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TIRKAMALAR KO‘TARIB-AG‘DARISH QURILMASI GIDRAVLIK TIZIMINING
KINEMATIK XISOBI

KWHEMATUYECKHU PACUET I I/II[PABJII/I‘-IEUCKI/Iﬁ CUCTEMBbI IOABEMHO-
OINPOKUABIBAIOIIETO YCTPOUCTBA ITPULIEITIOB

KINEMATIC CALCULATION OF THE HYDRAULIC SYSTEM OF THE
UNLOADING DEVICE OF TRAILERS

ANNOTATSIYA
Maqolada tirkamalar gidravlik tizimi ko‘tarib-ag‘darish mexanizmining kinematik
jarayonlarini nazariy tadqiqi yopiq vektorlar usulini go‘llagan ko‘rib chiqildi va zvenolarning
burchaklari ko‘chishi, tezligi va tezlanishlari aniglandi.

AHHOTAIMS
B crare OMpeaACIICHO TCOPECTUUCCKOC HCCICAOBAHUC KHUHEMATUUCCKHX IIPOLCCCOB
MNOABECMHOI'0 MEXaHU3Ma THAPOCUCTEMBI IPpUICTIA C HUCIOJ30BAHUECM MCECTOHa 3aMKHYTBIX
BCKTOPOB, OIPCACIICHBI YIJIOBBIC IICPEMEIICHN A, CKOPOCT U YCKOPCHHEC 3BCHCB.

ANNOTATION

The article identifies the theoretical study of the kinematic processes of the lifting
mechanism of trailers hydraulic system using the closed vector method and determines the
angular displacement, velocity and acceleration of the links.

Kalit so‘zlar: Kinematika, kinematik jarayon, vektor, yopiq vektorlar usuli,
mexanizm zvenolari, zveno burchaklarining ko‘chishi, tezligi va tezlanishlari.

KuarouoBble ciioBa: KI/IHeMaTI/IKa, KHMHEMaTH4eCKUi nmponecc, BCEKTOp, METOA
3aMKHYTBIX BCKTOPOB, 3B€CHbA MEXaHU3Ma, CMCIICHUE YTJIOB 3B€HBEB, CKOPOCTHU U YCKOPCHUA.

Key word: Kinematics, kinematic process, vector, closed vector method, mechanism
links, displacement, velocity and acceleration of link angles.

Kirish. Turli xil yuklarni tashishga mo‘ljallangan zamonaviy, yuqori yuk
ko‘taruvchanlikka ega, energiya va resurstejamkor tirkamalarni ishlab chigarishda, ko‘tarib-
ag‘darish jarayonining kinematik tahlili muhim ahamiyatga ega hisoblanadi. Chunki
tirkamalarda yuklarni ag‘darish jarayoni dinamikasini o‘rganishda tirkama ko‘tarib-ag‘darish
mexanizmining kinematik parametrlarini qulay hisobi, ag‘darish jarayonini kompleks
hisoblashda asosiy ko‘rsatkichlardan biridir.

Mavjud texnik adabiyotlar, chop etilgan ilmiy ishlar hamda internet ma’lumotlarining
tahlili ushbu masala to‘la ilmiy tadqiq gilinmaganligini [1, 2, 3, 4, 5, 6, 7] ko‘rsatadi.

Tirkamalar ko‘tarib-ag‘darish qurilmasi gidravlik tizimining kinematik hisobi.

Tirkamalar ko‘tarib-ag‘darish mexanizmining kinematik hisoblash sxemasi tirkama
ko‘tarib-ag‘darish qurilmasi gidravlik tizimi bilan bog‘langan godrosilindr (I, zveno) va
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sharnirli kinematik juftlik (I; zveno) va (I3 zveno) larga ega bo‘lgan uch zvenoli
mexanizmdan tashkil topgan.

Tirkamalar ko‘tarib-ag‘darish mexanizmining kinematik jarayonlarini nazariy tadgiq
etishda yopiq vektorlar usulidan foydalanib, mexanizm zvenolari burchaklarining ko‘chishi,
tezligi va tezlanishlari aniglanadi.
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1-rasm. Tirkamalar ko‘tarib-ag‘darish mexanizmining kinematik hisoblash sxemasi

Tirkamalar ko‘tarib-ag‘darish mexanizmi gidrosilindri porsheni tizimda hosil bo‘lgan
bosim ta’sirida shtok (I, zveno) ning uzunligi oshadi, natijada [; zveno (platforma) va [,
zveno (gidrosilindr) larni x o‘qi bilan xosil gilgan mos ravishda ¢4 va ¢, burchaklar
o‘zgaradi. Mexanizmning ushbu zveno va burchaklarining o‘zaro bog‘lanishlarini yopiq
vektorlar usulidan foydalanib AABC uchun quyidagi tenglamani tuzish mumkin (1-rasm):

L+1=10()

Ushbu tenglamani XOU koordinatalar o‘giga proeksiyalasak, quyidagi tenglamalar
sistemasi hosil bo‘ladi:

{llcosgol = l3cosp; — l,cos¢, @)
l;singp, = l3sinps — l,sing,

(2) ifodaning 1-tenglamasini cos@, ga, 2-tenglamasini sing, ga ko‘paytirib
tenglamalarni bir-biriga gqo‘shamiz va ¢4 ni aniglaymiz.

13 = 12 cos? @ + 15 cos? @5 + 21, - I3 cos @4 cos @3 + 12 sin? @ + 13 sin? @5 + 214
- I3 sin ¢4 sin @5;
12 =12 +13+2l; - l3cos(p; — @3);
12— 12— 12
20, - 14 )

)

P3 =@+ arccos(

bu yerda: 14, l; va ¢, — lar o‘zgarmas miqdor.
Ushbu aniglangan o3 tirkama kuzovidan yuklarni to‘kilishini tavsiflovchi asosiy
kattalikdir.
Ifoda (2) da quyidagi o°zgartirishlarni amalga oshirib, quyidagi ifodani hosil gilamiz.
l3cos@; = l,cosgp, — | cosp,
{ 5Pz = [5CC 0SP1 ()
l3sing; = l,sing, — l;sing,
Ifoda (3) ni xar ikkala tenglamasini kvadratga ko‘tarib, tenglamalarni bir-biriga
go‘shib ¢, ni aniglaymiz.
12 =12+12 — 21, - l,(cos @, cos @1 + sing,sing,);
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12+12-12
2= cos(@, — ¢1);
2l1 " l3

I2+12-13
@, = @4 + arccos —211 1,
Ushbu zvenolarning burchak tezligini aniglash uchun (2) tenglamalar sistemasidan
hosila olsak quyidagi ifoda hosil bo‘ladi:
{—llwlsin(pl—lgwgsin(p3 = [,cos@, — l,w,sing,
1w, cosQ; +Hlzwzc05¢05 = I,sing, + l,w,cos@,
bu yerda: ¢, — o‘zgarmas miqgdor va w; = 0 ekanligini hisobga olib, quyidagi ifodani hosil
gilamiz.

)

{—l3a)3sin<p3 = [,cos@, — l,w,sing, 4
lLywscos@s = L,sing, + Lw,cos@,
Ifoda ( 4) ning 1-tenglamasini cosgs; ga, 2-tenglamasini esa sing; ko‘paytirib,
tenglamalarni bir-biriga qo‘shib w, ni aniglaymiz.
1,c050,c0sQ3 — L,w,sing@,cos@s + l,sing,sing; + l,w,cos@,sing; = 0;
[c08(92 — @3) + Lwssin(@; — @3) = 0;
I, cos(p; — ‘P3)_

Wy = — 7" — ]
? l; sin(p; — ¢3)
l
Wy = —i- ctg(p; — 3);

Ifoda (3) ning 1-tenglamasini cos@, ga, 2-tenglamasini esa sing, ko‘paytirib,
tenglamalarni bir-biriga qo°shib w5 ni aniglaymiz.
l30w3c05@3sing; — lzwzsingzcosp, = I sin?¢, + l,cos?@y;
l, = l3w3sin(<p2.— ®3) =0;
Iy
W3 = 77— ;
] ) 3 ) I3sin(@, — @3)
Zvenolarning burchak tezlanishlarini aniglash uchun ifoda (4) dan hosila olamiz.
{—13835111(,03 - 13w23COS§03 = lzCOSQDZ - lz(l)zSin(pz - lz(l)zSin(pz - lzgzsin(pz - lzﬂ)zzCOS(pz;

—l365C05¢3 — lzw?3sing@; = [sing, + L,w,cos¢, + Lw,cos@, + Le,c05¢, — L,w?,sing,;
Ifodani ixchamlashtiramiz.
{—lgs3sin<p3 — Lyw?3c05¢03 = [,cos¢, — 2L,w,sing, — L,&,5inQ, — L,w?,co0s@,; 5
—l365C05¢3 — lzw?3sin@; = [rsing, + 21,w,c05¢, + 1,£,c08¢0, — L,w?,sinE,; )
Ushbu ifodaning 1-tenglamasini cosgs; ga, 2-tenglamasini esa sing; ko‘paytirib,
tenglamalarni bir-biriga go‘shib &, ni aniglaymiz.
—l;w?3c08%@3 — l3w?3sin? @,
= l;cosgozcosgog - ZZzwzsingozcosgog — l,&,5ing,cos@;
— Lw?,c05¢0,C08¢3 + [,sin@,sings; + 21w, cos@,sing; + l,&,c0s¢,sing;

— L,w?,sing,sings;
—l3w?3 = l; cos(@, — @3) — &5 sin(@, — @3) — Lw?;c08(@, — @3) — 2L,w,sin(@,
— ¥3);

L, X 2Lw, lzw?;
&€ (lz w 2) ctg((92 — ¢3) L L sin(@, — @)
Shuningdek ifoda (5) ning 1-tenglamasini cosg, ga, 2-tenglamasini esa sing,
ko‘paytirib, tenglamalarni bir-biriga qo‘shamiz va ixchamlashtirishlarini amalga oshirib &5 ni
aniglaymiz.
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Lw?, lz 2
o l3sin(p, — @3)  I3sin(@; — @3) ©'3ctg = (@2 = ¢3);

Quyida tirkamalar ko‘tarib-ag‘darish mexanizmdagi 2 va 3-zvenolarning burchaklari
o‘zgarishi, burchak tezliklari va burchak tezlanishlarini giymatlari asosida qurilgan grafiklari
keltirilgan.

Hisoblashlarda zvenolar uchun quyidagi giymatlar gabul gilindi:

1,=0,906 m, 1,=0,34 m, 15=0,84 m, ¢, = 22° = 0,384 rad
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2-rasm. Tirkamalar ko‘tarib-ag‘darish mexanizmdagi 3- zvenoning burchak (a) va burchak
tezliklari (b) vaqt bo‘yicha o‘zgarishi analitik bog*lanishlari grafiklari

Xulosa. Kuzovlari almashinuvchi, yangi universal shassili tirkamalar ko‘tarib-
ag‘darish mexanizmining tanlangan kinematik sxemasi asosida uning burchaklari, burchak
tezlik va tezlanishlarining vaqgtga bog‘liq ravishda o‘zgarishini analitik bog‘lanishlari
aniglandi.

Ishlab chigilgan matematik model va uning hisoblash uslubi asosida aniglangan
natijalar tirkamalar ko‘tarib-ag‘darish mexanizmining haqiqiy ish jarayoniga yagin keladi va
undan loyihalash-konstruktorlik ishlarida foydalanish tavsiya etiladi.
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