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Induksion levitasiya sisteminin is prinsipino osaslanmis bir sira elektrotexniki qurgularm hiindiirliiyiinii
azaltmag va mexaniki dayaniqligini artirmaq {iglin asas parametrlor arasindaki qarsiligh alage askar sokildo
verilmisdir. Levitasiya ekranmin maksimal hiindiirlityii ii¢iin alinmis riyazi ifadedon miioyyan olunmusdurki,
layihs tapsiriginda verilon parametrlori nozors almagqla levitasiya hiindiirlitylinii azaltmaq miimkiindiir.

Acar sézlor: induksion sistem, levitasiya ekrani, levitasiya hiindiirliiyii, ekranin hiindiirliiyii, mexaniki
giivva, giivvo omsali, coroyanlar.

Giris:

Qiivve ¢eviricilorinde, yerdoyismo otiiriiciilorinds, izloyici qurgularda ve basqa
elektrotexniki mexanizmlordos aliimindon hazirlanmis levitasiya ekrani istirak edir [1]. Homin
mexanizmlords ekranin levityasiya hiindirliyii h onun agirhiq qlivvesindon P,
hiindiirlitytindon  h,, gida monbayinin gorginliyinindon U; vo tezliyindon w, isci hava
araliginin xiisusi maqnit kegiricisindon A, tosirlonma dolaginin sargilar sayindan W; vo
hiindiirliiytindon h; asilidir [1]. Ekramin hiindiirliiyiinii h, azaltmaqla qurgunun imumi
hiindiirliiylinii azaltmaq ve mexaniki dayanigligini yiiksaltmok zarurati yaranir. Magalonin
mogsadi induksion levitasiya sisteminin osas parametrlori arasinda qarsiliglt olagolori
yaratmagqla ilkin hesabimi aparmaqdan ibarotdir. ilkin hesablamalar naticasindo levitasiya
ekraninin hiindiirliiyliniin azaldilmasi yollar1 aragdirilacaqdir.

Induksion levitasiya sistemi asasinda qurulmus elektrotexniki qurgularin nazariyyasina
Vo eksperimental tadgiqins bir sira elmi moagalalor vo monografiyalar hasr olunmusdur [1-7].
Lakin onlarin hec birinds induksion levitasiya sisteminin ilkin hesabina baxilmamisdir.

Masalonin qoyulusu:

Sokil 1-do miixtolif toyinatli elektrotexniki qurgularda istifado olunan tiicbucaqli
induksion sistemin prinsipial sxemi verilmisdir. Ugbucaql induksion sistem polad niivadon 1,
orta cubugun asagi hissasinds yerlogdirilmis doyison Caroyan dolagindan 2 va siirtiinmasiz
yuxari-agagl harokot edo bilon levitasiya ekranindan 3 ibaratdir. Dayigson caroyan dolaga
verilon gorginliyi U; miioyyoan diapazonda avtomatik doyisonds levitasiya ekrani orta ¢ubuq
boyu harakat edir. Naticads levitasiya hiindiirliiyii h doyisir vo ekranla mexaniki slagods olan
isci mexanizmin saquli gedisi tonzim olunur.

Digor hallarda isci mexanizm torafindon ekrana mexaniki qiivva tosir edir vo levitasiya
hiindiirliiyi h azalir, dolagdaki carayan I; artir [1,2]:

L= EE+r, (1)

burada P, — ekranin agirliq glivvasi; P, — mexaniki qiivve; A — paralel ¢ubuglar arasindaki
hava araliginin xiisusi maqnit kegiriciliyi; W; — dolagin sargilar say1. Levitasiya ekranindan
axan carayan I, dolagin carayani I; ilo diiz miitanasibdir:
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Osas parametrlori giivvo omsali n, ilo ifado etdikdo hesablamalar

Sok.1. induksion levitasiya sisteminin prinsipial sxemi.

parametrlor arasindaki qarsiligl alagoe askar sokilds tosvir olunur.

Qiivvo amsali tayin olunur [4,5]:

Bu ifadoadon dolay1 yolla agirliq qiivvasi hesablana bilor :
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Onda (1) vo (2) asagidak: sokildo yazila bilor .

1 |2 .
I = Aina,
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burada b, ~ 0,97+0,98 — ekranla dolaq arasindaki elektromaqnit olago amsalidir [1].

Digor

materialin (aliiminium) xiisusi cokisindan asilidir [6,7]:

Py =0¥alz - Cy - hy
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torofdon agirhiq giivvasi ekranin hondasi olciilorindon vo onun hazirlandigi

(")



burada y, = 1,72 - 103 kg/m3 — aliiminiumun xiisusi cokisi; C, Vo h,-ekranin qalinlig1
Vo hiindirliiyii; [,- ekranin en kasiyindon S, = C, - h, kecan caroyanin I, yolunun orta
uzunlugu;
g=9,81m/s?.

Sokil 2-do ekranin Slciilori verilmisdir vo hamin sakildon tayin olunur

I, = 2 (2a+h) + 8, + 4C,. )

Burada A, =0,5mm
Qoyulmus masalani hall etmok tigiin levitasiya hiindiirliiyii h vo magqnit kegiriciliyi A
ticlin malum diisturlardan istifado edok:

__KyUis  hy hq.
h= oWy J2AP, 3 3 ©)
1=2pc |me +2,921g (1+ ml)] , (10)

burada m, = b/c; my,=bla; u.=4m-10"7 N/m

Masalanin halli:
(7) va (9) —dan levitasiya hiindiirliyiiniin Ay, A; Vo C, parametrlorindon asililiginin riyazi
ifadosini aliriq

h =%(“;+%) (11)
Burada
h >0; (12)
Ao = JMATC— : (13)
Ay =t (14)
C, < 14-1073M. (15)

Elektromagnit sahanin f= 50 Hs-do aliimin materialina niifuz olunma darinliyi 14mm-
don boyiik olmadigindan hesablamalarda levitasiya ekraninin qalinligi C, verilmis sorto (15)
asasan segilir (sokil 2).

A, parametrinin giymoti layihs tapsiriginda verilonlordon asilidir. Asagida verilonlor
ugin
A;- i hesablayaq

Uy =220 V; w =314 1/S; W, = 1000; g=9,81 m/s>
Ve = 1,72 - 103kg/m3; k, = 0,96

Bu halda (8)-dan aliriq A1 = 3661, 429-10°.
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(11) diisturundan goriiniir ki, levitasiya hiindiirlityiiniin gqiymati induksion sistemin ¢oxsayli
parametrlarindon asilidir.
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Sok.2. Levitasiya ekraninin sxemi.

Bu asililig1 askar sokildo yazmaq {igiin asas ol¢iileri a, b, ¢ va I, — ni ¢,, m,, vo m, ilo ifads
edok:

C=cy+ 24,
b=m,-c=m, (cy+24);

_b _me i
a= —ma(cz+2A0),

1, =2((2a + b)+4c,+8A,) = 2 n";— (2+mg)(cy+200)+4c,+8A, .

Onda
Ag =2 (16)
Burada
B=\L, e, (17)
yaxud

B =\/zuo [me +2,921, (1 + ml)] |2 T (24 m)(ep + 280) +4C, + 84, |- C;

Sonuncu analitik ifadadon A, parametrlorinin asas o6lgiilordon vo 6l¢iisiiz amsallardan

asililig agkar gorunur.
(11) diisturuna asasan levitasiya hiindiirliiyliniin maksimal qiymatini tayin edok

dh _ d (Ao P2 _
dh,  dh, (\/h_z 3) 0. (18)
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Aliriq:
Ay 1

2Jh3, 3

h, = /2,25 A2,

Levitasiya elementinin hiindiirliiyti h, A, parametrindoan, sonuncu iss A; vo B-don
astlidir

(19)

_ 3 ﬁ)z — 3 A21
hy = ¥2,25( /z.zsmz_cz. (20)
Codval 1-do Al,, I, Vo A —nin giymatlori verilmisdir.
Cadval 1
A, I, vo /AL, parametrlorin giymatlori
Mq
mg 2 3 4 5 6 AL,
8,03 7,31 6,87 6,57 6,36 AxX 10"°HN/M
2 168 149,324 140 134,4 130, 666 I, X102 M
1161, 148 1044, 776 980, 714 939, 685 | 911,611 AL, x 10¢
10,5 9, 81 9,38 9,09 8,87 Ax 107% HN/m
3 224 196 184 173,6 168 I, x1073m
1533, 623 1386, 636 1313, 742 | 1256, 194 | 1220, 721 /21, x 10
13,1 12,3 11,9 11,6 11,4 Ax 10~¢ HN/m
4 280 242,666 224 212,8 205, 337 I, X103 m
1915, 202 1727,655 | 1632, 666 1571, 139 | 1529,980 AL, x 10-5
15,6 14,8 14,4 14,1 13,9 Ax 10~ °HN/m
5 336 289,333 266 252 242, 666 I, x1073m
2289454 | 2068, 139 | 1957, 140 1884, 993 | 1836, 588 7T, x 10~
18,1 17,3 16,9 16,6 16,4 Ax 10~¢ HN/m
6 392 336 308 291, 2 224 I, X103 m
2663, 681 | 2410,974 | 2281, 490 2198, 617 | 1916,663 | /77, x 10~

(20) - don goruniirki, h, — ni azaltmaq ligiin Al, - C, hasilini artirmaq lazimdir. Bu halda
induksion sistemin hiindiirlilyiinii azaltmaq olur. Olgiisiiz omsal m,, artdiqca A va I, azalirlar,
digar ol¢iistiz omsal m, artanda iso homin parametrlor artirlar.

h > 0 sortini (11) diisturunda nazors alaq:

Ao (t i)

> (35 (1)

Alinan riyazi ifado osasinda levitasiya hiindiirliiyliiniin minimal qgiymatini toyin etmok
cotin deyil. (21) — ci diisturu nozoro almagla (12) —(20) riyazi ifadslor asasinda induksion
levitasiya sisteminin ilkin hesabini aparagq.

Verilir: 220V; W =1000; w=314; g=9,81 1/san? y,=1,72- 103kg/m?
Ao =0,51073m; €,=13-1073m; 1, = 1.

Asagida verilmis alqoritmdon istifads edirik.
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1. Hesablayiriq

 Kyus 0,96-220
17 owi/2qva  3141000y2:9,81-1,72-10°

=3661,429 - 1077 ;

JC2=v13-10-3=114-0,17 - 1073,
2. Cadval 1-dan secirik
A=14,4-10"°HN/M; mg,=4; m.=5; L, = 266 103m,

Vo hesablayiriq

JAl, =/14,4-1076- 266 - 10~3 = 1957,140 - 107°.
3. Hesablayiriq

Ay _ 3661,429-107°

- .10—6- .10-3
,/112'\/C_2 1957-1076-114,017-10

h, = 32,25 A2, = 32,25 - (16,408 - 10-3)? = 84, 618- 1073m ;

Ao = =16, 408- 10~3;

Ao _ 16,4081073 _ 10-3 .
T Jetetsios 56, 406- 107~ ;

h
ha ﬂ — (84-,618
3 3

+ @) . 1073 =50,206 - 1073,
3 3

4. Levitasiya hiindiirliiyii:
h = (56, 406 — 50, 206)- 1073 =6,2 - 1073,
5. Yuxarida verilmis sort (21) 6donildi:
56, 406 - 1072 > 50, 206 - 1073

Hesablamalar davam etdirmak olar:
6. Hesablayiriq

C=c, +20,=(1342-0,5)-1073 =14-10"3m;
b=m,-c=5-14-10"3m;

_ b _701073
a=—=

mq

=175-1073m ;

Sc=2ab=2-70-17,5-107°=2450- 10~°m? ;

S, =c,-h,=13-84,618 - 1076 = 1100,034 - 10~6 m?;
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_ hy, _ 84,618 _ .
N2 = =3 =6,5;
2

,=2 (2a+b) +8 Ay +4C, =2 (2-17,5 + 70) - 1073+ 8:0,5- 103+
+4-13- 1073 = 266 - 10~3m.

[, — nin avvalki giymati alindi.

7. (11) disturuna osason levitasiya hiindiirliiyliniin h ekranin hiindiirliiyiindon h,
astlihigimi tayin edirik:

h, =80 mm va h; =66 mm olanda h = 9,5 mm; h,+ h =89,5 mm
h, = 84,6 mm vo h; = 66 mm olanda h= 6,2 mm; h,+h =90, 8 mm
h, =90 mm va h;= 66 mm olanda h = 2,7 mm, h,+h = 92,7 mm

Hesablamalardan goriiniir ki, birinci variantda imumi hiindiirlik daha kicikdir (89,5
mm). Ona gora do ilk névbads ekranin hiindiirliiyiinii azaltmaq mogsads uygundur.

Natica:

Qiivva ¢eviricilarinin, yerdoyismo Otiiriiciilorinin, izloyici qurgularimin vo basqa
elektrotexniki avadanliglarin asas hissasi induksion levitasiya sistemdir. Homin avadanliglarin
mexaniki dayanighiginmi artirmaq tigiin induksion sistemin hiindiirliiyiinii azaltmaq lazimdir.
Alinmis riyazi ifadslordon miisyyan olunmusdurki, levitasiya ekraninin hiindiirliyiinii vo
levitasiya hiindiirliiylinii azaltmaqla induksion sistemin hiindiirliiylinli azaltmaq miimkiindiir.
Naticods levitasiya ekraninin minimal qiymati vo levitasiya hiindiirlityiiniin maksimal giymati
ti¢iin riyazi ifadalor alinmisdir. Homi riyazi ifadolor asasinda induksion levitasiya sisteminin
ilkin hesabinin metodikasi islonmisdir.
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NPEJABAPUTEJILHBIN PACYET WHIYKIIMOHHOM
JEBUTAIIMOHHOMN CUCTEMBI

ABJIYJIUIAEB 51.P., INPUEBA H.M., MAPY®OB U.M., TAHUEBA H.A.

OCHOBHBIM y3J10M IIpe0Opa3oBaTesecii yCUINN U EpEMEILIEHUH, CIEIAIIMNX YCTPONUCTB U
OPYTUX DJIEKTPOTEXHUUECKUX OOOpYIOBaHUI SBISETCS WHAYKIIMOHHAS JIEBUTALIMOHHAS
cucreMa. YToObl yBEIMUYUTh MEXAaHHMUYECKYIO YCTOHYMBOCTH HAa3BaHHBIX 00OpYyIOBaHUI
ClIeAyeT YMEHBIIUTh BBICOTY MHAYKIIMOHHOW cucTeMbl. Ha OCHOBE HOJy4€HHBIX
MAaT€MAaTUYECKUX BBIPA)KCHUM OCHOBHBIX I1apAMETPOB YCTAHOBIEHO, YTO YMEHBIIECHUEM
BBICOTBI JIEBUTALIMHHOTO 3KpPaHa U BBICOTHI JIEBUTALMUU MOXHO pEIIATh IMOCTAHOBICHHYIO
3agayy. B pe3ynbraTe HCCIEHOBAHMA IIOJMYyYEHBbl AHAJUTUYECKUE BBIPAKEHUS IS
MHUHHUMAJIBHOTO 3HAYE€HUs BBICOTHI KpaHa U MAaKCUMaJbHOTO 3HAYEHUS BBICOTHI JIEBUTALUU.
CornacHo 3TUX BBIp@XCHHUH pa3pabdoTaHa METOJUKA MPEIBAPUTEIHLHOTO pacueTa HHAYKIIMOH-
HOU JIEBUTALIMOHHON CUCTEMBI.

KnwueBble cioBa: WHAYKIIMOHHAA CHCTEMA, JICBUTAITHOHHBIN OKpaH, BBICOTa HeBHTaHHﬁ, BbICOTaA
OKpaHa, MEXaHU4YCCKas CuJia, KOSq)(i)I/IL[I/IeHT CHJIBI, TOKH.

PRELIMINARY CALCULATION OF THE INDUCTION
LEVITATION SYSTEM

ABDULLAEV YAR., PIRIYEVA N.M., MARUFOV LM., GANIEVA N.A.

The main node of the transducers of efforts and movements, tracking devices and other
electrical equipment is the induction levitation system. In order to increase the mechanical
stability of the mentioned equipments, the height of the induction system should be reduced.
On the basis of the obtained mathematical expressions of the basic parameters, it has been
established that by decreasing the height of the levitational screen and the height of levitation,
it is possible to solve the resolved problem. As a result of research, analytical expressions for
the maximum value of levitation height were obtained. According to these expressions, a
technique has been developed for the preliminary calculation of an induction levitation
system.

Keywords: induction system, levitation screen, levitation height, screen height, mechanical force, force
coefficient, currents.
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