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UvVOD DO DEM SIMULACI

T|FSI

x(t)§

DEM (Discrete Element Method)

Vztah mezi Newtonovymi
pohybovymi rovnicemi a
kontaktni mechanikou
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(c) Ellipsoid  (d) Overlapping Sphere Clump
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MODELOVANI SYPKYCH MATERIALU PRO DEM ANALYZY

Priblizna volba kontaktniho modelu: — Hertz-Mindin — | [Force
ne HertZ-Mlndlln JKR Equation Solution === ’
EDEM JKR —
e Material je
kohezni Hertz-Mindlin JKR
Material se ano
plasticky
deformuje — ne Hysteretic spring g
ano Material je S T
kohezni
ano EEPA
f‘ normal
n force

) K(8-5))
/ loading
: unload/reload
i
8 _— s
fol : 8max
1
n .
-kath :
f, Smiﬁ 2 overlap, §_
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MODELOVANIi SYPKYCH MATERIALU PRO DEM ANALYZY

Rozdéleni velikosti ¢astic @ Sypny uhel 1a nr

Sypna hmotnost

N

0/0,063

0,063/0,1

Koeficient statickéeho treni
i e = A




CO-SIMULACE DEM-MBD FSI

Predavani informaci z MotionSolve o

pozicich/rychlostech geometrie a ziskavani /\

zpétné silové/momentové vazby z EDEM ‘- - ) . .
Tvorba v prostfedi EDEM+MotionSolve eEDEM MotionSolve
In tn+l In+2

MBD -0 9 -O -0

Coupling

interval N
@ @ Velocity | | Torque

DEM —@-@-0-0-0-00-0-0-0-0 —

A

Position| | Force
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JEDNOSMERNA A OBOUSMERNA CO-SIMULACE DEM-FEM

v e e , DEM
Predavani informaci z EDEM o == :
pozicich a velikostech sil plsobicich Zrychleni Rychlost i Poloha |
na geometrii a export silového pole do derivace rychlosti derivace potohy [ 1| fynkce zosu |
. . . podle casu podle casu . '
Optistruct nebo SimSolid o | i
= v ’ . I'_ . ’ i i ’
Tvorba v pr_ostred_l EDEM+OptiStruct — | T
a EDEM+SimSolid | e
‘| hmotnost-zrycleni l vhodny kontaktni
i l model
‘EDEM
f \ Diskretizace Vypocetni model Reseni dlohy
] . . g ik e L
OptiStruct’ simSolid ,

Vysledek reseni

zobrazeni napéti,
deformaci, ...
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JEDNOSMERNA A OBOUSMERNA CO-SIMULACE DEM-FEM

Prfedavani informaci ze SimLab o
pozicich uzli geometrie a ziskavani . /\
zpétné silové/momentové vazby z "EDEM S i m La b®
EDEM a aktualizace posunuti uzl(
sité geometrie v SimLab v
Tvorba v prostredi EDEM+SimLab
s explicitnim feSiCem OptiStruct SimLab a OptiStruct
Vysledky FEM
CAD model ‘ MKP modal pf;:suq:nsli?é Iﬁﬁg. ‘ 4_$ T

Obousmérna
sprazena simulace

et M e CADmode virsleiy DEM

simulace

EDEM
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MERENi MATERIALU PRO STAVEBNi STROJE FSI

Autor: Ing. Michal Kubis,
Bc. Patrik Mira, Ing. Vit
Vasir

Pouzity model: Hertz-
Mindlin JKR

WACKER
NEUSON

Kumulativni hodnota hmotnostniho procenta

Castic propadnutych sitem [%]

Granulometrické kiivky PB (horni) a TG (dolni)

—e— Stérkovita slozka zeminy TG

o1 . 86 20; 68,58
—@— Piscita slozka zeminy PB
70

—&— Stérkovita slozka zeminy PB 15; 59,98

I ?

,063; 1,03 T

100 63: 100,00 gF"
—@— Piscita slozka zeminy TG 90
40; 84,04
63; 100,00

0,1 1 10

100




KALIBRACE MATERIALU PRO STAVEBNi STROJE FSI

Teme 285 Velosity (m's)

e —

'l:k
Altair EDEM”

Time: 3.80001s  Velocity (m's)
00c-01

>
>0, 164, 0)

i-l
||

i
Altair EDEM”

.*qul l. 1‘*3:"1"’»1 Lx

N W= y il
st L [
% ot ﬂ 1 i %y il Teme 410001 s Velosity (ms)
! T

Altair EDEM”
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ANALYZA LOPATY RYPADLA (2W DEM-FEM) T|FSI

AU to r: B C . Pat ri k M I’ra fime: '(;‘anemial Cumulative Contact Energy (J)

1.00e-01
8.00e-02
6.00e-02
4.00e-02

2.00e-02

0.00¢+00

Altair EDEM"
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ANALYZA LOPATY RYPADLA (2W DEM-FEM) T |FSI

Contour Plot Time:
Element Stresses (2D & 3D)(vonMises)
Analysis system
Simple Average
Value Filter <= 3.0000E+08

3.375E+08
[ 3.000E+08
2.625E+08
— 2.250E+08
= 1.875e+08
= 1.500E+08
1.125E+08
7.502E+07
3.752E+07
2.829E+04
No Result
Max = 2.574E+08
Grids 127574
Min = 2.820E+04
Grids 126020

0s |
Velocity (m/s)
5.00e-01

4.00e-01
3.00e-01
2.00e-01

1.00e-01

1.17e-06

Contour Plot
Element Stresses (2D & 3DNvonMises)
Analysis system
Simple Average
Value Filter <= 3.0000€+08

6.7S0E+08
[ 6.000€-+08

Contour Plot
Element Stresses (2D & 3D)vonMises)
Analysis system
Simple Average
Value Filter <= 3.0000E+08

5.250E+08 6.750E+08
— 4501E+08 [ 6.000E+08
= 3751E+08 5.250E+08
= 3002E+08 — 4501E+08

22526408 — 3751E+08

1.50ZE+08 L 3001E+08

7.528E+07 2252E+08

31526405

No Result 1.502E+08
Max = 2998E+08 7.524E+07
Grids 264094 2.734E+05
Min = 3.152E+05 No Result
Grids 120335 Max = 3.000E+08

Grids 86790

Min = 2.734E+05
Grids 129335



ANALYZA PRACOVNIHO CYKLU RYPADLA (DEM-MBD) FSI

Autor: Ing. Michal Kubis

Time: 0s

>

MBD cast DEM Ccast
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ANALYZA PRACOVNIHO CYKLU RYPADLA (DEM-MBD)

T|FSI

HYDROMOTOR SPODNIHO VYLOZNIKU

4.0E+05 —
NAMERENA SiLA
SiLA ZE SIMULACE
3.0E+05
20E+05
Z
< 1.0E+05
=
@
00E+00 - A —
W WRA
1.0E+05 VMW\
-2.0E+0"
3 5 3 8 9 10 1 12 13 14 15 16 1
CAS[s]
HYDROMOTOR NASTROJE HYDROMOTOR NASADY
4.0E+04 ——— 10E+05 e
AMERENA SiLA NAMERENA SiLA
fLA ZE SIMULACE SILA ZE SIMULACE
20 5.06+04
o m/"
0.0 v
0.0E+00 B
-2.0E+04
z z -5.0E+04
< -4.0E+04 <
u 9 1.0E405
-6.0E+04
-1.5E+05
-8.0E+04-
-1.0E+05 -2.0E+05
12640 -2.5E+0!

E'
CAS [5]

E'
CAS [5]



ANALYZA DOZEROVE LOPATY RYPADLA (1W DEM-FEM)

Time: 0s

Autor: Bc. Jindrich Pilar Compressive Force (N)

1000

Altair EDEM”

ll Pasové rypadlo Wacker Neuson EZ26

Altair EDEM” 16/46



ANALYZA DOZEROVE LOPATY RYPADLA (1W DEM-FEM) FSI

SIMSOLID SIMSOLID

Fiow I Legend
Von Mises Stress Displacement
[MPa] Magnitude [mm]
| Max 1.8158e+02 | Max 1.4020e+00
145262402 2852¢+00
1.45266+02 128520400
-, 1.16842+00
(=] |
— — g
10713¢+02 9.3469¢-01
9.4423¢+01 81785001
81712e+01 7.0102¢-01
6£.9002e+01 5841901
B e | Rpetaes
.
—eiaed —
— R —
— R — IR
81602401 1.1686e-01
| Min 2.5780e-03 Min 2.9855¢-05
< <
9 9 ﬁ

.......

ored 181,6 MPa pfi rychlosti 6 km/h i 6max 1,8 mm pfi rychlosti 6 km/h
SIMSOLID

Silové pole v ¢ase 1,35 s 17/46



ANALYZA PASOVEHO PODVOZKU RYPADLA (DEM-MBD)

Autor: Ing. Vit Vasir

1: MS Model
ent: Time = 0.000000 : Frame 1

1: MS Model
0.000000 : Frame 1

< <
' Dopfedny pohyb ' Smykové zataceni
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ANALYZA PASOVEHO PODVOZKU RYPADLA (DEM-MBD) FSI

Autor: Ing. Vit Vasir

Time: 0s ﬂme:\?efocity (m/s)
Position (mm) 1.04e+00
1.00e+01
4.00¢+00 $ el
-2.00e+00 6.27e-01
-8.00e+00
4.18e-01
-1.40e+01
2.09¢-01
-2.00e+01 i :
Lx 4.62e-04 R .
i ey -:\‘_".T"",'V
wEm
oinails,

Interakce sednutim Interakce najetim
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ANALYZA PASOVEHO PODVOZKU RYPADLA (DEM-MBD)

T|FS!

Vyuziti pluginu SoftSoil

Contour Plot

Vykon turasovych kol

4000
- . . Plastic Sinkage(Mag) -
Zjednoduseny model JRobilen S J000 i AV o rrsdnn
chovani zemin [ 500510 £ ‘°°§llgll\/my v | !
A11EH X p——— ik
Nékolikanasobné rychlejsi = s72zewr e T g agkon.
— 4.333E+01 3000 T T T T T T
oproti MBD+DEM nebo 3 saagsor R -
, v — 3.556E+Q
kontaktu s pevnym télesem _ Napinaci sila pasovych jednotek
=
2
3
£ — — — — Napinaci jednotka P
= = V.. A A Napinaci jednotka L
z.
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ANALYZA KORBY DUMPERU (1W DEM-FEM) T |FSI

Korba

Autor: Ing. Andrej LukacCoviC

Hydromotory
zdvihania korby

XX
Coe%
“:"

B e el
BN
ERSISIEERGEIN

OSSN
RS ot

95050005 tSesetee®

“:“:“:“:‘\‘:“:“\’,‘o\

St e a0 %
e

Number of Triss :0 (0.0 %)

Compound QF 805,11
Eements Count - 312 (10.%)
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ANALYZA KORBY DUMPERU (1W DEM-FEM)

T|FS!

Analyza nasypani korby:
1. poloha = 10,03 tun
2. poloha = 12,36 tun
3. poloha = 11,34 tun
Pevnostni analyza:
Deformace: 3,56 mm
Maximalni napéti: 72 MPa

160 000,00
140 000,00
120 000,00
100 000,00
80 000,00

60 000,00

Celkova sila [N]

40 000,00

20 000,00

0,00

Time: 7.00005 s

Celkova sila - nasypavanie

mmmmmmmmmmmmmm

Time: 0s

Contour Plot
Element Stresses (2D & 3D)(vonMises, Max)
Analysis system

simple Average

80.00
I nan
62.22

— 5333

44.44
35.56
26,67
17.78
889
0.00

No Result
Max =124.37
Grids 248138
Min=0.00
Grids 50622
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ANALYZA KORBY DUMPERU (1W DEM-FEM)

Contour Plot
Element Stresses (2D & 3D){vonMises, Max)
Analysis system
Simple Average

150.00
[ 13333
116.67

Contour Plot
Element Stresses (2D & 3D){(vonMises, Max)
Analysis system
simple Average

60.000
[ 53333
46.667

— 100.00
L g333 — 40000
— 33333
| = 26667
3000 20.000
3333 13323
16.67 6.667
0.00 0.000
No Result No Result
Max =284.88 Max =84.624
Grids 165243 Grids 51293
Min = 0.00 Min = 0.000
Grids 50622 Grids 50622

Zataceni pfi 1G Vysypavani

B ored 142 MPa ored 52 MPa
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ANALYZA KORBY DUMPERU (1W DEM-FEM)

Contour Plot
Element Stresses (2D & 2D)(vonMises, Max)
Analysis system
Simple Average

200.00
[ 17778
155.56

— 13333
= 111
— 8389

66.67
4444
2222
0.00

No Result

Max =516.59
Grids 25732
Min =0.00
Grids 50622

Brzdéni pfi 0,9G
ored 204 MPa

Contour Plot
Element Stresses (2D & 3D)(vonMises, Max)
Analysis system
Simple Average

120.00
I 106.67
9333

— 80.00
— 66.67
— 5333
40.00
26.67
1333
0.00
No Result
Max = 365.57
Grids 248138
Min =0.00
Grids 50622

Rozjezd pfi 0,9G
ored 105 MPa
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ANALYZA KORBY DUMPERU (1W DEM-FEM)

Contour Plot Contour Plot
Element Stresses (2D & 3D)(vonMises, Max) Element Stresses (2D & 3D)}{vonMises, Max)
Analysis system Analysis system
Simple Average Simple Average

700.0 3000.0
[ 6222 [ 26667
544.4 23333

— 2000.0

— 4667
_ 30 I 1666.7
o =

2333 :

666.7
155.6
e 3333
’ 0.0

0.0 No Result

Mo Result Max =5287.5
Max = 1009.5 Grids 2812
Grids 248680 Min=0.0
Min =0.0 Grids 50622
Grids 50622

Pfejezd pfes prekazku Nasypani blokl

ored 595 MPa ored 3130 MPa
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ANALYZA PROVOZNiCH PARAMETRU MLYNU (DEM-MBD)

Autor: Ing. Petr Pokluda

GERSP

PSP Engineering

Heidelberg
Materials




ANALYZA PROVOZNiCH PARAMETRU MLYNU (DEM-MBD)

Pouzity model: Hertz-Mindlin+UFRJ Breakage

Hmotnostni podil souboru [%]

100

80

70

50

40

30

20

Granulometricka charakteristika vstupniho a vystupniho materialu

——\/stupni material

—e— Vystupni produkt

Velikost ¢astice [mm]

10

100



overlaping
force

b -

t=ta+dt

Princip UFRJ Breakage modelu




ANALYZA PROVOZNICH PARAMETRU MLYNU (DEM-MBD)

Rotacni a transla¢ni vazba

Time:0s
Diameter (mm)
0.00e+00

0.00e+00
S 0.00e+00 ‘ X .

0.00e+00
0.00e+00

0.00e+00
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ANALYZA PROVOZNICH PARAMETRU MLYNU (DEM-MBD)

siLa PUSOBICI NA BEHOUNY
vectar Plat | 1: M5 Model 5.20E+05
Force{X+Y+Z) f Transient : Time = 0.000000 : Frame 1
LRI Theti béhaun
ﬁnah‘msys:;m e Druhy béhoun
Pr\.rm béhuun
LOBSE+06 oo
1 B29E+06 -
1.5T3E406 . BOGEHDS
— 131BE+D6 -~ =
— 1.0D62E+06 ; 'tl““ L] Faves
. BOBSESDS . . “ ammospy
SS10E405 & g7eEs0s ]| i
2546405 i ild
3SB4E+ [ 1 - BTIEHDS
Max = 23406+06
Rgimitives 30102060 BEaENE
in = 3984E+04
Primitives 30102060 BeOE 045 060 ors [T 105 1.20
Lo X Cas[s]
POSUNUTI BEHOUNU OD HLAYNIHO VALCE ODEBIRANY VYKON ZARIZENI
0.25 136405
! HeEE Hlavni valec
. 14E+05 ——Prvni béhoun
E 050 126408 | —Celkovy vykon
= 10E+05
5 a7 g
8 S s0e+04
=00
5 e Pusunutf tietiho béhuunu G
8 nuti drshého béhounu 4.0E+04
[+9
150 FoSunuu prvniho héhcunu .
475 OUOEHO0
-2.00 -Z0E+04
03 04 05 06 o7 08 09 10 11 12 00 0.2 04 06 08 1.0 12
Cas [s] Cas [s]



Specifickd spotieba energie [kWh/t]
L B S R R R S O B

e
[=]

ANALYZA PROVOZNiCH PARAMETRU MLYNU (DEM-MBD)

0,8

Hodnoty specifické spotifeby energie v realném provozu jsou okolo 2,0-2,8 kWh/t
Granulometrické krivky byly pfi volenych hodnotach radové podobné

0,9

0,9

1,0

1,0
Cas [s]

1,1

1,1

1,2

1,2,

Hmotnostni podil souboru [%]

95

85

75

0,1

==\ystupniprodukt-simulace (1)
—+—Vystupniprodukt-simulace (2)
Simulace s pivodnim MBD

maodelem

=+=Vystupniprodukt-vzorek

Velikost €astice [mm]

10
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OPTIMALIZACE SLUPICE DLATOVEHO PLUHU (DEM-MBD)

Autor: Ing. Adam Svoboda

32/46



OPTIMALIZACE SLUPICE DLATOVEHO PLUHU (DEM-MBD)

l

Pouzity model: Hysteretic Spring+linear 4 \:iw ’
cohesion+bonding o=y = /@
Model bonding uvazovan kvli modelovani | i 5. i IS | ‘4( ’

nakypreni _. B -l Z
600 - " |

= tn
[ ]
(=] (=]

Pusobicisila [N]
(%)
=
[=]

200
100
0
0 10 20 30 40 50 60
Stlaceni [mm)]
o Merenil o Meéieni2 A Odleh¢enil
% QOdlehceni2 ——Expon. (Méfenil) ——Expon. (Meéfeni2)

—Linearni (Odleh¢enil) ——Linearni (Odlehceni2)



Piisobici sila [N]

OPTIMALIZACE SLUPICE DLATOVEHO PLUHU (DEM-MBD)

Tme: Ls

600

500

=
=)
IS

17 [
h Lid | s LI
{ Al A | % P %, ‘E SF

i LG
0 it | ll M
0 10 20 30 40 50 60
Stlageni [mm] | ! .l

e Méienil ¢ EDEM  —Expon. (Méfenil) = ——Expon. (EDEM)
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Odporova sila viiéi souFadnému systému

[
€0000 | x

Z w0 ! >
=
2 40000
‘§‘ 30000
8. 20000
£
S 1000

o

000 02s 0.50 0.7 1.00 125 1% L8 200 225 2%

Cas [s)

Time: 0s

. A

Altair EDE

Time:1s

Altair EDEM”
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OPTIMALIZACE SLUPICE DLATOVEHO PLUHU (DEM-MBD)

Snizeni potfebného vykonu: 2888
Hloubka 35 cm snizeni vykonu o 14,3 % = 7000 /
Hloubka 55 cm snizeni vykonu 0 9,8 % =5 6000
3
= 4000

3000

2000
-15 -10 -5 0 5 10 15
Velikost zmény tthlu [°]
——Dlato ——Radlicka ——Kiidélka
17000
16000
Z 15000
= 14000
@ = —
g 13000
= 12000
55

11000
10000

160
140
120
100
80
60
40
20
0

Vykon [KW]

Pracovni hloubka [cm] 15 10 s 0 5 10 15

) o Velikost zmény Ghlu [°]
mPuvodni mOptimalizovana

==Dlato ==Radlicka =———Kiidélka
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NAVRH SILA PRO ZEMEDELSKE PLODINY (1W DEM-FEM) FSI

D

N
S

Autor: Ing. Pavel Puchta

2 mm

1,715 mm 3

30

30

W
3
3

85 mm

~
3
3

50

N N
]

[
3
3

o
Ly
3
3
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NAVRH SILA PRO ZEMEDELSKE PLODINY (1W DEM-FEM) FSI

Pouzity model: Hertz-Mindlin

PSENICE JECMEN
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NAVRH SILA PRO ZEMEDELSKE PLODINY (1W DEM-FEM) FSI

Time:0s

.6, 3.6, -3.6)
35209953, 169985, 1.6999

Altair EDEM™
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NAVRH SILA PRO ZEMEDELSKE PLODINY (1W DEM-FEM)

Materialové toky z vysypky vychazeji podobné Analysis system
jako analyticky vypocet tok( materialu

Time:0s
Veloeity (m/s)
5.00e-02

4.00e-02

3.00¢-02

2.00¢-02

1.00e-02

0.00¢+00

M S 11116402

Element Stresses (2D & 3D)(vonMises, Max) [MPa]

Simple Average
Value Filter <= 250.00

2.500E+02
[ 2.222E+02
1.944E+02

. — 1.667E+02
== = 1.389E+02

2.778E+01

= / 8.333E+01
/ [5.555901

0.000E+00

/ Pred optimalizaci
‘,/’ Element Stresses (2D & 3D)(vonMises, Max)[MPa]

/ / Analysis system
¥ | Simple Average
/ 2.038E+02
[ 1.811E+02

1.585E+02

= 1.359E+02

. L = 1.132E+02
Altair EDEM™ [ | 5701
= 6.793E+01

4.529E+01

2.264E+01

0.000E+00

Po optimalizaci 40/46



NAVRH SILA PRO ZEMEDELSKE PLODINY (1W DEM-FEM)

Analyza toku v fezu vysypkou
poukazuje na hmotovy tok

Time: 155
Velocity (m/s)
5.00e-02

3.00e-02
2.00e-02
1.00e-02

1.21¢-06

min 0,015 0 k- min 0,005
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ANALYZA ODVODNOVACIHO LISU TRAVNIHO MULCE FSI

Autor: Ing. Iva Beranova spider
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ANALYZA ODVODNOVACIHO LISU TRAVNIHO MULCE

300 2943

~o-1. cyklus
2. cyklus

i 2. cyklu:
~e=3. cyklus
4. cyklus

Zatizeni [N]

98.1

49.05

19.62

50 60 70
Stlageni [mm]




ANALYZA ODVODNOVACIHO LISU TRAVNIHO MULCE

T|FSI

Compressive Force (N
‘ l P Sheso e MV

5.30e-02

4,10e-02

2.90e-02

1.70e-02

5.00e-03

Compz_egs&?oliorce (N)
5.30e-02
4.10e-02

2.90e-02

1.70e-02

5.00¢-03

120

| 100

(“omprcssl»c l orcc (N)

‘ 5.30e-02 |
4.10e-02
2.90e-02 20
1.70e-02
20
5.00e-03

Compressive Force (N
e T

®
(<)

Zatizeni [N]
g

5.30e-02

4.10e-02

2,90e-02

1.70e-02

5.00e-03
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ANALYZA ODVODNOVACIHO LISU TRAVNIHO MULCE
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BUDOUCNOST CO-SIMULACI NA UADI FSI VUT

Time: 0's

Zaméreni modelovani co-simulaci: veocky ()
Co-simulace 1W/2W DEM-CFD
Co-simulace systémy-MBD-DEM se zaméfenim 176403

na hydraulické systémy s flexibilnimi télesy v MBD

-1.20e+03
-1.22e+03

-1.25e+03

-1.27e+03

in 4.7256e-01 [MPa] Max 4.5043e+02 [MPa]
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