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TpyoonpoBoaHbIX cuctem B APM Structure3D v16

Bepudukauma pacyetoB
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Ob61beKTbl 1 BUAbl pac4yeTos,
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poodaBnsgeMble K cepTudukaumm

Ob6beKkTbl N BUAblI pacyeTos,
nobasnsiemble K cepTudmkaumnm

» OAHOCTOPOHHME XKECTKNE OMOpPbl;

» OIHOCTOPOHHME XKECTKNE OMOopbl C 3a30POM,;

* OHOCTOPOHHME yripyrne onopbl, B TOM YUCSIE U C 3a30POM;

» TpybonpoBogHble KO (NpaAMONMHENHbIE y4aCTKU, OTBOAbI, TPOUHUKK W T.N.)
» Pac4yeT 0bopynoBaHMa Ha cencMmnyeckoe BO3gencTeme

* PacuyeTt TpybonpoBOAHLIX 3f1EMEHTOB (TemMnepaTtypa, 3anofiHEHHbIX Cpeaon
3aJaHHOW NSIOTHOCTU, BHYTPEHHEE/HAPYXXHOE AaBliEHME, CENCMUKA)

* PeweHune knaccnyeckoun 3agaum 'epua KOHTaKTa ABYX Terl
» OnpeneneHne napamMeTpoB KOHTaAKTa TUMa ninocKOCTb — NSIOCKOCTb
» OueHka napameTpoB KOHTaKTa Npu COeaNHEHUN Ban — BTYJKa C HAaTArom




PacueTt napamMmeTpoB HalMNnpA>XeHHO ll:l,e(f)OpMl"l[Z)OBaHHOFO COCTOAHUA NNOCKOIro
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Cxema n moaenb (c OKHOM 3a4aHUA NAapPaMeTPoB)
3alleM/IeHHOro ¢ 06omnx KOHL,OB NJIOCKOro Tpybonposoaa

TpybonpoBoaa ¢ 3awemMrieHHbIMU KOHLaMU noa 4emMcTtBMemM CO06CTBEeHHOro
Beca, TemnepaTtypbl, BHYTPEHHero gaBreHns, CMeLeHus onop

CpaBHeHuMe napameTpoB HAC v peakunii B onopax 3alleMIEHHOro ¢ 06enx
CTOPOH Xo0/104HOro TpybonpoBoaa, N Harpy»KeHHOro BECOBOM Harpy3Kkom

7

a5
§ n APM
apameTt
= . P Structure3D
) MakcumanbHasa BeniuinMHa
3KBMBAaNEHTHbIX HanpPsKeHUn, 179 177,6 0.8
18 ey % MMa
§ MakcumanbHasa BenuynHa
] J . 275 267.8 2.5
&100 CYMMapPHbLIX nepemewieHnn, Mm
0/0 0/0 -/ -
KapTa akBMBaneHTHbIX (N0 Musecy) HanpaxeHUn, BOSHMUKAOLWMX OT
OEeNCTBNA BECOBOM Harpy3Kn B X0N0AHOM TpybonpoBoAae, No/lyYeHHas B 0/0 0/0 /-
32286. /
moayne APM Structure3D (BBepxy) u ANSYS (BHUM3Y) 33382 /34340 33/3.2
SVMW[;;MQMZ] gg"f!‘zqsg(g';‘si MN PeaKu“M B 35435-9
s 5 1705400 112030 109488
- onopax ana /2 2 11.67
o -101900 /- -102284 /-
79.56 0-4 /3-8
s 42590 44231
0/0 15.75 /-23.4 -/ -

25.09
142 v
N ¢ DO,

1725.12 3922408 T9TE+08 1192409 .153E+08
1952408 _837E+08 _33EE+08 _133E+05

~1752+403




PacueT napameTpoB HanpsixXeHHO AedopPMUPOBaHHOIO COCTOSAHUSA MITOCKOrO

Tpyb6onpoBoAa ¢ 3aweMsieHHbIMU KOHUaMu nog AecTBueM BHYTPEeHHero

AaBlieHunsA
KapTa akBMBaneHTHbIX (N0 Musecy) HanpaxXeHU 1 CYMMapPHbIX NepeMELLLEHN, CpasHeHue napameTtpos HAC 1 peakumin B onopax 3aemsieHHoro ¢ obeunx
BO3HMKAOLWMNX OT AeNCTBUA BHYTPEHHErO AaBAEHMSA B Xono4HOM Tpybonposoae, CTOPOH XonoaHoro TpybonpoBoaa, M HarpyXeHHOro BHYTPEHHUM
nonyyeHHana B moayne APM Structure3D (BBepxy) n ANSYS (BHU3Y) AaB/ieHnem

APM
Structure3D

.

SVMé;/gzM A /m — USUADA.[D%]usess P n a pa MeT p

6762 0.0008155
6762 0.0007611
B762 | | 0.0007e?
B7 B2 0.0008524
6762 0.000598
762 0.0005436

&762 00004353 AKBUBAJIEHTHbIX Hanpﬂ)KeHMﬁ,

6762 * 0.0004349
6762

0.00030068
672 MIla

0.0003262
6762 00002718
e Q002175 MakcumanbHasa BennyuHa

BT B2 00001831
B7 62

MakcumanbHasa BennumHa

/ oo CyMMapHbIX NepemMeLleHun, 0.811 0.869 7.1
762 [ [F” o
MM
82.05/ - 81.64/ -
rne - 49/4.9
S S s 82.050 81.64
17.06/ -
17.1/-17.1 2.3/2.3
Peakuuun B 17.06
onopax ana 1/ 0/0 0/0 -/-
2 onop 0/0 0/0 - /-
0/0 0. /0. - /-
— — -217.9/ -216.778 0.55 /

.678E+08

- . -1B0E-0 -3€0E-03 -540E-03
- 67SE+08 .901E-04 .270E-03 .450E-03

406.5 1406.75 0.06



PacueT napameTpoB HanpsixeHHO AedhopMUPOBaHHOIO COCTOSAAHUSA MITOCKOro
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TpybonpoBoAa ¢ 3aleMiieHHbIMU KOHLaMU nog AencTBueM temnepartypbl

KapTa aKkBMBaneHTHbIX (N0 Mu3secy) HanpsaXXeHnin U CYMMapHbIX NepemMeLLeHUN, CpaBHeHue napametpoB HAC n peakuuii B onopax 3allemM/IEHHOro ¢ 0beunx
BO3HMKAIOLLMX OT AeNCTBUA TeMnepaTypbl B Tpybonposoe, No/ly4eHHas B CTOPOH ropsyero TpybonpoBoaa, Harpy*XeHHoro TemnepaTypoi
moayne APM Structure3D (BBepxy) u ANSYS (BHUM3Y)

APM MorpewH
SVM[H2] USUM[m] I'IapaMeTp ANSYS
o /m — o Ve Structure3D | ocTb. %
3145 0.07022
294 0.06554
MakcumanbHasa BenMumHa

2736 0.06036
253 | 0.02618
= l e 3KBUBANEeHTHbIX Hanps>XXeHUMn, 33.0 33.49 15
19.18 0.04213

1713 . 0.03745 ; Mna
o s [ MakcumanbHasi BenuumHa
" : 69.3 74.9 8.1
o . ' roven CYMMapHbIX NepemeLieHnin, MM
o o mj 0.15/
o 5 B~ o X, H 6026 / -6026 6035/ -6035
0.15
e ey B i v 1253.2/ - 1255.9/ - 0.21/
o o N ’ 1253.2 1255.9 0.21
Peakuuun B
Z,H 0/0 -0.28/0.28 -/ -
onopax gna 1/
\ | AT Mx, H*m 0/0 0.014/-0.014 y
My, H*Mm 0/0 -0.021/0.25 - /-
. J -16004 / -16002.50 0.12/
e S Mz, H*m
Fjsszuﬂ ﬁ 2Z0E+08 [v] .015401 % .046204 .061606 29852 /29903 O- 16

R 2342408 .
L3ETE407 L110E+408 .1B4E+08 .2Z57E+08 .330E+08 007701 -023102 -038504 -053905 083306



PacueTt napamMmeTpoB HalMNnpA>XeHHO ll:l,e(f)OpMl"l[Z)OBaHHOFO COCTOAHUA NNOCKOIro
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pr60npOBo.qa C 3awWeMJieHHbIMM KOHLaM1 noa AencTtBuem BHYTPEeHHero
AaBJlieHuA, TemMmnepatypbl, CMeLleHnsa onop

Cxema n mogesnb (C OKHOM 3a/iaH1A NapaMeTpoB CpaBHeHune napametpoB HAC n peakumit B onopax 3aleMIeHHOro ¢ obeunx
3alLemaeHHoro ¢ 06omx KOHLOB Na0CcKoro TpybonposoAaa CTOPOH xonoaHoro Tpybonpososa, Harpy»*KeHHOro BHyTPEHHUM AaB/ieHUEM

APM MorpewH
MapameTp ANSYS
Structure3D 0oCTb, %

MakcumanbHas BerimvymHa

2%

3KBUBAJIEHTHbIX HaNpPsXXeHUM, 67.9 68.22 0.47
‘ MMa
) MakcumanbHas BeriuiMHa
) 0.241 0.240 0.41
CyMMapHbLIX nepemMeLweHnmn, mm
s X, H 0/0 0/0 -/-
KapTa akBMBaneHTHbIX (N0 Musecy) HanpaxeHUN, BOSHMKAOLWMNX OT v H 0.38/
OEeNCTBUNA BHYTPEHHErO AaBneHus B xonogHom Tpybonposoae, ’ 55.68/-55.68 | -55.47/55.47 0.38
nonyyeHHaa B moayne APM Structure3D (BBepxy) n ANSYS (BHU3Y)
Peakuun B 2 K 229.24 [ - 228.12/ - 0.48/
=5 onopax ansi 1/ 2 | 229.24 228.12 0.48
onep Mx, H'm 0/6.46 0/6.72 - /4.02
My, H*m 0/0 0/0 [
Mz, H*m 0/0 0/0 - /-

jor.27
6.5
5544
5453
5362 -5352+08 -58TE+08 -5332+08 -€31E+08 -EE3E+08




PacyeT napameTpoB HanpshkeHHO Ae(opMNPOBAHHOIO COCTOSIHUSA NMITIOCKOro

Tpyb6onpoBoAaa ¢ 3aleMiieHHbIMU KOHLaMU noa AeNcTBUeM CMeLLeHUs onop

KapTa akBMBaneHTHbIX (N0 Musecy) HanpaxKeHU 1 CyMMapPHbIX NePeEMELLLEHN,
BO3HMKAIOLWMNX OT AENCTBUSA CMELLLEHWNA ONOpP B XO0N0AHOM TpybonpoBoae,
nonyyeHHaa B moayne APM Structure3D (BBepxy) n ANSYS (BHU3Y)

SYM[HARD]
3.318
3.119
2919
272
262
2.321
2121
192
172

0.9242
0.7247
0.5252
0.3257
0.1262

1523
1323
1124

SEQV (NORVG)

DM =.094253
SMM =20762.9
SMX =.325E+07

-

USUMuw]
05784

05423
05081
047

04338
03977
03616
03264
02892

02531
0.2169
01808

01446

01085

00723

003615
i}

UsUM (avE)
RS¥5=0

DMK =.578E-03
SME =.578E-03

T

-578E-

MapameTp

MakcumanbHas Benn4yuHa

3KBMBAaNEHTHbIX HanpsiXeHUMn,
MMa

MakcumanbHasa BennumHa

CYMMapHbIX nepemeu.q,eHMﬁ, MM

Peakuuun B

onopax ana 1/

2 onop

3.25

0.578

0/0
94.71/ -
94.71
332.52 /-
332.52

-63.73 /0

0/0

0/0

APM

Structure3D

3.32

0.578

0/0

94.50/ -

94.50
331.72/ -

331.723
-63.79 /0

0/0

0/0

CpaBHeHune napametpoB HAC n peakumit B onopax 3aeMIeHHOro ¢ obeunx
CTOPOH X0JIOAHOro TPYH6OoNpoBOAa, HAarpy*KEHHOro CMELLLEHUEM ONOP

Morpew

HocCTb, %

2.15

0/0

0.22/
0.22
0.24/
0.24

0.1/-



PacueT napameTpoB HanpsixeHHO AedhopMUPOBaHHOIO COCTOSAAHUSA MITOCKOro

TpybonpoBoAa ¢ 3aleMiieHHbIMU KOHLaMU nog AencTBueM temnepartypbl

KapTa akBMBaneHTHbIX (N0 Musecy) HanpaxKeHU 1 CyMMapHbIX NepeMELLEHN, CpaBHeHue napametpoB HAC n peakumit B onopax 3aLLeMIEHHOrO ¢ 0beunx
BO3HMKAIOLWMNX OT AEeNCTBUA TeMNepaTypbl B TpybonpoBoae, NO/ly4eHHas B CTOPOH ropayero TpybonpoBoaa, Harpy*KEHHOro TemnepaTypoi
moayne APM Structure3D (BBepxy) u ANSYS (BHUM3Y)

APM Morpew

SVMHane USUHus] NapameTtp ANSYS

- IM Structure3D | HOCTb, %

83.78 — \______m 115

e 4 o Ve RS MakcumanbHas BenuunHa

m e 3KBUBanNeHTHbIX HaNpPsHKeHUH, 112 113.5 1.33

B5.5

B ;;;3 MMa

5179 .5.577

4493 478

{
38.07
3983
il 7]

MakcumanbHasa BenuyuHa

) 5 12.7 12.75 0.39

e - @’/ 3;27 / CYMMapHbIX NepemMeLleHnn, MM

1;:5 1693 \’ . o )
0.7967

279 X, H 0/0 0/0 0/0
SEQV (NORVG)
et S -2905.9/ -2899.6/ 0.03/
MK =‘112E:-09 R3Y5=0 Y, H
2t orerer o 2905.9 2899.6 0.03
7 Mw
Peakuuu B -12122 / -12093. /
Z,H 24124
onopax ana 1/ 12122 12093.
2 "
onop Mx, H*m 0/192 0./198.9 0/36
My, H*
- 7M y, A'™M 0/0 0/0 0/0
Mz, H*m 0/0 0/0 0/0

|
0 .002834 . 005667 .008501 .01133%
537028 LEB4E+H08 .502E+08 .TSOE+08 .33E+08 001417 00425 007084 .009918

.1302+08 L37TEE+08 (GZEEH0S .874E+08 (1132403

.012751



PacuyeTt TpybonpoBona A9C Ha cencmuyeckume

BO34eMNCTBUSA, 3aZ,aHHble CMeKTPOM OoTBeTa

Cxema n3orHyTtoro TpybonpoBoaa Ha YAPYrux U *KecTKMx onopax KoHeuyHO anemeHTHaa moaenb TpybonpoBoaa C YNPYrMmmMmn mU XeCcTKMMHU
ANA pacyeTa UX Ha cemMcMmnYecKoe Bo3aencTeme onopamu B obvbemHoOM npeactasneHnmn B moayne APM Structure3D

CneKTp oTBETa B KOOPAMHATAX YCKOpeHMe — nepuos, KonebaHui

L | )l )

" ) o neproas (cex)
25 S— D [ o 5 0 o P o - o E A B

0 5 10 15 @RRrora25 30 35 40




[peobpasoBaHue cnekTpa oTBeTa B
KoopauHaTbl yCKopeHue — nepuop, konebaHui
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Pacuet TpybonpoBona AQC Ha cencMmuyeckue

BO34EeMNCTBUSA, 3agaHHble CMIeKTPOM OTBeTa

Cnucok cobCTBEHHLIX YacToOT Mogenu Tpybonposoaa

APM Structure3D

YacToThl cOBCTBEHHBIN KONEGAHHA
CobCTBEHHbIE YACTOTEI MoAansHele Maccs! (M.M.) M CyMMEl MOAANEHBIX MACE (C.M.M.) No HaMpagneHMan TCK
N | pagd | g [ 1 [ 0o6) [ conm (6] [ v 1280 [ commn v o8] | won. 2 (o8] | covm. 2 [o8] |
1 7.96354 1.26744 0.733934 4.7 43.7 7.93 7.93 5. 26e-05 5.26e-05
2 11.2019 1.78284 0.560904 347 47.2 42.8 50.7 0.000568 0.00072
3 14,5434 2.31465 0.432031 1.56 8.7 12.3 63 3.05e-08 0.00072
4 24,3830 3.88077 0.257681 0.00191 4.7 0.803 038 0.00078 0.0015
5 38,8238 6,179 0,161338 34 521 0.0174 63.9 0,00035 0,00186
3 43,5459 6.93055 0.144233 10.4 6.6 0.421 64.3 4,510 0.00186
7 66,3246 10.5559 0.0947333  9.04 716 0.293 4.6 0.000419 0.00223
3 98,3680 15,6558 0.063873% 0,502 721 4.09 68.7 0.00434 0.00713
9 132,52 21,0911 0.0474133 197 74.1 0.0217 08,7 0,000355 0.,00743
10 144231 22,955 0.0435635  0.000539 741 207 0.8 0,168 0,175
11 152,531 24.276 0.0411929 126 75.3 0.0443 0.8 0.00631 0.182
12 18337 29,1842 0.0342652  0.024 75.4 0.017 0.8 .63 281
13 187.165 29,7882 0.0335703  0.00528 7.4 0.517 713 0.851 3.60
14 208,045 33,2069 0,0301142 0,282 7.7 0.0507 714 0.079% 374
15 243548 38,5578 0.0252795  0.00499 75.7 0.00318 714 9.02 12.8
16 263,552 41,9457 0.0233404  0.0243 75.7 0.00106 714 0.0927 12.9
QopMa. .. | 38KpEITE

SET  TIHE/FREQ

—
00D OO =l O UM i OO PO b=

11
12
13
1
15
16
17
18
1
a0

ANSYS

1.2660
1.7811
2.3126
3.8600
6.1710
6.9264
10.551
15.651
21,086
22,955
24.21
29,180
29,787
33.203
39.558
41.%46
43,420
.42
46.440
48.006
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PacuyeTt TpybonpoBona ADC Ha cencmuyeckume

BO34eNCTBUA, 3aJaHHble CNeKTpomMm oTBeTa

KapTa akBMBaneHTHbIX (Mo Musecy) HanpsarKeHui B TpybonpoBoae, BO3HMKAOLWMX Noa AecTBUEeM COBCTBEHHOIO Beca

APM Structure3D ANSYS
SEQV (AVGE)
DM =.389E-03
SYM[Hmm"2] SMN =876.514

3753 SME =.374E+07

3624

3.295

3.066

2837

2.608

2379

rI 215
i1921
1.692

1.463
1.233
1.004
0.7753
0.5462
0.3171
0.08807

| EEEEENSS———
876.514 830826 L166E+DT .249E+0T .332E+07
415851 .1258+07 .208E+07 .281E+07 L3T4E+0T
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PacueTt TpybonpoBoga A9C Ha cencMmuyeckume

BO34eMNCTBUA, 3aflaHHble CNeKTPOM OoTBeTa

KapTa akBmBaneHTHbIx (Mo Munsecy) Hanps>XeHn n CyMMapHbIX nepemMeLlleHnn B Tpybonposoae,

SVMH/N2)
75.16
705
8585
5113
5553
5168
72
1257
79
B2
86
2394
1929
1463
9975
5319
06631

USUM[mm]
157

108.4
101.2
93.99
8676
79.53
723

B5.07
57.684
50.61
43.38
3615
2892
2169
1446
7.23

[u]

BO3HMKAKOLLNX OT CEMCMUYECKOIro BO3OENCTBUA NO ocn X

APM Structure3D ANSYS

I
L 023905 L 047809 L0711 095618
.011952 .035857 .069762 . 083666 .107571
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Pacuet TpybonpoBona A9DC Ha cencmuyeckue

BO34eNCTBUA, 3adaHHble CNeKTpoMmMm oTBeTa

Tabnunubl peakuuit B onopax B TpybonpoBoae, BO3HUKAOLWMX OT CEMCMUYECKOro BO3AENCTBMA NO OcU X

APM Structure3D ANSYS

Peakuuu & onopax

NIOE A Fyf F ¥ HY e
T - p—— 1040, 1093 B J6. D086 £ageD.
JMMMMMMMMMMMMM" N oM B R A1 A 77
e B U 7 T L S N S 11 11X
2 | 00000 -0.0000  17703.55.. 00000 00000 00000 00000 00000 00000 00000 00000  0.0000 El] ?1?5 g EEEE 3 ﬁEﬁ ?5 945 I]f-1 5['91 E "-1?"-1 Ea
3_ 7 00000 00000 3523530 -00000 -0.0000 00000 00000 00000 00000 00000 00000 00000 20 .:ﬁ' EUEI.Q Eﬁqlﬂl EqE.DE 355?.1 1?3'[“1
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Eﬂ 3149863 -217191.. -2809912 8913020 -3775.86.. 1832557 00000 00000 00000 00000  0.0000  0.0000 117 0.0000 00000 07, 00000 0.0000 00000
13|22 4801881 -193757.. 6715784 8280717 -300787.. 1326057 00000 00000 00000 00000 00000 00000




AIIM

Pacuet TpybonpoBoga A9SC Ha cencMmuyeckume

BO34eMNCTBUSA, 3ajlaHHble CNeKTPOM OoTBeTa

CpaBHeHMe cobCTBEHHbIX YacToT B TpybonpoBoaa (cneBa), a TaKKe HanpAXKEHUN, NepeMeLLLEHUN, U peaKkuuin B onopax (cnpasa),
BO3HUKAKOLLMX OT CEMCMMUYECKOro BO34ENCTBMA NO OcK X, nony4veHHbix B APM Structure3D u B ANSYS

EouHnupl  3HayeHne 3HaveHue APM  [orpeluHocTb,
MapameTp

Ne 3HayeHne 3HayeHne APM  [lorpeluHo nsmeperns  ANSYS  Structure3D %
CO6CTPeHH ANSYS, Structure3D, CTb, B TIE D e AR Ma o el 571
on T T % 3KBMBAMNEHTHOrO HaMpsXXeHNst
YacToThbl BennuuHa makcumanbHoro 10757 115.7 30
CYMMapHOro nepemMeLLeHust Mm ’ ' '
1 1,2660 1,267 0,07
Rx B y3ne 4 H 20439 -21830,5 6.8
2 1,7811 1,783 0,11 Ry B y3ne 4 H 10923 -11590,8 6.1
3 2,3126 2,315 0,11 Rz B yane 4 H 36323 -38599,6 6.2
4 3,8800 3,881 0,02 Mx B y3ne 4 H*m 35828 -38075,8 6.3
5 6.1710 6.179 0.12 My B y3ne 4 H*m 108370 -116125, 7.1
6 6.9264 6.93 0.05 Mz B y3ne 4 H*m 68669 74054.2 7.8
Rz B y3ne 6 H 16694 17707.4 6.1
7 10,551 10,556 0.05 Rz By3ne7 H 33032 35243.7 6.6
8 15,651 15,656 0.03 Rz B yane 8 H 3480,2 -3635.9 45
9 21,086 21,091 0.02 Rz Bysne 9 H 11004 -11802.8 7.2
10 22 955 22 955 0.00 Rz B y3ne 10 H 1874,1 -1949.05 4.1
11 24,272 24.276 0.02 Rz B y3ane 11 H 5610,4 5833.7 4.0
Rz B y3ne 12 H 20078 21012.5 4.6
12 29,180 29,184 0.01 Rx B y3ne 18 H 47353 -50403.7 6.4
13 29,787 29.788 0.01 Ry B yane 18 H 7097,7 7504.1 5.7
14 33,203 33,207 0.01 Rz B yane 18 H 35097 -37243,9 6.1
15 39 558 39 557 0.01 Mx B y3ne 18 H*m 1144,7 1184.8 3.5
16 41,946 41,946 0.01 My B y3ne 18 H*m 37617 -39933.4 6.1

Mz B y3ne 18 H*m 7627,1 -8136.4 6.6
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