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BBEAEHUE

B xone uzyuenus qucuuiiuHbl « BBeeHne B TEXHOIOTUH KOMIIBIOTEP-
HOTO MOJICIMPOBAHUSI» CTYACHTHI MOJY4YalOT HAaBBIKM KOMIBIOTEPHOTO MO-
AenupoBaHusl (U3MUYECKUX MPOLIECCOB C HUCHOJIB30BAHUEM COBPEMEHHBIX
MPOrPAMMHBIX CPECTB.

B macTosiee BpeMsi HMIHMPOKO MPUMEHSIOTCS KOMITBIOTEPHBIE MOJETH
JUTSL aHAJIM3a CIIOKHBIX CHCTEM B IMPOIECCE MPOEKTUPOBAHUS COBPEMEHHBIX
u3zienuil U TexHosoruil. OaHaKo AJI peaau3alui TakKuX MOJENeH, UCTIONb-
3YIOIIHUX YHUCIEHHBIE METO/IbI, HATPUMEDP, METO/I KOHEUHBIX 3JIEMEHTOB, Tpe-
OyeTcs 3HAUMUTENHbHOE KOJIMYECTBO BPEMEHM Ha BbluMciieHus. OgHuM wu3
CIOCOOOB COKpAIIIEHUSI BPEMEHU MOJCIMPOBAHUS SIBISIETCS HUCIIOJIb30BAHUE
CYyppOTaTHBIX MOJEJNel, KOTOphIE TaK)Ke M3BECTHHI KaK METaMOJAeNd. JTH
MOJIETT! MOTYT 3aMEHUThH BBIYMCIUTEIBHO 3aTpaTHbIE KOHEYHO-3JIEMEHTHbBIE
mMozenu. OZHUM U3 COBPEMEHHBIX MPOTPAMMHBIX CPEACTB AJI pealn3aluu
TEXHOJIOTUM METaMOJIeTupoBaHusl siBisieTcss monayib Design Exploration
IPOrpaMMHOT0 KOMILIEKca Ansys.

[IpuoOpereHre HaBHIKOB pabOThI ¢ JAHHBIM MPOrPAMMHBIM MPOAYKTOM
OCYIIECTBIISIETCS TOCPEJACTBOM BBINOJHEHUS CTYJCHTaAMHU JIabOpaTOPHBIX
pabot. [IpakTuueckoe Mocooue CONEPNKUT MPUMEp peah3alluM 3aJadu OIl-
tumu3zanuu B Ansys DesignXplorer.

[TocoGue MoxkeT ObITh MCIOIB30BAHO MPHU BBIMOJIHEHUH Ja00PaTOPHBIX
paboT, a TakXe OHO TO3BOJUT TMOJYYHUTh HaBBIKM pabOThl B Ansys
DesignXplorer nmpu caMOCTOSTETLHOM U3YYEHUH.



3AJIAUA 1
IMPOBEJIEHUE TAPAMETPUYECKOTO
UCCJEJTOBAHUS «4TO, ECJAU?»

B ANSYS WORKBENCH

1.1 ITocTanoBKka 3agauu

JlaHHBIA TPUMEpP ITO3BOJISET NMO3HAKOMHUTHCA C BO3MOXKHOCTSMH ITAKETa
Ansys Workbench anst mpoBeaeHust nmapaMeTpu4eckoro uccienoBanus «4Yro,
eciu?» HccnenoBanne «Yrto, ecnu?» BBINIOIHAETCS IO CHUCKY 3aJaHHBIX
BPYYHYIO pacu€THBIX TOYEK. [[1s1 MpoBeneHusl TaKMX UCCIEAOBAHUNA MOJYJIb
DesignXplorer He nyxeH. [Ipu sTom uccienoBanue «4Urto, eciu?» mMo3BOJSET
HOJYYHUTh MPEIBAPUTENIbHYIO UH(POPMAIUIO, KOTOPYIO 3aTEM MO>KHO HCIIOJIb-
30BaTh B Mofyse DesignXplorer 1uis npoBeieHNs! JalbHEUIINX UCCIIEIOBAHUH.

[TpunienHoe ycrporictBo, co3gannoe B ANSYS DesignModeler, coctout
u3 Tpex yacted (pucyHok 1). Ha pucynke 1 Takke mokasaHbl Harpy3ku U
OTrpaHUYEHUS, TPUIOKEHHBIE K TPULEITHOMY YCTPOICTBY.

Pucynok 1 — Ilpunennoe ycTpoiicTBO

Ha pucyHke 2 mnoxas3aHbl TE€OMETPUYECKHE pa3MEpbl IPULIEITTHOTO
YCTPOMCTBA, KOTOPBIE MPH BHITIOJHEHUU paOOThI OYIyT MCIOJIB30BAHbI B Ka-
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YECTBE BXOJIHBIX MapaMeTpoB. lIpm 3TOM 3HA4YEHUsS MacChl MPULEITHOTO
YCTPOMCTBA, HANIPSKEHUN U Jeopmaliuii, popMupyemMbIX MPU OPUIOKEHUN
Harpy3ku, OyJIyT UCIOJb30BaThCS B KAUECTBE BHIXOHBIX MapaMeTPOB.

Pucynok 2 — I'eomeTpruyeckue napaMmeTpsl MPULETHOTO YCTPOHUCTBA,
UCIIOJIb3YEMbIE B KAUE€CTBE BXOJIHBIX TapaMETPOB MOJIENH

1.2 Peasu3anus 3aJa4d NPU NMOMOIH TPauYecKOro
unrepdeinca Ansys Workbench

1. Pemenne 3agaun HaumHaercs ¢ 3amycka Ansys Workbench, koTopsiii
BBITNIOJIHAETCSA U3 OCHOBHOTO MeHIO [Iyck — IIporpammer — Ansys 2020R1 —
Workbench 2020R1.

2. Boibupaem File — Open. 3aTteM B MosIBUBIIEMCSI OKHE BBIOMpaeM
daiin ¢ umeneM receiver.wbpz. CoxpaHsieM IPOEKT C MMEHEM receiver u
pacmpenrem wbpj. B pesynbsrate B okHe Project Schematic nmosButcst ana-
JUTUYECKHH OJIOK, KOTOPHIM OyIeM UCIIONb30BaTh B KAUECTBE 3arOTOBKU JJIS
Halen Mojienu ( pUCyHOK 3).

3. JABaxnapl HaxxmMaeM Ha syerky (Geometry. B OTKpbIBIIEMCS OKHE
DesignModeler nosiBUuTcst Mojzenb NpuilenHOTro yctpoiictBa. B okne Tree
Outline BeiOupaem Gusset. [lanee B Details View yctanaBinBaem (iaxox Ha
FDI, Depth, uTo0n1 cnenats ero BxoaHbiM MmapameTrpoM. Ilocne 3Toro mo-
SBUTCSI TUAJIOTOBOE OKHO JJISl YKa3aHUsI UMEHU MapaMmerpa. YKaKHUTe uUMs
thick ds ( pucynoxk 4).

4. B oxkue Tree Outline BriOupaem YZPlane. B YZPlane BwiOupaem
Sketch4, B paznene Dimensions, Kak ¥ B IIyHKTE 3, yCTaHABIUBAEM (DJIaXKKU
Ha H6 (name — horiz_ds) u V7 (name — vert _ds) ( pucynku 5,6 ). 3akpbsiBaeM
DesignModeler.
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'Genmmy | Sketchd
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Direction Vector None (Normal)

| Direction | Both - Symmetric
Extent ype |Fixed

25mm

| As Thin/Surface? No

| Merge Topology? | ves

| Sketch
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Martel View | Print Preview |

Pucynok 4 — 3ananue napamerpa thick ds
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I A: Model, Environment - DesignModeler

| File Create Concept Tools Units View Help
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| BThin/Surface @Blend ~ & Chamfer @ Siice || Point ) Conversion

Tree Outline 2
[=-/@] A: Model, Environment A
- o3 XYPlane
3 DPlane
Sy YZPlane
o2 Sketchl
8 Sketcha
=, B BallMount
[ >4 Planed
® B Connector
B Gusset
-y Planes Z
#- B MountHole Create a new Design Parameter for dimension reference
G-y > Plane? YZPiane HE?
- M LoadFace
-, FBlend
% FBlend2
R FBlendS
4@ Freezel
7 Unfreezel b
Sketching _Modeling
=/ Details of Sketcha A
| Sketch Sketchd [
| Sketch Visibility | Show Sketch
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| v7 - 30 mm 0,00 50,00 100,00 (mirm)

5,00 75,00

Parameter Name: |h0riz_ds x
||

Lnd1
Line Ln42.
Ln43

v Model View Prlnlml

Pucynok 5 — 3aganue mapamerpa horiz_ds

Bl A: Model, Envirenment - DesignModeler

File Create Concept Tools Units View Help
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W0~ A~ A~ A~ A A AT
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L@ Sketcht
| Loy Sketchd
-8 BalMount
&3 Planed
B Connector
B Gusset
-y 3h Planed
- MountHole
v >h Plane?
B LoadFace
% FBlend!
o FBlend2
% FBlendS
+© Freezel
A Unfreezel
- Etrudes
a1 I Panided ¥

sketchingModeling
o '
</ Details of Sketchd ~
Sketch Sketchd
Sketch Visibility | Show Sketch
Show Ci i No

3 2
P HE |30 mm
[CRE— - 000 5000 10000 (mm)
4 Edges: 4 o — T —

Line Lnd1 25,00 75,00

Line na2

Line a3 v _Model View | Print Preview

Create a new Design Parameter for dimension reference
YZPlane V77

Parameter Name: vert_a x
o]

Pucynok 6 — 3aganue napamerpa vert_ds



5. Cxema mpoekta (Project Schematics) Tenepsr BKItOUaeT maHeb IMa-
pametpoB (Parameter Set). Ctpenka, Beixomsias u3 Parameter Set u coequ-
HsoIIasicst ¢ siueiikoi Parameters B Static Structural, ykaseiBaet, uto ompe-
JIeJIEHbI BXOJIHbIE TIapaMeTphl (PUCYHOK 7). [IBaxapl Ha)KUMaeM Ha SUCHKY
Parameters 1 OTKpbIBa€M COOTBETCTBYIOIIIEE OKHO, B KOTOPOM BHUJIHBI 3a/1aH-
HbIE BXOJIHbIE TTApAMETPhI TPOEKTA (PUCYHOK 8).

-
il = Static Structural
2 @ Engineering Data
3 m Geometry
4 @ Model
5 a Setup
6 Solution
7 @ Results

> 8 |[pd Parameters

Wl e RN
[

Maodel, Environment

| 5 Parameter Set ‘

Pucynoxk 7 — Cxema nmpoekTa ¢ maHesbio apaMeTpoB

Outline of Schematic AS: Parameters

A B C B
1 D Parameter Mame Value Unit
2 E  Input Parameters
3 = @ Madel, Environment (A1)
4 b P1 thick_ds 2,5 mm v
5 [}p P2 horiz_ds 30 mim LI
6 b P3 vert_ds 30 mm ;I
3 fp Mew input parameter Mew name Mew expression
a8 E  Output Parameters
¥ p:l Mew output parameter Mew expression
10 Charts

Pucynok 8 — BxojHble napameTpbl IpOeKTa
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6. IBaxxnp1 Haxkxumaem Ha Setup (Project Schematic) (pucynoxk 7). B 3a-
BrcUMOCTHU OT Bepcu ANSYS MOXKeT MOsSIBUTHCS UM HE MOSIBUTHCS JUAIIO-
TOBO€ OKHO, YKa3bIBAIOIEE, YTO BBIMICCTOSIINE TaHHBIC TOJHKHBI OBITH TIPO-
YUTaHBl MMOBTOPHO. ECM maHHOE OKHO TMOSIBUIIOCH, TO HAXKUMaeM Yes s
oTKpbITHs OKHAa Mechanical. Ecni okHO 111 TOATBEPKICHUS HE TTOSBUIIOCH,
T0 oKHO Mechanical oTkpbIBaeTCs aBTOMaTHYECKH (PUCYHOK 9).

n :r] = Context A: Model, Environment - Mechanical [ANSYS Mechanical Enterprise]

Home Environment Display Selection Automation
@ sometric = @ Previous £-Rotate <Sx {-Rotate -Sx § PanUp ¥ PanDown | M Random e O 1 g H Show Vertices | X Direction mo ima
40 Look At @ Next & Rotate =Sy <L Rotate Sy “=Pan Left = Pan Right == Rescale E I Close Vertices \l'”Mesh Connection [;' [
Displ Sh Thick Shells| C Displ Colk
) Views Angle 10 Rotate «Sz C Rotate 5z @ Zoom In @ Zoom Out | D Preferences ISE s M:sv; an‘gl Beaﬁnss S!;‘?isgs" sl;p,avy [ Thicken o-or [zF
Orient Annotation Style Vertex Edge

Outline ~4oOx QQ @n— @ " C-4 QQ @@ Select "k Mode~ ’E@@l@@'-' = (& | [ Clipboard~

Name - e
[ Project
= {§ Model (A4)
5@ Geometry
J@ Materials
/3K Coordinate Systems
b &) Connections
-, & Mesh
B[ Environment (AS)
JH:E Analysis Settings
B Force
™ Frictionless Support
@ Frictionless Support 2
=& Solution (A6)
-] Solution Information
% Equivalent Stress
% Total Deformation

Details of "Environment (A35)" *10OXx
-/| Definition

.Physics Type Structural

Analysis Type Static Structural

Solver Target | Mechanical APDL

-
| |
-’

2 = 0,000 0,050 0,100¢m)
3| Options | | E— [ S—
Environment Temperature |22, °C 0,025 0,075
Generate Input Only No
Graph ~ 3 O X Tabular Data

Pucynox 9 — I'paduueckuit uarepdeiic Workbench Mechanical

7. Hamee B oxue Outline rpaduyeckoro untepdeiica Workbench
Mechanical BeiGepem myHKT Model — Geometry u3 ApeBOBHUIIHOMN CTPYKTY-
psI pacuetHoit monenu. B okne Details of “Geometry” Bo Bkiaake Properties
cTaBUM (pr1a>kok Ha siueriky Mass (pucynok 10).

8. B okne Outline Haxomgum Solution (A6) u BbiOupaem Equivalent
Stress. [lanee B paznmene Details non siueiikoir Results craBum ¢uaxxok Ha
Maximum, 4T0OBI ONPEAECIUTh BBHIXOJHBIM MapaMeTPOM MaKCUMaJIbHOE K-
BUBAJICHTHOE HalpsikeHue (pucyHok 11).

9. B Tom xe paznene Solution BeiOupaem Total Deformation u Taxxe
cTtaBUM (hIaxoK Ha s4eiky Maximum, 4ToObl ONpenenuTh BBIXOIHBIM I1a-
paMeTpoM MakcUMalibHbIe Jedopmaiuu (pUCYyHOK 12).
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Outline

Name v | Search Outline |V _

(I Project*
B (& Model (A4)

Pucynok 10 —

Context

[ - B

@ 1sometric ~ @ Previous £-Rotate =5x {+Rotate -Sx

Result Display Selection

#QLook At @ Next b Rotate <5y b Rotate -Sy
&) Views Angle 10 5 Rotate -5z  Rotate -5z
Orient
Dutline
Name - | Sez ne [V L
:l Project®
= 8 Model (Ad)
B,/ Geometry
B Part
-8 Materials

-t Coordinate Systems
-8 Connections
@ Mesh
-/l Environment (AS)
/M| Analysis Settings
- /8. Force
- /" Frictionless Support
/™ Frictionless Support 2
Solution (A6)
Solution Information
&9 Equivalent Stress
& Total Deformation

[t
v

BT Geometry
%@ Part

-8 Materials

v 5 Coordinate Systems

Environment (A5)

I Analysis Settings

/@ Force

% Frictionless Support
/™ Frictionless Support 2
E-f%) Solution (A6)

[0 Solution Information
@ Equivalent Stress
-»/%8 Total Deformation

-3

v R OX

B HEE

Source C:\Users\nikitjuk. MAIN\AppData\Local\Temp tmpreceiver_files\dpO\SYS\,..
.Type DesignModeler
Length Unit Millimeters
'Elemern Cnrﬁml Program Controlled
Display Style | Bady Color
Bounding Box ]
Properties

Volume 1,6457e-004 m*

1,2918 kg

Scale Factor Va... 1,
Statistics
Update Options
Basic Geometry Options
Advanced Geometry Options

OHpCI[@J'ICHI/IC MAcCChI B Ka4C€CTBC BbIXOJIHOI'O ITapaMeTpa

A: Model, Environment - Mechanical [ANSYS Mechanical Enterprise]

Automation
Franup L PanDown | M Random e [m] ’ g  Show Vertices |  Direction mo G EF Onese
#mPpan Left ™k Pan Right = Rescale m X T Close Vertices ‘|‘|| Mesh Connection [ D’
QZoumln QZDom Out @Flﬂ!r!ﬂ(ls D\sflay' \ m:ékﬁsrasn“ss sggii’" 2‘[;&':! 2,4¢-004 (Auto }“l]‘hlck:n Covlor D’
Annotation Style Vertex Edge
“~30x| : Q@Q|8lw& % QAR St kMode- TERRREME 2

Type Equivalent (von-Mises) Stress
‘Ey Time
Display Time Last
Calculate Time History Ves’
Identifier
| Suppressed No
< Integration Point Results
Display Option [Averaged

Average Across Bodies |Nn

0,000

0,050 0,100(m)

0,025 0,075

v B O X | Tabular Data 3

I » E 1 ﬂ'll 20 Erimies = ¥ | Time 5] |[¢ Minimum [Pa] |[& Max

3 Mo Graph
i [13084 Pa by
[ Maximum 2,519¢+008 Pa
Average 2,0236e+007 Pa
Minimum Occurs On | BallMount
Occurs On | Gusset
+/ Information v

1 13084 2.519e+

Pucynoxk 11 — Onpenenenre MaKCUMaJIbHBIX 9KBUBAJICHTHBIX HAMPSKECHUI
B KaueCTBE BBIXOJHOIO MapameTpa
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[ - MR Context A: Model, . [ANSYS
Home  Resut | Display | Selection  Automation

@ sometric ~ @ previous +Rotate -5x {~Rotate -sx T Panup ¥ PanDown | Il Random e Ox | i E B show vertices | Direction 1= F GF OReset
#Glookat @ iRotate <5y cLRotate Sy 4=Pan Left =k PanRight = Rescale B | T Close Vertices | [*llMesh Connection I GF
Bviews  Angle[10 | Ootate +8: CRotate 5z @ Zoomin @ Zoom Out | FAPreferences | DEPIY Show [Ihiekhells Croms 2{;?,"-’ [+|Thicken Color 13},
Orient Annotation Style Vertex Edge
Outline ~hoOx QQ,!‘U’-. BT+ QAR Sect kMode- TR ERRBR " RE
Name - v,
W project*
= {3 Model (Ad)
- Geometry
T Part
(5 Materials
B2 Coordnate Systems
- /) Connections
/D Mesh
5[ Environment (AS)
#Hll Analysis Settings
@ Force

- Frictionless Support
™ Frictioniess Support 2
=& Solution (A6)
/5 Solution Information
/% Equivalent Stress
% Total Deformation

Details of “Total Deformation’

=i Scope
Scoping Method | Geometry Selection
Geometry All Bodies
=1 Definition
Tipe Total Deformation
By | Time
Display Time Last
Calculate Time History | Yes Qom_:‘m”_:mlw(’")
Identifier 0,025 0,075
Suppressed _ND
5] Results Graph v § O X Tabular Data
EWH’W'“ animotion 14 » [+ [E]M  20Fames - [Time 15 | [# minimum i) | masim.
aximum 3,3774-004 m LR liF 1| T T T
Average |9.117e-005 m

Minimum Occurs On | Tube
Maximum Occurs On | BaliMount

Pucynok 12 — Onpenenenre MakCUMalbHBIX JedopMariuit
B KaueCTBE BBIXOJHOIO MapameTpa

10. Beixogum u3 Mechanical u B Project Schematic o6HOBIsIEM TpOEKT
(Update Project). JIBaxxapl HaxkumaeMm Ha siueiiky Parameters U OoTKpbIBaeM
COOTBETCTBYIOIIEE OKHO, B KOTOPOM BHU/HBI 33JJaHHBIE BXOJHbIE U BHIXOIHbIE
napaMeTphl MPOEKTa U CTeHEpUPOBaHHAs TOUKa MpoekTa (pucyHku 13,14).

Outline of All Parameters

A B g D
1 jin] Parameter Name Value Unit
2 B Input Parameters
3 = ﬁ Model, Environment (A1)
a b P1 thick_ds 2,5 mm x|
[ ?p p2 hariz_ds 30 mm ;I
& ?p P3 vert_ds 30 mm ;I
= E'p MNew input parameter Mew name Mew expression
3 E  Qutput Parameters
q = ﬁ Model, Environment (A1)
10 pd P4 Geometry Mass 1,2918 kg
11 pd P5 Equivalent Stress Maximum 2,519E+08 Pa
12 pd P7 Total Deformation Maximum | 0,00033774 m
= |:74] Mew output parameter Mew expression
14 Charts

Pucynok 13 — BxoaHble U BBIXO/IHBIE TApaMETPhI IPOEKTa
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Table of Design Points.

A

B C

D

E

E

G

MName =

P1-thick_ds ~

P2-horiz_ds

P3-wvert_ds

¥ | P4-Geometry Mass ~

P5 - Equivalent Stress Maximum ¥

P7 - Total Deformation Maximum  ~

Retain | RetainedData | Note ~

Units mm

=

mm

=

mm

| kg

Pa

m

DP O {Current) | 2,5

30

30

1,2913

2,519E+03

0,00033774

Wl h |

o=

Pucynoxk 14 — CrenepupoBaHHas TOYKa IPOEKTA

11. o6aBnsem eme 3 touku (IIKM — Duplicate Design Point)
(pucyHok 15).

Table of Design Points

A

C

D

E

F

G

Mame b’

P2-horiz_ds ~

P3-vertds ~

P4 - Geometry Mass ™

P'5 - Equivalent Stress Maximum ™

P7 - Total Deformation Maximum  ~

Units

[

mm

[

mm

kg

Pa

m

DP 0 (Current)

30

30

1,2918

2,519E+08

0,00033774

DP 1

27

33

7

F

7

DP 2

33

30

7

F

7

L =AY O S R SC I KO

DP 3

33

33

7

d

7

Pucynok 15 — Jlo6aBnenue 3 Touek mpoekTa

12. Ha manenu unctpymentoB Haxumaem Update All Design Points.
Koraa oOHOBIEHUE 3aKOHUUTCS, B TAOJIUIE TIOSIBATCS PE3YJIbTaThl pacyeToOB
(pucyHok 16).

Table of Design Points

A

B

D

E

=

G

Mame b

P1-thick ds ~

P3-vert.ds ~

P4 - Geometry Mass =

P5 - Equivalent Stress Maximum ¥

P7 - Total Deformation Maximum  +

Units

=

mm

=

mm

kg

Pa

m

DP 0 (Current)

2,5

30

1,2918

2,519E408

0,00033774

DP 1

2,25

33

1,289

2,9768E+08

0,00034548

DP 2

2,75

30

1,29

2,6407E+08

0,00031457

DP 3

PR TN S R T

2,5

33

1,2958

2,2366E+08

0,00030356

Pucynox 16 — Pe3ynbraThl pacueToB

13. Jlo6aBuM nuarpaMmy, KOTOpas OTOOpa)KaeT OTHOLICHUS MEXIY
BBIOpPAHHBIM ITAPAMETPOM U KAKJI0M TOUKOU npoekTa. Eciu Bbl HE BUaUTE Ha
sKpaHe naHenb auarpammbl Chart B HUKHEM IIPaBOM YIUIy paboO4yero OKHa,
TO HaJ0 BEIOpaTh View — Chart. Ha manenu Outline mox Output Parameters,
BbIOMpaem P7 — Total Deformation (Mosxet ObITh Ipyroit HoMep). B nanubIi
MOMEHT HIKe B pazzene Charts HeT HUKaKUX Juarpamm.

14. Ecnu Toolbox He oTKkphITa B paboueM OKHE, TO BbiOUpaem View —
Toolbox u oTKpBIBaeM ero.

13



B Toolbox nBaxkmer Haxxumaem Ha Design Points vs P7, uTo6s1 mo0a-
BUTH COOTBETCTBYIOIIYIO THArPaMMY.

15. B oxue Outline mox Charts Betoupaem Parameter Chart 0. Ha nmane-
o cBoiictB Properties X-Axis (Bottom) ycranaBnuBaem Design Points
u Y-Axis (Left), Betoupaem P7 — Total Deformation Maximum (pucyHox 17).

A B
i Property Value
3 Exclude Current Design point |
4 ¥-Axis (Bottom) Design Points Ll
5 X-Axis (Top) LI
5 ¥-fAxis (Left) P7 - Total Deformation Maximum Ll
7 Y¥-Axis (Right) LI

Pucynok 17 — Hactpolika mapaMeTpoB JuarpaMMbl

[Tanens Graph Teneps Oyner oToOpaxkaTh nuarpammy. TOUKH TPOEKTa
PacCIONIOKEHBI TT0 OcH X B HI)KHEN YacTH JUarpaMMbl, a 3HAYEHUE MaKCH-
MaJbHBIX JedopMariuii 0ToOpa)kaeTcsl 1Mo OCH Y B JIEBOM YaCTH JUATPaMMBbI
(pucyHok 18).

Parameter Chart 0 v+ I

35

a

34

33

| P7 - Total Deformation Maximum (.10-%) [m]

Design Points

Pucynok 18 — Oro6pakenue nanenu Graph

Bri6paB nonoiaHUTENbHO Ha maHenu cBoMcTB Properties Y-Axis (Right)
P4 — Geometry Mass, oToOpa3um 3Hau€HHsSI MACChl J€Tajau Mo ocHu Y B mpa-
BOM 4acTH AuarpamMMsl (pucyHok 19).
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=] 1,296
1,295
1,294
1293

3z 1.292

(B3] SSel APW030 - pd

1,291

| P7 - Total Deformation Maximum (:10-%} [m]

Design Points

Pucynoxk 19 — Oto6paxenue nanenu Graph

16. Jlo6aBum nuarpammy Parameters Parallel Chart, kotopas nokassi-
BaeT OTHOIICHUSI MEXIy BCEMH MapamMeTpaMH M KaXJIO0W TOYKOH IMPOEKTa.
B Toolbox nBaxknel HaxkuMaeMm Ha Parameter Parallel Chart, yto0b1 mo0a-
BUTH 3Ty nuarpammy. Jlanee B Outline Tabnuuie noa Charts BeiOupaem Pa-
rameter Parallel Chart 0. B pe3ynbpTare mosiBUTCSI COOTBETCTBYIOIIAS JIHa-
rpaMMa B OKHE CIpaBa BHU3Y. 3HAUYCHUS BBEPXY M BHU3Y MOKA3BIBAIOT pa3-
OpocC, OTHOCAIIUICS K KaXI0My TlapaMmeTpy. Kakas 1iBeTHas JTUHUS Ha Jra-
rpaMMe OTpa)xaeT COOTBETCTBYIOIIYIO TOUKY MpoekTa (pucyHok 20).

Parameter Parallel Chart 0 * o X

28 335 335 1297 3.,0626 35

2.2 265 29,5 1288 2,1626 3
o rLat oE fuinal roa1 o7 fuin-at

Pucynoxk 20 — Oto6paxenue nanenu Parameters Parallel Chart

17. Pemienne reHepupyercst s IPOEKTHOM TOYKH, 0OO3HAYEHHOUN Kak
Current Ha nanenu Table. Ecnu, ocHOBBIBasiCh Ha M3y4YEHUU MPOEKTA, BbI pe-
IIUTE, YTO MPEANOUYTUTENBHEE UCIIOJIB30BaTh APYTYIO TOUKY MPOEKTUPOBAHUS,
BbI MOKETE ONPEEINUTh €€ KaK TEeKYIIyI0 TOUKYy mpoektupoBanus. B Table of
Design Points naxxumaem [IKM Ha DP 2 (ecnu BBl cunTaere mpOeKTHYIO TOY-
Ky 2 TIpeAnouYTUTeNIbHOMN) 1 Beioupaem Copy inputs to Current (pucyHok 21).
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Table of Design Foints

B C

E F

G

P1-thick ds

P4 - Geometry Mass ~

P'5 - Equivalent Stress Maximum

P7 - Total Deformation Maximum ¥

Units

mm LI mm

kg Pa

m

DP O (Current)

2,5 30

1,2918

2,519E+08

0,00033774

DP1

2,25 27

1,2896

2,9768E+08

0,00034348

DF2
DP 3

By

LRI BN Y B I SO U Y X R

Copy

Set Update Crder by Row
Show Update Order
Optimize Update Order

Duplicate Design Point
Delete Design Paint

1,295

2,6407E+08

0,00031457

1,2953

2,2366E+08

0,00030356

Copy inputs to Current

G &[] % &

~5
%

-

Export Selected Design Points

Set as Current

Update Selected Design Paints
Export Table Data as C5V

Import from Design Point Service

Pucynok 21 — Onpesnenenne HOBOW TEKYIIEH TOYKU IPOEKTa

3arem HaxumaeMm [IKM na DP 0 u Bei6upaem Update Selected Design
Points. Korna oOHoBieHue 3akoHunTCS, pe3ynbrarsl st DP 0 Teneps cos-
nagatot ¢ DP 1 B TaGnuie (pucynok 22).

Table of Design Points

Pucynok 22 — OGHOBJICHHE TEKYIIEH TOYKH TPOEKTA

A B £ D E F G

1 Mame > | P1-thidkds ~ | P2-horizds ~ | P3-vert.ds ~ | P4-GeometryMass ~ | P5-Equivalent Stress Maximum ~ | P7 - Total Deformation Maximum =
2 Units mm ﬂ mm ﬂ mm ﬂ ka e m
3 | DPo(current) | 2,75 33 0 e F 0,00033774
4 DP1 2,25 7 33 1,4 g i 0,00034343
5 |DP2 2,75 33 30 1,7  SetUpdate Order by Row 0,00031457
6 |DP3 2,5 33 33 1, Show Update Order 0,00030356
= Optimize Update Order

53 Duplicate Design Point

Mgl Export Selected Design Points

) Setas Current

|/ Update Selected Design Points

Mgl Export Table Data as CSV

@ Import from Design Point Service

18. 3amyckaercst Mechanical. B npese npoekra Outline — Environment
(AS5) — Solution BriOupaem Equivalent Stress u mosmyuaeM perieHue st
BBIOPAHHOM TEKYIIEW TOUKU MPOEKTa (PUCYHOK 23).
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u Context A Model, Envi it - ical [ANSYS

“ Home Result Display Selection Automation
@ 1sometric =~ @ Previous f-Rotate -5x {~Rotate Sx § PanUp ¥ PanDown | M Random e m] ‘ g [ Show Vertices | A Direction BO EF EF O
#{ Look At Q Next oRotate +Sy <bRotate -Sy 4=Pan Left = Pan Right | = Rescale H B Close Vertices [+IMesh Connection [ ¥

) views Angle 10 O Rotate =5z & Rotate -5z @ Zoom In @ ZoomOut | A Preferences Dﬂf’“ i::;; 1::5'[55:;::: s‘,::;:.?n '2';;}‘.'3” 2,4e-004 {Auto [+ Thicken

Orient Annotation Style Vertex Edge

=~ J0O%| £ @@ [@]w & % Q@A @@ Select ,kMode- FTERE R EEBMB® 2 B [ECipboard- [Empty] &E

rch Outline | ™

Outline =

Details of "Equivalent Stress”

=l Scope
Scoping Method | Geometry Selection
| All Bodies
/| Definition
Type i (von-Mises) Stress
By Time
_| Display Time Last
Calculate Time History | Yes 0,000 0100 0,200(m)
i L SESEaa——  ES—
Identifier 0,050 0150
Suppressed No
3 ion Point Results
B DB = GRAh 55 A ~ 1.0 X || Tobular Data - T W
Average Across Bodies | No * Animation |4 b E »l il 20Fomes:  ~|2SectAuty) ~ fcy ¥ [mimefs | lhljp [Pa] | [ Avera
5[ Resuts | 2.6407e+008 1,9133e+(
__| Minimum 10659 Pa
P Maximum 2,6407e+008 Pa
| Average 1,9133e+007 Pa
e v e e v

PucyHok 23 — DKBUBaJICHTHBIE HAIIPSKEHUS JIJIs1 TEKYLIEH TOUKH IIPOEKTa
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3AJTAYA 2
MPOBEJIEHUE ONITUMU3AIINH
B ANSYS DESIGNXPLORER

2.1 BBenenue

SIBHBIC aHATUTUYECKHE 3aBUCUMOCTH XapaKTEPUCTUK OOBEKTa OT mapa-
METPOB MPOEKTUPOBAHUS CJIOKHO MOJTYUUTh IS peaTbHBIX 00BEKTOB MO/IEIIH-
poBaHus. B mogo0HBIX cilydasx KOMIIBIOTEPHOE MOJICIUPOBAHNUE IPUMEHSIETCS
JUISL COKpAIIEHHsI KOJTMYECTBA JJOPOTOCTOSIINUX dKCIEpUMEHTOB. [Ipu 3ToM nc-
MOJIb30BaHUE CJIOKHBIX MOJIETIEH /I KOHEYHO-3JIEMEHTHOTO aHaln3a JIeiaeT
BpEMSI MOJIETUPOBAHMSI OY€Hb OOJILIIUM. ECIu BBIMOIHEHUE OJJHOTO SKCIIEpPH-
MEHTa C MOJIEJIbIO TpedyeT OoJsiee yaca, TO MPOBEACHUE COTEH IKCIIEPUMEHTOB
MIPYU PEIICHUH 33]1a4 ONTUMU3AINKA CTAHOBUTCS HElleJIeco00pa3HbIM. Perienue
JaHHOM MPOOJIEMBI 11eJecO00pa3Ho C MPUMEHEHUEM CYPpPOTraTHOrO MOJIEIUPO-
BaHUS, B PaMKaX KOTOPOrO0 MaTEMaTHYECKHUE MPEACKa3aTeIbHbIEe MOJETU JIJIs
CJIOXKHBIX CUCTEM CTPOSITCA IO PE3yJIbTaTaM BBIYUCIUTENBHBIX SKCIIEPUMEHTOB
C KOMITBIOTEpHBIMU MoAeNIMU. DOpMHUpPOBaHNE TAaKMX MOJENIEH OCHOBAHO Ha
UJESIX MAIIMHHOTO OOYYEHHsI, TJIe MOJIEH «00Yy4YaroTCs» Ha MHOXKECTBE BXO/I-
HBIX U BBIXOJHBIX JIAHHBIX — pe3yJibTarax sKCrepuMeHToB. [locTpoeHHbie cyp-
pOraTHbIE MOJIETN 3aMEHSIIOT COOOM UCTOYHUKY MOTy4YeHus naHHbix. Kak npa-
BWJIO, TAKUE MOJIEIM UMEIOT CYIIECTBEHHO 00Jie€ BHICOKYIO BHIYMCIUTEIbHYIO
3(PEKTUBHOCTh MO CPaBHEHHIO C MCXOAHBIMH MOJEIIMH. Takum oOpaszoM,
IeJIb TIOCTPOCHUSI CYpPPOTraTHBIX MOJIEIEH — MpeAoCcCTaBIeHNuEe MPUOIMKEHHBIX
3HAYEHUHN BBIXOJIHBIX MApaMETPOB HAa OCHOBE BXOJHBIX MapaMeTpoB Oe€3 Mmpo-
BEICHUS TIOJHBIX pacuéToB. JlOCTM)KEHNE TaHHOW 1eNI 00ECTIeYnBaeTCs B pe-
3yJbTaTe MPUMEHEHUSI METO/IA MJIAHUPOBAHUS BBIUMCIUTEIIBHBIX AKCIIEPUMEH-
TOB. JIpyro#i 1enbio CypporaTHoro MOJEIMPOBAHUS ABJISIETCS UCIOIb30BAHHE
CO3/IaHHBIX MOJIETIEN PU ONTUMHU3AIIMY TapaMETPOB KOHCTPYKIIUMA U TEXHOJIO-
TMYECKUX MPOIIECCOB.

B nporpamMmuoii cpene Ansys Workbench ontumuzanus moneneit npo-
Bojutcs B Moayie DesignXplorer. DesignXplorer ucnons3yer BXOJHBIE U
BBIXOJIHbIE ~ MapaMeTpbl, KOTOPHIMHU  MOTYT  CIY>XUTh  MapaMmeTpbl
DesignModeler unu u3 pa3auyHbIX CUCTEM aBTOMATU3UPOBAHHOTO MPOEKTH-
poBaHusA. BxonHbIMU mapaMeTpaMu MOTYT ObITh 3HAYEHUs TOJIIUHBI, JJIH-
HbI, MEXaHUYECKHE Harpy3Ku, CBOWCTBAa MaTepuagoB U T. J. BrIXoIHBIMU
napameTpamu, Kak MpaBUIIO, BBICTYNAIOT Macca, HapsbKeHUeE U JIp.
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[Tocne HacCTpOWKM BXOJIHBIX W BBIXOJHBIX MapaMETPOB MOTYT OBITh 3a-
NYIIEHbI CIeayIolne BUabl aHaau30B B DesignXplorer:

— mmanupoBanue skcnepumenta (Design of Experiments — DOE);

— moBepxHOCTh oTKIUKa (Response Surface);

— ONTUMU3ALINS.

[InanupoBaHue sKcriepuMeHTa sBisieTcss ocHoBoM DesignXplorer. Tex-
HUKA TJIAHUPOBAHUS HKCIIEPUMEHTA MO3BOJISET ONPENETUTh KOJIUYECTBO 3a-
yCKOB PacyeTHOM 3aJa4yMl C YYETOM MOJyYEHUS MAKCUMAJIBHO TOYHOW IO-
BEPXHOCTHU OTKJIMKA HACKOJBKO 3TO BO3MOXHO. Kaxkmas komOuHanus napa-
METPOB, KOTOpas pemiaercs, umenyercs: Design Point (Touka KOHCTpyHpoOBa-
HUSI WA IPOEKTUPOBAHMUS).

[Tocne Toro, Kak NMJIaHUPOBAHUE HKCIEPUMEHTA BBIITOJIHEHO, CO3/1a€TCs
MMOBEPXHOCTh OTKJIMKA HA OCHOBE PACCUUTAHHBIX pe3ysbTaToB. [[oBEpXHOCTH
OTKJIMKA CO3J1aeTCsl ISl KAKIOr0 BBIXOJHOrO napamMerpa. MIcXoaHbIMH aH-
HBIMU JIJIS1 IOCTPOEHUSI TOBEPXHOCTU OTKJIMKA CITy>KaT YUCJIEHHBIE JaHHbIE,
MpeJCTaBIeHHbIE B Tabiuile pe3yiapTaroB Design Point. B obmem ciydae
MOBEPXHOCTh OTKJIMKA ITOMOTAET MMPOBECTH aHAIU3 PE3YJIbTATOB PacyeTa.

Jlnst Toro, 4ToObl OO0€ECHEUUTh MPOYHOCTHBIE TOKA3aTeNd JI€Talu
C MEHbIIIEH Maccol Wiau rabapuTamMu, B YaCTHOCTH, HEOOXOJMMO HCIOJIb30-
BaThb MOJYJb ONTHMH3ALUU. IDTOT MOAYJb TMO3BOJIUT MOA00paTh HYXKHBIE
BXOJIHBIE TTApaMETPhl C YYETOM 3aJaHHBIX IOJIb30BATEIEM OIPAHMYECHHUN HA
BBIXOJIHBbIE TIapameTphl. Hampumep, 3amaB moka3areilb MacChl U YpOBEHb
HaNPsDKEHUN, TIporpaMMa moa0epeT 3HaUeHUsI KaKuX-JIM00 pa3MepoB JIeTalu.

2.2 IlocTaHOBKA 3a1aYH

[lenpto MpoBeeHN ONTUMHU3AIMOHHOTO UCCIIEIOBAHUSI SBJISIETCS. MUHU-
MU3alUSg Macchl JAETald C COXpaHEHHMEM 0€30MacHOT0 YPOBHS HANPSLKEHUH.
BxoaubiMu napameTpamMu BBICTYTAIOT TEOMETPUUECKUE pa3MEPhI JIETalu.

Kak u B pabote «IIpoBeneHue napamerpuueckoro ucciaeaoBanus “Uro,
ecnu?” B Ansys Workbench», B nanHoi paboTe HUCMHOJB3YETCsS MPUIIETTHOE
ycTpoiictBo, coznanHoe B ANSYS DesignModeler (pucynok 1). Ha pu-
CyHKe | mpencraBieHbl Harpy3Ku U OTPAHUYEHUS, IPUIOKEHHBIE K MTPULIETI-
HOMY YCTPOWCTBY.

[Ipu BhIMOTHEHUU PaOOTHI OYIYT UCIOJIH30BAHBI B KAYECTBE BXOJIHBIX
IIapaMeTPOB I'€OMETPUUECKHE PA3MEPBHI IPULIETHOTO YCTPOUCTBA, MPEACTaB-
JICHHBIE HA PUCYHKaX 2, 24.

19



Pucynok 24 — I'eometpudeckuii mapametp H7 (TonmmHa KBaapaTHON TPYyOHI),
UCIIOJIb3YEMBIi B KAYECTBE BXOHOTO IMapaMeTpa MOACIN

2.3 Peaqusanus 3a4a4d NPH NOMOIIHA TrpaduuecKoro
uHrepgeiica Ansys Workbench

1. Pemenue 3amaun HaunHaercs ¢ 3amycka Ansys Workbench, koTopbrit
BBITIOJIHAETCSA U3 OCHOBHOTO MeHIo [Iyck — IIporpammer — Ansys 2020R1 —
Workbench 2020R1.

2. Boibupaem File — Open. 3aTteM B mosIBUBIIEMCSI OKHE BBIOMpaeM
daiin ¢ umeneM receiver.wbpz. CoxpaHsieM TPOEKT ¢ UMEHEM receiver u
pacmupenuem wbpj. B pesynsrare B okHe Project Schematic mosiButcst aHa-
JUTUYECKUN OJIOK, KOTOPBI Oy/leM HCIOJIb30BaTh B KAadeCTBE 3arOTOBKU
JUIsL Ha1en MoJienu (pucyHok 3).

3. JBaxabpl HaxkuMaeM Ha sueiiky Geometry. B oTKpbIBIIEMCSI OKHE
DesignModeler mosiBuTCS MOJenb MpHUIENTHOTO ycTpoiicTBa. B okHe Tree
Outline BriOupaem Gusset. [lanee B Details View ycranaBiuBaeM ¢iaxox
Ha FD1, Depth, uto0b1 caenats ero BxogasiM mapametpoM. [locie aToro mo-
SBUTCSl AUAJIOTOBOE OKHO JIJISl YKa3aHWs MMEHHU TNapameTrpa. YKaxuTe uUMms
thick ds (pucynox 4).
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4. B oxue Tree Outline BriOupaem YZPlane. B YZPlane BriOupaem
Sketch4, B paznene Dimensions, Kak U B MyHKTE 3, yCTaHaBIMBAeM (PriaXKku
Ha H6 (name — horiz_ds) u V7 (name — vert_ds) (pucyuku 5, 6).

5. B okne Tree Outline Beioupaem Plane4. B Plane4 BriGupaem Sketch2,
B pazzaene Dimensions, Kak U B MyHKTax 2—3, ycTaHaBiuBaeM ¢iiaxxok Ha H7
(name — horiz_ds) u V7 (name — thick tube) (pucynok 25). 3akpbiBacM
DesignModeler.

I-\ Model, Environment - DesignModeler

File Create Concept Tools Units View Help

A E @ || Dud Greoo [[seect ' b RRRB (v |8 |[SHQAROQAA QT H [+ 2
W0~ A A~ - A A AT

Planed v | sketenz v 4 || <} Generate @@ Share Topology [FEP: | @Etrude glaRevolve Qg Sweep @ Skin/Loft
@ Thin/Surface @ Blend ~ @ Chamfer @ Slice | @Point B Conversion
Y C R, S B I A
. _— Ht U ed Camnetn M Chorn Tamalnms FPIDarmctoee || IR C Ay dmDoinbin B Cuinnn @ CLi.
ee Outline 1 Graphics
v XYPlane ~

3= ZXPlane
v YZPlane
- 4‘ BallMount
By Planed
‘ 9 Sketch2
--,B Connector
R Gusset
,,é Planef A: Model, Environment - DesignModeler
Uiy MountHole
v Plane7
.,a LoadFace
-, & FBlend!
-y Q@ FBlend2
-, Q@ FBlend5

» @ Freezel

Create a new Design Parameter for dimension reference
Plane4.H7?

Parameter Name: [thick_tube x

Cancel

Al Unfreezel
,,‘ Extruded
/M Brudes

1P ) Dadian

ketching  Modeling
etails View 1
Details of Sketch2

Sketch Sketch2

Sketch Visibility | Show Sketch
Show Constraints? | No

Dimensions: 5

I : o 000 50,00 100,00 (v
| B E——
v2 40 mm
s [20mm 25,00 75,00
Edges: 12
Line [n23 v _Model View | Print Preview

Pucynok 25 — 3aganue nmapamerpa thick tube

6. /IBaxxnpl Ha)KMMaeM Ha s4elKy Parameters M OTKpbIBa€M COOTBET-
CTBYIOIIIEE OKHO, B KOTOPOM BUJIHBI 33JJaHHBIE BXO/IHbBIE TTAPAMETPHI MPOEKTA
(pucyHoK 26).

7. ABaxnasl HaxumaeM Ha Setup (Project Schematic) u oTkpbIBaeM OKHO
Mechanical (pucyHnox 9).

8. Jlamee B oxue Outline rpaduueckoro wunrepgerica Workbench
Mechanical BriOepeM nyHkT Model — Geometry u3 n1peBOBUAHONU CTPYKTY-
psl pacueTHo# Monenu. B okne Details of “Geometry” Bo Bkiagke Properties
cTaBUM (pr1axkok Ha siueriky Mass (pucynok 10).
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Outline of All Parameters

A B C D
1 1D Parameter Name Value Unit
2 E  Input Parameters
3 = @ Model, Environment (A1)
4 I?p F1 thick_ds 2,5 mm ;I
5 b P2 horiz_ds 30 mm LI
5 b P3 vert_ds 30 mm x|
7 b Ps thick_tube 4 mm |
¥ fp New input parameter MNew name MNew expression
9 E  Qutput Parameters
* pT.l New output parameter MNew expression
11 |[E Charts
12 ﬁﬁ Parameter Parallel Chart 0
13 l&"__ Parameter Chart 0

Pucynok 26 — Bxoansle napamMeTpsl IpoeKTa

9. B oxne Outline nHaxomqum Solution (A6) u BeiOupaem Equivalent
Stress. [lanee B pasnmene Details non siueiikoir Results craBum ¢uaxxkok Ha
Maximum, 4ToObI ONpeaeIUuTh MAaKCUMAIbHOE SKBUBAJIEHTHOE HAIPSKEHUE
BBIXOJHBIM TTapaMeTpoM (pucyHok 11).

10. Beixogum u3 Mechanical u B Project Schematic o6HOBIsIEM TpOEKT
(Update Project). JIBaxxapl HaxkumaeMm Ha siueiiky Parameters U oTKpbIBaeM
COOTBETCTBYIOIIEE OKHO, B KOTOPOM BHU/IHBI 33JJaHHBIE BXO/IHBIE U BHIXOJIHbIC
napameTphbl IPOEKTa U CreHEPUPOBAHHAS TOUKA MPOEKTA (PUCYHOK 27).

Cutline of All Parameters

A B = D
1 D Parameter Name Value Unit
2 = Input Parameters
3 = @ Madel, Environment (A1)
4 b P1 thick_ds 2,5 mm x|
5 E’p P2 horiz_ds 30 mm LI
6 b P3 vert_ds 30 mm ;I
7 b Pa thick_tube 4 mm x|
3 f}p Mew input parameter MNew name Mew expression
2] = Output Parameters
10 = @ Model, Environment (A1)
11 pd P3 Geometry Mass 1,2913 kq
12 ﬂ P10 Equivalent Stress Maximum | 2,519E-+08 Pa
* p_<.| Mew output parameter Mew expression
14 E Charts
15 ﬁtﬂ Parameter Parallel Chart D
16 [f:_f_ Parameter Chart 0

Pucynok 27 — BXoaHbI€ U BBIXO/IHBIE TApaMETPhI IPOEKTA
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11. B oxue Toolbox — Design Exploration — nBaxkapl Ha)kKuMaeM Ha
Response Surface u no6aBisieM HOBYHO MOBEPXHOCTh OTKJIMKA K IPOEKTY
(pucyHoK 28).

wel 1b? - Workbench

File  Wiew Tools Units Extensions Jobs Help

g

=S NS Project

ﬁ]lmport... |- Reconnect F'.eFresh Project o Update Project | Resume ## Update All Design Points
Toolbox CO Bl Project Schematic

Analysis Systems

Component Systems

Custom Systems T A

Bl Design Exploration | Ga iR

3D ROM 2 @ Engineering Data v
@ Direct Optimization 3 B Geometry v,
B Parameters Correlation 4 @ Model v,
[ Response Surface

) Response Surface Optimization 5 @ setw v 4
| 5ix Sigma Analysis 6 Solution v
ACT 7 @ Results W

> 8 [}P_q-‘ Parameters =

Model, Environment

........................................................................

s [{] Response Surface

? | Design of Experiments
3 D—l Response Surface

A

Fl

ag)

F

Pucynoxk 28 — Jlo6aBnenue Response Surface B mpoekt

12. B mosiBuBIemcst HoBoM 0yioke Response Surface mBakabl kiaukaem
Ha Design of Experiments (sueiika ¢ MonHuel). B oTKphIBIIIEMCS OKHE BBI
YBUJIUTE paHee ONpeiesIeHHbIE BXOAHBIE U BBIXOJHBIE TapaMeTphl B TabuIIE
Outline (pucynox 29).
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| |b2 - Workbench

File Edit Wiew Tools Units Extensions Jobs Help
ml=2= Y Project /' 5] B2:Design of Experiments X
/ Update 7 Preview /|Clear Generated Data || Refresh Approve Generated Data

Dutline of Schematic B2: Design of Experiments * o X

A E
i Enabled
2 |E # Design of Experiments ]
3 E InputParameters
4 = ﬁ Model, Environment (A1)
5 b P1-thick_ds
5 f)p P2 - horiz_ds
7 b P3-vertds
3 b P8 - thick_tube
9 = Output Parameters
10 = ﬁ Model, Environment (A1)
11 pd P9 - Geometry Mass
12 pd P10 - Equivalent Stress Maximum
13 Charts
A B
Property Value

Units mm

Type Design Variable

Classification Continuous
Lower Bound 2,25
Upper Bound 2,75
Allowed Values | any ;I

[N, B S Y PV N R

L= )

Pucynoxk 29 — Oxno Design of Experiments

13. Bei6paB napamerpsl P2 — horiz ds, P3 — vert ds, ycranoBute Bepx-
HHUE W HUKHHE TpaHUIlbl, paBHbIE 25 MM u 35 mMm. s mapamerpa P8 —
thick tube ycranoBute rpanuilpl, paBHbie 1MM U 5 MMm. OTKIIOYUTE Mapa-
metp P1 — thic_ds u3 MopenupoBaHus, CHSIB COOTBETCTBYIOIIYIO TaJIOUKY
(pucynoxk 30).

14. Jlanmee BeiOepute Design of Experiment u B Properties yoenurecs,
yto Design of Experiment Type ycranosnen Ha Central Composite Design,
¥ BBIOEPUTE TPAaHEIIEHTPUPOBAHHBIN BapUAHT IEHTPATHHOTO KOMITO3HITMOH-
HOTO IJIaHa 3KCcIiepuMeHTa (pucyHok 31).

B Ansys Workbench cywecmeyem 603modcHocmb 6b100pa pasiudHulx
8apUAHMO8 NIAHUPOBAHUS IKCNEPUMEHMA. JAMUHCKUL 2Unepkyd, yeH-
MPAIbHLIL KOMNO3UYUOHHBLLL NIAH U Op. B c60to ouepeds, Kaxcowlii u3 smux
MUNO8 UMeem euje HeCKOJIbKO HACMPOeK, 03HAKOMUmMbCs Doiee noOpoOHO ¢
KOMOPBIMU MONCHO U3 OOKYMEHMAayuu K npocpammuou cpede. Kpome moeo,
NOIb308AMENb CAM MONCEM 8PYUHYIO 88eCU MAMPUYY NAAHUPOBAHUSL 6X00-
HBIX (hakmopos, 8blopas mun naanuposanus Custom.
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15. Ha manenn MHCTPYMEHTOB HaxMuTe Preview, 4ToObl MOCMOTPETH
KaKue TOYKM ObUIM CTE€HEpHpPOBaHBI B IUIaHE JKcIepuMeHTta. B Tabmuie
Table of Outline mpencraBiens! MATHAAATH TOUeK (pUCcyHOK 32). OOHOBUTE
Design of Experiments (Update). Korna oOHOBIEHHE 3aKOHYUTCS, TabIuIla
OyJleT 3amojHeHa pe3yibTaTaMu pacueToB (pUCyHOK 33).

¥R X
1 Enabled
2 B " Design of Experiments
3 B Input Parameters
4 = % Model, Environment (A1)
5 p P1-thick ds [&]
6 (p P2-horiz_ds
7 (b P3-vert_ds
) Th P& - thidk_tube
9 [E OQutput Parameters
10 = % Model, Environment (A1)
11 pd P9 - Geometry Mass
12 ﬂ P10 - Equivalent Stress Maximum
13 E Charts
14 v ﬁﬂ Parameters Paralle!
15 \/w_ Design Points vs Parameter
Properties of Qutline A8: P8 - thick_tube > o %
A B
1 Property Value
.
3 Units mm
4 Type Design Variable
5 Classification Continuous
;
7 Lower Bound 1
8 Upper Bound 5
9 Allowed Values | Any -

Pucynok 30 — MI3MeHeHue auanazoHa BXOAHBIX MTapaMeTpoB

A B
1 Enabled
2 |E " Design of Experiments
3 E InputParameters
4 =] % Model, Environment (A1)
5 fp P1-thick_ds ]
3 B P2-horiz_ds
7 b P3-vert_ds
8 Gp P8 - thick_tube
9 E Qutput Parameters
] =] % Model, Environment (A1)
11 pd P9 - Geometry Mass
12 pd P10 - Equivalent Stress Maximum
13 B Charts
14 -/W Parameters Parallel
L5 -/lﬂ Design Points vs Parameter

Preserve Design Points
After DX Run

= Failed Design Points Management

Mumber of Retries

= Design of Experiments
Design of Experiments
Type
Design Type Face-Centered E|
Template Type Face-Centered
— — Rotatable
& Design Point Report VIFDptimaIity'
11 Report Image G-Optimality

| Auto Defined

Central Composite Design ;I

Pucynoxk 31 — BeiGop mirana sxkcrepuMenTa
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Table of Outline AZ: Design Points of Design of Experiments

A B o D E F
1 Mame ¥ | P2-horiz_ds{mm) v | P3-vert_ds{mm) <~ | P8-thick tube {mm) <~ i P3-GeomeiryMass (kg) v } P10 -Equivalent Stress Maximum (Pa) ~
2 1 30 30 3 F #
3 = 25 30 3 F #
4 3 35 30 3 ¥F F
5 4 30 25 3 F F
6 5 30 35 3 F Fd
7 6 30 30 1 ¥F F
8 7 30 30 5 F F
g 8 25 25 1 ¥F ¥
10 3 35 25 1 ¥F ¥
11 10 25 35 1 ¥F ¥
12 11 35 35 1 F F
13 12 25 25 5 F F
14 13 35 25 5 F F
15 14 25 35 5 4 L
16 15 35 35 5 F 7

Pucynok 32 — [1naH uncieHHOro 3KCIepuMEHTa

Table of Qutline A12: Design Points of Design of Experiments

A B o D E F
1§ Mame 2 { P2-horiz_ds(mm) ~ | P3-vert ds(mm) ~ | P8-thick tube (mm) ~ | P9-GeometryMass(kg) ~ | P10-Equivalent Stress Maximum (Pa) ~
2 1 D) 30 3 1,1703 2,677E+08
3 2 25 30 3 1,1671 3,0062E+08
4 3 35 30 3 1,1735 2,8806E+08
5 4 D) 25 3 1,1671 3,6382E+08
& 5 D) 35 3 1,1735 2,6119E+08
7 & D) 30 1 0,90453 2,9439E+08
8 7 30 30 5 1,4059 2,4931E+08
] 8 25 25 1 0,89864 3,5926E+08
10 ] 35 25 1 0,90404 4,1295E+08
11 10 25 35 1 0,90404 3,3006E+08
12 11 35 35 1 0,9114 2,5812E+08
13 12 25 25 5 1,4 3,1737E+08
14 13 35 25 5 1,4054 3,6737E+08
15 14 25 35 5 1,4054 3,3213E+08
16 15 35 35 5 1,4127 2,0532E+08

Pucynok 33 — Pe3ynbpTaThl pacueToB

16. 3aTem Bo3Bpariaemcs B okHO Project Schematic. B 6ioke Response
Surface HaxxmuTe nBaxkapl Ha sueilky Response Surface. 3atem oOHOBHTE
BCE B OTKpBIBIIEMCS OKHe, BhIOpaB B Tabmuie Outline myHkt Response
Surface, 3anaiite Full 2nd-Order Polynomial — crangapThblit anroput™ mo-
cTpoeHust MmeTamoienu B Tabnuiie Properties of Outline (pucynok 34).

s nocmpoenus memamooenu npu ucnoavzosaruu mooyis ANSYS
Design Exploration makowce docmynHul credyrowue aneopummsl: KPUKUHE
(Kriging); nenapamempuueckas peepeccus (Non-Parametric Regression;
uckyccmeeHnHas Hetipouuas cems (Neural Network) u op.
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& 1b2+ - Workbench
File  View Tools Units Extensions Jobs Help
e

E [ HProject / [§1] B3,C3:Response Surface X

# Update .| Clear Generated Data ﬂ Refresh

' Export Response Surface

[Dutline of Schematic B3: Response Surface O
A B "
i Enabled
2 E +" Response Surface
3 [ InputParameters
4 = &l Model, Environment (A1)
5 ["p P2 - horiz_ds
5 b P3-vert_ds
7 b Pa - thick_tube
8 [E Output Parameters
9 = &l Model, Environment (A1)
10 pd P9 - Geometry Mass
11 pd P10 - Equivalent Stress Maximum
12 ] Min-Max Search
13 B Refinement
14 = Refinement Paints
15 B Quality
16 | Goodness OFFit
17 = Verification Points
18 [ Response Points
19 B [ Response Point
20 \/u Response
21 |1l Local Sensitivity
22 \/E Local Sensitivity Curves
23 @ spider
=3 Mew Response Point hd
= Design Points
3 i’:;fgfgfﬁg” Points Genetic Aggregation
Standard Response Surface - Full 2nd Order Pq
4 & Failed Design Points Manage FyhiT
= Mon-Parametric Regrassion
Neural Network
6 2 Meta Model Sparse Grid
7 Response Surface Type | Standard Response Surface - Full 2nd Order Po...  |™
Inputs
8 Transformation Yeo-Johnson hd
Type
5 Inputs Scaling
10 Significance Level 005

Pucynok 34 — Oxuno Response Surface

17. Ha manenu Outline B pa3nene Response Points Mbl Busium, uTo Obliia
CreHepHUpOBaHa OJ[HA TOUKAa BMECTE ¢ ee auarpamMmmont (pucyHok 34). Boeiopas
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auarpamMmy 3Toi Touku (Response), mocMoTpuTe aBTOMaTHYECKHA CTCHEPHU-
poBaHHBIN Tpaduk. V3MeHssI COOTBETCTBYIOIIUE MapaMeTphbl, MOKHO YBH-
JeTh, KaK M3MEHSIOTCS BBIXOJHBIC TTapaMeTPhl MPU U3MEHEHUU BXOHBIX IMa-
pamMeTpoB B Tpex BapuanTtax mpocmotpa: 2D, 3D u 2D Slices (pucynok 35).

: -~

~ B x

]
1 Property Value
2
Display
3 Parameter
Full Name
4 Mode ) -
Chart
s Resoluton | 25
Along X
Show
3 Design
Paints
7
5 X Axis P5 - thick_tube
) ¥ Axis PS - Geomelry Mass
0
P2- 30,1
un horiz_ds
P3- 30,1
= vert_ds
P8- 3
3 thick_tube
PPl = OutputParameters
P9 -
15 Geometry | 1,1704
Mass
P10 - v

Response Chart for P9 - Geometry Mass ~ X

125

P9 - Gaomatry Mass —a-
]

P9 - Geometry Mass [kg]

PB - thick_tube [mm]

Display
3 Parameter
Full Name
4 Made D [
Chart
5 Resolution | 25
Along X
Chart
13 Resolution | 25
Along
Show
7 Design
Points
8
9 X Axis P2 - horiz_ds a
10 ¥ Axis P3-vert_ds a
1 2 s P10 - Equivalent Siress Maximum -
12
P2- 30,1
= horiz_ds *
P3-
vert_ds

|FM 300 Moritor... || EEJNo DPS Connection |1 Shon Proaress | 4415how 9 Messages |

-ax

P10 - Equivalent Stress Maximum

5,8488
27488
56483
2,5489
3,0488
32,3488
3,2488
21489
3,048
2,9489
2,8488
27488
2,6488
25489
2,4488
2,3489
100

-

[ed] (;0T*) wnwixep ssang uajeanb3 - 0Td
w

Full Name:
1 Mode D Sices =

Chart
5 Resolution | 25

Along X

Number of
® slices =

Show
7 Design

Points
8
9 X Axis P8 - thick_tube =

sice Axs | P2-horiz_ds =
1 ¥ s P10 - Equivalent Stress Maximum =
12

P2 30,1
& horiz_ds

P3- 30,1
B vert_ds

P8 - 3
B thick_tube:
TRl = OutputParameters

v

Response Chart for P10 - Equivalent Stress Maximum ]

2,957

2,907

2,857

2,807

2757

2,707

2,657

P10 - Equivalent Stress Maximum (,10° [Pa]

2,607

2,857

2,507

2,457

P8 - thick_tube [mm]

L IR PO

Pucynok 35 — BapuaHTbl npocMoTpa NOBEPXHOCTU OTKIIMKA
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18. Ilpu nepexone Ha nanenu Outline k pazaeny Goodness Of Fit dhop-
MUPYIOTCS JaHHBIC, MMO3BOJISIONINE CYJIUTh O Ka4yeCTBE MeTaMojelu (pHUcy-
HOK 36). Ha rpaduke mo ocm abcumcc OTIOKEHBI 3HAYCHHUS] KOHEYHO-
AJIEMEHTHOTO MOJICIMPOBAHUs, a 10 OCH OpJUHAT — 3HAYCHMSI, TTOJTyICHHbIE
IIPY TIOMOIIM COOTBETCTBYIOIIUX PETPECCHOHHBIX ypaBHeHUH. Uem Onmxke
MOJTyYCHHBIC TOYKH HAXOJATCS K JUArOHAIH, TEM BBIIIE TOUHOCTH MOJICIIH.

JIJIsT OLIEHKH TIOJIYYCHHBIX MOJIEJNICH Takke MOYKHO HCIOJIb30BaTh KpH-
TEpUH, IPEJACTABIICHHBIC HA PUCYHKE 35:

— KO3 PUIUEHT AeTepMHUHAITIN

R:=1— Z?:I(di — .)i)z
2 (d, —dy

b

— cpenHsis KBaaparnyHas ommoka (anrii. Root Mean Square Error, RMSE)

1

RMSE = \/EZI’_I(G’, - yi)za

r/ie d; — 3Ha4eHUs1, ONPEJICICHHBIE METOJIOM KOHEUYHBIX 3JIEMEHTOB,
Vi — 3HAYEHUs, OMPEICIICHHbIE C UCIIOJIb30BAHUEM PErPECCUOHHBIX
MOJIEJIEN.

Qutline of Schematic B3: Response * 0 x
A B C
i Enabled P10 - Equivalent Stress Maximum
2 = + Response Surface = Coeffident of Determination (Best Value = 1)
3 =] In|:u_Jt Parameters Learning Points ‘;(w‘;:( 1 *wj:r 0,99451
4 = ﬁ Model, Environment (A1) — -
Adjusted Coeff of Determination {(Best Value = 1)
5 [’p P2 - horiz_ds
£ E)P P3 - vert_ds E RootMean Square Error (B Value =0)
7 fp P8 - thid_tube Learning Points | 8,052E-16 3,932E+06
8 = Du‘f“'t Parameters Relative Root Mean Sguare Error (Best Value = 0%)
9 = =l Model, Environment (A1) Relative Maximum Absolute Error (Best Value = 0%)
10 pd P9 - Geometry Mass Relative Average Absolute Error (Best Value = 0%)
11 P10 - Equivalent Stress Maximum
Pd 5 Predicted vs Observed - Normalized Values v B X
12 J@ Min-Max Search
Refi t
B El_Refinemen g 1 W P9 -Geometry Mass ,.
14 \/IE Refinement Points ‘t opa B P10 - Equivalent Stress Masimum =
3 T
15 B Quality D oog L
, a | i
15 \/lﬁ Goodness Of Fit S 07 —
17 '3 Verification Paints T ooe ‘/
o -
18 E Response Points f 0.5 /.
19 B = Response Point 5 g4 "
£ L
20 ~/§ Response 2 03 _!'/
=
21 ./|.,|.l Local Sensitivity 2 0z ,.."'
£ -
22 JE Local Sensitivity Curves 5 01 T
u -
23 @ Spider & o i
= MNew Response Point o 0.1 0.z 0.3 0.4 0.5 0.6 07 0.8 0,9 1
Observed from Design Points
Properties of Outline A16: Goodness > 0 %

Pucynok 36 — OueHka kauecTBa METaMOENN

29



19. Ilpu nepexone Ha nanenu Outline k pazneny Local Sensitivity cTpo-
UTCS JWarpaMMa, OTOOpakKaromias BJIMSHUE BXOJIHBIX MapaMeTPOB Ha BBI-
XOJIHBIE MTAPAMETPHI (CM. PUCYHOK 37).

e x

100

P2 - horiz_ds s
P3 - vert_ds
PB - thick_tube s—

L)

Local Sensitivity (%)

-50

-100

PS - Geometry Mass P10 - Equivalent Stress Maximum

Output Parameters

Pucynok 37 — Jluarpamma 4yBCTBUTEIbHOCTH ONTUMHU3UPYEMbIX TAPAMETPOB

20. B okne Toolbox — Design Exploration — aBaxapl Ha)KUMaeM Ha
Response Surface Optimization u q006aBsieM HOBBIM OJIOK ONTHMH3AIMHU K
MpoekTy (pucyHok 38).

21. B 6noke Response Surface Optimization 1BaX1bl HIEIKHUATE STYEUKY
Optimization, 4TOOBI OTKPHITH €€ (PUCYHOK 39).

22. Ha manenu Outline BeiGeputTe Optimization. /[ mpoBeieHUsT MHO-
TOKpUTEpUATILHOM ONTMMU3AIMU Ha maHenu Properties 3amaiiTe mapameTpbl
ONTUMU3ALMY, KaK MOKa3aHO Ha pucyHke 40, BEIOpaB r€HETUYECKHUM ajro-
putm MOGA.

MHnozokpumepuanvhas onmumusayusi — 3mMo 0OHOBPEMEHHAST ONMUMU3A-
yus 08yx u bonee yenesvix pyukyui. QOHUM U3 MEMOO08 peuleHUs MaKux 3d-
0au s16/11emcsl GblABNIEHUE COBOKYNHOCMU OnmuManbHulx no llapemo pewenutl,
Komopbie He OOMUHUPYIOM OMHOCUMENbHO Opye Opyead, a YayuuieHue 0OHO20
napamempa npusooum K yxyoutenuio opyeux. I enemuueckue aneopummol 56-
JISIIOMCSL YACMHBIM CTIyYaem 380JII0YUOHHBIX Memo008 U 0becneuusarom nouck
JYUUUX peuleHUuti npy NOMOWU HACTe008aHUs U YCUTIEHUs NOJIE3HbIX CEOUCMS
MHOJICeCmea 00bekmos 6 npoyecce umumayuu ux seomoyuu. OOHum u3
appexmusnbix ceHemuueckux aneopummos sengemcsa aneopumm MOGA
(Multi-Objective Genetic Algorithm).
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B |b2+ - Workbench

File ~ View Tools Units Extensions Jobs  Help
wRBe _
IEEE] /T

ﬁ] Import... | -+ Reconnect Refresh Project # Update Project // Update All Design Points | § @ ACT Start Page

* o % ct atic

Analysis Systems

Component Systems
Custom Systems
E Design Exploration

3D ROM & Engineering Data w .
‘/ Fl

Parameters Correlation @ Model W
H Response Surface 4
ﬁ Response Surface Optimization | § setp v o,

-
1
2

@ Direct Optimization 3 [ ceometry
4
3
6

w Six Sigma Analysis

B ACT ‘ |
| Create multi-objective optimization based on a response surface i
BT Paraneters

Solution v
=

4

Model, Environment

[Fd Parameter Set

- =]

1 Response Surface Optimization

2 Design of Experiments « ,——M 2 |=] Designof Experiments v .

3 |[M] Response Surface v ,—Ha3 |39 Response Surface v o
Response Surface 4@ Optmizztion v 4

Pucynok 38 — Jlo6aBnenue Response Surface Optimization B mpoekT

Bl |b2+ - Workbe)

File View Tools Units Extensions Jobs Help
BEBe
E”EHE“@ | HProject /' (@) C4:Optimization X

 Update /|Clear Generated Data || Refresh ‘ #» Send Study to DPS Project

Outline of Schematic C4: Optimization * o x

A B C
1 Enabled Monitoring
2 = + Optimization
3 [E OCbjectives and Constraints
[T O TP
4 @ Minimize P9
5 @ Minimize P10 ———
[ = Domain
7 = ﬁ Model, Environment (A1)
3 ?p P2 - horiz_ds W
9 ?p P3-vert_ds F-—
10 b P8 - thick_tube I‘ o
11 Parameter Relationships
12 [\ Convergence Criteria
13 E Results
14 4 Candidate Points
15 |25 Tradeoff
16 vy W Samples
17 |l sensitivities

Pucynok 39 — Okno Response Surface Optimization
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Properties of Outline A2: Optimization

= Design Points

Preserve Design
Points After DX
Run

B Failed Design Points Management

q.
5
& = Optimization
7
8

Method Selection Manual ;I
Method Name MOGA LI
Estimated Number
gl of Evaluations LHETL
10 Tolerance Settings
Verify Candidate
= Points O
Type of Initia/ i
12 -
Sampling Screening =l
Mumber of Initial
13 Samples 500
Mumber of Samples
14 Per Iteration 500
Maximum Allowable
15 Pareto Percentage 70
Convergence
15 Stability 2
Percentage
Maximum MNumber
17 of Iterations 0
Mutation
18 Probabilt a.01
Crossover
19 .98
FProbabifty ‘
Maximum MNumber
20 of Candidates 3

Pucynox 40 — Bei6op anroputma onTHMH3AIIH

23. Ha manemu Outline Beibepute Objectives and Constraints. B o6:a-
ctu Table nis mapamerpoB P9 — Geometry Mass u P10 — Equivalent Stress
Maximum ykakuTe 1eJid, Kak M0Ka3aHo Ha pucyHke 41, 1 0OHOBUTE sTUEHKY
Optimization.

Table of Schematic C4: Optimization

A B C D E F G H I
! Mame Parameter e Constrant
2 Type Target | Tolerance Type Lower Bound | Upper Bound | Tolerance
3 Minimize P2 P93 - Geometry Mass Minimize j ] No Constraint j
4 Minimize P10 | P10 -Equivalent Stress Maximum | Minimize j a Mo Constraint j
* Select a Parameter <

Pucynok 41 — IlocTaHOBKa ONTUMHU3AIMOHHOMN 3a]]a41
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24. YtoObl IPOCMOTPETh TOUYKU-KAHAUAATHI, HAWJICHHbIE B pe3yJibTaTe
ontumuzanuu, Ha maHeaun Outline B pasaene Results Beioepute Candidate
Points (pucyHok 42).

C

D

E

E

G

H

1

P3 - Geometry Mass (kg) -

P10 - Equivalent Stress Maximum (Pa) =

Table of Schematic C4: Optimization , Candidate Points

Pucynok 42 — Pe3ynbTaThl ONTUMHU3ALUN

L Reference Name ~ | P2-horiz_ds (mm) ~ | P3-vert_ds(mm) ~ | P8 -thick_tube (mm) ~

2 Parameter Value | Variation from Reference Parameter Value Variation from Reference
3 Candidate Paint 1 34,632 34,807 1,018 X 0,91351 0,35% X 2,5412E+08 -0,51%

4 Candidate Point 2 34,784 34,531 1,0178 X 0,91339 0,37% X 2,5475E+08 -0,27%

5 @ Candidate Paint 3 33,792 34,782 1,0457 X 0,91670 0,00% X 2,5543E+08 0,00%

= New Custom Candidate Point | 30 30 3

25. YUto6w1 yoenuthes, yto Candidate Point 1 sBisiercst a3 pexTuBHBIM
BAPUAHTOM, IIECIKHUTE €ro MpaBOil KHOMKOW MbIM U BbhiOeputTe Verify by
Design Point Update. Korna oOHoBieHue OyJieT 3aBEpIleHO, HA MaHENH
Table nononautensHo nosisutcst Candidate Point 1 (verified) (pucyHnox 43).

B C D E F G H I
1 P9 - Geometry Mass (kg) A P10 - Equivalent Stress Maximum {Pa) hr
Reference Name ¥ | P2-horiz_ds (mm) ¥ | P3-vert_ds(mm) ¥ | P8-thick tube (mm) ~
2 Parameter Value | Variation from Reference Parameter Value Variation from Reference
3 Candidate Point 1 X 091351 -0,35% X 2,5412E+08 -0,51%
34,632 34,807 1,018

4 Candidate Point 1 (verified) X 0,91351 -0,35% X 2,5355E-+08 -0,74%

5 Candidate Point 2 34,784 34,531 1,0178 X 0,91339 0,37% X 2,5475E+08 -0,27%

6 @ Candidate Point 3 33,792 34,782 1,0457 X 091675 0,00% X 2,5543E+08 0,00%

= New Custom Candidate Point | 30 30 3

Pucynok 43 — [IpoBepka pe3yabTaTOB ONTUMHU3ALNH

26. Ha manenu Outline B paznene Results Beioepute Candidate Points.
[enkuute npaBoit kHomnkou Meimu Candidate Point 1 u BeiOepute Insert as
Design Point (cm. pucynok 44). 3akpoiite siueiiky Optimization.

Table of Schematic C4: Optimization , Candidate Points

A B c D E F G H I

1 P9 - Geometry Mass (kg) =4 P10 - Equivalent Stress Maximum (Pa) hd
Reference Name: ~ | P2-horiz_ds (mm) ¥ | P3-vert_ds{mm) ~ | P8-thick_tube (mm) ~
2 Parameter Value | Variation from Reference Parameter Value Wariation from Reference
3 Candidate Paint 1 X 0,91351 -0,35% X 2,5412E+H08 -0,51%
34,632 34,807 1,018
4 Candidate Point 1 (verified) DP X 0,0 0,74%
53 Copy

5 Candidate Point 2 34,784 34,531 1,0178 X 0, -0,27%

- #»  Import Custom Candidate Points from DPS...
6 @ Candidate Paint 3 33,792 34,782 1,0457 x 0,00%

o — - " " i . . Explore Response Surface at Point

& New Custom Candidate Point | 30 S0 3 & 2

( Insert as Design Point

Insert as Refinement Point
Insert as Verification Point

Insert as Custom Candidate Point

gl Export Table Data as C5V

Pucynok 44 — Beibop Candidate Point 1 B kauectBe Design Point

27. B ocHoBHOM OKHe mpoekra Project Schematic nBakabl IIeTKHUTE
Parameter Set. 3arem Ha nanenu Table mienkHUTE NPaBO KHOMKON MBIIIN
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DP 1 u BeiGepute Copy mputs to Current (pucyHok 45). Tekyias Touka npo-
EKTUPOBAaHUS TENEPh UMEET TE K€ 3HAYEHUSI BXOHBIX MTAPAMETPOB, UTO U Balll
nyqmid kauauaar. llenkHuTe npaBoil KHOMKOW MBIIIY TEKYIIYO TOYKY IMPO-
extupoBanus u Beioepute Update Selected Design Points (pucyHok 46).

Table of Design Points

A B C D E F G

Mame ¥ | P1-thick ds ~ | P2-horiz_ds ~ | P3-vert.ds ~ | P&-thick tube ~ | P9-GeometryMass ~ | P10 -Equivalent Stress Maximum ¥
Uniits mm =l mm | mm | mm =l kg Pa
DP O {Current) | 2,5 34,632 34,807 1,018 # 0,91351 #  2,5355E+08

DP 1 2,5 — LR o 1,018 0,91351 2,5355E+08
53 Copy

Paste

W e

Set Update Order by Row
Show Update Order
Optimize Update Order

Duplicate Design Point
Delete Design Point

G || X i

Copy inputs to Current

Export Selected Design Points

Setas Current

&
“H

Update Selected Design Points
Export Table Data as CSV

D

Import from Design Point Service

Expand All
Collapse all

< 53 Copy Design Points to »

Pucynoxk 45 — Beibop DP1 B kauecTBe TeKyIei TOUKH TPOCKTA

Table of Design Points

A B C D E F G
1 Name ¥ | Pl-thick ds ~ | P2-horiz.ds ~ | P3-vert ds = | P8-thick tube * | P9-GeometryMass ~ | P10 - Equivalent Stress Maximum
2 Units mm x| mm =l mm = mm =] kg Fa
3 DP 0 (Current) | 2,5 34,632 34,807 1,018 F 0,97
4 DP 1 2,5 34,632 34,807 1,018 0,91351 T B N
® Set Update Order by Row
Show Update Order N
Optimize Update Order
5% Duplicate Design Point
Mg  Export Selected Design Points
¥} Setas Current
| #+  Update Selected Design Points
Mgl Export Table Data as CSV
&  Import from Design Point Service
Expand All
Collapse all
53  Copy Design Points to »

Pucynok 46 — OGHOBIIEHHE pACYETHON TOUKH

28. 3akpoiite okHO Parameter Set. JIBax sl menkaure ssuerky Solution,
YTOOBI €€ OTKPHITH (PUCYHOK 47).
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Static Structural

Iﬁ

v
1

2 @ Engineering Data v,
3 m Geometry v,
4 @ Model v .,
5 @ setup v .,
] ﬁ Solution v o,
7 |@ Results v
8 rﬁﬂ Parameters

T

Pucynoxk 47 — Slueiika Results

29. B Outline B oxne BeiOepute EquivalentStress, 4ToOb1 mpocMOTpEThH

pe3ynbTaThl (PUCYHOK 48).

o Context
“ Home Result Display Selection Automation
@ isometric ~ @ Previous £-Rotate +Sx t~Rotate Sx  PanUp ¥ Pan Down

$Glook At @ Next Rotate -5y <bRotate Sy #mPan Left = Pan Right
&) views Angle 10 | O Rotate +5z & Rotate -5z @ Zoom in @ Zoom Out
Orient

............ ~10x| @aQ[@we

-/ Mesh
B[l Environment (AS5)
-, Jll Analysis Settings
i~ /@ Force
i@ Frictionless Support
1% Frictionless Support 2
&/ Solution (A6)
{5} solution Information
% Equivalent Stress

A: Model, [ANSYS
B Random e a ‘ g I Show Vertices | Direction =D EF GF CReset ——
== Rescale i i ] [ Close Vertices  [[*]|Mesh Connedtion O EF s
Drreterences | P L [ e sechon Sope | 242004 Gt | | icken T Er | Fimiyom

Annotation Style

*- /@8 Total Deformation
Details of "Equivalent Stress” = w O X
Geometry ‘ All Bodies -~
= Definition
Type i (von-Mises) Stress
By Time
Display Time Last
Calculate Time History | Yes
Identifier
Suppressed No
=] ion Point Results
Display Option | averaged
Average Across Bodies ‘ No
[=I| Results
Minimum 9847,8 Pa Graph
P Maximum 25355¢-008 Pa Animation |« b [H] #] [[]@M 20Fremes |2 Sec (Auto)
Average 3,3204e+007 Pa

Vertex Edge Explec

* Q@A Q@ Select kKModer ITHEE B BB ® ° = B [ECipboerd~ [Empty] @Bxtend~ 95

0,000 0,100 0,200 (m)
L S—  ES——
0,050 0,150

> QL O X  Tabular Data =i

= wn ¥ |Time 5] [V Minimum [Pa] |[¥ Maximum [Pa] |[¥ Average [Pa]
) R [ 9847.8 25355¢-008 _ 3.3204e+007

PucyHnok 48 — Pe3ynbTaThl pacueToB
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