V¥ Priloha 1

V¥ Vypocet rovnic vnitrni balistiky, bez uvazovani ztrat
4 Vstupni parametry

> Restart;
Restart (1.1.1.1)
Pocatecni tlak [Pa]
> p, = 40000000;
Py = 40000000 (1.1.1.2)
EImotnost prachove naplne [kg]
> o := 0.1485;
i ® :=0.1485 (1.1.1.3)
Pocatecni objem spalovaciho prostoru [m3]
> ¢, = 0.00024;
¢y = 0.00024 (1.1.14)
Kovolum prachovych plynu [’ kg 1
> o = 0.905¢—3;
i o :=0.000905 (1.1.1.5)
Hustota prachove masy [kg-m_3]
> & = 1600;
6:=1600 (1.1.1.6)
Merna energie prachu [J-kg 1
> f:=0.830e6;
£:=83010 (1.1.1.7)
E}eometricka charakteristika prachoveho zrna
> K :=1.25;
K:=1.25 (1.1.1.8)
]:)elka hlavne [m]
> [, =6,
l,:=6 (1.1.1.9)
l:{aze [m]
> d = 0.0298;
d :=0.0298 (1.1.1.10)
I:{motnost strely [kg]
> m, = 0.295;
m, :=0.295 (1.1.1.11)
E/ybuchova teplota prachu [K]
> T = 3175
T :=3175 (1.1.1.12)

Plocha prurezu vyvrtu hlavne [mz]
> 5= 0.0007053;

s :=0.0007053 (1.1.1.13)



Soucinitel pasivnich odporu strely
> ko, = 1.03;
k,:=1.03

(> P, = 262038.29;
P, :=2.6203829 10

Parametr expanze

> 0:=0.25;
©:=0.25
Soucinitel rozsireni spalovaciho prostoru
> x = 1.125;
i % :=1.125
YV Resic

\ 4 Vypocet konstant

C [.-s [.-s
> Kty = —0(”— +(% —1)-ln |+
ld-s Co Co
kg = 0.9815687108
Fiktivni hmotnost
> ¢ =1
i ¢ =1
[m]
C
> =2 1- 2|,
s Cy'0
I :=0.2086877924
[m]
c
> 1, =—°-(1— ‘”’),
s Co
l;:=0.1497341557
[m]
0] 1
¢ |2—— < +a
;o [ 0 (5 j]
> pom " 2-s ’
il lpom =0.1792109740
\ 4 1. Zazeh
“ 1
>y = o o
0 9
_L _’_a_i
Py )
Y, = 0.04713084242
Y,
> zy = —0;

aelkovy impuls tlaku prachovych plynu [Pa-s] [, — Py

I}

(1.1.1.14)

(1.1.1.15)

(1.1.1.16)

(1.1.1.17)

(1.1.2.1.1)

(1.1.2.1.2)

(1.1.2.1.3)

(1.1.2.14)

(1.1.2.1.5)

(1.1.2.2.1)



|_ 2, = 0.03770467394 (1.1.2.2.2)

Y 2. Dohoreni prachove naplne
Rychlost po dohoreni vymetne naplne [m-s_l]

N
> V= om, -(1 —ZO);
Vv, = 602.8718430 (1.1.2.3.1)
léomocny vypocet [J]
> a=f0xK
i a = 1.54068750 10° (1.1.2.3.2)
Pomocny vypocet [J]
) 2
> ji= @-mq-(vK) ;
j:=1.072190654 10° (1.1.2.3.3)

Konstanta

l—x @.q,.mq.<vK)z

> b=
K 2- fox
i b :=-0.2869896276 (1.1.2.34)
Konstanta
> k= —L;
a-b
i k:=-2.424885617 (1.1.2.3.5)
Konstanta
> M:=1—k
i M :=3.424885617 (1.1.2.3.6)
Pomocny vypocet [Pa]
> 4= L1 ppnyh
s-1
‘pom
A :=1.251508409 10’ (1.1.2.3.7)

Limitni rychlost [ m- s

2:f®
> i [ o,
q

Vi - 1828.252847 (1.1.2.3.8)
I}omer limitni rychlosti ku rychlosti po dohoreni v. n.
lim

L, = 0.3297529901 (1.1.2.3.9)

[:Jrazena vzdalenost po dohoreni vymente naplne [m]

k
NN N Y
>lK'_lPOm((1+b-zO) 1),

[ :=0.2171881344 (1.1.2.3.10)
Tlak plynu po dohoreni vymetne naplne [MPa]




Y TR
Pk 1000000 °

Dy =392.9197452 (1.1.2.3.11)
i“eplota plynu po dohoreni vymetne naplne [K]

2
v
Viim

Ty = 2829.759915 (1.1.2.3.12)
3. Misto maximalnich tlaku
S S
>z = b2k
z, = 0.7874658894 (1.1.2.4.1)

>y =Kz, + (1 —K)'(Zm)zg

Yy, :=0.8293067300 (1.1.24.2)

Rychlost v miste maximalniho tlaku [m- S 1]
> YV, = V2

v =474.7410120 (1.1.2.4.3)

Urazena vzdalenost v miste maximalniho tlaku [m]

1 +bz, k |
L+bz | )

1 :=0.1456442996 (1.1.2.4.4)

> =1

m ‘pom

IS/Iaximalni tlak [MPa]
1—k
_ A-Zm-(l +b-zm)

1000000 ;
P, =409.8514984 (1.1.2.4.5)

'l“eplota pri maximalnim tlaku [K]

v 2
I_L.[_’"J :
v, Vim

T, =2916.851548 (1.1.2.4.6)

>pm

> T =T,

4. Parametry na usti hlavne
Rychlost na usti hlavne [m-s” 1]

2 e
u lim Vi, ll+lu' >
v, =1367.541397 (1.1.2.5.1)
"I"Iak na usti hlavne [MPa]
> P, =Py >

p, = 11.58646743 (1.1.2.5.2)

[m]



1

NG

> My, = (1,+1K)-(1 = (%) ) ;
M, = 02315248110 (1.1.2.5.3)



V¥ Priloha 2

V¥ Vypocet rovnic vnitrni balistiky
4 Vstupni parametry

> Restart;
| Restart (1.1.1.1)
Pocatecni tlak [Pa]
> p, = 40000000,
Py = 40000000 (1.1.1.2)
EImotnost prachove naplne [kg]
> o :=0.1352;
®:=0.1352 (1.1.1.3)
Pocatecni objem spalovaciho prostoru [m3]
> ¢, = 0.0001905;
¢y :=0.0001905 (1.1.1.4)
Kovolum prachovych plynu [’ kg 1
> o = 0.05¢—3;
o :=0.00005 (1.1.1.5)
Hustota prachove masy [kg-m_3]
> 0 := 1620;
0:=1620 (1.1.1.6)
Merna energie prachu [J-kg 1
> f:=0.92¢6;
i £=9210 (1.1.1.7)
Tvar zrna, parametr K,
[ 1.5
> Fi=2+——;
+ 100’
i F:=2.015000000 (1.1.1.8)
Tvar zrna, parametr K - A,
[ 1.5
> Gi=-|1+2-—|;
G ( + 100 )’
i G := -1.030000000 (1.1.1.9)
Tvar zrna, parametr K, - L,
[ 1.5
> H:= ;
100’
i H :=0.01500000000 (1.1.1.10)
Delka hlavne [m]
=45 (1.1.1.11)
}:{aze [m]
> d = 0.0298;
i d :=0.0298 (1.1.1.12)



Hmotnost strely [kg]

> m, = 0.295;
m, = 0.295 (1.1.1.13)
Vybuchova teplota prachu [K]
> T, := 3175,
T,:=3175 (1.1.1.14)

Plocha prurezu vyvrtu hlavne [mz]
> s := 0.0007053;
i s:=0.0007053 (1.1.1.15)
Soucinitel pasivnich odporu strely
> ko == 1.03;
ky 171255573 .= 1.03 (1.1.1.16)

aelkovy impuls tlaku prachovych plynu [Pa-s] I, — P,
> Py :=269745.3;

Py :=2.697453 10° (1.1.1.17)
l:)arametr expanze
> 0:=0.2;
0:=02 (1.1.1.18)
Soucinitel rozsireni spalovaciho prostoru
> »x = 1.75;
i x:=1.75 (1.1.1.19)
VY Resic
\ 4 Vypocet konstant
Funkce 1
> k:=F+G-0.5+H-0.25
K := 1.503750000 (1.1.2.1.1)
Eunkce 2
> KA = G-0.5 +H-0.75
KA := -0.5037500000 (1.1.2.1.2)
I;ambda
> A= L2
K
A= -0.3349958437 (1.1.2.1.3)
> k= C—O(ﬂ + (L —1)-ln 1+£J];
Ls Co % Co
kg = 0.9261388449 (1.1.2.14)
Eiktivni hmotnost
> @ i=kyt %'kxstr'mﬂq;

i ¢ = 1.171484714 (1.1.2.1.5)
[m]




1. Zazeh

>y, =

> Vg =

I_(onstanta

> ji= (p~mq-(vK) ;

> b:=A—

1. :=0.2061415070

S 1

o 6
_L_FG‘_L
Py )

Y, = 0.03529397495

B 2
> B = solve( Fzy+Gzy — Y zo);

B:=0.01767531727, 1.938635362

(> J:=((1.1.2.2.2)) [2] ;

J:=1.938635362

> L:=((1.1.2.22)) [1] ;

L:=0.01767531727

;0 je pro dalsi vypocty nahrazeno promenou C
> ifL <landL > 0thenC := LelifJ <1 andJ > 0 then C := Jend if

C:=0.01767531727

2. Dohoreni prachove naplne
Rychlost po dohoreni vymetne naplne [m-s™']

s-PK

(1 —=C);
®-m,

V= 540.7844369

l}omocny vypocet [J]
>a=f0x%K

a = 1.870424400 10°

1:30m0cny vypocet [J]

2

7:=1.010664500 10°

O
2-a’

(1.1.2.1.6)

(1.1.2.1.7)

(1.1.2.1.8)

(1.1.2.2.1)

(1.1.2.2.2)
(1.1.2.2.3)

(1.1.2.24)

(1.1.2.2.5)

(1.1.2.3.1)

(1.1.2.3.2)

(1.1.2.3.3)

11972 A



| b :=-0.3890298106
Konstanta

> k= ;%,

i k:=-1.388941551

Konstanta

> M:==1—%k

i M :=2.388941551

Pomocny vypocet [Pa]

fox

> A= (1 +b-C)k

S'lpom
i A :=1.298861849 10’
Limitni rychlost [m-s™']

2:f®
> Yin = [ o gm,
q

v = 1897.155540

Viim
Yy = 0.2850501319

k
el )
[ = 0.1986291292
"I“Iak plynu po dohoreni vymetne naplne [MPa]
A+
K= 1000000
Dy :=400.2923558

'l“eplota plynu po dohoreni vymetne naplne [K]

2
A%
> T, = T{l[—K] ];
Viim

Ty :=2917.019891

>p

3. Misto maximalnich tlaku

1
>z =-—
“m b-(2—k)’
z, = 07584955542

_> y =Kz, + (1 —K)-(zm)z;

y = 0.8507725040

Rychlost v miste maximalniho tlaku [m-s” 1]
> vV, = Ve Zy
v, = 410.1825912

l:)omer limitni rychlosti ku rychlosti po dohoreni v. n.

iJrazena vzdalenost po dohoreni vymente naplne [m]

(1.1.2.3.4)

(1.1.2.3.5)

(1.1.2.3.6)

(1.1.2.3.7)

(1.1.2.3.8)

(1.1.2.3.9)

(1.1.2.3.10)

(1.1.2.3.11)

(1.1.2.3.12)

(1.1.2.4.1)

(1.1.24.2)

(1.1.2.4.3)



Urazena vzdalenost v miste maximalniho tlaku [m]

1+bz, k
> 1 = lpom'[(m) —1];
l,:=0.1256963813 (1.1.2.4.4)
IS/Iaximalni tlak [MPa]
Az, (1+bz,) "

1000000 ;
P, =427.3018664 (1.1.2.4.5)

'l“eplota pri maximalnim tlaku [K]

v 2
I_L.[_’"J :
v, Vim

T, :=3000.546834 (1.1.2.4.6)

>pm

> T =T,

m

\ ¥ Parametry na usti hlavne
Rychlost na usti hlavne [m-s” 1]

2 e
> v.oi=vy . 1 — 1 — V_K . M .
v, :=1236.048887 (1.1.2.5.1)
"I"Iak na usti hlavne [MPa]
L+1, J1 +0
> P, =Py ;
wo TRL 4
p,, = 24.18408308 (1.1.2.5.2)
[m]
1
2\ ©
> My, = (1,+1K)-(1 = (%) ) ;
il M, :=0.3005562001 (1.1.2.5.3)
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VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, celek
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VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, celek

2. Model
2.1. Geometrie

2.1.1. Zakladni informace

Byl pouzit material Structural Steel

Geometry
22520191849

[Penetritor g

22,50 67,50

Obr. 1 Sestava strely

2.2. Materialové vlastnosti

2.2.1. Structural Steel

A B C
Property Value Unit
l—El Material Field Variables = Table
% Density 7850 kgm"-3
l—El Isotropic Elasticity
Derive from Young's ... LI
Young's Modulus ZE+11 Pa
Poisson's Ratio 0,3
Bulk Madulus 1,666TE+11 Pa
Shear Modulus 7,6923E+10 Pa
% spedfic Heat, C, 434 Tka™-1...

Obr. 2 Preddefinované materidlové viastnosti




VYPOCTOVA ZPRAVA
Dynamicka analyza, celek

Datum:

22.5.2019

2.3. Spojeni

2.4.2 Kontakty

-] Scope
Scoping Method | Geometry Selection
Geometry All Bodies

-|| Definition
Type Eonded
Maximum Offset | 1,e-004 mm
Breakable Mo
Suppressed Mo

Obr. 3 Body Interaction

2.4. Sit prvki

2.4.1. Globalni sit’

Obr. 4 Pohled na celkové zasitovany model

—

—t




VYPOCTOVA ZPRAVA
Dynamicka analyza, celek

Datum:

22.5.2019

[=]| Display

Display Style |Use Geometry Setting

[=]| Defaults

Physics Preference | Explicit

Element Crder Linear

Element Size 1,5 mm

Sizing

Quality

Inflation

Advanced

0 F B H

Statistics

Modes 17481

Elements 23803

Obr. 5 Detailni nastaveni sité

2.4.2. Kvalita sité

Mesh
Element Quality
22.5201919:33

1 Max
0,92374
0,84747
077121
0,69495
067869
0,54243
046616
03899
0,3136.

Obr. 6 Kvalita sité na celkové stiele

Mesh
Element Quality
225201919:34

1 Max
0,92374
0,84747
077121
0,69495
061869
0,54243
046616
0,3899
0,31364 Min

Obr. 7 Kvalita sité na sabotu (detail)

000

0001y

17,50

52,50

5000 )

12,50

—

37,50

—t




VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, celek
20000,00
EE1ZDDD,DD
éi%[)DE),E)[)
4000,00 I
0,00 — | .

Obr. 8 Cetnost kvality prvkii
3. Explicitni resic

3.1. Nastaveni reSice

=|| Definition
Physics Type Structural
Analysis Type | Explicit Dynamics
Solver Target | AUTODYN
-|| Options
Environm...| 22, *C

Generate In... | Mo

Obr. 9 Nastaveni resice, vychozi teplota

—

Element Metrics

—t

00



VYPOCTOVA ZPRAVA
Dynamicka analyza, celek

Datum:

22.5.2019

3.2. Nastaveni analyzy

[=]| Analysis Settings Preference

Type Program Controlled
[=]| Step Controls

Mumber Of Steps 1

Current Step Number 1

End Time 6,e-003

Resume From Cycle 0

Maximum Mumber of Cycles Te+07

Maximum Energy Error 1.

Reference Energy Cycle 0

Initial Time Step

Program Controlled

Minimum Time 5tep

Program Controlled

Maximum Time 5tep

Program Controlled

Time Step Safety Factor 09
Characteristic Dimension Diagonals
Automatic Mass Scaling Mo
Solver Controls
Euler Domain Controls
Damping Controls
[=I| Erosion Controls
On Geometric Strain Limit Yes
Geometric Strain Limit 1,5
On Material Failure es
On Minimum Element Time Step | Mo
Retain Inertia of Eroded Material | Yes
Output Controls
=1 Analysis Data Management
Solver Files Directory Chlsersyjendy\Desk...

Scratch Solver Files Directory

Obr. 10 Nastaveni analyzy, cas, energeticka chyba, vylouceni deformovanych prvkii

3.3. Zatizeni

A: Celd stfela
Pressure

Time: 6,e-003 s
22520191915

. Pressure: 13,83 MPa

Obr. 11 Hrany zatizené tlakem

10.00(mm)

17,50

52,50




VYPOCTOVA ZPRAVA
Dynamicka analyza, celek

Datum: | 22.5.2019

409,53

9,82

G,e-3

Obr. 12 Tlakovy priibeh

4.  Vysledky

4.1. Souhrn energii

—#— Internal Energy ———— Kinetic Energy

—#—— Hourglass Energy

———— Caontact Energy

2,7148e+8 T
2448 —fr-mmememeemeeoeoemeoeoeos T T P REEERERS T Ty EET TR PR
2,e+8 B R e s R R
16848 —fmemr e mmmem e T R EERE R

= : :

E : :

= H H

2 | |

g | H

Er2ee8 LR EEEETE foemmrmeomo oo e R R
B A H S S SO
4,e+7 R s TTmmmmmmmmmmssseossooooee e Ammmmmmmssmmmsssosossoseoo
o T T T T T

0, 1,e-3 2,83 3,63 403 5.e-3 5,9999¢-3
Time (s)

Obr. 13 Kineticka energie (modra)

—

—t




VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, celek

4.2. Celkovy posuv

Sttela za 0,6 ms urazi 5,949 m.

50499
5000,
—_ 4000,
E 3000,
- 2000,
1000,
1,5777e-30

0, 1,83 2,83 3,63 4e-3 5,8-3 6,e-3

[s]

Obr. 14 Deformace strely za cas
4.3. PosuvvoseX

0,28553

0,2

[mm]

012

4e-2

1,0185e-2
0, 1,e-3 2,e-3 3,83 4e3 5.e-3 6,e-3

Obr. 15 Posuv v ose X

4.4. PosuvyvoselZ

Z posuvu X a Z je patrné, ze stiela se v ¢ase 6 ms vychyli z drahy 0 necely milimetr bez pouziti vazeb.

9,6466e-3

01
0.2

[mm]

0,3
04

-0,53942
0, 1,8-3 2,e-3 3.e3 4,e-3 5,e-3 G,e-3

Obr. 16 Posuv v ose Z

4.5. Celkova rychlost

Strela dosahne rychlosti 1375 m/s na usti hlavné.
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22.5.2019

1,3754e+6

1,846
7,585

[mm/s]

5e=5
2,5e+5

1.5777e-30
0, 1,e-3 2,e-3 3.e3

[s]

Obr. 17 Rychlost stiely v zavislosti na case

4.6. Napéti von-Mises

4.6.1. Nejvyssi napéti ve strele
Nejvetsi napéti je 493 MPa. Dané napéti se vyskytuje na sabotu i penetratoru.

A: Celd stfela

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 9,e-004

Cycle Number: 57293
225201919:25

492,38 Max
438,04
3837
329,36
275,02
220,68
166,34
112
57,656
32,2151 Min 000 4500
-

22,50 67,50

Obr. 18 Celkova napjatost stiely

492,38
400,

300,

[MPa]

200,

100,

QO‘DO[mm]

1,5777e-30
o, 1,e-3 2,e-3 3,e-3

[s]

Obr. 19 Pribéh napéti v zavislosti na case
4.6.2. Nejvyssi napéti v sabotu

Nejvetsi napéti na sabotu je 493 MPa.
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A: Celé stiela

Equivalent Stress 2

Type: Equivalent fvon-Mises) Stress
Unit: MPa

Time: 9,e-004

Cycle Mumber: 57293
22520191926

492,38 Max
43841
384,44
33047
276,51
222,54
168,57
1146
60,632
6,664 Min 00

2500 50,00 (rarm)
- 1
12,50 37,50 I

Obr. 20 Celkova napjatost sabotu

[MPa]

200, —

100, —

1,5777e-30 ¢ T T
a0, 1,e-3 2.e-3 3,e-3 4e-3 5e-3 ge-3

[s]

Obr. 21 Pribéh napéti v zavislosti na case
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VYPOCTOVA ZPRAVA Datum: | 4.4.2019
Dynamicka analyza, 74 model

2. Model

2.1. Geometrie

2.1.1. Zakladni informace

Sabot i penetrator jsou rozdéleny na tii ¢asti, které byly spojeny funkci Shared Topology v modelati Space Claim. Byl
pouzit material Structural Steel

Geometry
4.4.2019 23:28

[sebor.
-L

Y
@
0.00 40,00 80,00 (mm)
20,00 60,00

2.2. Materialové viastnosti

Obr. 1 Sestava strely

2.2.1. Structural Steel

A B C
Property Value Unit
T4 Material Field Variables =4 Table
T Density 7850 kgm~-3
El Isotropic Elasticity
Derive from Young's ... ;I
Young's Modulus 2E+11 Pa
Poisson's Ratio 0,3
Bulk Modulus 1,666TE+11 Pa
Shear Modulus 7,6923E+10 Pa
T4 spedific Heat, C, 434 Tkg™-1...

Obr. 2 Preddefinované materidlové viastnosti
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Datum:

4.4.2019

2.3. Symetrie

2.3.1. Oblast symetrie 1

[=| Scope
Scoping Method Geometry Selection
Geometry & Faces
[=I| Definition
Scope Mode Manual
Type symmetric
Coordinate System | Global Coordinate System
Symmetry Mormal | X Axis
Suppressed Mo

Obr. 3 Symetrie kolmad na osu X

Symmetry Region
23420192325

. Symmetry Region

e dil /i
I

0,00 35,00 70,00 {mm)
[ IIaaaaaa—
17,50 52,50

Obr. 4 Symetrie kolmad na osu X, obrazek
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2.3.2. Oblast symetrie 2

[=| Scope
Scoping Method Geometry Selection
Geometry & Faces
[=I| Definition
Scope Mode Manual
Type symmetric
Coordinate System | Global Coordinate System
Symmetry Mormal | Z Axis
Suppressed Mo

Obr. 5 Symetrie kolmad na osu Z

Symmetry Region 2
23420192325

. Symmetry Region 2

TN

¥
0,00 35,00 70,00 {mm) @
[ IIaaaaaa——
17,50 52,50

Obr. 6 Symetrie kolma na osu Z, obrazek
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Datum:

4.4.2019

2.4. Spojeni

2.4.1. Tuhé spojeni

-|| Scope
Scoping Method | Geometry Selection
Geometry 2 Bodies

-|| Definition
Type Bonded
Maximum Offset | 1,e-004 mm
Breakable Mo
Suppressed Mo

Obr. 7 Vlastnosti kontaktu

Body Interaction
23.4.2019 22:49

. Body Interaction

L

0,00

I

20,00

Obr. 8 Definované plochy

—

—t
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Datum:

4.4.2019

2.4.2 Kontakt bez treni

-|| Scope
Scoping Method | Geometry Selection
Geometry 2 Bodies

-|| Definition
Type Eonded
Maximum Offset | 1,e-004 mm
Breakable Mo
Suppressed Mo

Obr. 9 Vlastnosti kontaktu

Bedy Interaction 2
23.4.2019 22:50

. Body Interaction 2

0,00 40,00

20,00

Obr. 10 Definované plochy

60,00

80,00 (mm)

—t
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Datum:

4.4.2019

2.5.

2.5.1.

Sit’ prvku

Globalni sit’

0,00

Obr. 11 Pohled na celkové zasitovany model

[=I| Display
Display Style Use Geometry Setting
[=l| Defaults
Physics Preference Explicit
Element Order Linear
Element Size 1.5mm
[<]| Sizing
Use Adaptive Sizing Yes
Resolution Default (4)
Mesh Defeaturing Yes
Defeature Size Default
Transition Slow
Span Angle Center Coarse
Initial Size Seed Assembly
Bounding Box Diagonal | 232,46 mm
Average Surface Area 125,81 mm?®
Minimum Edge Length | 0,57963 mm
Quality
Inflation
Advanced
[=]| Statistics
Modes 5539
Elements 23173

Obr. 12 Detailni nastaveni sité

20,00

40,00

60,00

80,00 ¢mm)
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4.4.2019

2.5.2. Kvalita sité

Mesh
Element Quality
23420192303

0,99998 Max
0,92558
085118
077678
070238
062798
055358
047918
040477
0,33037 Min

Obr. 13 Kvalita sité na celkové stiele

Mesh
Elernent Quality
23420192300

0,99998 Max
092558
085118
077678
0,70238
062798
055358
047918
040477
0,33037 Min

Obr. 14 Kvalita sité na sabotu (detail)

. Tt}

22,50

67,50

6322,00
6000,00

5000,00

4000,00

3000,00

Number of Elements

2000,00

1000,00

0,33 0,40 0,50

Obr. 15 Cetnost kvality prvki

0,60 0,70 0,30 0,90 1

—

Element Metrics
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Datum:

4.4.2019

4

3. Explicitni resic

3.1. Nastaveni resSice

[=| Definition
Physics Type | Structural

Analysis Type | Explicit Dynamics

Solver Target | AUTODYN

[=I| Options
Environm...| 22, *C

Generate In... | Mo

Obr. 16 Nastaveni resice, vychozi teplota

3.2. Nastaveni analyzy

[=1| Analysis Settings Preference
Type Program Controlled
[=]| 5tep Controls
Mumber Of Steps 1
Current Step Mumber 1
End Time 6,e-003
Fesume From Cycle 0
Maximum Mumber of Cycles Te+0T
Maximum Energy Error 0.8
Reference Energy Cycle 0
Initial Time Step Program Controlled
Minimum Time Step Program Controlled
Maximum Time Step Program Controlled
Time 5tep Safety Factor 0.9
Characteristic Dimension Diagonals
Automatic Mass Scaling Mo
Solver Controls
Euler Domain Controls
Damping Controls
[=I| Erosion Controls
On Geometric Strain Limit Yes
Geometric 5train Limit 1,5
On Material Failure Mo
On Minimum Element Time Step | Mo
Retain Inertia of Eroded Material | Yes
Qutput Controls
=1 Analysis Data Management
Solver Files Directory ErvAnsys\aPFSDS V..
Secratch Solver Files Directory

Obr. 17 Nastaveni analyzy, cas, energeticka chyba, vylouceni deformovanych prvkii

( o )
L ° )
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Datum:

4.4.2019

3.3. Zatizeni

B: Explicit Dynamics
Explicit Dynamics
Time: 6,e-003 s
234.201923:05

. Pressure: 13,83 MPa

Obr. 18 Hrany zatizené tlakem

409,53

200, —

9,e.2

Obr. 19 Tlakovy priibeh

—

—t




VYPOCTOVA ZPRAVA Datum: | 4.4.2019
Dynamicka analyza, 74 model

4.  Vysledky

4.1. Souhrn energii

—#— Internal Energy Kinetic Energy —#—— Hourglass Energy Contact Energy

TT04esT

5e+7

Energy (mJ)
-
™
+
4

3e+7

o, 1,e-3 2,e-3 3.e-3 4,8-3 5.e-3
Time (s)

5,9998¢-3

Obr. 20 Kineticka energie (modra)
4.2. Celkovy posuv

Strela za 0,6 ms urazi 6,343 m.

6343,2

5000,

4000,

[mm]

3000,
2000,
1000,

1,577 7e-30

Obr. 21 Deformace strely za cas
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4.3. Posuv v ose X

8,1155e-3

5,8-3 //////;’ff"AHHM‘%ﬂﬁx&xﬁﬁ“‘“*-ﬂn_h__HhEHE_g’M__ﬁ_Hb_h__ﬂﬁh__
0 —
563 \//f
-1,0049e-2
0, 1,e-3 2.e-3 3,e-3 483

[s]

[mm]

Obr. 22 Posuv v ose X

4.4. PosuvyvoselZ

Vysledny posuv v 0se X a Z poukazuje na moznost zanedbani vazeb pro dané osy.
1,0054¢-2

5.3 /X

0,

———
5,e-3 \///
-8,1017e-3

0, 1,e-3 2,e-3 3,e-3 4e-3

[mm]

Obr. 23 Posuv v ose Z

4.5. Celkova rychlost

Strela dosdhne rychlosti 1464 m/s na usti hlavné.

1,4664e+6
1,256+6

1,e+6

[mm/s]

7,5e+5

5,e+5

2,585

1,5777e-30
0, 1,83 2,83 3,83 4.3

Obr. 24 Rychlost strely v zavislosti na case

4.6. Napéti von-Mises

4.6.1. Nejvyssi napéti ve strele

Nejvetsi napéti je 493 MPa. Dané napéti se vyskytuje na sabotu i penetratoru.

12

—
| —




VYPOCTOVA ZPRAVA Datum: | 4.4.2019
Dynamicka analyza, 74 model

B: Explicit Dynamics

Equivalent Stress

Type: Equivalent (von-hises) Stress
Unit: MPa

Time: 9,0001e-004

Cycle Mumber: 20842
23420192315

493,15 Max

438,64
384,14
329,64

27513
220,63
166,13
111,62 ¥
57,118
000 40,00 50,00 (mm) @

2,6139 Min [ IIaaaaaa——__  E—
20,00 60,00

Obr. 25 Celkova napjatost stiely

493,15
400,
300,
200,
100,

1,5777e-30

[MPa]

a, 1,e-3 2,e-3 3,e-3 4e-3 5.e-3 G,e-3
[s]

Obr. 26 Priibéh napéti v zavislosti na case
4.6.2. Nejvyssi napéti v sabotu
Nejveétsi napéti na sabotu je 493 MPa.

B! Explicit Dynamics
Equivalent Stress 2
Type: Equivalent (von-hises) Stress
Unit hPa

Tirme: 9,0001 e-004
Cycle Mumber: 20842
234201923118

493,15 Max
439,34
385,52
331,71
2779
224,08
170,27
116,48
52,643

. 0,000 15,000 30,000 {rm)
8,8298 Min [ Eaaaaaa— E—
7,500 22,500 z

Obr. 27 Celkova napjatost sabotu
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493,15
400,
_ 300,
a
=
200,
100,
1,5777-30
0, 1,e-3 2,e-3 3,e-3 4.e-3 5.e-3
[s]

Obr. 28 Pribeh napéti v zavislosti na case
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VYPOCTOVA ZPRAVA Datum: | 1.4.2019

Dynamicka analyza, bez tfeni

2. Model
2.1. Geometrie

2.1.1. Zakladni informace

Sabot i penetrator jsou rozdéleny na tfi ¢asti, které byly spojeny funkci Shared Topology v modelafi Space Claim.
Materialové vlastnosti spoleénych prvki jsou zachovany.

Geometry
21.5.20192329
EMN AW TOT7S 3 EN AW TOTS
EN AW 7075
THUG ALLOY A THUG ALLOY A& THUG ALLOY A&
I;’
ki
0,00 40,00 80,00 mrm)
. ]
20,00 60,00

Obr. 1 Sestava strely

2.1.2. Detail nastaveni geometrie

[=I| Drefinition
Source EnAnsys\APFSDS_V1WAPF...
Type SpacelClaim

Length Unit | Meters
20 Behavior | Axisymmetric
Display Style | Body Color

Obr. 2 Detail geometrie




VYPOCTOVA ZPRAVA Datum: | 1.4.2019
Dynamicka analyza, bez tfeni
e ”, .
2.2. Materialové vlastnosti
2.2.1. ENAW 7075
A B =
Property Value Unit
%8 Material Field Variables = Table
%4 Density 2804 kgm~-3
%4 Specific Heat, Cy 348 Tkg™-1C~-1
E Steinberg Guinan Strength
Initial Yield Stress ¥ 420 MPa
Maximum Yield Stress Ymax 310 MPa
Hardening Constant B 965
Hardening Exponent n 0,1
Derivative dG/dP G'P 1,741
Derivative dG/dT GT -16,45 MPa C"-1
Derivative dY /dP Y'P 0,02738
Melting Temperature Tmelt 945,85 C
%8 shear Modulus 26700 MPa
% shock EQS Linear
Gruneisen Coeffident 2,2
Parameter C1 5200 ms"-1
Parameter 51 1,36
Parameter Quadratic 52 0 sm"-1

Obr. 3 Preddefinované materidlové viastnosti

Wiald Errace 2ERT
Yield Stress 300K  —
9,0427 4 Yield Stress SOMT  s—
Yield Stress TEMT  s—
82,0427
o
a,
= 7.0427
o
i
@
W
o
5 60427
w
=
i
P
50427 A
40427
3.0427

[t} 0,1 0,2 0,2 0.4 0.5 0,6
Plastic Strain [Pa]

Obr. 4 Deformacni zpevnéni dle Steinberg Guinan
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2.2.2. THUG ALLOY
A B =
Property Value Unit

Material Field Variables (=4 Table

Density 17000 kg m™-3

specific Heat, C, 134 Tkg~-1C"-1

Johnson Cook Strength
Strain Rate Correction First-Order =]
Initial Yield Stress 1,506E+09 Pa
Hardening Constant 1,77E408 Pa
Hardening Exponent 0,12
Strain Rate Constant 0,016
Thermal Softening Exponent 1
Melting Temperature 1449,9 C
Reference Strain Rate (fsec) 1

Shear Modulus 1,6E+11 Pa

Shock EOS Linear
Gruneisen Coeffident 1,54
Parameter C1 4029 ms"™-1
Parameter 51 1,237
Parameter Quadratic 52 0 sm™-1

Obr. 5 Preddefinované materidlové viastnosti

2.3.

2.3.1.

Spojeni

Kontakty

e

[=]| Scope
Scoping Method Geometry Selection
Contact 2 Edges
Target 2 Edges

Contact Bodies

Target Bodies

Shell Thickness Effect Mo
Protected Ma
[=1| Definition
Friction Coefficient 0,61
Dynamic Coefficient 047
Decay Constant a,
Scope Mode Manual
EBehaviaor Program Controlled
Trim Contact Program Controlled
Suppressed Mo

Obr. 6 Soucinitel treni pro definované plochy
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Datum: | 1.4.2019

Frictional - Multiple To Multiple
2420191715

[ Frictional - Multiple To Multiple

A

000

Obr. 7 Definované plochy

2.4. Sit prvki

2.4.1. Globalni sit’

50,00 [rmim]
]

0,00

17,50

Obr. 8 Pohled na celkové zasitovany model

—

35,00 70,00 (mm)
52,50
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Datum:

1.4.2019

B

B

B

00+ [ =+

Obr. 9 Detailni nastaveni sité

Obr. 10 Kvalita sité na celkové stiele

Display

Display 5t].r|e| Use Geometry Setting

Defaults

Physics Pre...| Explicit

Element Or.., Linear

Element... 1, mm

Sizing

Use Adapti... Mo

Growth...

Default (1,2)

Mesh Defe...| Yes

Defeatu.., Default [5,2-003 mm)

Capture C... | Yes

Curvatu...

Default (1,e-002 mm)

Curvatu...

Default (30,7

Capture Pr... | Mo

Size Formu...

Program Controlled

Bounding ...| 2521,6 mm

Average Su..| 1716,4 mm*

Minimum E... 0,4 mm

Enable 5iz... | No

Quality

Inflation

Statistics

Modes 1709

Elements | 1435

2.4.2.

Mesh
Element Quality
242019 17:45

0,99914 Max
I 0,92462
0,82011
— 077559

070107
. 062655
— 055203
— 047751

. 040299
0,32848 Min

Kvalita sité

000 45,00
22,50

67,50

9000 [

——

-

—t
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Datum:

1.4.2019

Mesh
Elerment Quality
2420191745

0,99885 Max
I 0,92436
084287

— 077539
— 0,7009
— 062642
— 055193
— 047745

. 040296
0,32848 Min

0.000 15,000 30,000 ()
[ I

7,500 22,500

Obr. 11 Kvalita sité na sabotu (detail)
L ] - r A LI 4
3. Explicitni resic

3.1. Nastaveni reSice

-|| Definition
Physics Type | Structural
Analysis Type | Explicit Dynamics
Solver Target | AUTODYN
—|| Options
Environm...| 22, *C
Generate In.., | Mo

Obr. 12 Nastaveni resice, vychozi teplota

...
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Datum:

1.4.2019

3.2. Nastaveni analyzy

-

[+ [

0l [+

Analysis Settings Preference

Type Program Controlled
Step Controls

Mumber Of Steps 1

Current Step Number 1

End Time 6,e-003

Resume From Cycle 0

Maximum Mumber of Cycles Te+07

Maximum Energy Error 08

Reference Energy Cycle 0

Initial Time Step

Program Controlled

Minimum Time 5tep

Program Controlled

Maximum Time 5tep

Program Controlled

Time Step Safety Factor 09
Characteristic Dimension Diagonals
Automatic Mass Scaling Mo
Solver Controls

Euler Domain Controls

Damping Controls

Erosion Controls

On Geometric Strain Limit Yes
Geometric Strain Limit 1,5
On Material Failure Mo
On Minimum Element Time Step | Mo
Retain Inertia of Eroded Material | Yes
Output Controls

Analysis Data Management

Solver Files Directory

E:\Ansys\APFSDS_V...

Scratch Solver Files Directory

Obr. 13 Nastaveni analyzy, cas, energetickd chyba, vylouceni deformovanych prvki

—

—t




VYPOCTOVA ZPRAVA Datum: | 1.4.2019
Dynamicka analyza, bez tfeni

3.3. Okrajové podminky

B: Strela, tlakovy priibéh, bez odporu
Pressure

Time: B,e-003 s

342019009

. Pressure: 13,83 MMPa

lég
..

0,00 70,00 [mm]
|

35,00

Obr. 14 Hrany zatizené tlakem

409,53

200, —

100, —

Ge-2
Ee-3

Obr. 15 Tlakovy pribeh
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4.  Vysledky

4.1. Souhrn energii

——#—— Internal Energy Kinetic Energy ——#—— Hourglass Energy Contact Energy
3,0344e+8

2,5e+8

2,e+8

1,5e+8

Energy (m))

-89,269

0, 1,e-3 2.e-3 3,e-3 4.e-3

Time (s)

5,63 5,9999e-3

Obr. 16 Kineticka energie (modra)
4.2. Celkovy posuv

Strela za 0,6 ms urazi 6,099 m

£099,3
5000,
4000,
3000,
2000,
1000,
1,5777e-30

[mm]

0, 1,83 2,83 383

[s]

Obr. 17 Posuv stiely

4.3. Posuvy v ose X

Vysledky poukazuji na velmi malé vychyleni stiely i bez pouziti vazby zamezujici posuv v této 0se.
1,1864e-2
ge-3

4.e-3

[mm]

-1,4308e-2

[s]

Obr. 18 Posuv stiely v 0se X
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—
| —
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4.4. Celkova rychlost

Stiela dosahne rychlosti 1410 m/s na usti hlavng.

1,4101e=6

1,646

7,5e+5

[mm/s]

5,25
2,5¢25

1,5777e-30
0, 183 283 3,83 4,e-3

[s]

Obr. 19 Rychlost stiely v zavislosti na case
4.5. Napeéti von-Mises

v

4.5.1. Nejvyssi napéti ve strele
Nejvyssi napéti je 1166 MPa, vyskytuje se v penetratoru.

B:Stfela, tlakovd pribéh, bezodpory
Equivalent Stress

Type: BEquivalent fwon- Mis=s) Stress
Unit: MPa

Time: 2000 -0

Cycle Mum ber: 40675

24209043

- 11663 Max
10
ae17

TE0.33
G651 49 w

22 a5
=231
264,96 | “

13512
.00 0,00 [+
1

— O 72843 Min ——
5,00

=

Obr. 20 Celkova napjatost stiely

1166,3
1000,

750,

[MPa]

500

v

250

v

1,5777e-30

Obr. 21 Prubéh napéti v zavislosti na case
4.5.2. Nejvyssi napéti v sabotu

Nejvetsi napjatost sabotu je 557 MPa v misté zacatku tuhého spojeni s penetratorem.
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B:Stfela, tlakovd pribéh, bezodpory
Equivalent Stress 2

Type: BEquivalent fwon- Misss) Stress
Unit: MPa

Time: 20001 e-004

Cycle Mum ber: 40675

2420904

557,33 Max
4965
43587
1S
MNa4z
2537

192 87

12225 “

71,519
a,aa 20,00 (e
1

10.733 Min ——
15,00

=

Obr. 22 Celkova napjatost sabotu

557,33

400,

v

300,
200,

v

[MPa]

100

v

1,5777e-30
0, 1,8-3 2,e-3 3,e-3 4e-3 5.e-3 B,e-3

[s]

Obr. 23 Pribéh napéti v zavislosti na case

4.6. Elastické pretvoreni

Nejvétsi pretvoreni se vyskytuje v sabotu, v misté nejvyssi napjatosti.

B:Stiela, tlakowd pribéh, bezodpory
Mazim um Principal Elstic Stain

Type: Mazimum Principal EEstic Stain
Unit: mmm m

Time: Q000 e-004

Cycle Mum ber: 4067 5

242019043

00050373 Max
00042a5g
0035522
x
L
ki

ooesiiy
uin s =]
U u) e
000053545
-00001 5053
-0000EGET
0,00 2000 (e

-0.0015408 Min L
5,00

Obr. 24 Elastické pretvoreni
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5,0379e-3
4 e-3

2.e-3

[mmfmm]

0

v

-1,6408e-3

Obr. 25 Prubeh elastického pretvornei

4.7. Plastické pretvoreni

Na nasledujicich snimcich je patrny rust plastického pretvoreni sabotu v zavislosti na Case.

4.7.1. Cas 0,6 ms

B: Stiela, tlakovy{ pribé&h, bez odporu

Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mrm,rmrm

Time: 6,0002e-004
Crycle Mumber: 27042
34,2019 0.

. 0.0051708 Max

00045963

— 00040218

— 00034472

—{ 00028727

—{ 0002298

— 00017236
0,00114M

I 0,00057454

0 Min

Obr. 26 Plasticita v c¢ase 0,6 ms

a0 10,000 |mm)
[

5000
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4.7.2. Cas 0,9 ms

B: Strela, tlakovy priibéh, bez odporu
Equivalent Plastic Strain

Type: Equivalent Plastic Strain

Unit: mm/mm

Time: 92,0001 e-004
Cycle Mumber: 40675
342015 041

. 0,012901
0011486
— 0071003
— 000860
= 000716
— 000573
— 000430

00028669 I;»
0,00714335 iy

. 0,000 10,000 (mm)
0 Min [ I

5,000

Obr. 27 Plasticita v ¢ase 0,9 ms

4.7.3. Cas1,5ms

B: Stiela, tlakovy priibsh, hez odporu
Equivalent Plastic Strain

Type: Equivalent Plastic Strain

Unit: mm/mm

Tirme: 1,5e-003

Cycle Mumber: 67915
3.4.2019 042

0,013151 Max
. 0,01163

— Q010229

—1 00087676

= 00073063

1 00058431

— 00043338

00029225
I 00014613
oo 2000 (mm)
]

0 Min - |
10,00

Obr. 28 Plasticita v ¢ase 1,5 ms
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2. Model
2.1. Uprava penetratoru
Volume 13451, 1345mm*
Center of volume (0, 105.2641, 0)mm
Total surface area 7067.4995mm?

Principal moment and axis

141641 5521mma5 (0, 1, 0)

Principal moment and axis

43048773,322mmm5 (0,99977, 0, 0,02164)

Principal moment and axis

43048774,2175mm*5 (-0,02164, 0, 0,99977)

Known relative accuracy %

x
4

0,003

Obr. 1 Piivodni geometrie stiely

X

L.

Vaolume 13419 4776mm?*
Center of volume {0, 105.5395, 0)mm
Total surface area 6446,868mm?

Principal moment and axis

169131,4911mm?5 (0, 1, 0)

Principal moment and axis

33777966,5662mm"5 (072167, 0, -0,69224)

Principal moment and axis

33777967 6434mm*5 (0.69224, 0, 0,72167)

Known relative accuracy %

0,002

Obr. 2 Nova geometrie stiely

2.2. Geometrie

2.2.1. Zakladni informace

Geometry
22.52019 841

STEEL w250 &

EMN AW 7075 A

DR VNV U P W W W Ve W W Ve Ve WV W Wl W We e VoWV ¥

THUG. ALLOY A3

000

.00 (mm)
1]

Obr. 3 Sestava strely

—
| —
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2.2.2. Detail nastaveni geometrie
[=1| Definition
Source EvAnsys\WAPFSDS_VPAPFSDS V4.2 files\...
Type SpaceClaim
Length Unit | Meters
20 Behavior | Axisymmetric
Display Style | Body Color
Obr. 4 Detail geometrie
e ”, .
2.3. Materialové vlastnosti
2.3.1. ENAW 7075
B =
Value Unit
l_"]EI Material Field Variables === Table
¥ Density 2804 kgm~-3
¥ spedific Heat, C; 348 Jkg™-1C™-1
l_"]EI Steinberg Guinan Strength
Initial Yield Stress Y 420 MPa
Maximum Yield Stress Ymax 810 MPa
Hardening Constant B 965
Hardening Exponent n 0,1
Derivative dG/dP GP 1,741
Derivative dG/dT GT -18,45 MPa C"-1
Derivative dY/dP Y'P 0,02738
Melting Temperature Tmelt 945,85 C
l_"]EI Shear Modulus 26700 MPa
¥ shock EOS Linear
Gruneisen Coeffident 2,2
Parameter C1 5200 ms™-1
Parameter 51 1,36
Parameter Quadratic 52 0 sm™-1

Obr. 5 Preddefinované materidlové viastnosti
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Yield Stress 300K  m—
90427 | Yield Stress SOMT  —
Yield Stress TEMT  s—
8,0427 A
w
a,
= T.0427
=}
i
W
0
Il
5 65,0427 -
w
=
2
b=
50427 A
40427
3.0427 . . y y y y "
] 0,1 0,2 0,3 o7 0.8 0.9
Plastic Strain [Pa]
Obr. 6 Deformacni zpevnéni dle Steinberg Guinan
A B s
Property Value Unit
T8 Material Field Variables &= Table
%8 Density 17000 kg m*-3
¥ SpedificHeat, C; 134 Tkg™-1C~-1
8 Johnson Cook Strength
Strain Rate Correction First-Order LI
Initial Yield Stress 1,506E+05 Pa
Hardening Constant 1,77E+08 Pa
Hardening Exponent 0,12
Strain Rate Constant 0,016
Thermal Softening Exponent 1
Melting Temperature 1449,9 C
Reference Strain Rate (fsec) 1
¥ shear Modulus 1,6E+11 Pa
%4 shock EOS Linear
Gruneisen Coeffident 1,54
Parameter C1 4029 ms"-1
Parameter 51 1,237
Parameter Quadratic 52 0 sm™-1

Obr. 7 Preddefinované materidlové viastnosti
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Datum: | 22.5.2019

21.1. STEEL V250

A B C
Froperty Value Unit
El Material Field Variables =5 Table
% Density 8129 kg m*-3
% Specific Heat, C, 408 Jkg™-1C"-1
El Steinberg Guinan Strength
%9 Shear Modulus 7,18E+10 Pa
% Shock EOS Linear
Gruneisen Coefficent 1,6
Parameter C1 3980 ms"-1
Parameter 51 1,58
Parameter Quadratic 52 ] sm™-1
Obr. 8 Preddefinované materidlové vilastnosti
2.? Yield Stress 25MT e
Yield Stress 300K  —
2.6 Yield Stress SOMT  mmm—
2.5 Yield Stress TEMT  —
2.4
2,3 —
2.2 ~
g 2,1 /’/ e —
& L _
g 1,6
= -
15 —
1.4 e o il
13 P— S—
1.2 ________-—-—--"'_____
L1 e T
0 01 0z 03 04 0.5 0.6 07 08 09 1

Obr. 9 Deformacni zpevnéni dle Steinberg Guinan

2.2. Spojeni

Plastic Strain [Pa]

Odsazeni souc¢asti umoznilo pouzit funkci Body Interaction. Tato funkce usnadnila vybér tfecich ploch (vybér byl

proveden automaticky).

e Vule mezi hlavni a sabotem = 0,02 mm

e Vile mezi penetratorem a sabotem = 0,05 mm

—
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ANSYS

2019 R1

ACADEMIC

Obr. 10 Viile mezi soucdastmi

2.2.1. Kontakty

Soucinitele tfeni voleny dle tabulek vykazovali piili§ vysoké energetické ztraty. Byly proto voleny nové soucinitele
spole¢né s kombinaci odporu vzduchu. Hodnoty byly voleny exxperimentalné.

[=| Scope
Scoping Method Geometry Selection
Geometry All Bodies

[=I| Definition
Type Frictional

Friction Coefficient |02
Dynamic Coefficient [0,15
Decay Constant 0,

Suppressed Ma

Obr. 11 Soucinitel tieni pro definované plochy

2.3. Sit prvki

2.3.1. Globalni sit’

0,000 5.000 10,000 (mm)
[ — S—
2,500 7,500
Obr. 12 Pohled na celkové zasitovany model
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Obr. 13 Detailni pohled na sabot

0,000
[

Details of
[=I| Display
Display Style Use Geametry Setting
[=| Defaults
Physics Preference Explicit
Element Crder Linear
Element Size 0,8 mm
[=1| Sizing
Use Adaptive Sizing Mo
Growth Rate Default (1,2)
Mesh Defeaturing Yas
Defeature Size Default (4,2-003 mm]
Capture Curvature Yes
Curvature Min Size Default (8,e-003 mm)
Curvature Mormal Angle | Default (30,7
Capture Proximity Ma
Size Formulation (Beta) Program Controlled
Bounding Box Diagonal 4573,1 mm
Average Surface Area 1630,1 mm®
Minimum Edge Length 2,49315 mm
Enable Size Field [Beta) Mo
Quality
Inflation
Batch Connections (Beta)
Advanced
[=1| Statistics
Modes 13795
Elements Tral

Obr. 14 Detailni nastavent sité

2.3.2. Kvalita site

Sit’ byla upravena pomoci funkce Node Move, aby kvalita sit¢ byla vyssi nebo rovna hodnoté 0,5. V siti se nachazel
pouze jeden Spatny prvek, ktery je zvyraznén na obrazku 12.
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Mesh
Element Quality
225.2019 921

0,99947 Max
0,90051
080156
07026
060364
0,50469
040573
030677
0,20782
0,10886 Min

Obr. 15 Kvalita sité na celkové strele

Mesh
Element Quality
225.20199:25

0,99708 Max
0,92495
087281
0,81068
0,74854
0,68641
0,62427
056214

05

0,095336 Min

Obr. 16 Kvalita sité na sabotu, detail

0,000
L

000

SOIOO Imm)

12,50

15,000
-

37,50

Spatny element

30&)00 (ram)

7,500

22,500

[ o w3

e}

Quad4

7099,00

6000,00

5000,00

4000,00

3000,00

Number of Elements

2000,00

1000,00

011 0,25

Obr. 17 Cetnost kvality prvka

038

0,50

—

Element Metrics

0,63

0,75

0,88
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3. Explicitni resic

3.1. Nastaveni resSice

=|| Definition
Physics Type Structural
Analysis Type Explicit Dynamics
Solver Target AUTODYM

—|| Options

Environment Temperature | 100, *C
Generate Input Only Mo

Obr. 18 Nastaveni resice, vychozi teplota

—

—t
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3.2.

e

[+ [

0l [+

Analysis Settings Preference

Type Program Controlled
Step Controls

Mumber Of Steps 1

Current Step Number 1

End Time 6,e-003

Resume From Cycle 0

Maximum Mumber of Cycles Te+07

Maximum Energy Error 100,

Reference Energy Cycle 0

Initial Time Step

Program Controlled

Minimum Time 5tep

Program Controlled

Maximum Time 5tep

Program Controlled

Time Step Safety Factor 09
Characteristic Dimension Diagonals
Automatic Mass Scaling Mo
Solver Controls

Euler Domain Controls

Damping Controls

Erosion Controls

On Geometric Strain Limit Yes
Geometric Strain Limit 1,5
On Material Failure es
On Minimum Element Time Step | Mo
Retain Inertia of Eroded Material | Yes
Output Controls

Analysis Data Management

Solver Files Directory

E:\Ansys\APFSDS_V4...

Scratch Solver Files Directory

Obr. 19 Nastaveni analyzy, cas, energetickd chyba, vylouceni deformovanych prvkii

Nastaveni analyzy

—

10

—t
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3.3. Okrajové podminky

3.3.1 Tlakové pusobeni vymetné napiné

D: Finalni dynamika
Pressure

Time: 6,e-003
2252019 9:38

. Pressure: 13,83 MPa

B B W By W W B W B W B W W B W W W W W B Wy W B W W W W

000 2500 5000 (mm)
[ e S|
12,50 37,50

Obr. 20 Hrany zatizené tlakem

409,53
300,
200,
100,
9,e.2
B.e-3

Obr. 21 Tlakovy pribeh
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3.3.2 Odpor vzduchu

D: Finalni dynamika
Pressure 2

Time: 6,e-003 s
22520191123

. Pressure 2: 8, MPa

e e e L e et ety Ny N R R R Ny Py P W P Py W By

0.00 25,00 50,00 (mm)
. 1

12,50 37,50

Obr. 22 Mista namdhdna odporem vzduchu

6,25

3,75

25

1,25

Messages LGraphlcs Annotations. Graph

Obr. 23 Odpor vzduchu, graf

3.3.3  Zafixovani hlavné
Byla pouzita fixni vazba aplikovana na vngjsi plast hlavné

D: Finalni dynamika
Fixed Support

Time: 6,e-003 s
22520191129

. Fixed Support

0,000 4,500 9,000 (mrm)
[ i 1

2,250 £,750

Obr. 24 Fixni vazba

12
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3.34 Gravitacni konstanta

Aby vzniklo tfeni dvojce sabot — hlaven, bylo potieba do vypoctu pfidat gravitacni zrychleni. U osové symetrické
ulohy zrychleni lze nastavit pouze v 0se Y, proto bylo aplikovano v podobé¢ tlaku na plochu o adekvatni hodnotg.

D: Finalni dynamika
Pressure 3

Time: 6,e-003
22.5201911:34

. Pressure 3: 3,7e-003 hMPa

B W B W Ve W W W W W W W W Wy W W W W W W W W W Vo W Ve W

0.0 25,00 50,00 [mrm)
[ aaaaae— S|

12,50 37,50

Obr. 25 Gravitacni zrychleni

4.  Vysledky

4.1. Souhrn energii

—#— Internal Energy Kinetic Energy —#—— Hourglass Energy ———— Contact Energy
1,7772e-8
1,6e+8 ettt et~ oo ettt Attt ettt ittt ieie ettt it
1,288 B LT T T T Ly .- T Rt ar T T T LT R T T
Bes7 L B o .~
=
£
=
al
4
9467 . e S
T
o
Ae+T ]
-7,6921e+7

T
o, 1,e-3 2,83 3,e-3 4.e-3

Obr. 26 Kineticka energie (modra)
4.2. Posuyv strely

Strela za 0,6 ms urazi 5,202 m.

5.3 5,9999¢-3
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5202,6
4000,
E 3000,
E
2000,
1000,
5,0683e.3
0, 1,8-3 2,e-3 3.e-3 4,83 5.e-3 6.e-3
[£]
Obr. 27 Posuv stiely
-
4.3. Posuv strely v ose X
0,10248 e
|
4e-2
E
E “4e-2
012 \’J/_//—/_/_/_’—N
-0,18162
0, 1,e-3 2.e-3 3,e-3 4.e-3 5.e-3 6.e-3
[s]
Obr. 28 Posuv stiely v 0se X
A 4
4.4. Rychlost strely
Strela dosahne rychlosti 1100 m/s na usti hlavné.
1,1001e=6 —
=  7.5e<5
2
£
E 5e+5
2,58+5
1,5777¢-30
o, 1,e-3 2,e-3 3,e-3 4.e-3 5.e-3 G.e-3
[s]

Obr. 29 Rychlost stiely v zavislosti na case

4.5. Napeti von-Mises

45.1. Nejvyssi napéti ve strele

Nejvyssi napéti je 1080 MPa, vyskytuje se v penetratoru.

14

—
| —
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D: Finalni dynamika

Equivalent Stress 2

Type: Equivalent (von-tises) Stress
Unit: MPa

Time: 9,0001e-004

Cycle Number: 46646
22520191155

1080,6 Max
950,52
840,45
720,39
500,32
480,26
350,19
240,13

120,06 00 3000 €0,00(mm)
0 Min - - )

15,00 45,00

Obr. 30 Celkova napjatost stiely
1080,

750,

250,

[MPa]

[s]

Obr. 31 Prubéh napéti v zavislosti na case
4.5.2. Nejvyssi napéti v sabotu

Nejvetsi napjatost sabotu je 578 MPa v misté prvniho ozubu. Jedna se o d¢j v ¢ase 0,6 ms. Nejvetsi napéti v Case
2,7 ms dosahujici hodnoty 603 MPa nelze povaZovat za relevantni, protoZe se jednd o pik vyskytujici se na hrané.

Dt Finalni dynamika

Equivalent Stress

Type: Equivalent (von-hMises) Stress
Unit: MPa

Time: 65,0002e-004
Cycle Number: 31088
22520191159

578,21 Max
514,25
4503
386,34
322,39
25844
194,48
130,53
66,575
2,6216 Min

0,000 15,000 30,000 ()
[ T 1

7,500 22,500

Obr. 32 Celkova napjatost sabotu

£ =
= 200,
100,
1,5777e-30 —_——
0, 1,e-3 2,e-3 3.e-3 4e-3 5.e-3 6.e-3

[s]

Obr. 33 Pribéh napéti v zavislosti na case
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4.6. Elastické pretvoreni

Elastické ptretvoreni v ¢ase 0,6 ms poukazuje na velké pretvoreni sabotu. Nasledné nejvétsi pietvoreni vznikalo
V oblastech vyznacenych na obrazku 29. Jednalo se o sabot.

Dt Finalni dynamika
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit; mm/mm

Time: 65,0002e-004

Cycle Number: 31088
22520191206

0,0085345 Max
0,005

0,004375
0,00375
0,003125
0,0025
0,001875
0,00125
0,000625

0 Min

Obr. 34 Elastické pretvoreni

5,6752e-2

4e-2
3,e-2
2,82
1,e-2

[mm/mm]

oY)

EOIOO [mm)

0,

Obr. 35 Prubeh elastického pretvornel

4.7. Plastické pretvoreni

Na nasledujicich snimcich je patrny riist plastického pietvoreni sabotu v zavislosti na Case. Plasticita se §ifila prvnimi
ozuby. Jiné Casti stfely nebyly plasticky deformovany.

4.7.1. Cas 0,6 ms

Dt Finalni dynamika
Ecpuivalent Plastic Strain 2
Type: Equivalent Plastic Strain
Unit; mm/mm

Time: 65,0002e-004
Cycle Number: 31088
22520191212

0,032848 Max
0,029198
0025548
0,021899
0,018249
0,014599
0,010949
00072995
0,0036498

0 Min

Obr. 36 Plasticita v ¢ase 0,6 ms

0,000
[

15,000
.

30,000 )

—

16

22,500
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4.7.2. Cas 0,9 ms

D: Finalni dynamika
Ecpuivalent Plastic Strain 2
Type: Equivalent Plastic Strain
Unit mm/mm

Time: 9,0001e-004
Cycle Number: 46646
22520191214

0,24115 Max
0,03

0,02625
00225
0,01875
0,015
001125
0,0075
0,00275

0 Min

Obr. 37 Plasticita v ¢ase 0,9 ms

0,24115

02
0,16
0,12

g,e-2

4e-2

0,

[mm/mm]

Obr. 38 Plastické pretvoreni v zavislosti na case
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2. Model

2.1. Geometrie

2.1.1. Zakladni informace

Model
235.20191147

0000 10000 20,000 (mm)
- - 1

5,000 15,000

Obr. 1 Sabot

2.1.2. Detail nastaveni geometrie

[=]| Definition
Source E:\Ansys\APFSDS_VAAPFSDS V4.2 filesh..,
Type SpaceClaim

Length Unit | Meters
20 Behavior | Axisymmetric
Display Style | Body Color

Obr. 2 Detail geometrie
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2.2. Materialové vlastnosti
2.2.1. ENAW7075
A B C
Property Value Unit
l_’]El Material Field Variables -=5| Table
T8 Density 2804 kg m~™-3
E Isotropic Elasticity
Dierive from Young's Modulus a... ;I
Young's Modulus 71000 MPa
Poisson's Ratio 0,33
Bulk Modulus 6,9603E+10 Pa
Shear Modulus 2,6692E+10 Pa
l_’]El Bilinear Isotropic Hardening
Yield Strength 390 MFa
Tangent Madulus 3500 MFPa

Obr. 3 Preddefinované materidlové viastnosti

4,5

Stress (,10° [Pa]

Bilinear Isotrapic Hardening =

a 0,005

Obr. 4 Bilinedarni diagram

0,015
Strain [m m™-1]

0,025
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2.1. Sit prvki

2.1.1. Globalni sit’

0000 10,000 20,000 (mm)

5,000 15,000

Obr. 5 Pohled na sit midelu

b

[=]| Display

Display Style |U5e Geometry Setting
[=I| Defaults

Physics Preference | Mechanical

Element Crder Linear

Element Size 0,6 mm

Sizing

Quality

Inflation

Batch Connections (Beta)

Advanced

Statistics
Modes 1428
Elements 1263

[+ [

0 #H =+

Obr. 6 Detailni nastavent sité

2.1.2. Kvalita sitée

Sit’ byla upravena pomoci funkce Node Move, aby kvalita sit¢ byla vyssi nebo rovna hodnoté 0,5.
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Dynamicka analyza, se tfenim

Datum:

22.5.2019

Mesh
Element Quality
235201912:02

0,99997 Max
0,93747
0,87498
0,81248
0,74998
0,68749
0,62499
05625
0,5035 Min
05

0,000 15,000 30,000 (mm)
[ - 1
22,500
Obr. 7 Kvalita site
[e i @ Quad4
308,00
250,00
£ 200,00 M
% 150,00
H
2 100,00
50,00 H
I | | ]
0,50 0,60 0,80 0,90
Element Metrics
Obr. 8 Cetnost kvality prvki
3 Zatézné stavy
A B
1 Data Source * | Location | Identifier ~
2 E:Vansys\aPFSDS_V4\pyrostatika'w-def, tut .. | Filel
3 E:ansys\APFSDS_V4\pyrostatikaly-def. tut .. | File2
Obr. 9 Importované soubory
A B C
1 Property Value Unit
3 Dimension D ;I
4 Start Impaort At Line 1
5 Format Type Delimited ;I
& Delimiter Type Tab ;I
7 Delimiter Character Tab
8 Length Unit mm ;I
9 Coordinate System Type | Cartesian LI
10 Material Field Data 0
i1 =  Analytical Transformation
12 ¥ Coordinate X
13 ¥ Coordinate i

Obr. 10 Nastaveni souboru
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Table of File - E:\Ansys\APFSDS_V4\pyrostatika'p-def. tit : Delimiter - Tab'

A B C D E

1 | Coumn ¥ | DataType <~ | DataUnit ¥ | Dataldentifier ¥ | Combined Identifier ~
2 | A MotUsed x| File 1

3 | B X Coordinate = mm File1

4 c Y Coordinate ;I mim File1

5 |D MotUsed x| File 1

& E Displacement | mm x| dx File 1:dx

Obr. 11 Prirazeni hodnot ze souboru

3.1. Pyrostatika

3.1.1. PosuvyvoseX

I: Pyrostatika - import
Imported Displacement
Time:1,s

All

Unit:mm
23520191357

1
RIIRERERAN

0,000164249 Max
0,000145399
0,000127749 il
0,000109499 i fHnK
91245585 R s b ,x\'ﬁ“‘l'd(‘
72999505 i
5474975

3,549986-5
1,82493¢-5
2,76455¢-13 Min

0o 15,000 30,000 (mm)
[ - 1

7,500 22,500

Obr. 12 Importované posuvy v 0se X

Wed Mar 20, 2019 19:39:49

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.159 (m)
Maximum range used in sorting closest nodes: 0.00318 (m)

Number of source nodes: 5744
Number of target nodes: 1428

Number of nodes mapped : 1428
Number of nodes not mapped : 0
Number of nodes outside : 0

Percent nodes mapped: 100%
Weight calculation time: 0.157 (s)
Number of variables to interpolate: 1.
Interpolation time: 0. (s)
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Datum: | 22.5.2019

3.1.2. PosuvyvoseY

I: Pyrostatika - import
Imported Displacemnent 2
Time: 1, s

All

Unit: mm
23520191357

0,0014506 Max
0,00129584
0,00114108

0,000676794
0,000522033
0,000367272
0,000212511
5,775e-5 Min

0,000 15,000
[ -

30?00[mm]

7,500 22,500

Obr. 13 Importované posuvy v ose Y

Wed Mar 20, 2019 19:39:51

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.159 (m)
Maximum range used in sorting closest nodes: 0.00324 (m)

Number of source nodes: 5743
Number of target nodes: 1428

Number of nodes mapped : 1428
Number of nodes not mapped : 0
Number of nodes outside : 0

Percent nodes mapped: 100%
Weight calculation time: 0.159 (s)
Number of variables to interpolate: 1.
Interpolation time: 0. (s)

3.1.3. Vysledek

I: Pyrostatika - import
Total Deforrmation
Type: Total Deformation
Unit: mm

Time: 1
23520191417

0,0014537 Max
0,0012386
0,0011435
0,00098844
0,00083334
0,00067825
0,00052315
0,00036806
0,00021296
5,7867¢-5 Min

0000 15,000
[ -

30,000 )

7,500 22,500

Obr. 14 Vysledny posuv
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Datum:

22.5.2019

3.2. Casovy okamzik 0,6 ms

3.2.1. PosuvyvoseX

Ji06ms

Imported Displacement
Time:1,s

All

Unit: mm
23.5.201914:05

0,052443 Max
0,046617
0,040791
0,034965

e
=l

0,01166
0,005834
7.8316¢-6 Min

0,000 15,000
[ -

30000 ()

Obr. 15 Importované posuvy v 0se X

Wed Mar 20, 2019 18:44:30

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.15619 (m)
Maximum range used in sorting closest nodes: 0.0002 (m)

Number of source nodes: 1426
Number of target nodes: 1428

Number of nodes mapped : 1127
Number of nodes not mapped : 301
Number of nodes outside : 0

Percent nodes mapped: 78%

Weight calculation time: 0.248 (s)
Number of variables to interpolate: 1.
Interpolation time: 1.e-003 (s)

22,500




VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, se tfenim
3.2.2. PosuvyvoseY
Ji0,6ms
Imported Displacement 2
Time: 1, s
all
Unittmm
235.2019 1405 M:
=3 = e
11,095 Max — = T
11,077 = - = ==
11,059 B S e
11,041 e ﬂﬂ?% = ==
11,023 = === e e
100 s e == =
10,987 = —_— e ®
10,969
10,951 .
10,933 Min
om-o 7,500 150&0 22,500 =

Obr. 16 Importované posuvy v ose Y

Wed Mar 20, 2019 18:44:42

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.15619 (m)
Maximum range used in sorting closest nodes: 0.0002 (m)

Number of source nodes: 1426
Number of target nodes: 1428

Number of nodes mapped : 1127
Number of nodes not mapped : 301
Number of nodes outside : 0

Percent nodes mapped: 78%

Weight calculation time: 0.24 (s)
Number of variables to interpolate: 1.
Interpolation time: 1.e-003 (s)

3.2.3. Vysledek

J: 0,6 ms

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
23520191417

11,095 Max
11,077
11,059
11,041
11,023
11,005
10,987
10,969
10,951
10,923 Min

0000 15,000
[ -

30000 (i)

7,500 22,500

Obr. 17 Vysledny posuv
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VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, se tfenim

J:0,6 ms

Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mmy/mm

Time: 1

23520191417

0,030635 Max
0,027231
Q023827
0,020423
Q017019
00136786
Q010212
0,0068078
0,0034039

0 Min

000 15,000 30,000 mm)
[ - ]

7,500 22,500

Ob

=

. 18 Vysledna plasticita

3.3. Casovy okamzik 0,9 ms

3.3.1. PosuvyvoseX

K: 0,9 ms

Imported Displacement
Time: 1,5

All

Unit:mm
23520191418

0,053917 Manx b
0,047929 |
0,041941

0,035954 q
0,029966 w‘l{
0,023978

0,01799

0,012002
0,0060144
2,6594e-5 Min

000 15000 30,000 (rarm)
[ - 1
7,500 22,500

Obr. 19 Importované posuvy v 0se X

Wed Mar 20, 2019 18:48:01

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.15619 (m)
Maximum range used in sorting closest nodes: 0.0002 (m)

Number of source nodes: 1426
Number of target nodes: 1428

Number of nodes mapped : 1127
Number of nodes not mapped : 301
Number of nodes outside : 0

Percent nodes mapped: 78%

Weight calculation time: 0.234 (s)
Number of variables to interpolate: 1.
Interpolation time: 1.e-003 (s)

11
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Datum:

22.5.2019

3.3.2. PosuvyvoseY

K:0,9ms

Imported Displacement 2
Time:1, s

All

Unit: mm
23520191419

3000 (o)

79,053 Max =
79027 =
=
79,002 = =
78576 %Mﬁw = i
; === — o
7895 == T T =
===
78925 . _——
78,899 o -
78873
78,848
78,822 Min
0,000 15,000
[ .
7,500 20,500

Obr. 20 Importované posuvy v ose Y

Wed Mar 20, 2019 18:48:04

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.15619 (m)
Maximum range used in sorting closest nodes: 0.0002 (m)

Number of source nodes: 1426
Number of target nodes: 1428

Number of nodes mapped : 1127
Number of nodes not mapped : 301
Number of nodes outside : 0

Percent nodes mapped: 78%

Weight calculation time: 0.216 (s)
Number of variables to interpolate: 1.
Interpolation time: 0. (s)

3.3.3. Vysledek

K: 0,9 ms

Total Deformation
Type: Total Deformation
Unit: mm
Time: 1
23520191418

79,053 Max
79,027
79,002
78976
78,95
78925
78899
78873
78848
78,822 Min

5,000 15,000

Obr. 21 Vysledny posuv

20,000 (mm]

0000 10,000
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VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, se tfenim

K: 0,9 ms

Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mmy/mm

Time: 1

23520191418

0,04762 Max
0,042329
0,037038
0,031747
0026456
0021165
0,015873
0,0710582
0,0052911
0 Min

0000 10000 20,000 (mm)
- - 1

5.000 15,000

Obr. 22 Vysledna plasticita
3.4. Casovy okamzik 1,2 ms
3.41. PosuvyvoseX
:‘;ﬂ:)’jr:z; Displacement
Elr‘"ﬂe:‘l,s
Unit:mm

23520191422

0,053004 Max !

0047118 : i I itnes 4N 4
0,041232 .‘-‘.““‘ o j:
0,035345 ‘ " ) o oo g R
0029459 le\ TR R o Lo iR
0,023573 m, AT U o : 2" ooniie . o
0,017687 H i o o o N ®
00118
0,0055142 v
2,8027¢-5 Min

O,C(E) 15(1&] SUI‘IIJ[MIT\]

7.500 22,500

Obr. 23 Importované posuvy v 0se X

Wed Mar 20, 2019 18:56:52

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.15619 (m)
Maximum range used in sorting closest nodes: 0.0002 (m)

Number of source nodes: 1426
Number of target nodes: 1428

Number of nodes mapped : 1127
Number of nodes not mapped : 301
Number of nodes outside : 0

13
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VYPOCTOVA ZPRAVA Datum: | 22.5.2019
Dynamicka analyza, se tfenim

3.4.2. Vysledek

L:1.2ms

Total Deformation
Type: Total Deformation
Unit:mm

Time: 1

23.5.201914:22

0,053004 Max
0047118
0,041232
0,035345
0,029459
0,023573
0,017687
00118
0,0059142
2,8027¢-5 Min

0000 15,000 30,000 (mm)
]

7,500 22,500
Obr. 24 Vysledny posuv

L:1,2ms

Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mm/mm

Tirne: 1

235.201914:22

0,019571 Max
Q017396
0015222
0013047
0,010873
0,0086981
0,0065236
0,00434G
Q,0021745

0 Min

0000 15,000 30,000 ()
]

7,500 22,500

Ob

=

. 25 Vysledna plasticita

3.5. Casovy okamzik 1,5 ms

3.5.1. PosuvyvoseX

M: 1.5 ms

Imported Displacement
Time:1, s

All

Unit: mm
23.5201914:23

0,051509 Max |
0,045793 .
0,040076 ’ B )
0,03436 0% Y e

0,028644 L ) 8 ohAe : L R

0022928 "i | jo il P o A ST U SR

0017211 mu“”h S o Coo T ®
0,011495

0,0057789

6,2632¢-5 Min

0000 15,000 30,000 (mm)
[ - 1

7,500 22,500

Obr. 26 Importované posuvy v 0se X

Wed Mar 20, 2019 19:29:32

Using multiple cores: [Yes]
Number of cores requested: 8
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VYPOCTOVA ZPRAVA
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Datum:

22.5.2019

Maximum source mesh bounding box length: 0.15619 (m)
Maximum range used in sorting closest nodes: 0.0002 (m)

Number of source nodes: 1426
Number of target nodes: 1428

Number of nodes mapped : 1127
Number of nodes not mapped : 301
Number of nodes outside : 0

Percent nodes mapped: 78%

Weight calculation time: 0.265 (s)
Number of variables to interpolate: 1.
Interpolation time: 1.e-003 (s)

3.5.2. Vysledek

M: 1.5 ms

Total Deformation
Type: Total Deformation
Unit:mm

Tirne: 1

23520191423

0,051509 Max
0,0457393
0,040076
0,03436
0,028644
0,022928
0017211
0,011435
0,0057789
6,2632e-5 Min

0,000 15,000
[ -

3000 (o)

Obr. 27 Vysledny posuv

M: 1,5 ms

Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mm/mm

Tirne: 1

235.201914:23

0,014716 Max
0,073081
0,071446
0,0098108
0,0081756
0,0065405
0,0049054
0,0032703
0,0016351

0 Min

0,000 15,000
[ -

22,500

30?00 (rairn)

Obr. 28 Vysledna plasticita

22,500
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3.6. Casovy okamzik 3 ms

3.6.1. Posuvyvose X

N: 2 ms

Imported Displacement
Time:1,s

All

Unit: mm
23.5201914:23

0,029076 Max
0,025845
0,022615
0,019384
0,016154
0,012923
0,0096926
0,006462
0,0032315
9,1249¢-7 Min

000 15,000 30,000 (mm)
[ - ]

7,500 22,500

Obr. 29 Importované posuvy v 0se X

Wed Mar 20, 2019 19:38:46

Using multiple cores: [Yes]
Number of cores requested: 8

Maximum source mesh bounding box length: 0.15619 (m)
Maximum range used in sorting closest nodes: 0.0002 (m)

Number of source nodes: 1426
Number of target nodes: 1428

Number of nodes mapped : 1127
Number of nodes not mapped : 301
Number of nodes outside : 0

Percent nodes mapped: 78%

Weight calculation time: 0.295 (s)
Number of variables to interpolate: 1.
Interpolation time: 1.e-003 (s)
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VYPOCTOVA ZPRAVA Datum: | 22.5.2019
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3.6.2. Vysledek

N:Zms

Total Deformation
Type: Total Deformation
Unit:mm

Time: 1

23520191423

0,029076 Max
0,025845
0,022615
0,019384
0,016154
0,012923
0,0096926
0,006462
0,0032315
9,1249¢-7 Min

0000 15,000 30,000 (mm)
]

7,500 22,500

Obr. 30 Vysledny posuv

4. Topologicka optimalizace
4.1.1. Obalka

0: Topology Optimization
Optimization Region
Iteration Mumber: M/A
23520191449

. Design Region: Topology
. Exclusion Region

000 15,000 30,000 (mm)
1

7,500 22,500

Obr. 31 zvolena oblast

—|| Design Region
Scoping Method | Geometry Selection
Geometry 1 Body

-|| Exclusion Region
Define By Geometry Selection
Geometry 146 Edges

—|| Optimization Option
Optimization Type | Topology Optimization - Density B...

Obr. 32 nastaveni hranic optimalizace
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Datum:

22.5.2019

4.1.2. Optimalizaéni podminka

[=| Scope

Scoping Method

Optimization Region

Optimization Region Selection

Optimization Region

[=I| Definition
Type Response Constraint
Response Vaolume
Define By Range
Percent to Retain (Min) 40 %
Percent to Retain [Max] 60 %
Suppressed Mo

Obr. 33 Optimalizacni podminka

4.1.3. Dodateéna omezujici podminka

Minimalni tloustka stény musi byt 1,5 mm.

[=]| Scope
Scoping Method Optimization Region
Optimization Region Selection | Optimization Region
[=1| Definition
Type Manufacturing Constr...
Subtype Member Size
Suppressed Mo
[=I| Member Size
rinimum Manual
--Min Size 1,5 mm
Maximum Program Controlled

Obr. 34 Nastaveni minimalni tloustky stény
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5. Vysledky topologické optimalizace
5.1. Topologicka optimalizace

M: Topology Optimization
Topology Density

Type: Topology Density
Iteration Number: 10
2352019 14:57

I Remove (0.0 to 0.4)
[ Marginal (04 to 0.6)
B Keep (06 t0 1.0

0,000 10,000 20,000 (mm)
[ ]

5,000 15,000

Obr. 35 Kineticka energie (modra)

5.2. Vysledny model pro validaci

Obr. 36 Posuv strely

Obr. 37 kompletni geometrie

6. Verifikace modelu

Verifikace byla provedena v podobé dynamické analyzy, kde se nova geometrie vlozila do stavajici analyzy.
Dynamicka analyza a jeji nastaveni je podrobné popsano v ptiloze 6, zde budou vyobrazeny pouze vysledky.

6.1. Souhrn energii

Z grafu je patrné, ze pti vystielu nedoslo k poskozeni stely (Vnitini energie = 0)

19
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Dynamicka analyza, se tfenim

——#— Internal Energy Kinetic Energy ——#—— Hourglass Energy Contact Energy

2,641e+8

24e+8

2,e+8

1,6e+8

Energy (mJ)
-\E
b
@

8,e=7

4e+7

-1,8041e-7

a, 1,e-3 2,83 3.e-3 4.e-3 5.e-3 6,e-3
Time (s)

Obr. 38 souhrn energii

6.2. Posuv strely

Stiela urazila 6,2 m za 6 ms.

6169,4
5000,
4000,
3000,
2000,
1000,
1,5777e-30
0, 1,e-3 2,e-3 3,e-3 483 5.e-3 6,e-3
[s]

[mm]

Obr. 39 posuv strely
6.3. Rychlost strely

Rychlost stfely na ustni hlavné je 1382 m/s.

1,3829¢+6

1,e+6

7,5e+5

[mm/s]

5.e+5

2,58+5

1,5777e-30
0, 1,e-3 2e-3 3,e-3 4e-3 5.e-3 6.e-3

[s]
Obr. 40 rychlost stiely
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6.4. Plastické pretvoreni

P: Explicit Dynamics
Equivalent Plastic Strain
Type: Equivalent Plastic Strain
Unit: mm/mm

Time: 6,e-003

Cycle Number: 1659351
23520191548

0,07004 Max
0,062258
0,054475
0,046633

0,038911

0,031129 [ %
0,023347 .
0,015564

0,0077822

0 Min

0000 15,000 30,000 (mm)
L - 1

7,500 22,500

Obr. 41 Plastické pretvoreni v case 6 ms

7. Dodatek

Zde je popsano nastaveni pyrostatiky, jehoz vysledky reprezentovali jeden zatézny stav pro topologickou optimalizaci

7.1. Geometrie

Model
235.201915:31

o 35,00 70,00 (mm)
- 1

17,50 52,50

Obr. 42 geometrie strely

7.2. Materialové vilastnosti

Jsou shodné s topologickou optimalizaci, viz kapitola 2.2
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Datum:

22.5.2019

7.3. Sit

Obr. 43 sit strely

o 35,00 70,00 (mm)
- 1

17,50 52,50

1

=

F [ [+

F F [+

Display

Display Style |U5e Geometry Setting

Defaults

Physics Preference | Mechanical

Element Crder Program Controlled

Element Size 0,5 mm

Sizing

Quality

Inflation

Batch Connections (Beta)

Advanced

Statistics

Obr. 44 Nastaveni sité

7.4. Okrajové podminky

E: Pyrostatika
Static Structural
Time: 1,5
235201915:33

. Fixed Support
. Pressure: 4, MPa

Obr. 45 Okrajové podminky

Qo0 35,00 70,00 (mm)
- 1

17,50 52,50
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7.5. Celkovy posuv

E: Pyrostatika

Total Deformation
Type: Total Deformation
Unit:mm

Time: 1

23520191535

0,0019935 Max
0,001772
0,0015505
0,001329
0,0011075
0,000886
0,0006645
0,000443
Q0002215

0 Min

[etel] 2000 50,00 (mm)
- 1

Obr. 46 Celkovy posuv

E: Pyrostatika

Total Deformation 2
Type: Total Deformation
Unit:mm

Tirne: 1

235.201915:35

0,0014537 Max
Q0012922
0,0011307
000096914
0,00080762
0,0006461
0,00048457
0,00032305
000016152
0 Min

0000 15,000 30,000 (mm)
]

7,500 22,500

Obr. 47 Detail sabotu
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Location: Brno, CZ
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GOM ATOS TRIPLE SCAN Report
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Part: Sabot, celek, bez podpor

Inspector: Jan Hajda
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Length unit: mm

Inspector: Jan Hajda
Company: VUT
Department: UK
Location: Brno, CZ

Project: Inspekce sabotu

Date: 28.2.2019

Part no.: 2019-02-01_02
System: GOM Inspect 2018
Alignment:

NETME Centre

Centre for Research and Development
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Generated with GOM Inspect 2018




1D laboratory NETMEECenire

Centre for Research and Development

Priloha 10

GOM ATOS Inspection Report
Date: 23.4.2019

—_

Sabot, celek, po stavbé, odlehceno
Inspector: Jan Hajda
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Length unit: mm

Inspector: Jan Hajda
Company: VUT
Department: UK

Location: Czech Republic
Date: 23.4.2019

Project: Inspekce sabotu

Part: Sabot, celek, po stavbé,odlehc¢eno
Part no.: 2019-04-02_01

Version:

Charge no.: ---

System: GOM Inspect 2018
Alignment:

NETME Centre

Centre for Research and Development
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Department: UK

Location: Czech Republic
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Part:
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Charge no.:

Inspekce sabotu
Sabot, celek, po stavbé,odlehc¢eno
2019-04-02_01

System: GOM Inspect 2018
Alignment: Plane-line-point
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System: GOM Inspect 2018
Alignment: Plane-line-point
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Company: VUT Part: Sabot, celek, po stavbé,odlehéeno
Department: UK Part no.: 2019-04-02_01
Location: Czech Republic Version:
Date: 23.4.2019 Charge no.:

System: GOM Inspect 2018
Alignment: Plane-line-point
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GOM ATOS Inspection Report
Date: 29.4.2019

Sabot, celek, bez podpor, odlehéeno
Inspector: Jan Hajda
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Length unit: mm

Inspector: Jan Hajda
Company: VUT
Department: UK

Location: Czech Republic
Date: 29.4.2019

Project: Inspekce sabotu

Part: Sabot, celek, bez podpor, odlehcen
Part no.: 2019-04-02_02

Version:

Charge no.: ---

System: GOM Inspect 2018
Alignment:
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Version:
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