 5 A
25 R B LR A A3 iR e 3 U5 A vh & 7 AR TR
Wb E M N E R ST, AERD R R A AR X R
JE 1 23— R 3R A1 T3 6 B R0 1 3 1) A
FH 3, PRI GT JCIE A0 TR 7 A 5 R ) D) [ B 48 ) 4 B
YPIRZS A T30 B 87 URR S A 5 85 RS 2 8] 19 1
FORAS L 10 Thnl DL H 78 40055 DR TN A e 1
B UPIR A T B0 R A 1 A R X U D R AR K22 01
S AR ZE AN K ik i — 2D R I A S ULIRZS N b kL 2 18]
FHEAE FH 2 (102 40 F 31 B 85 LIRS

5 #Hit

(DESRLBE T 2006 25 SR R W Bl 8 16 700 78
T B S GRS 2 A SR R L AR . Bl sk
JEE Xt B0 2 5 S B R A N

(2)JKR 7 il 15 B 1) 2% 1 GE 2 %0 nT DL R A 4L



(EEIE A )12/2023

WA, S B D TN HH TE S BB R

<1137

Pl 10 AR IR 7346 i3 [ 4k 7 2 Jik o R B9 280 5 2 1 E B0, V=150 muns: (a) [Fihus () [Filoas
Fig.10 The influence of the curing agent content on the maximum external force of the formed sand mold at different dip angles when
V equals 150 mm/s: (a) |[Fy|mws (D) |Folmax

WKL Z (B 6L T3 AT 0, e A 0 2 S R 25
RGO HERIATII L, BIE T 78 3D T EN ik
Bl i AR BB

(3)D A F 140 300 % 0t 2 0 T

SRAR 2R C OB R A E R, [ AR A
AR, 45a R 3D fTENE T 2K
FOR PR AR RIS IR S NN T0.5%, Bk Ah , B AT
-30°fHT A 25 4 451 ) ARl B AR P E e b
TR R /N

S %3k

(1]

(2]

(3]

(4]

(3]

(6]

(7]

DIMITROV D, SCHREVE K, DE BEER N. Advances in three
dimensional printing-state of the art and future perspectives[J].
Rapid Prototyping Journal, 2006, 12(3): 136-147.

GUNTHER D, HEYMEL B, GUNTHER ] F, et al. Continuous
3D-printing for additive manufacturing[J]. Rapid Prototyping Jour-
nal, 2014, 20(4): 320-327.

A2 RGN, S TGRSR 2 b R P 5 it ORI 5 ik
JE[J]. R 5 3 Be A €0 44,2013, 33(2): 136-140.

ZHU P L, XU Z F, YU H, et al. Process of rapid technology with-
out mold in precision sand casting[J]. Special Casting & Nonfer-
rous Alloys, 2013, 33(2): 136-140.

SHI'Y, LI Z, HUANG S, et al. Effect of the polymer materials on
the quality of selective laser sintering parts[J]. Proceedings of the
Institution of Mechanical Engineers, Part L: Journal of Materials:
Design and Applications, 2004, 218(3): 247-252.

KRUTH J P, LENY G, SCHNIDEL R, et al. Consolidation of poly-
mer powders by selective sintering [A]. 3rd International Confer-
ence PMI2008[C]. Ghent: University College Ghent. 1-16.

VAN HOOREWEDER B, DE CONINCK F, MOENS D, et al. Mi-
crostructural characterisation of SLS-PA12 specimens under dy-
namic tension/compression excitation [J]. Polymer Testing, 2010,
29(3): 319-326.

B AR MR SR, S H T REE X AL BOR T 5 4R ) v
W3 Al By & G BT SE[I]. TP E ALK LA 2010, 21(19): 2379-2382,
2389.

YAN N S, LIN F, QI H B, et al. Study on controllable vibration
powder spreading system in electron beam selective melting [J].
China Mechanical Engineering, 2010, 21(19): 2379-2382, 2389.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

MINDT H W, MEGAHED M, LAVERY N P, et al. Powder bed
layer characteristics: The overseen first-order process input [J].
Metallurgical and Materials Transactions A, 2016, 47: 3811-3822.
YUU S, UMEKAGE T, KAWASAKI Y. Numerical simulation for
the friction mechanism of a powder bed using two-dimensional
distinct element method [J]. Advanced Powder Technology, 2006,
17(3): 345-359.

PARTELI E J R, POSCHEL T. Particle-based simulation of pow-
der application in additive manufacturing [J]. Powder Technology,
2016, 288: 96-102.

CUNDALL P A, STRACK O D L. A distinct element model for
granular assemblies[J]. Géotechnique, 1979, 29(1): 47-65.
OBERMAYR M, VRETTOS C, EBERHARD P, et al. A discrete
element model and its experimental validation for the prediction of
draft force in cohesive soil [J]. Journal of Terramechanics, 2014,
53:93-104.

JIANG M J, YU H S, HARRIS D. Bond rolling resistance and its
effect on yielding of bonded granulates by DEM analyses[J]. Inter-
national Journal for Numerical and Analytical Methods in Geome-
chanics, 2006, 30(8): 723-761.

OWEN P J, CLEARY P W. Screw conveyor performance: Com-
parison of discrete element modelling with laboratory experiments
[J]. Progress in Computational Fluid Dynamics, an International
Journal, 2009, 10(5-6): 327-333.

BOAC J M, CASADA M E, MAGHIRANG R G, et al. Material
and interaction properties of selected grains and oilseeds for mod-
eling discrete particles [J]. Transactions of the ASABE, 2010, 53
(4): 1201-1216.

DERJAGUIN B V. Untersuchungen iiber die reibung und adhision,
IV[J]. Kolloid-Zeitschrift, 1934, 69: 155-164.

DERJAGUIN B V, MULLER V M, TOPOROV Y P. Effect of con-
tact deformations on the adhesion of particles[J]. Journal of Col-
loid and Interface Science, 1975, 53(2): 314-326.
MORENO-ATANASIO R, ANTONY S J, WILLIAMS R A. Influ-
ence of interparticle interactions on the kinetics of self-assembly
and mechanical strength of nanoparticulate aggregates[J]. Partic-
uology, 2009, 7(2): 106-113.

BARBER J R, CIAVARELLA M. JKR solution for an anisotropic
half space[J]. Journal of the Mechanics and Physics of Solids,
2014, 64: 367-376.

BORODICH F M, GALANOV B A, KEER L M, et al. The



-1138-

FOUNDRY TECHNOLOGY

Vol.44 No.12
Dec. 2023

21

[22

[23

[24

—

—

[t}

[}

JKR-type adhesive contact problems for transversely isotropic e-
lastic solids[J]. Mechanics of Materials, 2014, 75: 34-44.
BRILLIANTOV N V, ALBERS N, SPAHN F, et al. Collision dy-
namics of granular particles with adhesion[J]. Physical Review E,
2007, 76: 051302.

JOHNSON K L, KENDALL K, ROBERTS A D. Surface energy
and the contact of elastic solids[J]. Proceedings of the Royal Soci-
ety A: Mathematical Physical and Engineering Sciences, 1971, 324
(1558):301-313.

POTYONDY D O, CUNDALL P A. A bonded-particle model for
rock[J]. International Journal of Rock Mechanics & Mining Sci-
ence, 2004, 41: 1329-1364.

JIANG M H, YU H S, LEROUEIL S. A simple and efficient ap-
proach to capturing bonding effect in naturally microstructured
sands by discrete element method[J]. International Journal for Nu-

merical Method in Engineering, 2007, 69(6): 1158-1193.

[25] GUO Z, SHAN Z D, DU D, et al. Experimental investigation on the

[26]

[27]

(28]

[29]

flow properties of sand granules in the process of sand mold print-
ing[J]. Rapid Prototyping Journal, 2018, 24(9): 1599-1608.
O’SULLIVAN C, BRAY J D. Selecting a suitable time step for
discrete element simulations that use the central difference time in-
tegration scheme[J]. Engineering Computations, 2004, 21(2/3/4):
278-303.

CHEN P, YUAN Z L, SHEN X L, et al. Flow properties of three
fuel powders[J]. Particuology, 2012, 10(4): 438-443.

GANESAN V, MUTHUKUMARAPPAN K, ROSENTRATER K
A. Flow properties of DDGS with varying soluble and moisture
contents using jenike shear testing[J]. Powder Technology, 2008,
187(2): 130-137.

EMERY E, OLIVER J, PUGSLEY T, et al. Flowability of moist
pharmaceutical powders [J]. Powder Technology, 2009, 189 (3):
409-415.



