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Elm vo texnikada miniatlirlogdirmo tendensiyast daha ¢ox submikron dogqiqliklo
manipulyasiyalar {i¢iin imkanlar1 tolob edir. Mikro vo nano manipulyasiya {iciin, ki¢ik olctilii vo ultra
yiiksok daqiqlikli yerlogdirms vo manipulyasiya cihazlarina olan talabat zamanla artmaqdadir. [1]

Pyezoelektrik addim miiharriklori son onilliklor arzindo tibbi alstlor vo elektronika, moisot
texnikasi kimi sahalords genis sokilds istifads edilir va ugurla totbiq olunur. Buna asas yiiksok siirat,
stirotli cavab, sossiz islomo, kompakt Olglisii vo s. iistiin xiisusiyyotloro malik olmasidir. [2]
Pyezoelektrik miiharriklor mohz  pyezoelektrik effektinin kicik Olciisiine gora yiliksok doqiq
yerlogdirmoni tomin edir. Otalotli pyezoelektrik miiharriklori ilk olaraq 1980-ci illorin ortalarinda
laboratoriyada yerlosdirmo tatbiglori liglin hazirlanmis, son illordo iso miniatiir texnikada genis
totbig olunmaga baslamisdir. Otalotli pyezoelektrik miihorriklorin arasinda xiisusi olaraq addim
miihorriklorinin todqigatinin aparilmasi nanoyerdoyismolor (mikroaddim rejiminin istifadosi) totbiq
olunan mihorriklords, yiiksok doqiq noticolorin alinmasi, minimal xotalarin olmasi vo asan
istifadoyo malik olmasidir.

Otalotli pyezoelektrik addim miiharriklorinin sadslosdirilmosine osas veroan sobob vahid bir
signal torofindon idaro olunmaya malik olmasidir. Bu miihorriklordo gofos manipulyasiyast vo
mikro vo ya nanoyerdoyismolor zamani asagi giic totbiq olunur. [3, 4, 5] Zhang et al. torofindon
2012-ci ildo otalotli pyezoelektrik miiharriklori haqqinda ilk olaraq odobiyyatda tosvir olunan
miihorriklorin genis toforriiatlar1 verilmis, miixtolif miitharriklorin strukturu vo funksional prinsiplori
otrafli izah olunmus vo bozi performans molumatlar1 konspektlosdirilmisdir. Lakin yiiksok
tezliklordo foaliyyot goOstoron otalotli pyezoelektrik miihorriklor hagqinda tam arasdirmalar
aparilmamasi bu miihorriklorin miixtolif aspektlori daha genis todqiqatina osas vermisdir. [5] Belo
ki, movcud pyezzoelektrik addim miiharriklorinin islomasi zamani - miihorrikin ani yiiklonmodon
sonra siirot yigmasina zaman sorf olunmasi, isloms rejimi dayananda is¢i voziyyatini tam barpa edo
bilmomosi, eyni 8l¢li vo parametrlors malik miixtolif név addim miihorriklori ilo miiqayisado
verilon giliciin asagi olmasi, onlarin mohz giic xarakteristikalarinin yaxsilasdirilmasina zomin
yaratmigdir. Belo ki, miihorriki haddindon artiq yiiklonma olmadan, parametrlorino uygun olaraq
islomasi tigiin gliciin qiymatini bilmak vacib amillordondir.

Hoall iisullan. Otalotli pyezoelektrik addim miherriki (OPAM) 6z konstruksiyasinda
slirtlinmo yaradan hissoalora malik olmayan, etibarlilig1 vo istismar miiddati olduqca yiiksok olan
bir miihorrikdir. OPAM konstruksiyas1 asagidaki sokildo gostorilmisdir (Sakil).

Otalatli pyezoelektrik addim miiharriki li¢lin imumi glic asagidaki ifadedon tapilir:

Pg = Pp; + Pp )

Miiharrikin valindaki mexaniki giic iki iisulla qiymetlondirile bilor

1. Elektromexaniki olago omsal1 ilo Ky,
2. Pyezoelektrik harokatvericinin is¢i voaziyyatinin moment va qilivvesi ilo

86


mailto:aytenabdulovago@gmail.com

Abdulova A.G.

Sokil. Otalatli pyezoelektrik addim miiharriki.
Burada : 1 - rotorun govdasi; 2 — ¢ixis vali, 3 — baza armaturasi; 4 —podsipnik; 5 — miihafiza iiziiyii
(baza armaturasimin hissasi); 6 - pyezokeramik nakladkalar; 7 — kollektor; 8 — kollektorun fir¢asinin
qurulusu [6,7,8,9].

Mexaniki giic (Pm) birinci Gsul ilo asagidaki ifads ilo miioayyan olunur [6,7,8]:

PM:PE*(KEM)Z (2)
w,
Kegm = W_A: (3)

Burada Wg— sorf olunan elektrik enerjisi; W,,— mexaniki enerji.
LITC -19 material1 tigiin bu amsal Ky, = 0,31;0halda P, = 0,096 * Py .
Ani mexaniki enerji iki hissadon ibarstdir:
Wy () = Wi () + W, () (4)
W;(t) — horokot rejiminin enerjisinin ani qiymoti, W,(t)— BL (horokatverici) sorbast horokot
enerjisinin ani qiymati. Bu halda:
Wi(t) = Fp(t) * Ayr(t) = Ky * Ky *t % Ky * Kyy *x t = Ky * Ky * (Kyp)? = t? ()

t
Wa() = Fe (€) * A5y (8) = Ko%Ky * Ama #€ @0 x5in( S5 xt (6)
Burada: BL zamandan asil1 olaraq sarbest yerdoyigmolorini miioyyon etmak ticiin:
A(t) = Aur (t) + Asr (D) (7)

burada: 4,,r — mocburi rejimin yerdoyismasinin toplanani; Agy— sorbast ragslorin yerdoyismasinin
toplanani. Buradan 4,y Vo Agy asagidaki ifadslordon tapilir [7,8]:

Fe(t
Aygr (t) = % (8)
/ t
——— . +[3xt
Agr (1) = Apax x € @D *sin( (2*1-))' 9)

Burada, Fe— BL elektrik sahasinin qiivvesi, 7 = T — BL mexaniki hissasinin sabit vaxt1.
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Pyezoelektrik addim miiharrikinin giic xarakteristikalarinin yaxsilasdirilmast

Ay () = 3,3+10 (zzgs;:l)fpw(t) = K+ U(t), (10)
32
Ey- - yunq modulu, K — miitonasiblik omsali; 13 — bimorf 16vhonin birinin qalinligi, (m); & —
pyezokeramikanin nisbi dielektrik kegiciliyi; Ep — pyezokeramikanin polyarlagsmasmin elektrik
sahosinin gorginliyi, (v/m) [10].
Ogor U(t) = Ky, * tolarsa, onda:
Ayr (t) = Ky ¥ Kyg *t (11)
w1 w2

Isci vo qayitma zamaninda mexaniki giic miivafiq olaraq: P,; = o P, = .

OPAM vali {iglin imumi mexaniki giic:
PM = PM1 +PM2(12)

OPAM iigiin faydali is omsal1 asagidaki ifadedon tapilir:
Rl’l

n= (13)
E
Notica. Dusturlardan goriindiiyli kimi, otalatli pyezoelektrik addim miihorriklorin giicliniin
yaxsilagdirilmasi ligiin kifayat qodor resurs var. Onlardan istifado etmoklo OPAM yiiksok effektivli,
islomo siirati vo movcud qabarit dlciilori saxlamagla, giiclinii artirmaq olar.
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PE3IOME
YJIAYUIIEHUE XAPAKTEPUCTUK MOINHOCTH MHEPIIMOHHOI' O
HNBE3O3JIEKTPHYECKOT O ITAT'OBOI'O ABUT'ATEJIA
Aboynosa A.I.

Knrwoueswie cnosa: nve3osnekmpuyeckuii 08uameny, wazo8ulii 08UaAmenb, MeXanuiecKas MOWHOCMb,
INEKMPOMEXAHUYECKASE MOUWHOCD

XapakTepuUCTHKHU ONPENENAI0TCA IyTEM pacdeTa JIEKTPOMEXaHNYECKUX U MEXaHWYECKUX MOIIHOCTEN

npuratens. M3yuyeHneM MrHOBEHHBIX 3HAa4YeHUU SHepruu cBoOoxHoro aswkenus BL (mBmxymmxcs) mpu

MIHOBEHHOM 3HAYE€HHH 3JIEKTPUYECKOH M MEXaHMYECKOM SHEpruu, HCIOJIb3yeMOH BO BpeMs paloThI
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JBUTATENCH, ¥ MTHOBEHHON SHEPrMM pEXMMa JBWXKCHUsA, Obuta HaiineHa wmormHocte MITHIJ w KITJT
neurarens. Kak BunHo u3 hopMys, Tak Ha3bIBAEMBIH ME3037ICKTPUYCSCKHH Iar UMEET IOCTATOYHO PECypPCOB
JUISL YIYYIIeHHUs] MOLIHOCTH JBHUTrateneid. Vcmonb3ys MX, WHEPIIUOHHBIA MbE303JICKTPUUECKUM I1aroBBIN
JBUTATeh MOXKET YBEITHMYUTH MOIHOCTh, COXpaHsS BBICOKYIO 3(PQPEKTHBHOCTb, CKOPOCTh OOpaOOTKH H
JIOCTYIIHBIC Ta0aPUTHBIC Pa3MephbI

SUMMARY
IPROVEMENT OF POWER CHARACTERISTICS OF THE INERTIAL
PIEZOELECTRIC STEPPING MOTOR
Abdulova A.G.

Key words: piezoelectric engine, step engine, mechanical power, electromechanical power

The power characteristics are determined by calculating the electromechanical and mechanical powers
of the motor. The study of the instantaneous values of the BL (moving) free movement energy at the
instantaneous price of the electrical and mechanical energy, as well as the energy of the motion mode, were
found power of IPSM and efficiency of the motor. As can be seen from the formulas, the so-called
piezoelectric step has enough resources to improve the power of the engines. Using them, an inertial
piezoelectric stepper motor can increase power while maintaining high efficiency, processing speed, and
available overall dimensions.
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