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Priloha A Rozmérova analyza optickym 3D skenerem

obr. A-1 Rozmérova analyza — sken platformy s kolmymi pruty; &iselné vyznaceny jednotlivé skupiny prutl
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obr. A -2 Rozmérova analyza — kolmé pruty — skupina 1 — ¢causs (G n), pout (O n), din (V n), n je pfirozené €.
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obr. A - 3 Rozmérova analyza — kolmé pruty — skupina 2 — ¢causs (G n), dout (O n), ¢in (V n), n je pfirozené €.
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obr. A - 4 Rozmérova analyza — kolmé pruty — skupina 3 — ¢causs (G n), dout (O n), din (V n), n je pfirozené €.
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obr. A -5 Rozmérova analyza — kolmé pruty — skupina 4 — ¢causs (G n), dout (O n), ¢in (V n), n je pfirozené €.
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obr. A -6 Rozmérova analyza — kolmé pruty — skupina 5 — ¢causs (G n), dout (O n), dinv (V n), n je pfirozené €.
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obr. A -7 Rozmérova analyza — kolmé pruty — skupina 6 — ¢causs (G n), dout (O n), dinv (V n), n je pfirozené ¢.
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obr. A - 8 Rozmérova analyza — kolmé pruty — skupina 7 — ¢causs (G n), dout (O n), div (V n), n je pfirozené €.
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obr. A-9 Rozmeérova analyza — kolmé pruty — skupina 8 — ¢causs (G n), pout (O n), dinv (V n), n je pfirozené ¢.
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Rozmérova analyza — kolmé pruty — skupina 9 — ¢causs (G n), ¢outr (O n), din (V n),
n je pfirozené €.
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Rozmérova analyza — Sikmé pruty — vzorek 1 — ¢causs (n), oreaL (Angle n), n je pfirozené €.
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obr. A-13 Rozmérova analyza — Sikmé pruty — vzorek 1 — ¢out (On), ¢inv (VN), n je pfirozené €.
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Rozmérova analyza — Sikmé pruty — vzorek 2 — ¢causs (n), oreaL (Angle n), n je pfirozené €.
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obr. A-15 Rozmérova analyza — Sikmé pruty — vzorek 2 — ¢out (On), ¢inv (VN), n je pfirozené €.
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Rozmérova analyza — Sikmé pruty — vzorek 3 — ¢causs (n), oreaL (Angle n), n je pfirozené €.
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o Actual o Actual Actual Actual
(%] +1.309 mm (4] L #1292 mm | g +1.321 mm @ +1.285 mm
BCC1-in BCC 3 -in BCC1-in BCC3-in
o Actual o Actual | [@ Actual 1] Actual
@ +0.897 mm s @ +0.902 mm @ +0.864 mm @ +0.916 mm
BCC 2
[} Actual
BCC 2 G gcc ;1.012 mm
o Actual 2 - ou
@ | +1.049 mm. OIS ] Actual
BCC 2 - out 7 2 TLZS'U ALl
Actual "~ = BCC4 BCC2-in . BCC 4
@ +1.336 mm ] Actual | O Actual _ o Actual
BCC2 -in 5 @ | +1.036mm | @ | 0899 mm - @ | +0.998 mm
o Actual | ! BCC 4 - out BCC 4 - out
5] +0.876 mm Actual Actual
2] +1.292 mm @ +1.281 mm
BCC 4 -in BCC 4 - in
1] Actual 1] Actual
@ +0.904 mm %] +0.900 mm
obr. A -22 Vyhodnoceni vyrobni pfesnosti nahodnych prutl strukturovaného nosniku BCC — nosnik 1

(vlevo), nosnik 2 (vpravo)
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DERISRK AR

"b” Y *‘p “4 -0.120

‘r | -0.240
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obr. A-23 Vyhodnoceni celkové vyrobni pfesnosti strukturovaného nosniku BCCz — nosnik 1
[mm]

0.450

0.360

' , 0.240

" S by e 0.120
KRR KRR
RKPKD <PKIK

’4"’4:’4}‘ §§E§>‘§ 0.000
St S

r" <‘1 "’ 4‘* -0.120

-0.240

-0.360

-0.474

obr. A-24 Vyhodnoceni celkové vyrobni presnosti strukturovaného nosniku BCCz — nosnik 2
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obr. A-25

obr. A-26
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Vyhodnoceni celkové vyrobni pfesnosti strukturovaného nosniku BCCz — nosnik 3
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M\/\/\4
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N/\/\/N
N/N/\/\/

Vyhodnoceni celkové vyrobni presnosti strukturovaného nosniku BCCz — nosnik 4
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-0.496

[mm]
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[

Actual
+0.916 mm
S
- out
Actual
+0.976 mm

=)

=
|

=

=

Actual
+0.873 mm

'SnN EnN 'Su

Actual

obr. A -27

N
[

Actual
+0.9\34 mm

out

=
|

Actual
+1.018 mm
e

=
|

=

=

Actual
+0.836 mm

'SnN EnN En

BCC2
] Actual
0] +1.092 mm
BCC 2 - out

Actual
@ +0.889 mm
=

BCC 2-in
1] Actual

a +0.889 mm

obr. A-28

BCC1
] Actual
@ | +1.024 mm
=
BCC1 - out
)] Actual
] +1.344 mm
o
BCC1-in
o Actual

+0.865 mm
BCC2
1w} Actual
@ +1.007 mm
BC(\I 2 - out
)] Actual
@ | +1.315mm
BCC2-in
[la]] Actual
@ +0.878 mm

Z1 BCC2
o Actual o Actual
9] +0.9!.6 mm 9] . +1.007 mm
Z1- out BCC 2 - out
0] Actual [} Actual
@ +1.0\20\ mm @ B +1.313 mm
Z1-in BCC2-in
(] Actual 1w} Actual
9] +0.875 mm 9] +0.866 mm
BCC1
o] Actual
@ +1.036 mm
BCC 1 - out
Actual z2
@ +1.378 mm o Actual
. - @ +0.919 mm
BCC1-in
o Actual Z2- out
@ | +0.849 mm @ Actual
[] +1.029 mm
AN -
Z2-in
o Actual
@ +0.874 mm

Vyhodnoceni vyrobni presnosti nahodnych prutli strukturovaného nosniku BCCz — nosnik 1

(vlevo), nosnik 2 (vpravo)

BCC1
)] Actual
@ . +1.039 mm

BCC 1 - out

Actual
o . +1.407 mm
BCC1-in
1] Actual
@ +0.890 mm

z

]} Actual

@ +0.933 mm
Z2- out
)] Actual
9] +1.024 mm
=

N

O Actual
%] +0.881 mm

71 BCC1
(] Actual (] Actual
4] +0.9?1 mm 4] +1.012 mm
Z1-out BCC 1 - out
o Actual Actual
(9] +0.976 mm @ | +1.359 mm
Z1-in BCC1-in
(] Actual o] Actual
@ +0.877 mm +0.868 mm
Z32
(] Actual
] +0.920 mm
Z2 - out
o BCC 2
[} +0.978 mm j1a} Actual
Z2-in @ +1.063 mm
[im] Actual BCC 2 - out
@ +0.875 mm Actual
@ | +1.465 mm
BCC 2 -in
(] Actual
9] +0.844 mm

Vyhodnoceni vyrobni pfesnosti nahodnych prutli strukturovaného nosniku BCCz — nosnik 3

(vlevo), nosnik 4 (vpravo)
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Priloha B  Mikroskopie
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obr. B - 2 Méreni délky kolmych prutl — primér 1 mm, ¢ast 2/2
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obr. B - 3 Méreni délky kolmych prutt — primér 0,8 mm, ¢ast 1/2
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obr. B - 4 Méreni délky kolmych prutl — primér 0,8 mm, ¢ast 2/2
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Méreni délky Sikmych prutd — pramér 0,8 mm, sklon 30 °

obr.B-12

wrl 8esg=/1]

Méreni délky Sikmych prutd — pramér 0,8 mm, sklon 20 °

obr.B-13
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Méreni délky Sikmych prutd — pramér 0,6 mm, sklon 30 °
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obr. B -16 Mérfeni délky Sikmych prutd — pramér 0,6 mm, sklon 20 °

tab. B -1 Vysledky méfeni délky a hmotnosti kolmych prutd; ¢cap — primér CAD modelu, ¢causs — pramér
gaussovského valce, L — celkova délka prutd, V — objem CAD modelu prutu s délkou L,
MobHab — odhad hmotnosti prutu s objemem V, MreaL — skute¢na hmotnost prutd, hustota
AISi10Mg: paLsiomc = 2,68 glcm?®

Primér CAD Primér CAD L \% MobHAD MREAL
prutu model modelu prutu
mm mm cm cm? g g

dcap 1,000 0,199 0,533

1 25,312 0,456
$causs 0,955 0,181 0,486
$cap 0,800 0,127 0,342

0,8 25,355 0,307
doauss 0,793 0,125 0,336
dcap 0,600 0,066 0,178

0,6 23,451 0,189
$causs 0,643 0,076 0,204
$cap 0,400 0,016 0,043

0,4 12,699 0,060
doauss 0,487 0,024 0,063
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tab. B - 2 Vysledky méfeni délky a hmotnosti Sikmych prutl; ¢cap — primér CAD modelu, ¢causs — pramer
gaussovského valce, acap — sklon prutu vici tiskové platformé CAD modelu, L — celkova délka
prutl, V — objem CAD modelu prutu s délkou L, MopHap — odhad hmotnosti prutu s objemem V,
MreaL — skuteéna hmotnost prutu, hustota AISi10Mg: patsiiome = 2,68 g/lcm?

Primeér dcaD CAD Primér CAD L \% MobHaD MREeAL
prutu model  modelu prutu
mm ° mm cm cmd g g
¢dcap 1,000 0,048 0,128
20 6,083 0,133
doauss 1,132 0,061 0,164
¢dcap 1,000 0,049 0,131
1 30 6,245 0,129
bcauss 1,092 0,059 0,157
¢dcap 1,000 0,051 0,137
40 6,498 0,132
dcauss 1,066 0,058 0,156
dcap 0,800 0,030 0,082
20 6,055 0,090
dcauss 0,948 0,043 0,115
¢cap 0,800 0,031 0,084
0,8 30 6,258 0,086
dcauss 0,905 0,040 0,108
dcap 0,800 0,033 0,088
40 6,527 0,088
bcauss 0,881 0,040 0,107
¢dcap 0,600 0,017 0,046
20 6,062 0,059
dcauss 0,771 0,028 0,076
¢cap 0,600 0,017 0,046
0,6 30 6,136 0,056
dcauss 0,753 0,027 0,073
¢dcap 0,600 0,013 0,034
40 4,531 0,038
doauss 0,667 0,016 0,042

obr.B-17 Ukazka metalografickych vzork( pro uréeni porozity v krychlich (vlevo) a v prutech (vpravo)
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2019/01/24
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Magnification: X22.3 1000pum
2019/01/24
s Q ,...;..:; 13 o.‘ e ’_~.;‘. 2% ;- : -;, .'. \ "'.’\.j‘i B :é‘f:.{:_l-' ._:,. .’
Magnification: X23.0 1000pum
2019/01/24
Magnification: X22.6 1000pum
2019/01/24
R A e
Magnification: X23.0 1000pum
obr.B-18 Metalograficky vybrus kolmych pruti s priméry: a) 1 mm, b) 0,8 mm, ¢) 0,6 mm, d) 0,4 mm

2019/01/24

Magnification: X33.6
2019/01/24

Magnification: X32.3
2019/01/24

Magnification: X34.6

obr.B-19 Metalograficky vybrus Sikmych prutl se sklonem 40 ° a praméry: a) 1 mm, b) 0,8 mm,
c) 0,6 mm
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2019/01/24

Magnification: X34.3
2019/01/24

Magnification: X35.3
2019/01/24

Magnification: X36.2

obr. B - 20 Metalograficky vybrus Sikmych prutd se sklonem 30 ° a praméry: a) 1 mm, b) 0,8 mm,
¢) 0,6 mm

2018/11/21

2018/11/21

Magnification: X23.5 1000pm] [Magnification: X23.7

obr.B-21 Metalograficky vybrus krychli — vybrus A — krychle 1 (vlevo), krychle 2 (vpravo)
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2018/11/21 2018/11/21]

Magnification: X24.1 1000pm| [Magnification: X24.1}

obr. B - 22 Metalograficky vybrus krychli — vybrus A — krychle 3 (vlevo), krychle 4 (vpravo)

2018/11/22 2018/11/22

Magnification: X24.3 1000pm| Magniﬁcaion 24.4

obr. B - 23 Metalograficky vybrus krychli — vybrus B — krychle 1 (vlevo), krychle 2 (vpravo)

2018/11/22 2018/11/22

Magpnification: X24.1

obr.B-24 Metalograficky vybrus krychli — vybrus B — krychle 3 (vlevo), krychle 4 (vpravo)
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Magnification: X23.8| 1000um| |Magnification: X24.2

obr. B -25 Metalograficky vybrus krychli — vybrus C — krychle 1 (vlevo), krychle 2 (vpravo)

2018/11/22 2018/11/22

Magnification: X24.1 1000pm| |Magnification: X24.1|

obr. B - 26 Metalograficky vybrus krychli — vybrus C — krychle 3 (vlevo), krychle 4 (vpravo)

29



Priloha C  Méfeni systémem TRITOP

:
s
R 3 / .'.-/‘

obr. C - 2 Vytvoreni pomocnych geometrickych entit (vievo) a tvorba nového soufadného systému (vpravo)
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+0.493 i +0.494)

.

3% VZOREK 1
-

obr. C - 3 Srovnani deformaci ve stavu pfi zatizeni (vlevo) a po odtiZzeni (vpravo) vici stavu bez zatizeni —

nosnik 1
mm] [mm]
1.730 1.701
1.600
80 +1.368 +1.337 1:500: 8o +1.209 +1.209
1.400
1.400
60
1.200
1.200 -
. \/
40 ~ 3 1.000
1.000
< 0.800
20 0 - 20
- - 0.800
0.600
i — o o - —
0 0.600 Q
- o .. fmat o o . o—s- 0.400
0400 0.200
-20 = VZOREK 1 ./ VZOREK 1.d -20 AZoRERd 1, VZOREK 1.dX
0.200 0.000
-80 -100 -120 -140 -160 o180 -80 -100 -120 -140 -160 -0.689

obr. C - 4 Znazornéni celkové deformace (vlevo) a deformace ve sméru X (vpravo) — nosnik 1 — stav pfi zatizeni
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[mm]
0.614

0.525

0.450

0.375

0.300

0.225

0.150

0.075

0.0217

obr. C - 5 Znazornéni celkové deformace (vlevo) a deformace ve sméru X (vpravo) — nosnik 1 — stav po odtizeni

obr. C - 6 Srovnani deformaci ve stavu pfi zatizeni (vlevo) a po

nosnik 2
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1, VZOREK 2.d

odtizeni (vpravo) vici stavu bez zatizeni —



[mm]
100 2.995
2.700
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. * Vs ]
. . —{0-900
% STUL
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-20 -40 -60 -80 -100  -120  -140 [Joo
obr.
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- g -
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5 +2.027
60
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0
%5 STUL
-20 & VZOREK 2 . VZOREK 2.dX
-40
220 .40 60 -80  -100  -120  -140

C - 7 Znazornéni celkové deformace (vlevo) a deformace ve sméru X (vpravo) — nosnik 2 — stav pfi zatizeni

120 {mm]

1.560
100

1.400

=-alah +1.087

80

1.200
60

1.000
40 l/
20 0.800
0 ST T 0.600
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-40

0.200
-60
-20 -40 -60 -80 -100 -120 -140 -160 186h 7

obr. C - 8 Znazornéni celkové deformace (vlevo) a deformace ve sméru X (vpravo) — nosnik 2 — stav po odtizeni

33



Priloha D

Entities D@ lInclude
Eli Companents (B)
-~ @ B non design 10 0
- il @ beams 2l 0
- @ rhel 3@ 0
W he? 40 i
- @ E conm? 5@ 0
@ @ reinforcameant 5 W i
E-leg Groups (3)
- fie m 0
& tie_rings 2 @ 0
- tiz_plata_up kN | 0

obr. D - 1 Nastaveni MKP modelu

Entities
(57§, Load Callectors (16)
- spc
o plus X
- B plusY
- plus 2
[ minus X
- 0 B minusY
[ minus Z
B LS 1) ey ez
LS )y 42
B LS 3y 4z
LS A ey -z
[ (L858 =y
O (LS B w2
[ (LS T xyz
B LS B xy ez
[

- LS 9y modalwith mass 16 [

Nastaveni a vysledky MKP simulaci

D@ lInclude

e I R
OOEEFNEEEE

ooEa

140
15 0

0O 0 0 o0 o0 o0 o0 o0 o0 o0 o0o0oooo

Name Value
Saolver Keyword bAATI
Marne lattice
in} 2
Color @
Include [Master Model]
Defined =
Card Image MATT
User Comments Do Mot Export
E 40200.0
G
MU 0.33
RHO 2.hGe-004d

&

nn

Name Value
Solver Keyword hAATT
MNarme s0lid
[n] 1
Color m
Include [Master Model]
Defined =
Card Image MATT
User Comments Do Mot Export
E B3200.0
G
MNU 0.33
RHO 2.be-004

I3

nn

Entities

B+l Materials (2)
[T solid

~[F latice

L1 Properties (2)

g salid

g heams

-l Sets (B)

slave

master

slave_rings

master_plate_up

=
§ master_rings
L)
L)

= slawe_plate_up
E-E Titles (1)

obr. D - 2 Materialové vlastnosti MS (lattice) a objemového materialu (solid)

obr. D - 3 Detail na uchyty hydraulickych konektord (CONM2-zelena, RBE3-rGzova; vlevo) a uchyceni podstavy

konzoly (SPC-modra, RBE2-oranzova; vpravo)
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Contour Plot Static Analysis Contour Plot Static Analysis

CBAR/CBEAM von Mises Stresses(Yon Mises SYMAX) CBAR/CBEAM von Mises Stresses(Von Mises SYMAX)
1.839E+02 Subcase 1 (loadstep1) 1 839E+02 Subcase 1 (loadstep1)
[ 1.634E+02 [ 1.634E+02
1.430E+02 1.430E+02
— 1.226E+02 — 1.226E+02
1.022E+02 1.022E+02
8.1T2E+01 8.17T2E+01
6.129E+01 6.129E+01
4.086E+01 4.086E+01
2.043E+01 2.043E+01
§.943E-05 8.943E-05

Max = 1.839E+02 Max = 1.839E+02

10 1583894 1D 1593994
Min = 8.943E-05 Min = 8 943E-05
1D 1024580 1D 1024580
-;:'
5,
e
#
z
z
K\D * ¢ Max. Value = 183.9
T

Contour Plot Static Analysis

Element Stresses (2D & 3D)(vonMises)

Elemental systerm Subcase 1 (Ioadstep1)
9.132E+M

[ 8. 1M7TE+DT
7 103E+01

— 6.088E+M
5.073E+01

[ 4.059E+01

3.044E+01
E 2.029E+01

T.015E+01
1.812E-04

Mep = 9 132E+01
3D 1748867

Min = 1812E-04
3D 1499668

obr. D -5 Zatézny stav 1 (+X +Y +Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)

Contour Flot Static Analysis Contour Plot Static Analysis
Displacement{Mag) Displacement{hag)
Analysis system Subcase 1 (loadstep1) analysis system Subcase 1 (loadstep1)

5.419E-01 5.419E-01
[4817501 [4817501
4. 215E-01 4 215E-01
— 3.613E-01 — 3.613E-01
3.01ME-01 3.011E-01
2.408E-01 2.408E-01
1.806E-01 1.806E-01
1.204E-01 1.204E-01
6.021E-02 6.021E-02
0.000E+00 0.000E+00

Men = 5 419E-01
Grids 281473

Min = 0.000E+00
Grids 293137

Mean = 5 419E-01
Grids 281473

Min = 0 000E+00
Grids 293137

]

VAV AT VAT ATAN

obr. D - 6 Zatézny stav 1 (+X +Y +Z) — celkova deformace [mm]
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Contour Plot Static Analysis Contour Plot Static Analysis

CBAR/CBEAM won Mises Stresses(Won Mises SYMAX) CBAR/CBEAM von Mises Stresses(VYon Mises SYMAX)
1.415E+02 Subcase 2 (loadstep2) 14155402 Subcase 2 (loadstep2)
[ 1.257E+02 [ 1.257E+02
1.100E+02 1.100E+02
— 9.431E+01 — 9.431E+01
— 7.850E+01 — 7.850E+01
— 6.287E+01 — B.2BYE+O1
4.7T16E+01 4 716E+01
3144E+01 3144E+0
1.672E+01 1.572E+01
§.943E-05 8.943E-05

Max = 1.415E+02 Max = 1. 415E+02

1D 1583180 1D 1583180
Min = 8 943E-05 Min = 8.943E-05
1D 1024580 1D 1024580

K

:4

2

5

51

g

g

]

k]

Z

&2 cortour Plot Static Analysis
Element Stresses (2D & 3D)(vonMises)
Elemental system Subcase 2 (loadstep2)
5.870E+01
[ 5.218E+01
4.565E+01
— 3.913E+M
— 3.281E+01
, —— 2.609E+01

1.957E+01
1.304E+01
6.522E+00

1.687E-04

Mep = 5 8T0E+01
301739710
Min = 1.667E-04
3D 1505521

Max. Value = 58.7

obr. D - 8 Zatézny stav 2 (-X +Y +Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)

Contour Plot Static Analysis Contour Plot Static Analysis
Displacement{hag) Displacement{hag)
Analysis system Subcase 2 (loadstep2) analysis system Subcase 2 (loadstep?2)
2.007E-01 2.007E-01
[ 1.784E-01 [ 1.784E-01
1.561E-01 1.561E-01
— 1.338E-01 — 1.338E-01
= 1.115E-01 = 1.115E-01
— §.919E-02 — 8.919E-02
6.650E-02 6.680E-02
4 A59E-02 4 459E-02
2.230E-02 2.230E-02
0.000E+00 0.000E+00
Mep = 2.007E-01 /( ™ Mex = 2. 007E-01 P
Grids 281473 S ]

; Grids 281473
- Min = 0.000E+00
Grids 293137

Min = 0.000E+00,
Grids 293137

obr. D - 9 Zatézny stav 2 (-X +Y +Z) — celkova deformace [mm]
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Contour Plot Static Analysis Contour Plot Static Analysis

CBAR/CBEAM von Mises Stresses(Yon Mises SYMAX) CBAR/CBEAM von Mises Stresses(Von Mises SYMAX)
2.296E+02 Subcase 3 (loadstep3) __ 5 ogse+02 Subcase 3 (loadstep3)
[ 2.041E+02 [ 2.041E+02
1.786E+02 1.786E+02
— 1.531E+02 — 1.531E+02
— 1.27T6E+02 — 1.27T6E+02
— 1.021E+02 — 1.0Z1E+02
7.655E+01 T.B55E+01
5.103E+01 5.103E+01
2.552E+01 2.552E+01
4.056E-05 4 058E-05

Max = 2. 206E+02 Max = 2. 206E+02

1D 1583883 1D 1583883

Min = 4.058E-05 Min = 4.058E-05

10 1024580 1D 1024580

z
z
Yﬁ\tf X
T

obr.D - 10 Zatézny stav 3 (+X -Y +Z) — napéti von Mises [MPa]; 1D prvky

Contour Plot
Element Stresse
Elemental systeg
7.529E+01
[ 6.692E+01
5.856E+01
— 5.019E+01
— 4.183E+01
— 3.346E+01

2.510E+01
1873E+01
§.366E+00

3.120E-04

Static Analysis
Subcase 3 (loadstep3)

Mep = 7 529E+01
3D 1768027
Min =3 120E-04
3D 1496433

x sk
A g
« Blatic Max. Value= 75.3
T T
obr.D-11 Zatézny stav 3 (+X -Y +Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)
Contour Flot Static Analysis Contour Plot Static Analysis
Displacement{Mag) Displacerment{Mag)
Anelysis system Subcase 3 (loadstep3) Analysis system Subcase 3 (loadstep3)
3.707E-01 3.707E-01
[ 3.285E-01 [ 3.295E-01
2.884E-01 2.884E-01
— 24T72E-01 — 24T72E-01
— 2.0B0E-01 . by — 2.060E-01
— 1.648E-01 — 1.648E-01
1.236E-01 1.236E-01
8.230E-02 8.239E-02
4.119E-02 4.119E-02
0.000E+00 0.000E+00
Man = 3.707E-01 Max = 3.707E-01 P

Grids 281473
Min = 0.000E+00
Grids 293137

Grids 281473 [
Min = 0 000E+00
Grids 293137

]

AT

obr.D - 12 Zatézny stav 3 (+X -Y +Z) — celkovéa deformace [mm]
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Contour Plot

CBAR/CBEAM von Mises Stresses(Von Mises SYMAX) CBAR/CBEAM won Wises Stresses(Von Mises SWhAX)

2.922E+02
[ 2.597E+02
2.272E+02
— 1.948E+02
1.623E+02
1.288E+02
9.739E+01
6.492E+01
3.246E+07
§.943E-05

Max = 2.922E+02
10 1583894

Min = 8.943E-05
1D 1024580

z
o
obr.D - 13

obr.D-14

Contour Plot

Displacement{hag)

Analysis system
5.235E-01

[ 4 654E-01
4.072E-01

— 3.490E-01
2.909E-01
2.327TE-01

1.745E-01
1.183E-01
5.817E-02
0.000E+00

Menc = 5. 235E-01
Gridg 281473

Min = 0.000E+00,
Grids 293137

<

AT AT AT

VAVAVAY AT ANATANAN

obr.D - 15

38

Static Analysis Contour Plot Static Analysis

Subcase 4 (loadstepd) Subcase 4 (loadstepd)

2.920E+02
[ 2.597E+02
2.272E+02
— 1.848E+02
1.623E+02
1.288E+02

9.739E+01
E 6.492E+01

3.246E+01
8.943E-05

Max = 2.922E+02
1D 1583994

Min = 8.943E-05
1D 1024580

LN
s
el
4
o
%

c Max. Value = 2922

Zatézny stav 4 (+X +Y -Z) — napéti von Mises [MPa]; 1D prvky

Contour Plot Static Analysis

Element Stresses (2D & 3D)(vonMises)

Elemental system Subcase 4 (loadstep4)
1.542E+02

[ 1.370E+02
1.199E+02

— 1.028E+02
8.564E+01

[ 6.851E+01

5.138E+01
3.426E+01
TT13E+01

4 730E-04

Mep = 1.542E+02
3D 1744477

3D 15112104

atic Max. Value = 154.2

Zatézny stav 4 (+X +Y -Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)

Static Analysis Contour Plot Static Analysis
Displacement{hag)
Subcase 4 (loadstepd) analysis system Subcase 4 (loadstep4)

5.235E-01
[4 654E-01
4.072E-01
— 3.480E-01

2.900E-01
2.327E-01

1.745E-01
1.183E-01
5.817E-02

0.000E+00

Men = 5 235E-01
Grids 281473

Min = 0.000E+00
Grids 293137

Zatézny stav 4 (+X +Y -Z) — celkovéa deformace [mm]



Contour Flot Static Analysis Contour Plot Static Analysis
CBAR/CBEAM won Mises Stresses{¥on Mises SWhAX) CBAR/CBEAM won Wises Stresses{Von Mises SWMAX)

2.920E+02 Subcase 5 (loadstepd) 2.929E+02 Subcase 5 (loadstepb)
[ 259TE+02 [ 2.507E+02

2.272E+02 2.27T2E+02
— 1.948E+02 — 1.948E+02

1.623E+02 1.623E+02

1.298E+02 1.288E+02

9.739E+01 9.739E+M

64925401 §4G2E+01

3.246E+01 3.246E+01

§.943E-05 8.943E-05

Max = 2.922E+02 Max = 2.922E+02

1D 1583894 1D 1583884

Min = 8.943E-05 Min = 8.943E-05

1D 1024589 1D 1024588

z
z
K\D * ¢ Max. Value = 292.2
T
obr. D - 16 Zatézny stav 5 (-X -Y +Z) — napéti von Mises [MPa]; 1D prvky

Contour Plot Static Analysis

Element Stresses (2D & 3D)(vonMises)

Elemental systerm Subcase 5 (loadstep5)
1.542E+02

[ 1.370E+02
1.199E+02

— 1.028E+02
8.564E+01

[ 6.851E+01

5.138E+01
E 3.426E+01

TT13E+01
4 730E-04

Mep = 1.542E+02
3D 1744477

z
atic Max. Value = 154.2
T T
obr. D - 17 Zatézny stav 5 (-X -Y +Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)

Contour Flot Static Analysis Contour Plot Static Analysis
Displacement{Mag) Displacerment{Mag)
Anelysis system Subcase 5 (loadstepS) analysis system Subcase 5 (loadstep5)

5.235E-01 5.235E-01
[ 4 654E-01 [ 4 B54E-01

4.072E-01 4.072E-01
— 3.480E-01 — 3.480E-01

2.908E-01 2.909E-01

2.327TE-01 2.327E-01

1.745E-01 1.745E-01

1.183E-01 1.1683E-01

5.817E-02 5.817E-02

0.000E+00 0.000E+00

Mene = 5 235E-01
Grids 281473

Min = 0.000E+00
Grids 293137

Meap = 5 235E-01
Grids 281473

Min = 0 000E+00
Grids 293137

obr.D - 18 Zatézny stav 5 (-X -Y +Z) — celkova deformace [mm]
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Contour Plot Static Analysis Contour Plot Static Analysis

CBAR/CBEAM won Mises Stresses(Won Mises SYMAX) CBAR/CBEAM von Mises Stresses(VYon Mises SYMAX)
2.296E+02 Subcase 6 (loadstep6) __ 5 ogse+02 Subcase 6 (loadstept)
[ 2.041E+02 [ 2.041E+02
1.786E+02 1.786E+02
— 1.531E+02 — 1.531E+02
— 1.276E+02 — 1.27T6E+02
— 1.021E+02 — 1.021E+02
7.655E+01 T.B55E+01
5.103E+01 5.103E+01
2.552E+01 2.552E+01
4.056E-05 4 056E-05

Max = 2.286E+02 Max = 2. 206E+02

1D 1583883 10 1583883

Min = 4.058E-05 Min = 4. 058E-05
1D 1024589 1D 1024588

z
z
Yﬁ\tf X
T
obr. D - 19 Zatézny stav 6 (-X +Y -Z) — napéti von Mises [MPa]; 1D prvky

Contour Plot Static Analysis
Element Stresses (2D & 3D)(vonMises)
Elemental system e 6 (loadstep6)
7.520E+01
[ 6.692E+01
5.856E+01
— 5.019E+01
— 4.183E+01
— 3.346E+01

2.510E+01
1BT3E+01
§.366E+00

3.120E-04

Max = 2. 2808
1D 1583883
Min = 4.058E-

Mep = 7 529E+01
3D 1768027

1D 1024589 Min = 3.120E-04
3D 1486433 ]
o
z X oz Btatic Max. Value = 75.3
pe
T
obr.D - 20 Zatézny stav 6 (-X +Y -Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)

Contour Plot Static Analysis Contour Plot Static Analysis
Displacement{hag) Displacement{hag)
Anelysis system Subcase 6 (loadstep6) analysis system Subcase 6 (loadstep6)

3.707E-01 3.707E-01
[ 3.285E-01 [ 3.295E-01

2.884E-01 2.884E-01
— 2472E-01 — 2472E-01
— 2.080E-01 — 2.0B0E-01
— 1.648E-01 s — 1.648E-01

1.236E-01 1.236E-01

8.230E-02 8.239E-02

4.119E-02 4.119E-02

0.000E+00 0.000E+00

Mep = 3 707E-01
Grids 281473

Min = 0.000E+00
Grids 293137

Menc = 3.707E-01
Gridg 281473

Min = 0.000E+00
Grids 293137

obr.D -21 Zatézny stav 6 (-X +Y -Z) — celkova deformace [mm]
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Contour Plot Static Analysis Contour Plot Static Analysis

CBAR/CBEAM von Mises Stresses(Yon Mises SYMAX) CBAR/CBEAM von Mises Stresses(Von Mises SYMAX)
1.415E+02 Subcase 7 (loadstep?) 14155402 Subcase 7 (loadstep7)
[ 1.257E+02 [ 1.257E+02
1.100E+02 1.100E+02
— 9.431E+01 — 9.431E+01
— 7.850E+01 — 7.859E+01
— 6.28YE+01 — B.28TE+O1
4. 7T16E+01 4 716E+01
3144E+01 3144E+M
1.672E+01 1.572E+01
§.943E-05 8.943E-05

Max = 1.415E+02 Max = 1. 415E+02

1D 1583180 1D 1583180

Min = 8.943E-05 Min = 8.943E-05

1D 1024589 1D 1024588

z
z
Yﬁ\tf X
T

obr. D - 22 Zatézny stav 7 (+X -Y -Z) — napéti von Mises [MPa]; 1D prvky

Contour Plot
Element Stresses (2D & 3D)(vonMises)
Elemental system
5.870E+01
[ 5.218E+01
4 565E+01
— 3.913E+01
— 3.261E+01
= 2.609E+01

1.957E+01
1.304E+01
6.522E+00

1.687E-04

Static Analysis
ase 7 (loadstep7)

Mep = 5 8T0E+01
3D 1739710

Min = 1.667E-04
3D 1505521

z
T
¢ Max. Value = 58.7
T
obr. D - 23 Zatézny stav 7 (+X -Y -Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)
Contour Flot Static Analysis Contour Plot Static Analysis
Displacement{Mag) Displacerment{Mag)
Anelysis system Subcase 7 (loadstep7) analysis system Subcase 7 (loadstep7)
2.007E-01 2.007E-01
[ 1.784E-01 [ 1.784E-01
1.561E-01 1.561E-01
— 1.338E-01 — 1.338E-01
= 1.115E-01 = 1.1M5E-01
— §.919E-02 . — 8.919E-02
6.689E-02 6.689E-02
4 450E-02 4 459E-02
2.230E-02 2.230E-02
0.000E+00 0.000E+00
Man = 2.007E-01 . IMax = 2.007E-01 A
Grids 281473 /( ‘\ Grids 281473 [

Min = 0 000E+00
Grids 293137

Win = 0.000E+00 e
Grids 293137 ] .&Q 3 =
r
i v y

obr.D - 24 Zatézny stav 7 (+X -Y -Z) — celkova deformace [mm]
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Contour Plot
CBAR/CBEAM won Mises Stresses(Won Mises SYMAX)
1.839E+02
[ 1.634E+02
1.430E+02
— 1.226E+02

— 1.022E+02
— 8ATZE+M

6.129E+01
4.086E+01
2.043E+07

§.943E-05

Static Analysis
Subcase 8 (loadsteps)

Max = 1.830E+02
10 1583894

Min = 8.943E-05
1D 1024589

o
e
e
=
ll

T

<
z
o
obr.D - 25

obr.D - 26

Contour Plot

Displacement{hag)

Analysis system
5.419E-01

[ 4 817E-01
4.215E-01

— 3.613E-01

= 3.01ME-01

— 2.408E-01

1.806E-01
1.204E-01
6.021E-02

0.000E+00

Menc = 5 419E-01
Gridg 281473
Min = 0.000E+00
Grids 293137

obr. D - 27

42

Static Analysis Contour Plot
Subcase & (loadsteps)

Contour Plot
CBAR/CBEAM von Mises Stresses(VYon Mises SYMAX)
1.839E+02
[ 1.634E+02
1.430E+02
— 1.226E+02

= 1.022E+02
— 81T2E+M

6.129E+01
E4.086E+01

Static Analysis
Subcase 8 (loadstep8)

2.043E+01
8.943E-05

Max = 1.839E+02
1D 1583994

Min = 8.943E-05
1D 1024589

c Max. Value = 183.9

Zatézny stav 8 (-X -Y -Z) — napéti von Mises [MPa]; 1D prvky

Contour Plot
Element Stresses (2D & 3D)(vonMises,
Elemental system
9.132E+01
[ 8. 1M7TE+DT
7.103E+01
— 6.088E+01
— 5.073E+01
= 4.059E+01

3.044E+01
E 2.029E+01

Static Analysis
Subcase 8 (loadstep8)

T.015E+01
1.812E-04

Mep = 9 132E+01
3D 1748867

Min = 1.812E-04
3D 1489668

Zatézny stav 8 (-X -Y -Z) — napéti von Mises [MPa]; 1D prvky detail (vlevo), 3D prvky (vpravo)

Static Analysis
Subcase 8 (loadstep8)

Displacement{hag)

Analysis system
5.419E-01

[4 817E-01
4 215E-01

— 3.613E-01

— 3.011E-01

— 2.408E-01

1.806E-01
1.204E-01
6.021E-02

0.000E+00

Mex = 5 419E-01 o
Grids 281473 [
Min = 0.000E+00
Grids 293137

Zatézny stav 8 (-X -Y -Z) — celkova deformace [mm]



Contour Plot
Eigen Mode(Mag)
Global System
5.358E+01
[ 4 7B3E+01
4.167E+01
— 3.5T2E+01
[ 2.9TTE+D1
2.381E+01

1.786E+01
T181E+01
5.953E+00
0.000E+00

Menc = 5 358E+01
Grids 281473

Min = 0.000E+00
Grids 283137

z
=
obr. D - 28

Contour Plot
Eigen Wode(hag)
Global Systern
5.514E+M1
[ 4.902E+01
4.289E+01
— 3.676E+01
[ 3.0B3E+01
2451E+01

1.838E+01
1.225E+01
6.127E+00
0.000E+00

Men = 5 514E+01
Grids 281473

Min = 0.000E+00
Grids 293137

z
P
obr. D - 29

Contour Plot
Eigen Mode(Mag)
Analysis system
1.731E+02
[ 1.540E+02
1.349E+02
— 1.158E+02
9.672E+01
TIB3E+D1
5.853E+01
3.944E+01
2.034E+01
1.249E+00

Mep = 1.731E+02
Grids 299104

Min = 1.249E+00
Grids 180286

VA
NP
obr. D - 30

Mode 1- F = 1.677074E+02 Hz
Subcase 9 (EIGRL)

Contour Plot
Eigen Mode(Mag)
Global System
5.358E+01
[ 4 7B3E+01
4.167E+01
— 3.5T2E+0
[ 2.977E+01
2.381E+01

1.786E+01
T191E+01
5.953E+00

0.000E+00

Mode 1- F = 1677074E+02 Hz
Subcase 9 (EIGRL)

Mep = 5 358E+01
Grids 281473

Min = 0.000E+00
Grids 293137

Modalni analyza télesa v provoznich podminkach — maod 1

Mode 2 - F = 2.324340E+02 Hz
Subcase 9 (EIGRL)

Contour Plot
Eigen Mode(Mag)
Global System
5.514E+01
[ 4 902E+01
4.289E+01
— 3.676E+01
[ 3.063E+01
2451E+01

1.838E+01
1.225E+01
6.127E+00

0.000E+00

Mode 2 - F = 2.324340E+02 Hz
Subcase 9 (EIGRL)

Mep = 5 514E+01
Grids 281473

Min = 0.000E+00
Grids 293137

Modalni analyza télesa v provoznich podminkach — méd 2

Mode 1 - F = 9.930690E+02 Hz Contour Plot
Subcase 9 (EIGRL)

Mode 1 - F = 9.930690E+02 Hz

Ei Mode(M;
e Subcase 9 (EIGRL)

Analysis system
1.731E+02

[ 1.540E+02
1.349E+02

— 1158E+02
9.672E+01
TI63E+01

5.853E+01
E 3.944E+01

2.034E+01
1.249E+00

Mep = 1. 731E+02
Grids 209104

Min = 1.249E+00
Grids 180286 ¢

Modalni analyza volné ulozeného télesa — maéd 1
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Contour Plot Mode 2 - F = 1.012298E+03 Hz  Contour Plot Mode 2 - F = 1.012298E+03 Hz

Eigen Mode({hag) Eigen Mode(Mag)

Analysis system Subcase 9 (EIGRL)  analysis system Subcase 9 (EIGRL)
1.400E+02 1.400E+02

[ 1.247E+02 [ 1.247E+02
1.094E+02 1.084E+02

— 9.418E+01 — 9.418E+01

— 7.882E+01 — 7.882E+01

— 6.386E+M — B.386E+01
4. 840E+01 4 840E+01
3.314E+01 3.314E+01
1.788E+01 1.788E+01
2.614E+00 2.614E+00

Mepx = 1 400E+02
Grids 281473

Min = 2.614E+00
Grids 307854

Menc = 1.400E+02
Grids 281473

Min = 2.614E+00
Grids 307854

I
]
o
o
]
1
cl
5

z
z
T X
1 Y
obr. D - 31 Modalni analyza volné ulozeného télesa — mod 2

Priloha E  Hmotnost konzoly, viastni frekvence télesa s volnym ulozenim

NVANAN AN
N ANNININAN
A OENNANAY
NN \AVA

obr. E -1 Hmotnost konzoly
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obr. E - 2 Pozice méfeni vibracni odezvy volné ulozené konzoly

Project 017
[dB re 1pm/s?]

1404

1204

1004

1k
[Hz]

obr. E - 3 Méreni vibracni odezvy — pozice A — méreni 1/3, (méFeni 2/3 — viz kapitolu vySe, Project 018)
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Project 019

[dB re 1pm/s?]
1407

1k
[Hz]

obr. E - 4 Méfeni vibracni odezvy — pozice A — méfeni 3/3

Project 021

[dB re 1pm/s?]
140
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1k
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obr. E -5 Meéfeni vibracni odezvy — pozice B — méfeni 1/2

Project 022
[dB re 1pm/s?]
120

1k
[Hz]

obr. E - 6 Méfeni vibracni odezvy — pozice B — méfeni 2/2
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Project 026
[dB re 1pm/s?]

100

1k
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obr. E - 7 Meéfeni vibraéni odezvy — pozice C — méfeni 1/1

Project 027
[dB re 1pm/s?]
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obr. E - 8 Méfeni vibracni odezvy — pozice D — méFeni 1/2

Project 020
[dB re 1pm/s?]

1204

1k
[Hz]

obr. E - 9 Meéfeni vibracni odezvy — pozice D — méFeni 2/2
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Priloha F Vibradni test
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obr. F-1 Méfeni 1 — zjisténi vlastnich frekvenci konzoly — pfejezd od 5 do 2000 Hz, amplituda zrychleni
konstantni, 0,05g, rychlost nabéhu 5dB/okt.; Zjisténé vlastni frekvence: 385,5 Hz, 665,8 Hz, 833,6
Hz, 1111,5 Hz
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obr. F -2 Casovy priib&h méfeni 1
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Budici signal
Signal odezvy na struktufe

0.03 [

Amplituda zrychle
o

-0.02

-0.03 '
0 10 20 30 40 50 60 70

Cas [s]

obr. F -3 Casovy priib&h méfeni 2 (viz obr. 5-64 v kapitole vyse)
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obr. F -4 Casovy prib&h méFeni 2 (viz obr. 5-65 v kapitole vyse)



