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1.Rack 2.Motor 3.Dustcover 4.Large sprocket 5.Chain 6.Sprocket

7. Table saw bearing housing 8.Feed port 9.Cylindrical outer drum
10.Squeeze outlet 11.Receiving plate
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Structure diagram of extrusion forming device for substrate
grass seed blanket
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Fig.1
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Tablel Premix solution ratio
4 FK Name Jiim b Mass ratio/%
R H A b

Polyamide epichlorohydrin 3

RNHERH Sodium polyacrylate 3
TRk Ferrous sulfate 1
Wi Borax 1

ZIERR Amino acid 1
TiFREE Magnesium sulfate 1

FEEIRAEHT B ORI 20 R AR &4 4 7 U 1,
BRAHEFEA 3 mm, F AR AR E R T, 18
BN S mm, JEET AONIIR AR A R, TR
FIh T A 2 Ak, BT 3 AR BT R R R R I T
150 mm FIJERE 10 mm #4751, KH SolidWorks {4
BRI, B DR MBI A B b 2

BLZ BT 2
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Table 2  Structural parameters and technical parameters of matrix
grass seed blanket forming machine

Z ¥ Parameters {& Values

BHURSF (Kex e
Machine size (length x width x height)/

1 485%445x1 528

(mm>xmmx>mm)

FEHLJF 2 Complete machine mass/kg 276
FBIHLAL S Motor type Y100L-4

FLENHLINZE Motor power/kW 2.20

W2 Jie %54 Spiral speed/(r-min’) 250

W saa (BT . 0.02

Total filling volume (Cylindrical barrel volume )/m
Fe il Extrusion velocity/(m's™) 0.04

1.2 HrhBRZ o

A TR ) R B RS RUD, BEE IRIER
WIS AL YRL E B AL B RHER, i
RO RHE AR AR 00K, AR5 I RE o A0k 5 5t
PRS2 S0t an il 2 s, R332 70 70 A A TROR: 5
BRI RS2 S BBURL M LE x B & 77 FoON

Fy=F, - F,cos0~F, cos¢ (D
SRR M {2 y RFE ) F, 5
F,=G - F, — F,cosp+F, cos y (2

He M ORIEFBRL Fa, Fi Fy 5B & 155 71, N Fy
VBRI ORI A T 3, Ny B BoRE SRR B R BEEE 01, N G OBk
S, Ny o IBORMEURHA, (9); BONBURIE ) Fy FIEERE D) Feft sy, JE5
o K/AMASE, HAWEHA, (O 0 AFEET F5 x 8k, (°): ¢ A&
N5 xRS, () oy NG 1S y B, ().

Note: M is the substrate particle; F,, F), F, are the axial combined and partial
forces on the particle, N; F} is the reaction force of the material plate on the
particle, N; Fis the friction force between the particle and the material plate, N;
G is the gravitational force of the particle, N; o is the tilt angle of the plate
material, (°); B is the angle between the particle resistance F, and the friction
force Ff, which is equal in size to a and is the internal dislocation angle of each
other, (°); 6 is the angle between the friction force Fand the x-axis, (°); ¢ is the
angle between the axial combined force and the x-axis, (°); y is the angle between
the axial combined force and the y-axis, (°).

B2 FEBAZHoH
Fig.2 Force analysis of particles during extrusion
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Table 3 Main material parameters

2% Parameters & Values

Jeb B P 235

Yield strength o,/MPa

bz -

Tensile strength o,/MPa 3707500
{3 Elongation 6/% 5

f# % Hardness/HB 201
kA EE Poisson's ratio 0.25~0.33
PR 200~210

Elasticity modulus /MPa

2.2 Zhath

FH 2 UL (1) 52 3 oy i 65 SR v/, BRH O s2 3
BORIEAGT R I HE S R BE SR T, BRI S5t T
I EERERE ) Fridid AT N

F,=kab (3)

KA, a HIEARBERIRE, b NEBEREE, 32
AR I 72 LRI R g v B AT 2 (R BH D R 8, 2
—MHEEHR R RE, & BEUE WM
% 4127

x4 TRAXBTRANRH
Table 4 Statistical table of k value changes in

different soil types
N H ) A¥
LA Soil type ResistancLﬂfZZErtljcz/ (N-cm?)
% )51 1 Light soils 2~3
—ft +3% General soils 4~5
%1 Clay soils 6~8
3 1 Heavy clay 9~12

AR FH L SRR S — AR L, BTEL & BUN
4N/em?, a NFEFRAEFFESMEAREE, =400 mm, %%
b=200 mm, @K (3) A3 F=3.2 kN, W25
ol SRR T AR K BE 4 AT e, Ho R AL
FRBARNE, SZEIEEE RN, oo TR
707 N, T AL HE 22 A P AN R, 32 B EEEE TN,
25 502 No ARG SCER[15], BRI 40 A mT AR
KLFT 32 245 H 7178 8 kN, Hr it H L R AE iR e fL AL
HAAL B AR RMACT A5y, LA E, %
B BZ 7790 W R B 1 5 SR 6 B 28 JE A7 8 A R 24 B 1 i
Bie WFHH VAT S AR T A B K A5 R0 sk (B 4)
5 a R R KA TN 0.845 mm, He KRN 1N
191.25 MPa.
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Fig.4 Static analysis results of extrusion outlet
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JE i ANSYS Workbench FJ Response Surface
Optimization B8] DO 2 8Osk A7 i SN 1170 B, KA 2
BRI Tk 047 Rl , XPREZS 8. BRS8N
LY EAT R L, 8 58 RUE 1R 18 AR 1S B A
FR 28, AR i T R TR O R 1 R SE X B LR AT
X T2 B0V A i 5 A 3 R 2 00 A in T 7 T [
B, AR AL A B AT R FE BT IR B KA 4 0N 220 mm
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32 AN, BAGURE A R I /NS A A e AT S hn
PRI A, 158 B 46 SAL K PN 180~220 mm. 45 20 Ak 56 FE
60~75 mm; BT RS EV0 E W E T ES %)
FoN AR, § o S8 EE, 193
I3 M 45 F 32 B e K AR T FNAE SR TR, % IR F
FAth 2 B 1) o A 2 AR 32 70k, HL R sk /s 2 ik
B, W R AME S ), X E DR R
JE 22 50 N L HLIE B BRI B, BT DA RMIRR FE 1)
R A O R RN, BEARE EEEUCE N 2.7~
3.3 mm; BB BERNSHTCHEEE FEEEBHREER
LSRRG MER, BRAELRKT 11 mm
Hing S5 MEENA 5 mm, FEV A2 I
O, ERRALEAREAN 9~11 mm.

H 4% Design-Expert {471 Central Composite Design
BT IR B, 0] I 5T BORF BR AL A S HdE AT Y
JC IR IE R e A3 v v, 456 Wi L T 7 AT R 792
RIC B BALES DRSS 8, 156 R R

LR 5 s

#5 HEERKFEHIDR
Table 5 Coding table of test factor level

GHUKE  RIUCTRE  RRUTRE  BRALER
KF Length at neck  Width at neck  Thickness of Bolt hole
Levels reduction reduction material board diameter
Xi/mm Xo/mm X3/mm Xy/mm
+y 180 60 2.7 9.0
1 186 62 2.8 9.3
0 200 67.5 3.0 10.0
-1 214 73 32 10.7
-y 220 75 33 11.0

KSHORE TR, B RO E SR
it (Central Composite Design) , £ IT AN 25 4,
LA BRI B AR AT AT IR, 4R 6 k.
HIH Design-Expert13 B F AT A5 804K BE L AR 35140 95 52
IR JE 52 FHMEAR FLL LA X i K AR T A B K55 R0 g 5 i
MRS, [BATTRETT Z i Rk 7 Fios. W
[T Z o i R, B P B /NT 0.000 1,
R AR SR AR AAH I R AF, AR AT A i 2
MABGTEbR, BARS R .

Fo MURITRITEER

Table 6 Calculation results of optimized design points

gy T PR gy gy BUCEA

i .
TifE  Thickness ..., X Yl
o) Length at B Maximum

No. neclf wlﬁgllqat ma?eiial B,Olt hole total . 2?1?1)1(\1/1:322
reduction . diameter deformation
X/mm reduction  board Xy/mm Y)/mm stress
Xo/mm  Xz/mm Y,/MPa
1 180 67.5 3 10.0 0.78 172.3
2 186 62 2.8 9.3 0.95 182
3 186 73 2.8 9.3 0.96 214.5
4 186 62 32 9.3 0.65 160.6
5 186 73 32 9.3 0.66 173.4
6 186 62 2.8 10.7 0.95 211.9
7 186 73 2.8 10.7 0.96 214.4
8 186 62 32 10.7 0.64 160.4
9 186 73 32 10.7 0.66 173.3
10 200 67.5 3.0 10.0 0.85 187.3
11 200 60 3.0 10.0 0.80 175.5
12 200 75 3.0 10.0 0.79 175.9
13 200 67.5 2.7 10.0 1.13 225.5
14 200 67.5 33 10.0 0.65 161.8
15 200 67.5 3.0 9.0 0.85 187.7
16 200 67.5 3.0 11.0 0.85 187.3
17 214 62 2.8 9.3 1.02 209.0
18 214 73 2.8 9.3 1.00 205.1
19 214 62 32 9.3 0.70 152.5
20 214 73 32 9.3 0.69 171.8
21 214 62 2.8 10.7 1.02 228.9
22 214 73 2.8 10.7 1.01 225.1
23 214 62 32 10.7 0.70 172.4
24 214 73 32 10.7 0.69 181.8
25 220 67.5 3.0 10.0 0.86 192.4

3.2 MINESZHMILEER

N T EINE ML o e A 45 3, SR A Wi T 92 2>
BT BETH A3 5 d R AR T A a5 K55 RS 75 PR 5 1)
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Table 7 Variance analysis of maximum deformation and
maximum equivalent stress

ZH RREATE BROREEHN Sy
Parameters Maximum total deformation =~ Maximum equivalent stress
F P F P
157 Model 528.82 <0.000 1 317.13 <0.000 1
X 193.64 <0.000 1 239.47 <0.000 1
X3 704.67 <0.000 1 423.19 <<0.000 1
XXz 6.17 0.032 3 38.61 <0.000 1
XX - - 21.15 0.0010
XX - - 5.06 0.048 2
X2 18.3 0.001 6 49.93 <0.000 1
X’ 76.87 <0.000 1 357.53 <0.000 1
X° 53.73 <0.000 1 170.9 <0.000 1
A Fitting 5.26 0.642 422 0.558

TE: P<0.05 R, P<0.01 MR, P=0.05 WARE.
Note: P<0.05 means significant, P<0.01 means highly significant, P=0.05
means no significant.
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Table 8 Optimization result

. . = EAR
. SRER mommsn o oot
Eh EEE S Secondai =
Name T ncary Third
First candidate candidate .
candidate
AEBTACACFE
Length at neck 186.62 183.30 188.50
reduction/mm
ARBAL T8 FE
Width at neck 62.22 63.07 60.60
reduction/mm
U R
Thickness of material 321 3.20 3.29
board/mm
PR FLER
Bolt hole diameter/mm 10.55 10.06 10.10
R B AT
Maximum total 0.54 0.56 0.59
deformation/mm
I ONE IV
Maximum equivalent 164.85 163.22 162.08
stress/MPa

SRS BRAE RS A T Z, AR RS

HATHUEE, BRSO )S F B8 3.3 mm, (H5E
SEBRAE L 3.3 mm BOBFRR OO A GE3RTS, Bt DAREREMK
JEREEECE R 3.5 mm, AEMURST JE EFTEATE 1 AT,
XEanER 9 Prs. HEERATA, ks RS S350 i
RAR T AN B R S5 RN 7 B 5l (R sk /) o
3.3 RIMALDIRER

HH A BT 45 T 5, 2B AR o S W AR ORI AAL
6], AR SN ANSYS Workbench H R FH A48 % &
EBUEAART) Topology Optimization (FiFMMILAL) #Rk,
TEIW A AR br T BRI 2 1, R H SR 7
P EERRIEAT Wi, DI A i P,

BB OB A S N 3] Workbench H1f#) Topology
Optimization FBEH, K Q235 AR B IE#T IR E, R
DY T A DX 6 0 A 2R R AT XA Kl 435 g IR RS R /N4 il
A 5mm, PUERIE 0 SME AL &5 SR i HE R 1% . 7 Shape
Optimization #5815 B FNE: 7757 40 A AH 5] A4 RHE M
B SL R, B SRR E MR KE
BUNE SN T 5%, B H AR & L KT 25%. Frih
HRdtefb s R unE 8 frn. B E M X 3
G390 A& AT 25 B o B 4SRRI S T, DR B
FERPH ORI A E, JEM AR RS E
Besbs RIS AT A, MRS BRI A2
BT AT 0 TR AL, 2 RS B A R ) PT S
Wt N A T2 R S o A I SR L, AR
P AL X IR AT 22 B, RIEHR MU g R, FIRfR
EHE S D S RE M 5 AR THRE SR, LERIB AR
BREHITHEMAER. N T EFRRIERIMUL AR,
X A BRTX EE AT

*®9 MUERIEE

Table 9 Comparison of optimization results

TS ARIAEAC ARIAL B8 HR 5 B B FLE AR BRA BROREERUN S
Nz;.me Length at neck Width at neck Thickness of Bolt hole Maximum total ~ Maximum equivalent
reduction/mm reduction/mm material board/mm  diameter/mm  deformation /mm stress /MPa
)4k BT Before optimization 200 67.5 3 10 0.85 191.25
Ak )5 After optimization 186.62 62.22 321 10.55 0.54 164.85
)5 Aftor rounding 180 60 3.5 11
fl At LEf7] Ratio of optimization 10% 11.11% 17% 10% 35.95% 13.8%

(Eethi By
Keep part

L 55
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i

Remove part

B8 FiMLtstT=H

Fig.8 Cloud image of topology optimization analysis
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e KR T R B RS RN 1A /N T 5%, 5 H DR R
BEHAT 25%890040 HF5.
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PRHLAR A RV, T R S5 SR BE A2 75 e 0 04 21 8
FR,
4.1 FERERERPAEEFEERGE
4.1.1 KRBT AoHT

25 3k SRR ) S BRI B R 22 SCHR G 3 R 2 50
P, AN 2 mm, BN 2.5 mm (IXUER
T ORI SR A 2 5 ol v (78 7% LR, R E R
3 mm, 17 ESH e LIRS G M SEBR S HON KR,
BARINR: FEFEYENARALE 0.43, BIUIEIE 1.08x10° Pa,
BEPE 1620 kg/m®; Fr 2 B R 5 B A 0 22 B RN,
HEFAEL 0.28, BIYIM R 2.06x10" Pa, % FF 7 850 kg/m®,
F R YR B SRR F HertzMindlin with JKR 2l A,
RS B HEREEAT , 3 75 130 B R AR 2 TA]
PR B0, W i B S BN 10 Fios.
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Table 10 Contact parameters of simulation model

ZH 1B
Parameters Values

B R — 2 ROR (7] 1 S R 2

Substrate particle-substrate interparticle recovery coefficient 0.30
S TR — 35 TR 4 P A 2 0.65

Substrate particle-substrate interparticle static friction factor ’
S TR — $5 TR ) 2 1 A A 043

Substrate particle-substrate interparticle dynamic friction factor '
SRR — AP R 028

Substrate particles-steel interstitial recovery coefficient ’
ST IR — SRR 2 030

Substrate particle-steel static friction factor ’
SRR — A R 020

Substrate particles-steel dynamic friction factor

FIH SolidWorks #A4Xf 5 k56 B AT = 4EEA, -
P ot E R B AT AL B, KA R e Vb
MR EM LR, S\ EDEM #fhdr, #ar 5 m ks
FIAERL, 5 F A1 E N 30 s, ARYE SCHRTS B 2L i SO B
JRIUHLBE e A 250 r/mint' ", Horb 0~10 s B RIE T4
BHEFE, 10 ~20 s A YPRLEATH RO, i Hid g
WK 9 ATz, P 9a MAFTE] 12 s B35 43 J0AE () 26 Pk e s
T, AT DUR IUBURLAE Bt FARTE R 4, B 9b R TAE 30 s
I RORL B AU L, LI RRORL CL 2255 s 58 . B 340
Prd R A IR AT LRI, ARG 5 2 80 ST A A4S 2
PR ERFER, NS0 U BORER RO B E L S R A S
IR — 2B 44T
4.1.2 RIEIRAT

RVEO ROk B 2R, 48 EDEM 344 J5 Ab B Setup
Selections H' Bulk Density Sensor Zhfg, X7 H H AR
BMFREREAT B LRI, OREHE 1 A PR RO 2 AT HHfs
PEEL, 49 B35 H Uk % B ) 45 5 o e 45 SR A AR
B2 G L I35 E 1 400 kg/m® BEAT %] EEIPL,

RVEU B ROk T &, @ik EDEM 84 J5 b3 Setup
Selections H' Grid Bin Group JJfg, Xf4%H M AT M
173, WM ISR A BT D RORL S 2 AR, R
2245 VA (R UK ot B AT O R, 15 2% HH RORL BT
HLER,

4

a. B ERANTFE(12 5)
a. Particle linear flow process (12 s)

b. FRIETEARA (30 s)
b. Particle extrusion molding (30 s)

B 9 EDEM #ikify AitA2

Fig.9 EDEM particle simulation process

4.2 RS540

KH EDEM #3705 BAREG, #3147 5 AHiRI0 A3 23R
WA RR 11 PR, @001 21 s 5 i SRR ) 2
JEE AN R R B 240 1 383.2 kg/m® A 2 709g, HRIELE
AT R0 R Ji 2 P AN A R T H R — e
B, @AM, Hasid s 8 DB H i [
FEW R HEER, AR A= ReR IS T R L.

x11 AEAREGER

Table 11  Simulation test results
SR 3875 Test serial number T
Parameters 1 2 3 4 5 Average
TR RURE B

Density of formed 1388 1362 1378 1421 1367 1383.2

particles/(kg'm™)

5 kL o

Extruded particles 2673 2789 2667 2730 2686 2709
mass/g

5 IUIEIA

RIS R AATFENLRIVE, B 10 AIRFEL, ik
I0F 2022 4 10 AFETLBHAOY K48 A szl gk qT,
FARFEFBGRE BANXT, RN, RER/FT2
%, HKEN5~20mm, BEFIEIHITIERLEE, =
AMPYRR 24 °C, R RE A PE WAL RNE, HIERE
T A BRSBTS F) 60 CLL IR, 20 d SRR
R BT FAR R R AT R Y %% 1 B&T
TR, HA BB G A S AR s A A, K
PR A 2 UKD TS N7 B8 005 i v 228 T RV VTR S R 45 5
BE, PRIEBOK A BN, HACAMEICER, #NH
BERAF BRI, X ARSI BT TOR A . 158 JE i R B
R KL IR e 3y 250 t/min, 5107 EiR IS H0 E M
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Fig.10 Test prototype
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a. Formed grass seed blanket b. Cultivation for 45 days
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Fig.11 Substrate grass seed blanket forming and
cultivation process
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BN R A ADMCAKE . 53008 B . RS FE AR A FL
B 1%, KH ANSYS Workbench #4E%f Hitk 47 1 & f12%4)
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HHEN: FHTEKE 180 mm. FFFib % F 60 mm. B
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Optimization and experiment of the extrusion outlet of molding machine
for substrate grass seed blanket using ANSYS

LIU Dejun, LIU Tiangi, LI Yuge, LIU Zihui, SUN Jiayi, CHAO Jungi, DONG Yilong, LIU Xinzhen
(College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: A molding machine of substrate grass seed blanket can take agricultural waste straw and livestock manure as the
raw material, in order to fabricate the grass seed blanket after hand-holding and molding, particularly for the green lawn.
Among them, aerobic fermentation can be also adopted to add the premixing liquid for complete decomposition. The
continuous uninterrupted molding can be realized after drying below 60°C, transportation, and laying. The substrate grass seed
blanket can be laid directly or half-buried in the ground for the urban, park, and residential greening. However, the existing
molding machine cannot fully meet the large-scale production in the design of the initial size parameters. The weight of the
larger support burden can tend to cause the uneven force of substrate at the extrusion outlet during extrusion molding. This
study aims to reduce the component force deformation for better molding stability. Structural optimization was implemented
with the extrusion outlet at the neck length, neck width, material plate thickness, and bolt hole diameter as the object using
ANSYS Workbench 19.2. The maximum deformation was 0.85 mm, and the maximum equivalent force was 191.25 MPa,
using parametric modeling. The response surface method (RSM) with multi-objective optimization was used to optimize the
design of the squeeze outlet model. The maximum deformation was 0.54 mm, and the maximum equivalent force was
164.85 MPa. The topological optimization of the extrusion port was carried out to remove the unnecessary material dimensions
without affecting the static analysis. The total weight of the part was reduced by 36.60%. EDEM software was used to verify
the optimized extruded parts as a whole machine. The grass seed blanket molding was analyzed by the discrete element
method with a simulation time of 30 s. Furthermore, the data extraction of the test indicators was performed by the
post-processing module. The simulation was performed with the molding particle density and extruded particle quality as the
indicators, which were 1 383.2 kg-m™ and 2 685 g, respectively. The test prototype was made to conduct the germination and
drying validation tests. The measured density and mass of the formed substrate grass seed blanket were obtained with an error
of 6.7% and 2.7%, respectively, compared with the simulation. The validation test was compared with the test before
optimization. The density of the formed particles and the mass of the extruded particles were significantly improved by 5.84%
and 2.88%, respectively, before optimization. Consequently, the optimized extrusion outlet can be expected to improve the
working efficiency of the forming machine. The formed grass blanket was enhanced with the increase of density between the
particles of the substrate grass seed blanket. The quality of the blanket can also fully meet the requirements of the production
use in the forming machine of substrate grass seed blanket.

Keywords: straw; substrate; agricultural organic waste; extrusion molding device; extrusion outlet; optimized design
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