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Cxema 080UIHOL MeMOPAHDBL C NPOMENHCYMOUHBIM CHIEPHCHEM

3akpenneHue no Y
konbly @0,4 Mm:
UX =UZ=0; X
Iles1b Hccae10BAHMI ~ UY - ceoboaiio z
=
1) Bepudukarus o N/
aAHAJIMTUYECKOM O ;
MCTOMHKH. o~ >KecTkas
3apenka
2) CpaBHEHHE pa3IUYHBIX i
METOJIOB. >
« | @04
o T
2,4
- @35 -
Monyas FOnra
o Toammua, IlnoTHOCTH Koagd.
Nesn | HammeHoBaHue Marepuaa | Auamerp (Mm) BBICOT (MM) (t/ewd) (T'Ta) Myaccona
1 IMomnoxka Jlaryns J163 35,0 0,30 8,44 114,0 0,33
2 MemMmb6pana Jlaryns J163 35,0 0,30 8,44 114,0 0,33
3 CrepxeHb Jlaryns J163 2,40 12,0 8,44 114,0 0,33
CrepxeHb
3 (menTpasabHas Jlaryns J163 0,40 12,8 8,44 114,0 0,33
4acTh)
Kepamuka
4 [Tee30mmCcK P7T-5H 35,0 0,20 7,50 60,6 0,34




IKcnepumeHmaibHble UCC/1e008AHUA

JIByxMeMOpaHHbI
Mbe30NPUBOJ

D010 IKCNIEPUMEHTATBHON YCTAHOBKH




Cxema npozpammuo-annapamnozo cmenoa usmepenuas A4X
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Ananumuueckan mooew

Pacuérnas cxema VYpaBuenne Codu Kepmen — Jlarpanxka c
K. 3 hy Kny  Harpyskod O = —MW (mpuamun /[’ AnamGepa):
— =— QKE 2 10Y 2w,
T~ | M- Di(—2+——J w,+m = =0, (i=12)
3 LA ors ror ot
| ,, w;(r,t) — nckomas yHkImu nporuda; t — Bpems;
y Rz ] Rez b o i =1 —npusox, i =2 — memOpana;
/ — M; = p;N; — KHTEHCUBHOCTH MACChI; P; — TNIOTHOCTB;
T - ﬂz - D; — npuBenénHas munHapruyeckas kE€CTkocTh Dy,
TS JUTS N-CJIOMHOM TUTACTHUHBI:
Km = M/ — KECTKOCTHh KOHTYPHOM CBS3H. D — i Eche n E hy (8, - 6)2
dopma pemenus (mporuda): W(r, t) = W(r) sin ot. okl 12(0-vE) 1-vE ‘
B 6e3pazmepnuix koopounamax o; = r(mw?/D;)Y4: E,, v, — Moy FOmra i k0. Tlyaccona
( dz + 1 ijzw_ _W. =0 Host oyl Rey< 1 <Ry; Oy, O — OpIUHATHI cepeTuHbI K-ro citost u
do2 oada) ' ' 7 mmaa, RL<r<R,. HEUTPAJIBHOTO CJI0SI CUCTEMBIL.

Pemenue B mmmunapuieckux Gynkuusax beccens, mporuObl:  I'panuunble ycioBus ais onpeaenenus C;
Wilay(r, )] = Cyo(ay) + CyYo(ay) + Calg(an) + CuKq(( 1); 1) W,(R)=0; 2) M,;(R\)+K,¢,(R,)=0;
W, [a,(r, )] = Csdy(a,) + CgYo(ay,) + Colp(a,) + CgKy(ay).

2[ 2( )] 5 O( 2) .6 0( 2) 7 O( 2) 8 O( 2) 3) WZ(RZ):O1 4) Wl(Rcl) . WZ(Rcz):O;
Yiibl TOBOPOTA HOPMAJHU !
¢y =dW,/dey= —CyJy(0y) — CyYy(ay) + Csly(ay) — CiKy(ay); 5) 01(Rc1)=0; 6) 92(R3)=0; 7) 92(R2)=0;
¢@,=dW,/da,= —C:J;(a,) — CsYq(a,) + Cly(a,) — CgKy(ay); 8) 2n(R,,Q; + R.,Q,) — M.»?W,(R,,)=0.



Ananumuueckan mooenn. Ilpooonsicenue

Panuansabie M, n okpyxHble My n3ru0aromiye MOMEHTHI:

2 2

dr> r dr rdr ' dr?
[Tonepeunsie cuinr Q(r, t): B 0e3pa3MepHbIX KOOPIUHATAX Ol U Ol
dfdz 1d
. :_D_ _ i r’t ) _ :_D-O,25m-0,75 1,5 W - t -
Q' I dr(drz r dr '( ) QI i i @ d[Li |((X'|’ )]/d(x‘l’
d> 1 d
3nech L — oneparop Jlaruiaca B onsipHbIX KoopauHarax: L. = +

do’ o, do,
Bce 8 ypaBHeHMI U3 TpaHUYHBIX YCIOBUU — ogHOpOAHBIC. OQHOPOHAS CUCTEMA:
[Akl]{Cl} = {Bk}’ Bk = O, (k, | = 1, 2, ceey 8)

Omnpenenutens det [A,;] = 0, KopHE — COOCTBEHHBIE YaCTOTHI.

IIpunsis C; = 1, u3 penieHuss HEOGTHOPOAHOW CUCTEMBI MEPBBIX 7 YpaBHEHUMN

[A{C}={B},  i=12,..7)

ONPENETSAIOTCS COOCTBEHHBbIE (POPMBI KOJI€OAHUN C OTHOCUTEILHBIMU aAMILUIATYIAMU.



Pacuemmnan mooenwv oeounou memopanvt ¢ APM Structure 3D

Cemka ¢ APM
*Yemeepmvb mooenu c
XapaKmepHvimMu
3AKpPEenIeHUAMU
*8-y3710860le 2eKcaloOpuvl

3akpennenne UX =0
UY, UZ - ceobogho

fLHERXY

g

FaTanp)
S
e Sy R,

Cxema 3akpennenusn oo
pacuemHuoun Mmooeiu e
06OUHOU MeMOpaHbL 8

APM Structure 3D

Kectkan
3a0enKa

¥

2.5 MM 7.5
T ]
5 10 mMm




Pacuemmnan mooenw 06oitnoii memopanvt 8 ANSY S

Mooenv ¢ AUTOCA

Cemka ¢ ANSYS

elloanas mooenw
«20-y310601€ 2€KCAIOPB
*10-y3710861€ mempa3’opwi
*3aKpenjienue no 00Koeou
noeepxHocmu 000ux OUCKog




| hopma uzzuonvix koneoanuii

A: Modal

Directiona | Defarmation

Type: Directional Deformation: (' Dis) u u

Frequency: 1970,9 Hz USUM[]

Unit: 1
0.9375
0.675

Global Coordinate System
02.03.2018 15:17

2,500 7,500 I(z_.x
fi ans= 1,971 Iy f1 apm= 2,073 kl'y
Ananumuyeckuit memoo Cpagnenue pe3yiomamoes
5 = [ (f,—f,")/f,]-100%
| | f1apm | Toans | Tian | T1ooken
: || faru 5 | -13 | -23
f1 ans +5 -8 -19
Fo= 1.00 Fi1= 1.991(kH=z) FM= 31.00 .
Macurab k= .5 Popma konebaHum ﬁu 1 f]__a,, +15 +9 -12
— f +30 | +24 | +14
f, =1,991 kl'uy L oxen

1l an

10



Kak nonumamo cpaenenue pezynomamoe?

6 fl APM fl ANS fl an fl IKCH
f1 A 5 | 13 | -32
Ty ans | 1O -8 -2Y
fl_an +15 +9 -22
f1oken | t47 | +40 | +28
APM
100%

T~

ANSYS APM Ananum. APM Ixen. APM
_5% e — =

-13% '
I -32%l_ :

11



Ll hopma uszeuonvix xKoneovanui

ANSYS

Directional Deformation 2
Type: Directional Defarrmation(V Axis)
Frequenacy: 4723, Hz

it mrm
Global Coordinate System USUM{']
02.05.2018 15:17

APM Structure3D

fy apm = 9,008 kl'y

5 = [( f,~f,)/f,]-100%

Cpaenenue pezyiomamos

f2 Apm

f2 Ans

f2_an

fZ_QKcn

-4

+2

+6

+2

+8

+4

+6

LB
0,000 - 5,000 - 10,000 {rrm) fn_. .
f, ans= 4,723 kY
AHanumuueckui memoo
| |
[ |
| | f2 apm
[ |
f2 Ans
FO- 1.00 F2- 4.872(kHz) m=31.00 | f,
Macurtab k= 8 DopMa konebanHun No 2 =
f fZ_QKcn

=4,872 kl'u

-2

-6

2_au

12



L chopma uzzuonvix koneovanuii

ANSYS

Type: Directional Deformation(Y Axis)
Frequency: 77636 Hz
Unit: mm

APM Structure3D

S B
0,000 - 5,000 - L0,000 (mim) f_» )
f3 ans= 7,764 kI'y f3 apm = 8,039 kl'y
Ananumuueckuit memoo Cpasnenue pesynomamoe
5 = [( f,— f,")/f] 100%
Hw/ -\'\-ui f3_APM f3_ANS f3_an f3_3l<cn
f3 apm -3 -4 +7
| | B
e ———— Tr— f3_ANS +4 '1 +11
0= 1.00 F3=_ 8.055(kHz) P=31.00 | f, +5 +1 +12
f3 .= 8,055 kl'y fsonen | -7 | -10 | -11

13



1V hopma uzzuonvix Koneoanuii

ANSYS

APM Structure3D

= ]
AAAAAA

=T
$EE2

f, apm = 13,474 kl'y

Cpasnenue pe3yiomamoes

AHanumuyeckuii memoo

,]-100%

[(T,— 1)/

§ =

~
o |
|+ |+ | F
<
Y
S N
Bt ©
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2
< NP
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2
||
< ¥+
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Zl = S
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X
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2
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!
1
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V dhopma uzcuonvix Koiedoanuil

—_— ANSYS APM Structure3D

Type: Directional Deformation(Y Axis)
Frequency: 18302 Hz

Unit: mm

Global Coordinate Systern
02.05.2018 15:17

897,77 Max
728,57
559,37

ZZZZZ

z
0,000 5,000 10,000 (rmm) I
I . x

2,500 7,500

fs ans= 18,302 kI'y fs apm = 18,984 kl'y

Ananumuueckuit memoo Cpasnenue pesynomamoe
5 = [( fs— f.")/f<]-100%

I /\\ / //"“\\_I f5_APM f5_ANS f5_an f5_9l<cn

' \_/ \_/ A R -4 +1 -2

Ih{.__ﬁff “-\__,ﬁ-"’_—_““—l f5_ANS +4 +4 +2

FO= 1.00 FS= 19.379(kHz) F= 3L.0l | 15 an -1 -4 -2

f5_au = 19,379 KFL( f5_3l<cn +2 -2 +2

15



VI popma uzzuonvix Koneovanuii

ANSYS APM Structure3D
Directional | Deformation [

Type: Directional Deformation(y Axis)

Frequency: 24061 Hz

USUML]
02.05.201% 15:18

1
IEI 9375
1396.8 Max 0678
11415
0.8125
aeg,07 075
630,69

375,31
118,92

300,84
648,22
001,61 Min

2,500 7,500

fs ans= 24,061 Iy fs apm=26,019 kl'y

Ananumuueckuit memoo Cpasnenue pe3yibmamos

5 = [( f5— T5")/f]-100%

— == fo apm | To ans | To an | T6 oxen
A~ /NN Te_apw i > 8
St ) Ly fo ans | *8 +3 -0
FO=_ 1.00 F6= 25.038(kHz) M=31.0 | 16an | 1O -3 -3
fe .= 25,038 kl'y f6 oken | 18 +0 +4




Cpasnenue pe3yiomamoes

OTknoHeHunsa & (%) pe3ynbTaToB, MOSTyYEeHHbIX YNCITIEHHBLIMU U SKCNEPUMEHTarbHbIM
MeTog4aMnm OTHOCUTENbHO aHaANMUTUYECKOro

3HayeHuns cobecrBeHHbix YactoTr  f (kW) v norpeluHocTn
Ne AHANNTUHECKUY ANSYS S (%) AlNM S (%) || OkcnepumeHT| & (%)
MeTos,
1 1,991 1,971 -1,00 2,073 4,12 1,59 -20,14
2 4,872 4,723 -3,06 5,008 2,79 5,10 4,68
3 8,055 7,764 -3,61 8,039 -0,20 6,57 -18,44
8,055 8,62 7,01
4 12,972 12,533 -3,38 13,474 3,87 10,08 -22,29
12,972 13,64 5,15
5 19,379 18,302 -5,56 18,984 -2,04 16,31 -15,84
19,379 17,80 -8,15
6 25,038 26,061 4,09 26,019 3,92 21,30 -14,93
Min: -5,6 -2,0 -22,3
Max: 4.1 4,1 7,0

17



Buvieoowt

1. UccnenoBanus nepBbix 6 COOCTBEHHBIX (POPM M 4aCTOT
KOJIEOAHW MOJIEIN JIByXMEMOPAHHOI'O MTbE30MPHUBOAA IMOKA3AIIO0
MOJHYIO0 COCTOSTEIbHOCTh AaHAIMTUYECKOM METOIUKH.

2. CpaBHEHHE PE3YIbTATOB YMCICHHBIX METOJIOB OTHOCHUTEIIBHO

AHATUTUYECKOTO JTAJI0 MAKCUMAJIbHYO TTOTpeHOCTh 4,1 % Kak B
ANSYS, tak u B APM Structure 3D.

3. Cy1iecTBEHHbIE OTKIOHEHUS SKCIEPUMEHTAILHOTO METO1a
OOBACHSIOTCS HE MOJHOM aJICKBATHOCTBIO PACYETHOM MO/ICIIH.
[IpakTHYECKM BCE N3MEPEHHBIE YACTOTHI OKA3AJIMCh HUKE
pacyYETHBIX M3-3a HEYUYTEHHBIX MacC (Taek, mMauno, JIUHbI
CTEP>KHS).

18



APM Structure 3D ¢ pacueme mukpo (nve3o) ycmpoiicme

HHocmouncmea

BrIcokas 1OCTYIIHOCTb.
OTIU4HOE COOTHOUICHUE LIEHBI U
BO3MO>KHOCTEM.

KoppekTHOoCTh pacuera npu

[IPABUJILHOM MOCTAHOBKE 3a/1a4M.

[IIupokne BO3MOKHOCTH
pEIAKTUPOBAHUS MOAEIN HA
JT000M 3Tare MOACITUPOBAHUS.

Pa3nnuHbie coueTaHus Harpy3oK.

MHoroo6pasue CBOMCTB
(HarpuMep, y4eT aHU30TPOITHU
MOAYJIS YIIPYTOCTH).

[IpocTast pabota B pydyHOM
pEXUME C Pa3HBIMU BUIAMHU
AIIEMEHTOB

Heoocmamku

Heo0xoaumMocTh KOHTPOJIS 3a
Ka4y€CTBOM aBTOMAaTUYECKHU
T€HEPUPYEMOM CETKHU U
KOHTAKTOB (3TO BIUSCT Ha
TOYHOCTB pacyueTa).
«OcTtopoxkHas» padboTta co
CJI0KHBIMU 00BEMHBIMHU
KCHOPTUPOBAHHBIMHU
MOJEISIMHU.

HeOosb1oit kpyr
BO3JICHUCTBUM (HET
MbE30JIEKTPUUECTBA U T.11. )
Majio (110 CpaBHEHUIO C
npyrumu KD nakeramm)
BHJIOB AJIEMEHTOB

19



Cnacuoo 3a enumanue!
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