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JladopaTopnas padora Ne3
BBIIIOJIHEHUE CTATHYECKOI'O AHAJIU3A B
CREO MECHANICA

1. OBIIME YKA3AHMUA

1.1. Ilenp paboThl

HaquTBCH BBIITIOJIHATH CTaTI/I‘IeCKHﬁ aHaJIM3, OJUH H3 OC-
HOBHBIX BHI0B aHaan30B B Moayiae CREO Mechanica.

1.2. Conepxanue paboThI

CREO Mechanica sto coctaBnas yactb CAE uHCcTpy™mMeHTa
Jaro1Iasi BO3MOXKHOCTB JIJISl IPOBEICHUS aHATN3a MEXaHUYCCKUX H
TEIUIOBBIX XapaKTEPUCTUK (PU3MUECKON MOJIENH C UCTIOIB30BAHUEM
BUPTyalbHBIX 3D-Mozeneid, mo3BOISET ONpPEACTUTh KPUTHUECKUE
3HA4YEeHHUs TApaMEeTPOB MOJAEIH MPHU PA3TUYHBIX BO3JACHCTBHIX U HA
OCHOBE TIOJIYYCHHBIX PE3YJIbTATOB aHAIM3a M3MEHHUTH MPOEKT. B
paboTe mpearnonaraeTcsi BBITOIHUTD CIEYIOIIee:

1) u3yuuth Bo3mMoxxkHOCTH cuctemMbl CREO mo mHxeHepHo-
My aHanuzy 3D Mmozeneii mpocToit popmsr,

2) ySICHUTh METOJIMKY 3aJlaHusl orpaHnndeHuit 3D moaenei;

3) m3yuuth Bo3MmoxkHocTH Moxynss CREO Mechanica mo
CTaTUYECKOMY aHAJIH3Y;

4) mpopaboTaTh BOMPOCH OTOOPAKEHHS PE3YJIBTATOB B
CREO Mechanica;

5) COCTaBUTH OTYET O BBIMOJIHEHHOH JIabopaTopHO padoTe.

[Ipu BBITIOJIHEHUH JIA0OPATOPHOM pabOTHl TEXHHKA 0€30-
MACHOCTH JO0JDKHA COOTIOAATHCS MPU padOTe C KOMITBIOTEPOM.

2. JOMAIIHHUE 3AJJAHUA U METOAUYECKHUE
YKA3AHMUSA 11O UX BBIITOJIHEHHUIO

2.1. 3amanune Ne 1



N3yunte Ha3HadeHue, Bo3MoxHOCTH, Moayias CREO
Mechanica o crarnyeckoMmy aHaIU3y.

Jl7iss BBIIONTHEHUS JIOMAIITHETO 3aJIaHus CIeayeT mpopabo-
TaTh COJEPKAHUE HACTOALLETO pa3aena.

CREO Mechanica mpemiaraer ciemyromiye BUIbl aHAIH3a-
s MECHANICA Structure:

- Static (cTaTuyecKkuii) - HANPSKEHUS ¥ CMEIIEHUS {BKITIO-
YyaeT HeNMHEHHbIe Oojbinue aeGopManuyd M HEIWHEHHBIH KOH-
TaKT);

- Modal (MomanbHBIif) - 4acTOTHI U POPMBI;

- Prestress Static (mpeaBapuTenbHO HANPSHKCHHBINA CTATH-
YeCcKuih);

- Prestress Modal (npeaBapuTensHO HaANPSHKCHHBIA MO-
JaTbHBIN );

- Buckling (ycToiuuBOCTB) - cTaTHYECKask yCTONYNBOCTH,

- Dynamic Time (quHamuKka BpeMEHHBIX XapaKTEPUCTHUK) -
3aBUCSIIUE OT BPEMEHH Harpy3KH;

- Dynamic Frequency (muHamuiKa 4aCTOTHBIX XapaKTEpH-
CTHK) - 3aBUCSIIUE OT YaCTOThI HATPY3KH;

- Dynamic Random (muHammuka ciy4aiiHBIX MPOILECCOB) -
BBOJ CTATHCTHYCCKON HArpy3KH; CIEKTpalbHas MJIOTHOCTh MOII-
HOCTH;

- Dynamic Shock (munamuka ymapHBIX BO3AEHCTBHI) -
BO3MYILICHUE OCHOBAHHUS,

- Fatigue (ycramocts) - paspylieHHe MaTepuaia MpH IUK-
JUYECKOM HArpyeHuu (TpeOyeT JOMOTHUTEIbHON JTMIICH3UN ).

s MECHANICA Thermal:

- Steady State Thermal (ycranoBuBIIEEeCsS TEIJIOBOE CO-
CTOSIHUE);

-Transient Thermal (mepexoaHO# TEMIOBOI MpoOIIECC);

CXOINMOCTD.

Onmna wm3 ocobennocre, nmemaromasts MECHANICA or-
TUYHOW oT apyrux mporpammam MKD, - to, uto MECHANICA

BKJIFOYAET BCTPOEHHYIO MPOLEAYPY CXOTUMOCTH.
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MECHANICA ucnosip3yeT moJIMHOMBI BBICOKOT'O TIOPSI/IKa
s QyHKIUH (HOpMBI 37IeMEHTa, B TO BpeMsl Kak JIpyrue rnporpam-
Mbl MKD BoOOIIIE HCTIONIB3YIOT JIMHEHHBIE WM WHTEPIOJIUPOBAH-
Hble GyHKIMU (Gopmbl. boiiee BBICOKHE MOPSAIKUA MOITMHOMOB TI0-
3BOJISIIOT (popMaM dJIEMEHTa OTOOpa)KaTh UCTUHHOE MCKPUBJIICHUE
TOYHEE, YeM IMOTOYCYHAS alPOKCUMAIIHS.

MECHANICA koppekTupyeT MopsaoK MOJUHOMA OT HHU3-
KOTO J0 BBICOKOT'O, YTOOBI c03/1aTh 3((EKTUBHOE pacipeeiieHue
cternenel cBo6oabl. OObIYHAS MTPOLIETypa CXOAUMOCTH, UMEHYyeMast
MHoOronpoxogHoi amantamnueit (MPA), ocraHoBuUTCS, Koraa Jyist
KpuTepusi OyleT AOCTUTHYT OIpeAeNIEHHBIN MOJIb30BaTelIeM IMpPo-
LIEHT.

Co Bctpoennout nporneaypoi cxomumoctn MECHANICA
MOJKET MPEUIOKUTh JIydllee paclpeseleHue CTeneHeld CBOOOIbI
JUIS JTaHHOTO Habopa TeOMETpPUM M YCIOBUM HarpyKeHus, 4em
OOBIYHAs MpOrpaMMa aBTOMAaTHYECKOM IreHepaluu CETOK C JIMHEH-
HBIMH UJIM UHTEPIOJIUPOBAHHBIMU 3JIEMEHTaMH.

Hpyrue nporpammbl MKD 00BIYHO HCIIONB3YIOT JTMHEHHBIC
WM KBaJpaTUYHBIEC JIEMEHTHI U JIOJDKHBI IIOBTOPHO CTPOUTH CET-
Ky, 4TOOBI M3MEHSTh paclpeleleHue CTeneHed cBOOOIbI, TOTaa
kak MECHANICA wmoxer nepepacupenesiTh CTENEeHU CBOOOIBI
KOPPEKTHPOBKOW MOPSAKOB 3IeMeHTa 0e3 nepepa3OouBKH CETKH.

Ha 5ToM 3aHSATUU MBI JOMOJHUTENBHO OOCYIUM TEMY P -
AJIEMEHTOB M CXOAMMOCTHU. BBl y3HaeTe O pas3lMyHBIX METOJax
cxomumoctH, nipemtaraeMbeix B MECHANICA, u kak ux ycraHo-
BUTb.

Haubonee yacto BbINONHSIEMbIE TUIIBI aHAIH30B - 3TO CTa-
THUYECKUI U MOJAJIbHBIN.

Cratnyeckuil aHaJIN3 3TO TOT, KOTOPBIA BBIOJIHSIETCA, KO-
/12 UIIFOTCS HAMPSOKCHISI, TEPEMEILEHUS ¥ CUITbI PEAKIIHH.

MopanbHbIN aHAIM3 aeT COOCTBEHHBIC YaCTOTHl U (hOPMBI
Kosiebanuit Mozien. MoJlabHbIi aHaIu3 He TO3BOJIIET TPUMEHSTh
HarpysKy.

Nmeercss BO3MOKHOCTh BBIBECTH HAIPSIKEHUS U TEepeMe-
HIEHHUS] U3 MOJAJIbHOTO aHallh3a, HO UX BEJIIMYUHBI HOCST TOJBKO

KauecTBEHHBIN XapakTep. I[IpakTnueckoe MCHoab30BaHNE MOJAJIb-
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HBIX HAINpsKEHUH COCTOUT B TOM, YTOOBI OMPEIENUTh, I/Ie pa3Mec-
TUTH JATYUKHU HAMPSHKEHUH, WIIH MPEACKA3bIBATh MECTOIMOIOKECHUS
pa3pylLICHHI Ha JETalsAX, KOTOPbIE MOTYT BOMTH B PE30HAHC.

Annmanus Gopmbl KoneOaHUH OKa3bIBAET OTHOCUTEIBHBIE
cMmeleHus, a He a0contoTHble. OHA MaeT MpPEeNCTaBICHUE O TOM,
KaK MOJIENIb M3TUOAETCS M CKPYYHBAETCS MPU HEKOTOPBIX YaCTO-
Tax.

Bce ananussl umeroT ums u onucanue. [lomp3oBarento Tpe-
OyeTcss BBECTH HUMsI, KOTOPOE MOXKET CoJiepKaTh HE OOJIbIEe TPH-
JIaTH OJHOTO CUMBOJIA U JOJDKHO HadaThes ¢ OykBbl. [lo3Bons-
I0TCA TOJBKO alihaBUTHO-IIM(GPOBBIE CUMBOJIBI U CHUMBOJIBI TOJI-
yepkuBaHus. Mms static coxpaneHo it mpeonpeeieHHOro aHa-
au3a B MoOtion 1 He MOXKET UCTOJIb30BaThCS.

Ecnu ananu3 He CKpBIT B MCClIeI0BaHUM KOHCTpYKIuu (De-
sign Study), To ums aHamM3a cTaHET MMEHEM TaIKH, The OyayT 3a-
nucanbl pe3yibrartel. OOparuTe BHMMaHHe, uTo omucanue (De-
scription) He sBsICTCS 00A3aTEIBHBIM.

Craruuecknii (Static)

Heo6xoanmo BeIOpaTh 0MH HAOOP 3aKPEIUICHUH, U CTOJIb-
KO HaOOpOB HArpy30K, CKOJIbKO HEOOXOAUMO BHINMONHUTE. He 00s-
3aTeNbHO TpeOyeTcs BhIOMpaTh Kakue-1ru00 HaOOphl HArPY30K, TaK
KaK MOKHO HArpy3uTh MOJEINb 3aKPEIUICHUSIMHU THUIA TPEANUCaH-
HBIX CMEIICHUH, KOTOpPbIE BBI3BIBAIOT KOHKPETHBIE MEpEeMELICHUS
JeTanu

CornameHnust 11t MMEHHU, ONMUCAHUS 1 HA0OPOB 3aKperie-
HUH ¥ HArPY30K MOJOOHBI 171l BCEX IPYTUX TUIIOB aHAIIM3A.

CraTU4yecKUH aHAJIU3 - BRIXOAHBIE JaHHEIE,

Y monb30BBIATENsT UMEETCS BHIOOP BBIYMCICHUS TPEX TUIIOB
BBIXOAHBIX JAHHBIX B cTaTUyeckoM aHanuze. «HampspkeHus
(Stresses)

- moBopoTsl (Rotations);

- peakuuu (Rotations).

Bce Tpu Tumna gaHHBIX BHIOpAHBI IO YMOJTYAHHUIO.

Plotting Grid (Cetka nmoctpoenus rpadukoB) npencTabis-
€T IJIOTHOCTh MOJYyYaeMbIX BBIXOAHBIX JAHHBIX. YKa3aHHOE 3Ha-

yernue (2-10) onpenenser Ynucio UHTEPBAIOB BOJIb KaXKIOro peod-
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pa 3yeMeHTa U MONepeK KaxJ10i rpaHu 3JeMeHTa, KOTOPOe UCIOIb-
s3yer MECHANICA, u4T00Bl cO31aTh [aHHBIE pPE3YJIbTATOB.
MECHANICA Bwrunciser 3Ha4YCHHsI BEJIMYUH Ha TIEPECECUCHUIX
JMHUNA CETKH Ha TPaHsIX 3JIEMEHTa U 10 BCeMY 00bEeMy 3JIeMEHTA.
Bonee BbicOkoe 3HaueHue Mg CeTKU rpaduka aact 0ojiee BBICO-
KYIO pa3peliarollyo ClIOCOOHOCTh TaHHBIX.

Korna BeruepumBaroTcs JaHHBIE BAOJIL pedep, TOUKH JlaH-
HBIX Ha TpaduKe MPEICTaBISIIOT TOYKUA CETKU MOCTPOEHUs rpadu-
KoB. Omnpenenenue 6osee BHICOKOTO YKClIa TOUYEK CETKH MOCTPOe-
HUS TpadUKOB HE3HAYUTENHHO CKa3bIBACTCS HA BPEMEHH BBITION-
HEHUs, OJJHAKO YyBEJIIMYUBAET TpeOyeMoe MPOCTPAHCTBO Ha HKECT-
KOM JIUCKE.

Ecnu BbI umiere ToJbKO MEpeMELIEHUsI B Pe3yNbTaTax, TO
HET CMBICIIa BBIYHCIISATH HANPSKEHHSA. DTO YMEHBIIUT BpEMs
MOCTIPOLIECCOPHOM 00paboOTKH M TpedyemMoe AMCKOBOE MPOCTPaH-
CTBO.

IToBOpPOTHI NOCTYIHBI TOJIBKO I 000JIOYEUHBIX U Oanoy-
HBIX 3JeMeHTOB. OOBEMHBIEC AJIEMEHTHI HE UMEIOT OBOPOTOB. Ec-
JIM MOJIENIb HE COJEPKUT 000JI0UeUYHbIe WIIH OaJIOYHbIE 3JIEMEHTHI,
TO ATH JAaHHBIC HE 3AIPAIINBAIOTCSA. ITO MPOCTO KOHUYUTCS OO
HUTEJIbHBIMU BBIYUCICHUSMHU, KOTOPBIE 3alIUUITYT HOJU B (aii.

Peakuum sBISIOTCS TPOTHBOIIOIOXKHOCTRIO MPUKJIIAIBIBAC-
MBIM Harpy3kam. Peakiuu - 3To Harpy3ku, KOTOpble BO3ZHUKAIOT B
3akperuienusix moxaenn. MECHANICA coobmiaer cymmapHyio
peakmuio B Mozenu B (aitsie summary. Peakuuu, cooOriaeMbie B
UTOTOBOM (paiijie, 3TO0 CyMMa peakiMi BceX 3aKperuieHUi B Moje-
.

Hmeetcs BO3MOKHOCTh TAK)KE ONPENENATh KPUTEPHH THIIA
peaknuii B ONpeieIeHHBIX 3aKPEIUICHUSX, UCIOJIb3Ys TUATIOr0BOE
okao Measure Definition (ompenenenune Kpurepus), mokasanHoe
Hmwke. MECHANICA BbIYHCIISIET KpUTEPUN pPeaKIUU HE3aBUCH-
MO OT TOTO, BBEIOpaiH 7K BBl BbIBOJ Reactions B muamoroBoM okHe
aHayu3a.



2.2. KoHTpOJIbHBIE BOMPOCH! K JJOMAITHEMY 33JIaHUIO

1. Kaxkosa ¢yukunonaasHocTh CREO Mechanica mo Bsimoi-
HEHHIO CTAaTUYECKOro aHaau3a?

2. KakoBel Bo3MokHOCTH moctmporeccopa B CREO
Mechanica?

3. Uem pa3nuyaroTcs CTaTUYCCKUI BHJI aHAIW3a M JIMHAMH-
YEeCKHii?

4. Yto Ha3bBIBAIOT YYBCTBUTEIBHOCTHIO KOHCTPYKIIHH K W3-
MEHEHHUIO MapaMeTPOB MPOCKTUPOBAHHMS?

3. JABOPATOPHBIE 3AJAHUS
N METOJAUYECKUE YKA3AHMUS 110 UX
BBIITIOJIHEHHUIO

3.1. Meroauka mpoBeeHus: paboThI
VYpaxsenue 1: BollloIHeHHE CTAaTUYECKOT0 aHATIN3a

HeoOxomuMo pa3paboraTh MPOEKT JETalld, MPUBEACHHON Ha
puc. 1, mpeacrapisitonieit codoit mactury pazmepom 400%250 Mm.

Puc. 1. BHemHuil BuI aeranu



Jns peanuzanmu 3TOTO 3afaHUsT HEOOXOJWMO BBITIOJHUTH

ClIelyIoIIee.
3aTeM HaAg0 BOWTH B pEeXUM TpuioxkeHus «MexaHuka»

(puc. 2).

—_—
MpunoseHna  FHCTPYMEHTEL  DKHO  Cnpaeka

@ CTaHnapt E[ﬂ%‘i ‘ - & E

TMcToRaA feTans

a1}

CEapKE

HacnenoeaHue

| Mexanmka |

AHAMKS THTEA

Mpecc-hopMarCTnvERa Mexausc

PacqeTHOE NpunoskeHKe Mechanica

551 PesyneTarel MexaHuka,

Puc. 2. Ilpunoxenne «MexaHUuKa»

TopueByto MOBEpXHOCTh MIACTHHBI HAJ0 KECTKO 3aXKaTh IO
BCEM CTEMEHSIM CBOOOJBI, 2 HAa MPOTUBOMOJIOKHYIO KPOMKY TIEep-
MEeHAUKYJISIPHO TUJIACTUHE MojaeTcsa Harpy3ka BenuunHor 10 H.
(puc. 3). [lnacTuHe TakXke Ha3HA4YAETCS MaTepHa U3 MPEATIOKEH-
HBIX. )

8 tcperr comnimoners ]

Ewaany n s
| Loagaon

~ Cmoiicimg

CHCTROOPD & Mupoias Bulipmmoe
ok,

Remienna | 10

L

Puc. 3. 3aganue Harpy3ku Ha TUTACTHHY
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Vnpaxunenue 2.Co3qaHue CTaTHUECKOr0 aHAIN3A.
JI7st 3arrycka CTaTHYEeCKOTO aHaJIM3a B MEHIO «aHAJIN3) BBI-
Oupaercs myHKT «AHaau3bl/IIpopadorku Mexanuku» (puc. 4).

AHanuz  faddele  Mpdnoxedda  FHCTpymedTsl  OkHo Cnpaeka

N =N

MamepeHHe

Mogent
TeomMeTpua

- v v -

BHEWHKWE aHANM3EI
& AHanus gomyckoe

MOHKTOR NP OWZEOAMTENEHOCTH
gy CONPAHBHHEIR aHANME
g CEREITE BCB

YIANUTE BCE 3

2 AHENMEEITTROP ABOTHM MExaHHKH...

5] PesynbTaTe...

|
& AHannipl TIpopadoTkn MexaHnkn

BLiNonHMTE MCCEA0E BHHE KOHCTRYRLMM

Puc. 4. Mento «Anaausbl/IIpopadorkn Mexanuku»

B otkpeiBiemMcs oxHe BoiOpaTh «HoBbIH CTaTHYeCcKHii»

(puc. 5).
|

®ain  MpaedTe  BeINONHHTE  OaHHEIE

Huogelit CTaTieckmit
= Huogelit MogankHeli — —

e ) |
| HoBLIA YITORUKBOCTE. . |
HoesIA YeTanocTs. .

Hogelit MpEAHENDAXREHHBI 3

Hogelit JIMHAMHISCKMI 3

HOEOE MCCNEAOEAHHE KOHCTRYKLMM CTEHAANTHAR
Hog0e MCcne foEaHHE KOHCTRYKLMM YyBCTENTENEHOCTb. .
HOB0E ONTHMM3AUHOHHOE HCCMEROBAHHE KOHCTRYELMH...

ZakpeTe

JaKpeiTe

Puc. 5. Meunro «Hosprit CTaTHuecKuii) aHains
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B oTkpbIBIIEMCS OKHE 3a/1al0TCSl OMIIMU aHaJIM3a U IMOCTe
Haxatusi kHonku «OK» mporecc Bo3BpamaeTcsi K NpeabLAyIeMy

OKHY. 3aIlyCKaeTcsl aHalu3 KHOIMKOM A [Ipu 5TOM BO3MOKHO OTO-
OpakeHHe BCEero Mpoliecca B OTACILHOM OKHE, KOTOPOE BBI3HIBACT-

cs KHONKOM =/. B 3aBHCHMOCTH OT CIOKHOCTH MOJIENIN npouece
aHallM3a MOXET 3aHATh HEKOTOpoe Bpems. B cimydae BO3HHUKHOBE-
HUS Kakux J00 ommboK, 3Ta MHPOPMAIUS TaKKe OTOOpaXKkaeTcs
BO BCIUTbIBaroleM okHe. CTaTyc mpolecca yKa3aH clpaBa OT Ha-
3BaHMs aHanu3a. Eciu mpoliecc 3aBepIieH YCHEIIHO, TO JOJKHO
MOSIBUTBCSI COOTBETCTBYIOMIEE coobmieHue (puc.6).

B AvarHocTika : AHanus Analysisl x|

@ain  Mpaeute  Bug  [JaHHbE

Herounnie
PacyeTHele AMAMHOCTMEW §NA Modeny PRTO001
@ CyrmapHo BrIND Co3LaH0 3948 aNemMEHTOE M 14 Pewatens
= O MEkMOUEHHEIR 3NeMEHTE MONT TheGoBaTbeA B PewaTens
Load1
@ HayuHaeTeA aHanus Analysis1 Pewatens
@ HayuHaeTeA Npoxod peweHua 1 - Analysis] Pewatens
@ HayMHaETCA NPOX0] PEWEHHA 2 - Analvsis] Pewatens
@ AHanuz Analysis| sagepueH Pewatens
@ BrinonHeHne 2EEEPWEHO Pewatens

oooooooo

Puc. 6. JImarHocTHYeCKOE OKHO aHaIM3a
VYnpaxuenue 3. OtoOpaxkeHne pe3yJIbTaTOB aHATU3a.

PGBYJIBTaTBI AaHaJIn30B 0T06pa>1<a10Tc;1 C IMIOMOIIIBO KHOITKHU

%1, TIpu HaXaTUN Ha Hee MOABJIAETCA OKHO, B KOTOPOM 3a/1al0TCs
ONMIIMUA OTOOpakeHWs pesynbrara (puc. 7). Pe3ymbraTel aHanmmsa
MOTYT OBITh INPEJCTABIEHBl B BUJAE LIBETOBBIX IIOJEH, BEKTOPOB,
rpaduka Ui Mozenu (To4eK ¢ HauOONIbIIeH HHTEHCUBHOCTHIO). B



CTaTMYECKOM aHaJIW3€ JOCTYIHO OTOOpa)KeHHE HAINpPSIKEHHH, Tie-
pEMeEILEHUI U JIp.

DOnpeaeneHye 0KHA pesynLTaTa
ima 3aronoeok

[windawt || |
— BoiGop

VIEC 0B 3HHE KOHCTRYKLAK AHANHE
| = HAna\ysm ||Ana\ysws1 -|

— Tun nokasa

| LlgeTagble nona '||

Benwuuna |06nem nokasa | OnuMK NokKasa |

| Hanpaxenue 'H WPz '| ‘

KOmNOoHEHT
| MOH Muzec '|

oKk | [okunokas || ommewa |

Puc. 7. luarHocTHYECKOE OKHO aHAIM3a

Ha Brmanke «Omiuu mokasza» (puc. 7) 3amaeTcs aHUMaIlus
OTOOPaKEHHS MOJICIIH.

Ha puc. 8-10 npencTaBiieHbl pe3ynbTaThl CTATHYECKOTO aHa-
nu3a ¢ oToOpaxkeHreM HampspkeHus (puc. 8), mepemenienus (puc.
9) ¥ aHUMHPOBAHHOTO H300pakeHus macTusl (puc. 10).

Puc. 8. OToOparkeHne MEXaHUICCKUX HANPSDKCHUH
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Puc. 9. OToOpakeHue nepeMenicHui

2.168

Puc. 10. AHuMupoBaHHOE OTOOpaKEHUE CTATHUECKOTO
aHaIM3a

[Ipu oToOpakeHUn pe3ynbTaTOB B BHjE I'paduka 1Mo OCH Op-
JIMHAT BBIOMpPaAETCs 0ToOpaXkaeMblii TapaMeTp (HampspKeHue, mepe-
MeEIIEHNE | T. 1.), a TI0 OCH abCIMCC KOOPIMHATA MOJICTH, KOTOpast
3a/iaeTcs B crienuanbHoM okHe (puc. 11). B pesynbrate momydaer-
cs cienyromui rpaduk (puc. 12).

Dalin Pgamme Bug BeTadne Aino  Dioas  Mstomesne  Omn  Coams
# Duinpurra ey e e st

Puc. 11. OxHo 3a1anust KOOpAMHATHI OcH abcuuce rpaduka

11



Puc. 12. I'padux HanpsOKEHUIA TUTACTHHBI

3.2. KoHTpobHBIE BOIIPOCHI.

1. KakoBbI OCHOBHBIE OIEpaIH BHITIOJIHEHUS CTATHUYECKOTO
pexxuma?

2. Kaxue Buzpl 3akperuieHuii MoxkHo peanusoBaTh B CREO
Mechanica?

3. KakuMm 00pazom npoucxoauT nocTpoeHue rpaduxkon?

4. Yro HazpiBatoT HanpsikeHrnem ®on Muszec?

12



JlabopaTopHas padora Ne 4
BBIITIOJIHEHUE MOJIAJIBHOI'O AHAJIU3A B
CREO MECHANICA

1. OBIIME YKA3AHMUA

1.1. lens paboTh

HaquTBCH BBIITIOJIHATH MOI[aHBHBIﬁ aHaJIn3, OAUH U3 OCHOB-
HBIX BHIOB aHanu30B B Moayite CREO Mechanica.

1.2. Coneprxanue pabOThI

B paGore npeamnonaraeTcst BHINOIHUTD CIIEAYIOIIEE:

1) u3yuutsh Bo3mMoxxkHoCcTH cuctembl CREO mo mHxeHepHo-
My aHanuzy 3D mozeneii mpocToit popmsr,

2) yICHUTh METOJIMKY 3aJlaHusl orpanndeHuit 3D moaenei;

3) m3yuuth Bo3MmoxkHocTH Moayinss CREO Mechanica mo
MOJIAILHOMY aHAJIN3Y,

4) npopa0oTaTh BONPOCHI OTOOpaKEHHUS PE3YyIbTaTOB B
CREO Mechanica;

5) COCTaBUTH OTYET O BBIMOJIHEHHOH JIabopaTopHO padoTe.

[Ipu BBITIOJIHEHWH J1a0OPAaTOPHONM pabOTHl TEXHHKA 0e€30-
MACHOCTH JOJDKHA COOTIOAATHCS MPU padOTe C KOMITBIOTEPOM.

2. JOMAIIHME 3AJJAHUA U METOJANYECKHE
YKA3AHMUA 11O UX BBIITOJIHEHHIO

MonanbHbIl aHaIU3 UCHOJB3YETCsl, YTOObI BBIUUCIUTH COO-
crBennble yacToTel Mogenu. MECHANICA onpenenut, npu ka-
KHMX 4acTOTaxX MoJieNb OyJeT pe3oHupoBaTh. Harpy3ku He BkiIroue-
HBI B MOJAJILHBIN aHAJIN3.

Henb3s ucnonab3oBaTh CUMMETPHIO 11 MOAANBHBIX aHAHU-
30B. HeoOxoaumo aHanmm3upoBaTh MOJENb LEIUKOM, YTOOBI MOTY-
YUTH TIPaBUIIbHBIC POPMBI KOJICOAHUIA.
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OOBIYHO aHAJIM3 BKJIIOYAET 3aKpEIUICHHs, OJHAKO ''He3a-
KpeIuIeHHbIil" aHaiu3 y100eH B KauecTBe OTJIQAOYHOTO, TOTOMY
YTO HE 0053aTeIbHO JOJDKHBI UMEThCSI HAarpy3KU WM 3aKperieHus
B MOJEJU. DTO 0COOEHHO MOJIE3HO, IPU MOCTPOCHUH OAJIOUHBIX U
000JI0YE€UHBIX MOJECIICH, T/I€ y MOTYT OBITh MPOOJIEMBI oOecTede-
HUS CBS3HOCTH.

OOBIYHO HE 3ampalrMBacTCsS MOMCK KecTkux moa {Rigid
Mode Search), moToMy 4TO OHM BKIIFOHAIOT TOJIEKO TEPEMEICHHS
TBEPAOro Tena (MOoCTyHaTelbHbIe MEepeMEIIeHUs U MOBOPOTHI, HO
He ckpyuuBanue u u3ru0). Onnako Rigid Mode Search aBroma-
THUYECKH BKJIIOUEH JJ14 '"He3aKpenIeHHbIX' MOJaIbHbIX AaHAIU30B.

Nmeercst BO3MOXXHOCTb 3allPOCUTh OIPEACIIEHHOE YHCIIO
MO/ (COOCTBEHHBIX YaCTOT) WJIM BCE MOJIbI B YKA3aHHOM JIHAITa30HE
9acToT.

Kaxxnprit TBEpIOTENBHBIM OOBEKT MMEET YacTOTYy, MPU KO-
TOpPOH OH BCTymaeT B pe3oHaHc. Korja oH moaBepraercs 3Toi vac-
TOTE WJIM 3a cYeT KoJieOaHUI KOHCTPYKIIMH, HA KOTOPOW yCTaHOB-
JIeH, WJIM 4epe3 BOJIHBI JaBIICHUS B BO3AyXe, TENO OyIeT O4YeHb
CHJIBHO BUOpHUPOBaTh. DTO MOXKET OBITh pPa3pyLIUTENbHBIM H3-3a
BBICOKOT'O YPOBHSI IIEPEMEHHBIX HAIPSKCHHI.

YacTtora, Ha KOTOPOHl OOBEKT PE3OHUPYET, ONPEICISIETCS
TpEeMsl BEIIaMU:

- TEOMETPUYECKOM (hOPMOH;

- IJIOTHOCTHIO MaTepHUaIa,;

- KaK OH 3aKperuieH.

[Tpumepom Toro, re ObuT ObI HEOOXOUM MOJANIBHBIN aHa-
JIU3, 3TO 3JEKTPOJETAIH, KOTOPbIE YCTAHOBIIEHBI BOJIM3U TpaHC-
(dbopMaTopa MEPeMEHHOTO TOKa. Eciiu MepeMeHHbIN TOK, TeKYITUi
yepe3 TpanchopmaTop, uMmeet gactoty S0 ['1, kKak 3To CymecTByer
B Poccum, To fgetanb nqomkHa OBITH CIPOEKTUPOBAaHA TaK, YTOOHI €€
coOCTBEHHAs yacToTa Haxoqwiack Baaiau or 60 I'm.

Tor xe caMblii NPUHLUI IPUMEHSETCS K BPALLAIOLIUMCS
Mexanu3mam. Ecnu aBurarens Bpamaercs, nenas 2400 o60poToB B
MUHYTY, 3TO TPUBOIUT K KOJICOAHHSAM KOHCTPYKIIMU C YACTOTOM
40 TI'r (2400 / 60). JIroOble peTanu, KOTOPbIE YCTAaHOBJIEHBI B KOH-
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CTPYKIIMH, JOHKHBI OBITh CIIPOEKTHPOBAHBI TaK, YTOOBI UX COOCT-
BEHHAs 4acTOTa He Haxoamnach BOmu3u 40 [,

Ecnm nmerans momBepraercst KojieOaHUSM € 9acTOTOM, KOTO-
past paBHa WJIM HaXOAMTCS BOJM3U ee COOCTBEHHOW YacTOTHI, TO
OHA MOXET PEe30HUPOBATh U MOJIBEPrHYTHCSA MEPEMEHHBIM Harps-
KEHHSM, KOTOpbIe OyayT BBIIE, YeM HEe0OXoauMo. be3 BhIMoIHE-
HUS MOJIAJIbHOTO aHAaJN3a CHPOEKTUPOBAHHBIE JI€TAIHU, MOTYT pa3-
PYLIUTHCS U3-3a YCTATOCTH.

OO6BIYHO HEOOXOIUMO, YTOOBI JeTalh ObLIa CIIPOCKTHUPOBA-
Ha TakK, 9TO COOCTBEHHAs YacToTa He BO30Oyxkmamack. OgHAKO MO-
I'yT OBITH Cllydad, KOTJla HEOOXOJUMO CJeNaTh COBCEM MPOTHUBO-
MOJIOKHOE.

[IpousBonuTenu BHOPOOOOPYAOBaHUS, TAKOTO KaK B CTO-
MaTOJIOTUYECKON OTpACI, MOTJIH OBl MOKeNIaTh HUHCTPYMEHT, BHO-
PUPYIOIIMA HACTOJIBKO, HACKOJIBLKO BO3MOXHO. HeoOxoammo mpo-
€KTUPOBATh JETAId TaK, YTOOBI MPOWCXOAMIIO BO30YXKICHHUE €€
COOCTBEHHOHN YacTOTOH, OHM MOJYYHUJIM ObIl MaKCHMAJIbHYIO TPO-
u3BoautenbHocTh.  Ilpomenypa ontumuzammn  MECHANICA
OYeHb IOJIe3HA JJI TOCTHXKEHUS TaHHOTO TUIA LieJeil MPOeKTHPO-
BaHUSL.

Hezakperniennsle MOJalbHbIE aHAIU3bl MOJIE3HBI ISl CBO-
00JIHO TMJIABAIONINX WU BUCSIIMX TEJN THUIIA CAMOJIETOB, KOCMHYE-
CKHX KOpaOJiell U paker.

ITo-nnpaBae roBops, yactotsl cBbiiie 300 I'n MEOT O4eHb
HeOOJIbIIOe 3HAYCHHE IS JOJITOBEYHOCTH KOHCTPYKLIHHU, TIOTOMY
YTO TEPEMENICHUs CTAaHOBATCS BeChMa MalleHbKUMH. OHAKO TIyM
MOXET BBI3BATh MpoOIeMbl BIIoTh 10 2000 I,

2.2. KoHTpOJBHBIE BOMPOCHI K IOMAlTHEMY 3aaHUIO

1. Kakoso Bo3moxxnoctu CREO Mechanica mo BsImonHe-
HHIO MOJAJILHOTO aHAIH3a?
2. Kokoli 3amac 1mo pe30HaHCHBIM 4acTOTaM SIBIIIETCSI ONTH-
MaJIbHBIM?
3. KakoBbI MyTH TOBBIIICHHUS PE30HAHCHBIX YaCTOT KOHCT-

PYKITHit?
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3. JABOPATOPHBIE 3AJAHUS
N METOJAUYECKUE YKA3AHMUS 110 UX
BBIITIOJIHEHHU IO

3.1. Meronuka npoBeeHus paboThI

VYnpaxkHenue 1. BplnoiaHeHHe CTaTUUECKOI0 aHalln3a pajnuo-
AIEKTPOHHOTO MOMYJIS.

Heo6xoauMo co3paTh WM MONYy4YuTh y mnpenopgasatens 3D
MOJIeTIb PAJAMOAIEKTPOHHOrO ycTpoicTBa. [lonb3ysich HaBbIKAMU,
MOJyYeHHBIMU B TMpebIaylield paboTe HE0OXO0AUMO 3a1aTh MaTe-
puain(pl), co3aaTh 3aKPEIUICHUS W HArpy3KH. 3aTeM HEOOXOIUMBbI
BBIIIOJIHUTh CTaTUYECKUM aHaiu3. s mpuMepa IpelcTaBiIeH pe-
3yJbTAT CTATUYECKOTO aHaJK3a IJIaThl Ha puc. 13.

Puc. 13. Ilpumep aHMMAIIUHN CTATUYECKOTO PEXKUMA

VYnpaxxnenue 2. BellmonHeHHe MOIaIbHOTO aHau3a

B MeHI0 «AHaJIM3» HaJl0 BHIOPATh NYHKT «AHAJM3bI U MPO-
pPabdoTKN MeXaHUKH» B OTKPBIBIIIEMCSI OKHE HaJI0 BHIOPATh HOBBIMN
MoOJNIbHBINA aHanu3 (puc. 14). B oTkpeIBIIEMCSI OKHE BBIOMpPAETCS
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gucino Gopm konebanuit (puc. 15). AHanu3 3amyckaeTcsi KHOIKOM

g\

B Ananusbl 1 npopaboTii x|

®aidn  Mpaeuts  Beinonuute  JaHsie

Hokelft CTaTHUECKRA..
Hoebii MogansHeIi

Hogelit YeTofuMEDCTE. . ﬁ
Hoe 0AANEHEM AHAMS

Hogellt YeTanocTe...
o ||

i | Hoesii MpegranpasxkeHHsi 3

HOEBBIH AMHAMHYECERA 3

1 HoBOE HEEMEA0EAHME KOHCTRYELMM CTAHAANTHAA...
HOBOE HEENEA0BAHME KOHCTRYKUMM HyBCTEHTENLHOCTE

Hoeog anTUMUZALMOHHOE HGENeA0BEAHME KOHCTRYELMH. ..

SaKpEITE

H Onpejenenve MOAANLHON0 aHaNK3a x|

Vima
| Analysis2 |
OnucaHue
han Kounone... @ 3akpenneHHei
ConstraintSet! _ () HezaKpenneHHsld

C MOHCKDM SKECTEHK GOt

[ | | Hekniouenmbie |
[ Buimon | Cxoammocts
snemenTsl

@ Ydeno dopi KoNeGaHKA
() Bee (opms E 4MaNasnHe JacTar

— PEHHMBI ‘

Uncrio diopu koneBani E] E\
MHHHMANEHAA YACTOTS o |

Omaena |

Puc. 15. Boi6op uucna ¢popm konedbanuit
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Pe3ynbTaTthl MOAaNbHOTO aHaNKM3a OTOOpaXKAIOTCA MPU HaXKa-

THH Ha KHOTIKY 2] . B oTKpbIBIIEMCSI OKHE, TaK)Ke KaK U MPH CTa-
THYECKOM aHaJIM3€ MOYHO 3a/1aTh IEPEMEIICHHUS, a TAK)Ke BBIOPAThH
PE30HAHCHYIO YacToTy (puc. 16).

Il OnpepeneHye OKHA PE3YALTATa ll

1ma 3aronoeok
[wiindow Il |
— BoiGop npopad
MCCHE,D'DBSHHE KOHCTRYELAW AHanuz
|| & | Analvsis2 || Analysisz -||

. PexMMbl Macwrad
Fexum1(266.531Hz) 1
Pexum2(310.242Hz) 1
Fexum3(338.91 8Hz) 1

003§

%

oo
I 1

Tt Tun nokasa ]

4

| LgeToebie nona
BenumuvHa | 06 bexT nokasa | OnNuMM Nokasa

| MepemeLEHA '|| mn

KomnoHedT

| BenuduHa

Ok | | OK 1 MNokaz || OTMEHA

Puc. 16. BeiOop pe30HaHCHBIX 4acTOT

Ha puc. 17 moka3an mpumep oToOpaxeHus pe3yIbTaTOB MO-
JIAJIbHOTO aHaJIM3a Ha pe30HaHCHOM yactoTe 266 ['m.
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Puc. 17. Tlepemenienrs ToueK MIaThl IPU PE3OHAHCHOM Yac-
ToTe 266 I'n.

3.2 KoHTpOJIbHBIE BOITPOCHI.

1. KakoBbl OCHOBHBIC ONEpalMd CO3JIaHHUSI MOJAIBHOTO
aHanauza?

2. Kakume mnyru wu3MeHeHUsT COOCTBEHHBIX PE30HAHCHBIX
gactor CREO Mechanica?

3. Kakum 00pa3oM MOXKHO OIPEICIUTh KOJIHMYSCTBO MOJI
KoJieOaHmit?
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