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AHHOTaLUA

[IpencraBnern mpomecc MOCTPOSHHUS MOICITH
MarHUTHOH CHCTEMBI MAarHUTOXXHAKOCTHOTO YIUIOTHE-
HUsSI TIPH TTOMOIIM MPOrpaMMHOro obecreueHus femm
4.2. TlpuBemeHsl pe3ynbTaThl pacyeTa KOHEYHO-
9JIEMEHTHOTO MOJETHPOBAHUS MAarHUTHOTO MOJIS. BbI-
SIBJIGHO, UYTO KOHEYHO-3JIEMEHTHOE MOJICTUPOBAHKE

Cceviika 018 yumuposamus.

MarHUTHOTO IIOJII MO3BOJISICT KAa4eCTBEHHO OLICHHUTH
paboTOCIOCOOHOCTh MArHUTHOH CHCTEMBI MarHHTO-
KUAKOCTHBIX YIUIOTHECHHH.

KnroueBble cj10Ba: KOHEYHO-3JIEMEHTHOE MO-
JIeIUPOBAaHUE, 110/1€, YIUIOTHCHUE, UHAYKIUS.
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Abstract

The paper shows the process of constructing a
model of a magnetic system of a ferrofluidic seal by
means of femm 4.2. The results of a finite element
simulation of a magnetic field are presented. It is found
out that finite element modeling of the magnetic field
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gives the opportunity to assess qualitatively the effi-
ciency of the magnetic system of ferrofluidic seals.

Keywords: finite element modeling, field, seal,
induction.
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Beenenue

PazpaboTka KOHCTPYKIMH Marluro-
KHUAKOCTHBIX yruioTHeHu (MXKY) sBnsercs
aKTyaJbHbIM  HallpaBI€HHEM B  O0JIaCTH
YIUIOTHUTEJIBHOM TEXHUKH. B OCHOBHOM OHM
CIy’KaT JUIsl 0OecreueHus 3aIlUThl MO IINII-
HUKOBBIX Y3JIOB 00OpYIOBaHHS pPa3iIHuHOTO
Ha3HauyeHHWs. B 3aBUCHMOCTH OT YCIIOBHMU
JKCIUTyaTalliyd TEXHOJIOIMYECKoro o0opynao-
BaHUs NPUMEHAIOTCA KOHCTpykuuu MIKY ¢
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MarHUTHBIMH CHCTEMaMH, COCTOSIIUMH W3
MOCTOSTHHBIX MarHUTOB HJIM MarHUTHBIX dJia-
CTOMEpHBIX MarepuanoB. [ljis TOro 4YroObI
TEOPETUYECKH OLIEHUTh 3(PPEKTUBHOCTH pa-
OOTBI MarHUTHOW CHCTEMBI TaKHX YIUIOTHE-
HU, HEOOXOIUMO IMPOBECTH COOTBETCTBYIO-
IIIMe PacyeThl MATHUTHBIX ToJieit [1].
Bnepssie TepMuH "KOHEUHBIN 371€MEHT"
("finite element") 6pu1 ynorpebnen P. Kia-
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dom B 1960 rogy. UMeHHO 3TOT TOA cpeau poBaHWMsI JieTaneli 000pyIO0BaHUS PA3TUIHOTO
MHOTHX MEXaHHKOB U MAaTEMAaTHKOB CUHTACT- Ha3zHaveHUus. J[aHHBI METOJl XOPOIIO CIIPaB-
Csl TOZAOM CO3JaHUS METOJa KOHEUHBIX 3Jie- JISIeTCS TIPU pacueTe MArHUTHBIX MOJICH, TaK

mentoB (MKD) [2]. KaK OH ITO3BOJISET JOCTOBEPHO OIKMCATh pac-
Ceronns MKD Bo BceM Mupe sBisercs YETHYIO 00JIaCTh, TEM CaMbIM YMEHBIIUTH MO-
HEOTHEMIJIEMOM YaCTBIO MpoIEecca MPOEKTH- IPENIHOCTH B BhIUKMCIICHHSX [3, 4].

OcHoBHAAl YaCThH
KoneuHo-31eMeHTHOE MOJIEIMPOBAHUE [5] Ha mpumepe pa3pabOTaHHOTO YILJIOTHE-

MarHUTHBIX TOJIEH BBINOJHAJIOCH MPU TOMO- HHSL, IPECTaBICHHOro Ha puc. 1 [6].
Iy nporpammuoro obecrniedenuss FEMM 4.2.

Puc. 1. MarHuTOXUKOCTHOE YIIJIOTHEHHE Baia
1 — xopryc; 2 — MarHWTHBIE 3JIaCTOMEPHBIE IaH0bI
Fig. 1. Magnetofluidic shaft seal
1 — housing; 2 — magnetic elastomeric washers

ITocne 3aIlyCKa KOMHBIOTepHOfI Ipo- B pa60qu II0JIE IOABJIAJIOCH BCINIBIBAKOIICC

rpamMbl femm 4.2. coznaBasics HOBBIH (aiii ¢ OKHO, MPE/ICTaBIEHHOE Ha PHUC. 2.
nomotipo koMadasl File > new. [Tocne yero

Create a ne oblemn =
|Magneﬁcs Froblem j
Ok Cancel |
Puc. 2. Co3nanue HOBOM MarHUTHOM 3a0aun
Fig. 2. Creating a new magnetic problem
B Bosmmkmem okne Create a new 3amaun. [locne BeIOOpa THMA 3amaud Mpo-
problem BeiOupancs Tum 3amaun Magnetics rpaMMa aKkTHBHpOBana pabodee MPOCTpaH-
Problem, uro o3nauaer pernieHHe MarHUTHOM CTBO, TIPEJICTABJICHHOE Ha puUC. 3.

JEIF -s“:@: g"“are-g ‘gaﬁ-ﬁe:-x‘g

o

CIES

[l F|s 2| == [viBlole

2 v |
{e=4,0700.=0 0900)

Puc. 3. Pabouee npoctparcteo femm 4.2
Fig. 3. femm 4.2 workspace femm 4.2
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Janee B meHto Problem 3anyckasnock okHO HacTpoiiku ycioBui 3aaauu (Problem Definition),

MPEACTaBICHHOE Ha pHC. 4.

Problem Type
Length Units
Frequency (Hz)
Depth

Solver Predsion
Min Angle

Smart Mesh

AC Solver
Previous Solution

Prev Type

Comment

IAxssymmetric LI
| Millimeters LI
[0

| 1e-008

| 30

|on =
ISucc. Approx L’
|

|None L'

Add comments here.

OK | Cancel

Puc. 4. OkHO HaCTpOMKH YCIOBHI MarHUTHOM 3a7auu

Fig. 4. The window for setting the conditions of the magnetic problem

B paccmarpuBacmMoM okHe Ha (puc. 4)
BBOJIMJIMCH CIIEYIOIIHE YCIOBHS:

e Problem Type (tunm 3amaun)
Axisymmetric (OcecummeTpuyHas 3a1a4a);

e Length Units (exuHuIpl H3MepeHus)
— Millimeters (MuutuMeTpsi);

e Frequency,Hz (gacrora nuranus) —

0;

e Depth (rnyomuna) — 1 ( mocrostHHA
JUI OCECUMMETPUYHBIX 33/]1a4);

e Solver Precision (To4HocTs pacuera)
— 1e-008;

e Min Angle (MuHMMANBHBIA OITY-
ctumblit yroa cetku) — 30;

e AC Solver, Previous Solution, Prev
Type — mocieaHue TpH MapaMeTpa OCTAIOTCS
[0 YMOJIYAHUIO, TaK KaK OHU CXOXHU € 99 %
CIIy4Yacs.

Crhenyromuii 3tan HCCIACIOBaHUS 3a-
KITI0YaJcs B mocTpoeHnu monaenu MXKY Bana
(puc. 1). [lns storo B pabouem moine (puc. 3)
BBOJIMJICh TOYKH KOOPAHMHAT, KOTOPBIE YKa-
3aHbI B Ta0. 1-3.

Tabmuma 1
KOOp,Z[I/IHaTLI AJI1 TIOCTPOCHU A MArHUTOIIPOBOAHOT'O Bajia
Table 1
Coordinates for the construction of a magnetic shaft
R Z
0; 0; 50; 50 0;75;0;,7,5
Tabmuma 2
KOOleI/IHaTBI JJIL TIOCTPOCHUA MAarHUTOXKHUJIKOCTHOTO YIINIOTHCHUSA
Table 2

Coordinates for the construction of a ferrofluidic seal

R

z

21: 21: 22; 22; 23; 23; 24; 24; 25: 25: 26; 26;
27: 27; 28; 28; 29; 29; 21: 20; 20; 30; 30; 29

7,17
7: 17

717717 7;47;7;: 17;: 7; 17; 7; 17; 7; 17;
11; 11; 18; 18; 11; 11
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Tabnuma 3

KoopaunaTsl rpaHUIlbI HCCIIEyEMOT0 IPOCTPAHCTBA

Table 3

Coordinates of the studied space boundary

R

z

0; 0; 50; 50

0;24:24:0

[Tocnme TOro, Kak KOHTYp MOJEIH
VIUIOTHEHUsI ObUT TMOCTPOEH, YKa3bIBAJIUCH
Marepuabl, KOTOPbIE B JaJbHEHUIIEM HCIIOJIb-
30BaJINCh MPU pelIeHUH 3aaa4yu. [[is storo B

pabodem mpocTpaHcTBe (puc. 3) BBHIOHPATOCH
menio Properties — Materials, Bei3biBaroriee
oxno Block Property (puc. 5).

Name I Air
BHCurve  [Linear B-H Relationship |
Linear Material Properties
Relative pf 1 Relative g, |1
P 1dea o #., 99 [o
Nonlinear Material Properties
I ‘hmax ,deg |0
Coercivity Electrical Conductivity
H_ +Afm 0 o ,Msm |0
Source Current Density
3,mam~2 [0

Special Attributes: Lamination & Wire Type
INot laminated or stranded

=l

Lam thickness, mm |0 Lam fill factor 1
! | Number of strands |0 Strand dia, mm |0

Name IMagnehcrubber
BHCurve  [Linear B-H Relationship =l
Linear Material Properties
Relative 1 |1 Relative g2, |1
S des [0 #., +dea [o
Nonlinear Material Properties
dit B-H Cur | ‘hmax , deg [O—
Coerdvity Electrical Conductivity
H_ s Ajm 190000 O ,MSjm | 4%e-012
Source Current Density
3, MA/m~2 |o
Special Attributes: Lamination & Wire Type
INot laminated or stranded j
Lam thickness, mm I 0 Lam fill factor 1
Number of strands I 0 Strand dia, mm |0
ok | cancel
a)
Name [ steel-as
BHCuve  [Nonlinear BH Curve ~|
Linear Material Properties
Relative £ |1 Relative 4, I 1
@i 1des [0 $, 149 [0
Nonlinear Material Properties
Edit B-H Curve | ‘hmax ,deg |0
Coerdivity Electrical Conductivity
HE Afm 0 O ,MS/m 5.51
Source Current Density
3,Mam~2 [0
Spedial Attributes: Lamination & Wire Type
INot laminated or stranded LI
Lam thickness, mm |0 Lam fill factor |1
Number of strands | 0 Strand dia, mm I 0
ok | cancel

B)

ok | concel |

6)

Name IPlasoc

BHCurve Linear B-H Relationship

=]

Relative g, |1
S b9 [0

Linear Material Properties
Relative f2 1
‘I’r , deg 0

Nonlinear Material Properties

| 'mx’deq 0
Electrical Conductivity :
0

O ,M5/m |0
Source Current Density

3, MA/mA2 [o

Spedal Attributes: Lamination & Wire Type
INot laminated or stranded Ll

Lam thickness, mm |0 Lam fill factor 1
Number of strands |0 Strand dia, mm |0

OK

Coercivity
HENe Afm

Cancel

r)

Puc. 5. CBoiicTBo 670Ka MaTepraioB
a — MarHuTHas pe3nHa; 6 — BO3AyX; B — CTallb 45; T — IIIaCTHK
Fig. 5. Property of the block of materials
a — magnetic rubber; b — air; ¢ — steel 45; d — plastic
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Jlanee ¢ momortibio koManapl Run mesh OuBajach Ha KOHEYHBIC JIEMEHTHI (pHc. 6).
generator moctpoennass mojens MKV pas-

prietic rubber < .
agnetic rubber

B paanaJibHOM HallpaBJICHUA
Fig. 6. Triangulation of the calculated area of the seal
magnetized in the radial direction

[Tpu momoum xomanasl Run Analysis JIeJICHUs] MAarHUTHOTO MOJIsl U MarHUTHOW WH-
3alyCKaJICs aBTOMAaTUYECKUM pacdeT MOJAEIN aykuuu (puc. 7).
C MOCJIEAYIOIIMM BBIBOJJIOM KapTHHBI pacrpe-

6.207¢-001 : >6.628e-001

3.646¢-001 : 3.9776-001
3.314e-001 : 3.646e-001
2,9832-001 : 3.3148-001
2,651e-001 : 2,983e-001
2,320e-001 : 2,651e-001

6.6202-002 ; 9.9422-002
3.314e-002 ; 6.620e-002
0.0000+000 : 3.314¢-002
. | Density Plot: 18], Tesla

B, Tesla
0.4+
0.3+
0.2+
0.1+
0 + t t + y
0 10 20 30 40 50 Anuua, mm

6)
Puc. 7. PCBYJ'IBTE[TBI HUCCIICAOBAHNUA B pa60qel71 30HC YIUIOTHCHHS, HAMAarHn4€HHOI o
B OCCBOM HaIIpaBJICHUU IPH PACIIOJIOKECHUN OJHOMMEHHBIMU MTOJIFOCAMU APYT K APYTY
a — pacrpeAC/ICHUE MaruuTHOTO OJIA; 0-— pacopeaejicHue MarHHUTHOM UHAYKINN
Fig. 7 . Results of the study in the working area of a seal magnetized in the axial direction
when the poles of the same name are placed to each other
a — distribution of the magnetic field; b — distribution of magnetic induction
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Pesynbrathl MosenupoBanus Ha (puc. 7
a, 0) MOKAa3bIBAIOT, YTO CHIJIOBBIC JTMHHUU Mar-
HUTHOTO TIOTOKa COCPEIOTAYUBAIOTCS B pabo-
4yeil 00JIaCTH YIUIOTHUTEIBHOTO YCTPOWCTBA
(puc. 7 a), a MakcUMaJbHOE 3HAYEHHUE Mar-
HUTHOHW WHAYKIMH B pabodeil obOmactu
yIioTHeHust coctapisier nopsiaka 0,37 Tn

3akiioueHune

1. MoaenupoBaHue MarHUTHBIX IOJICH
MerogoM MKD mno3BossieT pemiaTh KOMILIEKC
3a/1a4, CBS3aHHBIX C IIOCTPOECHHUEM palUo-
HAJIBHOW KOH(HUTypaMi MarHUTHON CUCTEMBbI
MarHUTOXXHUIKOCTHBIX YIIJIOTHEHUH.

2. Ilpumenenne MKD npu Teopernde-
CKOM MCCIJIEIOBAaHUM IIpOLiecca pacnpocTpa-
HEHUSI MAarHUTHBIX TMOJIEH MarHUTOXHUIAKOCT-
HBIX YIUIOTHEHHMH MO3BOJIAET U30€XKaTh Marte-
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