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Obsah prednasky obor konstrukce stroju

* Historie konstruovani.

e Sériova a kusova vyroba, praktické priklady, jednoucelové linky.
* \lykresova dokumentace, vyroba, montaz.

* Virtualni modely, vypocty FEM.

e Ovérovani vypoctu v laboratofri KST.

* Nové zpusoby konstrukece.

* Topologicka optimalizace.



e
Vyvoj 2D systému byl prakticky ukonéen v roce 1987,
Vyvoj 3D systému byl prakticky ukonéen v roce1996.

Co se zménilo od té doby?




Standardné nainstalovany — pozadovany
software

. REAL-TIME FLUIDS
. JE
GENERATIVE DESIGN

ADDITIVE MANUFACTURING

* PTC CREO
RUNVETSRRORBNNN  REAL-TIME FLUIDS

Now in Creo Simulation Live Plus

* Ansys ~ E—
o CATlA LEARN MORE /// |
* AutoCAD

* [nventor



Katedra ¢asti a mechanism0 strojd &\

e Konstruovani 1a 2 E
*CAD1a?2

e Casti a mechanismy stroji 1 a 2

e Konstrukcni cviceni

* BP napr. implementace prevodovky
* NMSP Inovacni inzenyrstvi




Vsechny udaje na modelu

Tvorba vykresové dokumentace je ¢asové narocCna,
rizné technické vykresové normy, lze vytvorit zemi
vyroby.
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Vyrobni vykresy kusoveé vyroby
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Jednoucelovy stroj na naplasti montaz,
oziveni, overovaci provoz




Metoda vypoctu
Okrajové podminky, materia

Yy

Z
0,000 155000 3OEN0 (mm) ® ]
7,500 22,500



133.875
130.165
126.455
122745
119.035
115.325
111.615
107.905
104.195
100485
967751
93.0651
893551
856451
818351
782251

183177
188.277
183.37¢
178475
173.57¢
168.674
163773
158 872
163.97;
149.071
144.17C
139.27¢
134 36¢
129 46¢
124.567
119,667
114 76¢

Prosty tah tlak 12/MPa = =~

LoadsetLoadSet1 : PRT0O00Z2

in: 127,17
16.02.2022 7:12

Stress ~ | Max Principal ~ | (WCS)
{MPa)

Deformed

Scale 1.5692E+02

LoadsetLoadSet1 . PRTO002

Tirme: 1
16.02.2022 713

519283
479918
440555
401191
361827
322483
283099
243735
204371
16.5007
12.5643
862787
4.69147
0.75507
-3.18133
71773
-11.0541

Stress ~ | Min Principal ~ | wes)
(VPa)

Deformed

Scale 15692E+02

Loadset LoadSet! : PRT0002

Stress ~ | Mid Principal | wes)
(MPa)

Deformed

Scale 15692E+02

LoadsetLoadSet1 : PRT0002

68.1554
65.0000
60.0000
55.0000
50.0000
45.0000
40.0000
35.0000
30.0000
25.0000
20.0000
15.0000
10.0000
500000
0.00000
-5.00000
-6.57090

Time: 1
16.02.2022 7:15

Stress ~ | Maximum Shear Stress |~ | (W/CS)

Tirne: 1 (MPa)

16.02.2022 7:15 Deformed
Scale 1.5682E+02

Loadset LoadSet1 : PRT0002

70.64%
685839
665185
644531
623877
603222
58.2568
56.1914
541260
520605
49.9951
479297
458643
437988
417334
39 6680
37.6026

Global Coordinate S
Time: 1
16.02.2022 7:46




Prosty ohyb 101.9 MPa

Min: 0,023121
15.02,2022 14:33

Type: Maximum Principal Stress
Unit: MPa

Time: 1

Max: 105,56

Min: -0,32963

15.02,2022 14:38

Typ: ddle Principal Stress
Unit: MPa
Time: 1

Max: 1,4675
Min: -1,1569
15.02.2022 14:39

Unit: MPa
Time: 1
Max: 1,1851
Min: -103,65
15.02.2022 14:40

Time:

Max: 52,188
Min: 0,012893
15.02.2022 14:41

103 .34
10159
9 84
88.088¢
81335,
74 585
67 829
61076
54323
47 5696
40 816¢
34 063
27 310
20557
13.804
7.0510(
02978

Stress. ~ | von Mises
(MPa)

Deformed

Scale 19520E+01
Loadset LoadSet1

-l wes)

FRT0002

15717
110.000
100.000
90.0000
80.0000
70.0000
60.0000
50.0000
40.0000
30.0000
20.0000
10.0000
0.00000
-10.0000
-20.0000
-30.0000
-37.0275

Stress.
(MPa)
Deformed
Scale 1.9520E+01
LoadsetLoadSet1

~ | Max Principal v (WCS)

PRT0002

41.8399
367733
31.7066
26,6400
215734
16.5067
11.4401
637343
1.30685
-3.75978
-8.82641
-13.8930
-18.9597
-24.0263
-29.0929
-34.1596
-39.2262

Stress ~ | Mid Principal
(MPa)

Deformed

Scale 1.9520E+01

Loadset LoadSet1

~lwes)

PRTO002

384588
293773
202959
11.2144
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Prosty krut 51 MPa

61,688 63,125 44561 25,998 74348
B: Static Structural
Equivalent Stress

Type: Equivalent {von-Mises)
Unit: MPa

Time: 1

Custom

Max: 90,969

Min: 7,4348

15.02.2022 15:14

&

47,562 36,582 25,602 14,622 3,6416
B: Static Structural

Maximum Principal Stress
Type: Maximum Principal Stress
Unit: MPa
Time: 1

Max: 53,052
Min: 3,6416
15.02.2022 14:53

1,2542 05375 -017M7 -0,89583 -1,6125
B: Static Structural
Middle Principal Stress
Type: Middle Principal Stress
Unit: MPa
Time: 1
Max: 1,6125
Min: -1,6125
15.02.2022 14:54

-91317 -20,112 -31,092 -42,072 -53,052
B: Static Structural
Minimum Principal Stress
Type: Minimum Principal Stress
Unit: MPa
Time: 1
Max: -3,6416
Min: -53,052
15.02,2022 14:55

47,157 36,434 25,711 14,988 4,2656
B: Static Structural
Maximum Shear Stress
Type: Maximum Shear Stress
Unit: MPa
Time: 1
Max: 52,519
Min: 4,2656
15.02.2022 14:55

(MPa)
Detorm

(MPa)
[

icale 16362E402
Loadset LoadSet] | PRT0002

PRT0002

0,06104

Mid Principal ~  (wes)
oc

1.5352E+02
Loadset LoadSet1 : PRT0002

L otl | PRT0002

*y

v Stress | v | (WES)

oadSet] - PRT0002




Vypocet napéeti kompozitniho vstrikovaného
ozubeného kola — FEM metoda

Outline e ] s n’ ox Q Q |§| L "Q; D?B Cb - “:‘ a Q Q Q Select i Mode~ @ @ @ . @ m ”\: @ GCIipbwrdv [Empty] @
Name w | Search Outline | s h - B
fl Project®

- (@ Model (84)

= J“ Geometry
%@ KST_EVOL_OZUBENI_SIKME_PST

o, ¥ @ KST_EVOL_OZUBENI_SIKME_KOL
- Materials
g5 Coordinate Systems
-] Connections
@D Mesh
- ./ﬁ Static Structural (BS)
- [ Analysis Settings

.,rm Solution Information

JQ Tatal Deformation

%0 Equivalent Stress

JQ Maximum Principal Stress

- /%@ Maximum Shear Elastic Strai
~ % Vector Principal Stress
/%D Shear Stress

- JQ Equivalent Plastic Strain

Benteler glass technics, -/ {3) Contact Tool
kratka sklenéna vldkna, < >
PA matlce Details of "Static Structural (BS)" ==+ 8 O X
E'Deﬁniﬁon -
i f H Physics T stodtl@ld o —1 Y — e T P .
vstrikovaci techno|0g|e .An;y‘s‘i;::c St;t‘k::udum G 5 v 0 0O X | Tabular Data =
Solver Target Mechanical APDL 1'.
= Options
Environment Temperature 22, *C
'Generate Input Only No

FAKULTA STROJNI TUL



Pozice vstriku
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Pevnostni vypocet s respektovanim orientace vlaken
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B: Static Structural
Pressure

Type: Pressure
Unit: MPa

Time: 1
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MKP nelinedrni transcendentni Ulohy. Unava, elastické a plastické deformace
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Unit: MPa

Time: 1
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Ansys Granta Design-
Ekologie navrhu

The product life-cycle
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Life cycle
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Click
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Copy of current
content

Set Recycle content
to 100%

Virgin PET

Energy (MJ)
400
200+ I
o I BN mies mewm .
=200
Material Manufacture Transport — Use Disposal Eol potential
-100 % Change  +100
M Product: PET botttle i 0%
Product: Glass bottle — +86 %
B Product: Recycled PET botttle — -37 %
C02 Footprint (kg)
40~
30~
20+

mll
. B'E wim mom -

Material Manufacture Transport Uss

Disposal Eol potential
-100 % Change - +100
M Product: PET botttle I 0%
Product: Glass bottle e +149 %
B Product: Recycled PET botttle = -16 %



Ansys Granta Design — Udrzitelny rozvoj

Reflection A’”""”"’W" Stakeholder diagram
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Ansys Granta Design — udrzitelny rozvoj - priklad

Alternative batteries? Lithium-ion

Seek high energy density (MJ/kg) batteries

Lithium mine production (tonnes)
Rank ¢ Country ¢ 2018 ¢ 2019 ¢ | 202002 ¢ 20210 ¢

Best battery

/ 0.6 MJ/kg 8 million cars per year, 7.3 kg Lithium per car .
. = 58400 tonnes per year 1 & Australia | 58,800 | 42,000 | 40,000 | 55,000
R TR, S [Energy storage systems|| :
) o Disel e Lithium production (2011) 2 B Chile 17,000 | 18,000 | 18,000 | 26,000
Factor 75 ol U, O R p \ 3 Bl China 7,100 | 7,500 | 14,000 14,000
| Li-ion/Battery :
%a : Nickel-Metal H.yr:rideBlgery '\é:a;;ﬁg Tonne:éygzlb 4 - Argentina | 6,400 |6,400 |6,200 6,200
= 1 ermal Storage
> > Lead-Acid Battery Australia 12 000 5 Brazil 300 300 1,900 1,500
5 oo ol e R DﬁAFVanaduum Flow Battery | Chi 4000
5 Sodium-Sulfur Battery Super-Capachtors Ina 6 == Zimbabwe | 1,600 | 1,600 | 1,200 1,200
= Compressed Air . < Argentina 3000
O 0014 . Nickel-CadmiumBattery Q& U |l Hydro
,% USA 1500 7 Bl Portugal | 800 1,200 | 900 900
siord Fiywhes] World 32 400 8 BZ Namibia | 500
Superconducting Magnetic Sitipo"e’ . . i 4
N - 2 e Li demand = 180% present world production | == Bolivia 5401
pring

Lead-acid

Alternative magnets?

Need high remanence and high coercive force One common part'

Neodymium-boron
magnet rotors

| Nd based magnets
rd

E‘Permanent aghe el C- Production shares of neodymium, praseodymium,
1 ,,,9?99, L esd mmi......sm. 8 million cars per year, 1.5 kg neodymium per car dysprosium and terbium oxides per country
e ° g g g ™ = 12,000 tonnes per year
E iFe—Cumagne&s % 9; ° : m;n_s.mmm India 1"1: Russia 1%
3. P S v Rare earth production i
= | AlNi-Co magnets | ° :
W Nation___Tonnes/yr__
€ | L e 3 (China 100 Ood, Critical material!
‘ — OSA™" 77000
© il India 2900
mgﬁo 100000 1;6 Russia 2 400
Coercive force He (A/m) World 112 000
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Of which 17 000 tonne is Nd

Nd demand = 70% of present world production
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Meéereni sil a momentu

magnetic tape\ sensor head

testing device
FU 250

r

extensometr
Renishaw

FU 250 control
system

force

elongation _

>l  DEWE
5000

1000

900

800

700

sigma [MPa]

600

500

400
300

200
100

—

0,00 0,05

0,10

0,15
epsilon

1000
900
800
700
600
500
400
300
200
100

sigma [MPa]

[
[ |
[
\
0,00 0,05 0,10 0,15
epsilon



Meéreni pohlceni energie a Unavy




N\

O
(q0)
-
S
O
g—
D
O

/

ie-meren

Tenzometr




St

Ca

/

Laborator KST hlavn




Ansys Granta Design — Materialové vlastnosti-

struktury

Modulus and Density
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Combining textile technology, mechanics and material

Woven carbon fiber
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(c) The kagome weave

(b) 3-dimensional weaving

Granta Design and Mike Ashby, 2020



NEW AREAS OF COMPONENT DESIGN

Ansys Granta Design —
peny a mikrostruktury

Polymer foams

Bending-dominated
micro-lattices

Stretch-dominated
micro-lattices
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Additive Manufacturing
Formula-Based Lattices
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Shizeni hmotnosti

Topologicka optimalizace

Tvarova
optimalizace
Konstrukéni
optimalizace
Multi fyzikalni

FAKULTA STROJNE TUL Optimalizace




Topologicka optimalizace
skolni pripad
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Okruhy otazek

* Jaké jsou rozdily v konstrukci dilt sériové a kusové vyroby?

* Co musi konstruktér definovat, aby probéhl vypocet metodou
konecnych prvku?

* Jaké jsou moderni sméry v konstruovani?



