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Poccunckune CAE-cucrtembl
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Ha crny>x6e NPOMbILLNEeHHOCTHU

Cucrtema Nnpo4YHOCTHOINo aHanu3a
APM FEM pna KOMIMAC-3D

CteneHb norpyxenHus... nnun 4to moryt CAE-cmnctemel, BctpoeHHble B CAD?

Cepren Po3nHCcKum
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HTL, «AlMM» - Begywmi paspabotumk MO gna nHxXeHepHbIX pacyeToB
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. ®aiin [paska Boigennts Bua 3ckus MogennposaHwe CbBopka Odopwmnedve [wardocivka Ynpaenenwe Hacipoidka [lpunoxenwa OxHo Cnpaska
+| @ lletansTopOpt2.m3d ‘ @ fetanm ana 6anouH... @ Kporwrein.a3d X
B C6opka * o M e leenenve =4 Eﬂ;gpeﬂeneHH"' ¥ gg:g%"éﬁ&z 3akpennexue = | Eg?ffaum K3 [=] Pacuer & Egg;ﬁmama [ Yooiumsocrs  (SE Egggfj"‘”b'e @ Matepwan E|
] Yrnoeoe YaencHas cvna . YienbHas cuna JakpenneHwe no MNapametpbl [NapameTpbl L MHepumOHHble &= CoxpaHuTb TonwwmHa E
B Ynpasnenve = aM - yCKOpeHme N0 anvHe o NACWAAM - HOpE»AaﬂM £ e yc‘rgﬂocrr?oro... L pafue‘ra s = xapapK'repMch... 8 oy /— Buirocka N
A —~ PacnpeaeneHH... = Cosnapawoume MosepxHocTL B MoeepxHOCTb B MpocTpaHcTBo
} A MOMEHT k- Temneparypa = NOBEPXHOCTH STL - L OMHAC DS fpoektupoeat..
i CucremHan Harpyzkn 3aKkpennenna i Pasbuexne n pacuet PesyneTatsl H Ceoiictea EH. i
fx ‘"pDNHUCTHDﬁ Anannz 3 | I}! Gl - E ‘E,_, - “" % - | Q - E -
B | =14 MpourocTHol Ananna
= -1 Harpyskv 1 3akpenaeHus
- 8 3arpyxetived [ A |
B 3 R I AT
-4 llasnenve: 3000 H m i| \ | s
- flunediHoe yckoperve: 9.81 m/c 2 || ‘ | ‘ || | -
- 3akpennenue: [UX, UY, UZ] s
-1 KoMBUHaLMK 3aTpyKeEHURA I ‘ | \, |I | 1662
253 CoBnaalolme NoBepxHOCTY [ \ | H [ 145
- [sennep002 - Weennepd01 /| || ] 133.9
=& Weennep002 - KockiHka005 1227
- [Usennep002 - Kocbinka005 R 1116
-~ llsennep002 - Mnaxkal03 100.4
~ah Weennep001 - Koceinka005 89.96
--Fah Weennep001 - KocbiHka005 781
48 K3 cetxa 55-95
-8 K2 cetka [War = 6; K = 2 Kp = 1] 55'79
(21 Matepuans :
=3 Cnom HE
-£F 0_0: "Wsennep002.m3d": Solid 0 3347
£ 0_1: "lWeennep001.m3d": Solid 0 2232
-&F 0_2: "KocelHka005.m3d"™: Solid 0 11.16
MapameTpbl oToBpaxeHus .

£ 0_3: "KocwiHka005.m3d™: Solid 0
-&# 0_4: "Mnanka003.m3d™ Solid 0
=8 Kaprel pesynbTatos
2 Hanpraxenwa (3arpyxenneld) - SYM[MIa|
- Nepemewenna (3arpyxeqnel) - USUM[M
i Koadd. 3anaca no npegeny Tekyuectn(SV]
-Ji 1-a dopma noTepw ycToiunsoctk (3arp

Cny6una npocwoTpa

YCTAHOBUTE NIOCKOCTL paspesa

©unLTpsl BUAA

Min/Max | ‘

BoiHoCKM

[ManazoH peaynLTaTos

Min 0

Max 178.522
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[[Inepepacuer ugera

[[]nocrpoenue uzommmii
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MmaBHbLIN
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APM FEM
3TO pabora
B OKHe

KOMIIAC!




TunoBou uukn pacyeta B APM FEM gna KOMIAC-3D

CTAPT PUHUNLL

Nogkntoyaem Onpepensiem BBogum [eHepupyem 3anyckaem BbiBoanm MeHsiem moaens,
npunoXxeHue coBnagawoLime rPaHNYHbIE KO-ceTky HeobXxoaMMbIN pesyrnbrarhbl aernaem npoBepky
APM FEM NOBEPXHOCTU yCroBus pacyet pacyeTta HOBOW KOHCTPYKL MU
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Cucrtema Nnpo4YHOCTHOro aHarnim3a

APM FEM ana KOMIMNAC-3D

Tunbl pacyeToB:

*  JIMHEenHbIN cTaTU4YecKkun pacyet
*  YCTanocCTHbIN pacyeT

* Pacuet ycTON4MBOCTU

*  PacueTt cobcTBEHHBIX YAcTOT (pe30oHaHca)
N cOBCTBEHHBIX (hopM KonebaHnn

* PeweHune 3agaym ctaymoHapHOU
TEensIonNpPoBOAHOCTU

*  PelueHune 3agayn TepmMoynpyrocTu
(Mpy COBMECTHOM BbIMOSTHEHUN
CTaTU4eCKoro 1 TeNSI0BOro pac4eToB)

° Tonorornyeckas onTuMusayms

W ooin Npasa Buzenwm Bua dows CBopra O Auarwocaxa Ynp: Hacrpodka Il Owwo Cpanka 0om - & x
oz
£ Coopra > i P @ fsenenve i Pacnpeaenei.. g 5&222:32 £ Japennenve | |B| @ [nepann O 3 pacuer S ;ggy‘gwms 1L Yoromumsocrs (G OSTBEHHYE | 8 Marepuan a
B ymovewe | D W U0, o Vowenows p Viewmous | Swemeweno 5 3 Mapauerpu 3y Mapawes | Wcpwowe @ 0N punooa (e Jomua | g
| ? Degabarerert=: g Teuneparypa Loy B SePocte o RORAET™® DS Do mpesen. | ?
= Cucreuan Harppe B sapenvesn B33 Pasbmesme u pacier : pesymama ! coodema  EnE
e o . =
A SVM[MNa] ] ‘ L e @ & 2 ﬂ ® Mapamerps! oT06paxeHus 8
#4 Npounoctron Ananns i it
(@ Harpyskn v 3akpenrienns AMM
=14 3arpyxenued 217
E 46 Pacnpenenennian cwna: 6000 H 2066 Ycravoeurs nococTs pazpesn
& 3acpennenve: (UX, UY, UZ) 1962
¥ 3axpennetine No HopManm :‘7‘: 2 DumTph BNt
(2 KomEumaumm 3arpyxenni 1651 M/ Max Bumocmn
= 3 CoBnanaruiMe NOBEPXHOCTH 1547 o
5 Ban - Tapenxa 1443
5 Tapenxa - Tucks sepive 1339 Min| 0.0000048¢  Max| 706.995
5 Tapena - Tuo wxame 2 gz =\
S Ka6yk Tvn 2 - Peccopa Tn 2 1085
5 Peccopa Tan 2 - Haknaaxa kabayka 945
S Peccopa Tn 2 - Tuekw sepioive 807
S Peccopa tn 2 - Tuexu HaxHue 268
=8 K3 cena zf;
B K3 cenca (War = 4, Ke = 2 Kp = 1] A
=& Marepuans 315
o 0167 [Tena: 7) 21
=& Cron 10.33
1882006

£ 0_0:"21.4101.007 - Ban_(fn-41).m3d™: Solid 0
.2: "21.4101.003 - Twcxn Bepxime_(fn-45)m3d™: So
214101.004 - Trcxw nuxcnve_(fn-44).m3d"; Sof
21.4101.006 - Ka6yx Tvn 2_(fn-42)m3d"; Solid
£ 0.5: "21.4101.200 TMO1 - Peccopa v 2_(fn-37.m3¢
£ 0.6:°21.4101.002 - Haxnaaxa kabayka_(fn-46).m3d";
£ 0.1.0:"214101.051 - Tapenca_(fn-40).m3d": Solid 0
=8 Kapret pesynetatos
Hanpsxenna (3arpyxenned) - SVM[MMa]
6 Nepemewenun (3arpyxerne0) - USUMIMm]
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[lpeactaBneHue pe3ynbTaToB pacyeTa

CtaTuyeckum pacuyert

lNepemewieHna USUM, mm

YCcTONYUBOCTDL

(m | kmﬁwsocm

Dopma. ..

Koaddui peHTel 3anaca
NOTEPA YETORUBOCTA
No[-]
94,5998
107.625
197.83
230.978
446.016

(BT S

USUM[-]

CoOCcTBEHHbIe YacToThbl

1-a doopma noTepn yCTONYNBOCTU

n | s YacToTsl coBCTBEHHBIX KonebaHniA H
CofcTeeHbR SATaThl MORANEHEIE MACEB! (MIM.) 1 CyMVEl MOSANBHBIX MACE (€ MM.) N0 Harpaanervtsm [CK
N [paak] [Tl [c] MM X [96] MM X[96] MM Y [9] cMm Y [%] MM Z[%] cMm Z [9%)]
1 144066 230244 000434322 519 519 647008 6.47e-008 0.001 0.001
2 169395 269601 000370919 000361 519 00297 00297 9.74 9.74
3 2164.3 344438 000200311 199 539 497006 0.0297 9.77e-005 9.74
4 %2185 576435 00017M8 0000498 530 0698 0727 38 496
5 4253 676886 000147735 29 568 1.28e-005 0727 0.00451 486
@opea 3aKpei

1-a dbopma
COOCTBEHHbIX KonebaHumn
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TennoBow
pac4yeT —
| el E—
== = =
Kapta temneparyp Hanps»xeHna [NepemetleHus
Tononoruyeckas
onTMMmunu3auusa

UcxogHble pgaHHble —> Pesynbrar » locTtobGpaboTka
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Cucrtema Npo4YHOCTHOro
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aHanu3a APM FEM gna KOMIMAC-3D
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[lemoHcTpauuna paboTbl
CucreMbl NPOYHOCTHOrroO aHanu3a
APM FEM pna KOMIAC-3D
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AneMeHTblI XKene3HOO4O0pPOXHOro
noaBUXXHOro coctaBa

KopnycHble geTanu pasnnyHbIX MaLIUH

M X yacteu

\‘\\/

U Tomy noaoGHoe...

dneMeHTblI aBTOMOOUINEN
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OOtBbeKTbl, Ana kotopbix HE peKoMeHAyeTCsA npumeHeHne APM FEM

COopKu ¢ 6onNbLINM KONMMYECTBOM CtpouTenbHble METaNNIOKOHCTPYKLUN KpaHoBble KOHCTPYKLUMK
pa3Hopa3MepHbIX geTanen M KOHCTPYKLIMU U3 TOHKOro NIMCTOBOro MeTtansna

MU3pgenua u3 anacTUYHbIX
HeMeTalJim4eCKnX matepuanoB

N Tomy nopoGHoe...




UHTerpaumna APM FEM n APM WinMachine

e

Ecnu BoamoxHocten APM FEM gns KOMIMAC-3D \\\\ A
He XxBaTaeT, TO Heobxoanumo nepenaTtb AR
pacyeTHyo Moaernb B MOAYrb Ly
NpoYyHOCTHOro aHannsa APM Structure3D,
KOTOPbIN ABMSIETCH PACYETHbLIM SAPOM
poccumnckom CAE-cuctemol APM WinMachine

L «AllM») -
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F\ AMM 2R
CpaBHeHVIe nMpuMeHAeMbIX TUNOB KOHEeYHbIX 3JIeMEeHTOB

APM FEM APM Structure3D

CucrtemMa NnpoYHOCTHOro aHanusa Moaynb pacyeTta HanpsaXXeHHo-AedopMUPOBaHHOIO COCTOAHUA, YCTOUMYUBOCTMU,
ana KOMMNAC-3D COOCTBEHHbLIX U BbIHY)XXOEHHbIX KoJfiebaHUM AeTaner U KOHCTPYKUUA
CrepxHu
CTEDPXKHM - HET Tvn: 6anka, dpepma, KaHaTt TBepaorenbHble
(Nnpon3BonbHOE NornepevyHoe ceveHne) SNEeMEHTbI
[MnacTuHbl — gon. onumsa A
NP . [lnacTuHbl
TeepaoTenbHble 3NeMeHThbl y N (obono4km) 1
> Lo L
_F—r}’ ) ,.-,'"
.-i...x | .i..)( - [
o
.
- :
-_T *' ~ ————— —— -
7 -
CneumanbHble 31eMEHTHI .

Ynpyrmne cBda3u, ynpyrme onopbl, KOHTAKTHbIE 3SIEMEHTHI,
CneumantHble 3NeMeHTbl - HeT cocpenoToyYeHHble MacCbl U MOMEHTbI MHEpPL K




CPABHEHUE PELWUWAEMbIX 3A0AH c ucnonb3osanuem MK3

NMepeyeHb pacyetoB B APM FEM

» Crartnyeckum pacyer

» Pacuert yctonunsoctu

» PacyeT cobCTBEHHbIX YaCcTOT

» Pacyet cTaymoHapHoOW TENONPOBOAHOCTH
« Tononorunyeckas onTMMM3aLms

‘ eTson/E- & (ATH



HekoTtopble HOBMHKU 6yaywen 19-n sepcumn APM FEM

Oowune uameHeHus

v' VIameHeHne rpaHnyHbIX YCNoBun (MatepranoB, Harpy3okK, 3akpenneHun)
6e3 nepereHepauumn Ko-ceTku.

v' TNoppaepxka pabotbl ¢ NMOJNTIMHOM

v' Pa3Butne MHCTPYMEHTOB TOMOMNOIrM4Yeckon onTumMm3aunm

v LiBeToBOWM bmnbTP TONLWH AN NOBEPXHOCTHbLIX MOAENEN

'paHnyHbIE yCrioBus

v' TnpgpocTtatuyeckoe aaBneHue
v" HoBble TUMbl KOHTAKTa «CKNenkKa» U «KeCTKue BCTaBKN»
v Ynpyroe onopsl

Pe3ynbraTthbl

v' AHMMaUuus Bcex KapT pe3ynbTaToB
v' BblBOA peakumii B onopax (Ha kaxayto onopy B Aepese B TabnmMyHOM Buae)
v" VIHCTpyMeEHT - «3mepuTenb paccTosiHUA» Ha KapTe pe3ynbTaToB

v' BblBOg antop no Tpaektopum (No nytn)



Cnacubo 3a sBHumaHumel!

KoMmnauua HTLU «AlNMM»
(Hay4YHO-TEXHUYECKUUN LeHTpP)

MockoBckas obnactb, r. Kopones
OkTa6pbckun 6ynbBap, A. 14, odbuc 6

Ten.: (495) 120-58-10
Internet: www. apm.ru
E-mail: com@apm.ru



