Pu6ak I'. HanpyxeHo-OeghopmoeaHuli cmaH Hecy4oi cucmemu 2pelighepHo20 HasaHmMaxyea4a lMEA-1A /
Pu6ak I., Pineuybkuli €., Cikopcbkuli C. // Bichuk THTY. — 2012. — Tom 66. — Ne 2. — C.97-107. —
(MawuHob6ydyeaHHsl, aemomMamu3ayis eupobHuUymea ma rnpouyecu MmexaHi4Hoi o6po6ku).

VIIK 669.539

T. Pubak, 10KT. TexH. HayK; €. Pineubknii, KaHa. TEXH. HAYK;
C. Cikopcbkuii

Tepnoninbcokuu HayioHATbHUU MeXHIYHUU YHigepcumem imeni leana 1lynios

JE®OPMIBHO-HAIIPYKEHUI CTAH HECYYOI CUCTEMHU
IT'PEM®EPHOI'O HABAHTAXKYBAYA ITEA-1A

Pestome. Posz2nsanymo NIOCKY BPOCMOPOBO-HABAHMAIICEHY DAMHY KOHCMPYKYIIO HABAHMAICYSAUA-
exckasamopa camoxionozo INEA-1A moougixosanum memooom MiHiMyMy nomeHyianvHoi enepeii depopmayii
011 pO38’A3KYy 3a0ay¥ NOWYKOBO20 KOHCMPYIOGAHHS MA ONMUMI3AYII 2e0MempPUYHUX NAPAMEMPI8 HecCyyux
cucmem 3a NOGHUM HanpyxceHum cmanom. OmMpumano pexkomeHOayii 018 payiOHANbHIUO020 B3AEMHO20
PO3MIWEHHS HALLOIIbUL HABAHMAICEHUX eeMeHmMi8, Wo NPU3eeno 00 NiOBUWEHHS iX MIYHOCMI NPpU OOHOUACHOMY
SHUIICEHHT MAMEPIANOMICMKOCHI.

Knrouosi cnosa: Oeghopmisno-nanpysicenuti cmaH, 2cpei@epHuil HABAHMANCY8au, MOOePHIZ3068aAHUL
MemMOoO MIHIMYMY ROMEHYIATbHOT eHepeii, 0ehopmayis CMUCHEHO20 KPYUEHHSL.

T. Rybak, Y. Ripetskyi, S. Sikorskyi

STRESSED-STRAINED STATE OF FRAME STRUCTURE
OF THE GRAB LOADER

The summary. Space-loaded frame structure of agricultural grab loaders and theirs components need
improvements. Besides, constructional system of the grab loader tends to change from the considerable
differences of rigidity. Planar space-loaded frame structure of the self-propelled excavator is analyzed in the
article using the modified method based on the principle of minimum potential energy of deformation to solve
the problems of design and optimization of geometrical parameters of the frame structure in complete tension.
The calculation of simple frames with help of other methods is extremely bulky and takes much time, but this
method simplifies even the calculation of the complicated frame structure. Metalwork of grab loader consists of
longitudinal longerons with five different profiles. The main loads acting on the frame structure of grab loader
are the external forces from the engine and gear-box, driving axle, speed-reducer and rear wheels, turning
cylinders and boom of loader. These forces are counterbalanced by reactions of five fulcrums of the grab loader.

The investigation of the stressed-strained state of frame structure of the grab loader begins with the
design of the main scheme of calculation. Conditional intersection along the frame symmetry plane is used for
construction of basic model of the grab loader and the action of the first part on the second is substituted by the
internal unknown force factors. If the frames are composed of elements of an open section, the energy of
torsional deformation is only taken into consideration that does not influence the final results.

Potential energy of deformation of the frame of this type is equal to the sum of potential energies of its
parts: potential energy of the first part of the frame of its elements under torsion and potential energy of the
second part in the same condition of deformation.

The expression of potential energy of deformation of both parts of the frame of its elements under torsion
is formed on the basis of the following assumptions:

— units of conjunction of traverse with longitudinal longerons are left unchanged before and after the
deformation;

— power of deformation of shear and distension is not taken into consideration,

— the influence of moving power on distribution of internal forces in elements of frame of pull-type machines is
neglected.
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Suitable quantity of unknown forces is excluded from the function of potential energy with the help of the
equations of statics. Integrands of functions of potential energy of deformation are differentiated using the
Leibniz’s rule. Definite integrals are calculated.

According to the theorem on the smallest work each of derivatives of the potential energy of deformation
equals to zero. As the result, a system of linear canonical equations is aggregated. Received canonical equations
are divided into two independent systems for calculation of space-loaded frame structure. The first is used for
the determination of symmetric and antisymmetric unknown values. It results in simplification of computation of
this system. The second is used for algorithmization of calculation. As the result the internal unknown force
characteristics are found. Tensity of the most dangerous section of the frame structure is determined using the
numerical values of internal unknown values and predicted external loads.

Recommendations for more efficient mutual locations of loaded elements are obtained the result of which
is the increase of their strength while reducing material capacity.

Key words: stresses-strained state, grab loader, minimum potential energy, deformation of torsion.

IMocTanoBKa npooJieMH. bazosa POCTOPOBA Hecy4a cucreMa
CUIbCBKOTOCTIONAPCHKUX ~Ipel(epHUX HaABaHTaXyBadiB Ta ii €JIEMEHTH BHMAararmTh
YIOCKOHAJIEHHSI 32 MAaTepiaJlOMICTKICTIO Ta HEeCy4oro 31aTHicTi0. CTBOpPEHHsS METOJIUKU
JOCTIPKeHb 3aCHOBAHOTO HAa MOIU(IKAIll METOy MiHIMYMYy MOTEHIIAILHOT JedopMartii, 1o
0a3yeThCs HA €HEPrii YUCTOr0 KPYUEHHs, CKIIaJae OCHOBY JIaHOI pOOOTH.

AHaJi3 ocTanHix aociaizkenb i myoaikamiii. [Ipo cxiagHicTh 1 rPOMI3AKICT HABITH
NpUOIM3HUX TEOPETUYHHX PO3PaXyHKIB pPAMHUX KOHCTPYKIIH MamuH (HAmpHKIam, 3a
JIOTTIOMOT'OK0 METOJIy CHJI) MOXKHA CYIUTH X04a O 32 METOJMKOK HaOJIMKEHUX PO3PaxyHKiB
paMu IPUYIMHOTO KOMOaiiHa 4M paMu cepiiiHOro Kaproruie3doupaibHoro kombOarina KITI-2
[1-4]. Tyr po3paxyHOK NOpIBHSHO MNPOCTHX paM HaI3BHUYAHO TPOMI3IKWN 1 BUMarae
BEJIMKHX 3aTpaT yacy.

SIKmo 3acTocyBaTH METOJl CHJI, HANpHKIAA, J0 PO3PaxyHKy pamu TpeidepHOro
HaBaHTaxyBaya (puc. 1), TO Wi BU3HAYEHHs KoediuieHTiB O, , npu HeBinomux M , K 1 Q

nOTPiOHO MEPEMHOKUTH EMIOPH 3THHAIBHUX 1 KPYTHUX MOMEHTIB B OCHOBHIH cXeMi pamMH Bix

OfMHUYHKX 3ycwib X,, X, (i =1...12; =1...12). Jlns BHU3HAYCHHS BIIbHUX YIICHIB A,

HEOOXIJTHO MEePEMHOXKHUTH BCl 3a3HAYCHI €MIOpH MOMEHTIB BiJl OJIMHMYHUX CHUJI Ha CIIOPH
MOMEHTIB BiJ] 30BHIIIHIX HABAHTAKEHb.
OCKINBKY TIEPEMHOKEHHSI eMop BiJ] OJUHUYHHUX CHJI MPOBOIUTHCS MK AUISTHKAMHU

(TyT iX 32), TO BU3HAYEHHs KOE€(DillieHTa O, MNPAKTHYHO 3BOAUTHCS JIO MEPEMHOMKEHHS 32

eMIOp 3THHAJIBHUX 1 32 emop KPYTHUX MOMEHTIB. KpiM TOro, J101a€Thes 1€ ePEMHOKCHHS
3a3HAYCHUX EIMIOpP Ha CMIOPH MOMEHTIB BiJ 30BHINIHIX CHJI IS OTPUMAHHS BUIBHUX WICHIB

A, cHCTEeMH.

[lpakTuka TmoOKa3ama, 10 TPU PO3PAXYHKY CKIAIHMX KOHCTPYKIIHA pam
MOU(IKOBAaHUM METOJOM MIHIMyMY MOTEHIIAIbHOI €HEeprii 3 BUKOPUCTAHHSIM aIUTUBHOCTI
(GYHKIIT TOTEHIIABHOI CHEePTril CKJIAHI aHAJITUYHI MTPOLECH Ta 00YMCITIOBAIIbHI MTPOIEAYPH
3HAYHO CHPOIIYIOThCSA. KpiM TOro, SKIIO pamMH CKJIQJAlOThCS 3 €JIEMEHTIB BIIKPHUTOTO
npodino, TO PO3paxyHOK MOXKHA TMPOBOIHMTH, BPAXOBYIOUM JIMIIE €HEpriro aedopmarii
KPYYCHHSI, 110 TPAKTHYHO HE BIUIMBAE HA KIHIIEBUH PE3yJbTaT i 3HAYHO CIIPOIIYE 3a1a4dy [S].

Meta po6oTu. PO3KpUTH CTaTUYHY HEBHU3HAYCHICTh pPAaMU HaBaHTa)KyBaya-
exckaBaTopa camoxigHoro I[TEA-1A moaudikoBaHUM METOIOM, 3aCHOBAaHUM Ha TPUHIIMITI
MIHIMyMY MOTEHIialbHOI eHeprii Aedopmarlii, AJs OI[IHIOBaHHS XapakTtepy nedopmiBHO-
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HAINpy>KEHOTO CTaHy €JIEMEHTIB KOHCTPYKILIi I 3HaXO/KEHHS NUIAXIB MOIIYKY ONTUMAIbHUX
napameTpiB X reoMeTpii Ta MaTepialoMiCTKOCTI 32 TOBHUM HAINPYKEHUM CTaHOM.
PesyabraTn gociifzkeHb. Y poOOTI PO3MISHYTO IJIOCKY NPOCTOPOBO-HABAHTAKEHY
paMHY KOHCTPYKIIIIO HaBaHTaxKyBada-ekckaBaTtopa camoxingnoro IIEA-1A (puc. 1).
OCHOBHI HaBaHTaX€HHA, IO [JIIOTb Ha paMmy TIpeidepHOro HaBaHTAaXyBaua, €
30BHIHI 3ycwwis Bix asuryna ta KIIII B, P', P,, P;; mepeansoro mocra P,, P/;

peaykropa Ta 3amHix komic P,, P,; moBopoTHuX wwiiHapie P, P.; KOJOHH CcTpimu
HaBaHTaxyBaua F,. IlpuknaneHi 3ycuiuis 3piBHOBaKYIOTbCS DEAKLisIMH OylbJ03€pHOIO
Bi/(BalIy SIK IepeHbOI onopHu R,, R|, R, 13aQHIMHU BIIKMIHUME omopamu R,, R, .
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Pucynok 1. KonctpyktuBaa Mojens pamu rpeiideproro HaBantaxysaua [IEA-1A
Figure 1. Constructional model of grab loader frame

VY 3B’A3Ky 3 THM, IO 30BHIIIHI HABAaHTA)XCHHS HAIPABIICHI TEPIICHIUKYISIPHO IO
IUIOIIMHUA paMHU 1 JiIOTh aCKMETPHUYHO BIIHOCHO ii oci cumeTpii OY , 3ruHajabHI MOMEHTH 1
NOTIEPEYH] CHUJIM Yy TOPWU3OHTAJBHIM IJIONIMHI W HOPMajbHI CHJIHM JIOPIBHIOIOTH HYIIO. Y
KOKHOMY TOTICPEYHOMY TMEPETHHI OANKU 3aJIMIIAIOTHCS TPU HEBIJIOMI: 3arallbHUNA KPYTHUN

MOMEHT K, 3TMHaJIbHMH MOMEHT M, y NJOIIMHI, NEPNEeHAUKYISAPHIA 10 paMu, y LiH ke
wionyHi Aie momepeuHa cwia @, [6]. Ilicng npuilHATHX AOMyHmIEHb 1 y3arajabHEHb

oTpuMaeMo 12 pa3iB CTATUYHO HEBU3HAYCHY CUCTEMY.

X
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®
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Pucynok 2. OcHOBHaA po3paxyHKOBa cxema pamu rpeidepnoro HaBantaxysada [IEA-1A
Figure 2. Main analytical model of grab loader frame
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[Torenmianena enepris aedopmarnii po3risHyToi pamu (puc. 2) IOpIBHIOE CyMi
MOTEHIIIHHUX SHEePrii IBOX i1 YacTUH

u=U,+U,, (1)
ne U, =U, —noTeHLiaJbHa €HEpris YaCTHUHU paMu | Ipu Kpy4eHH1 eJIEMEHTIB;
U, =U,, —noreHuiagbHa eHepris yacTunu pamu Il npu kpyueHHi eneMeHTiB [7].

BpaxoBytoun anutuBHICTh (QYHKIIIT, HOTEHIIaNbHA eHepris yacTul pamu [ 1 I npu
Kpy4YeHHi 11 eIeMEHTIB 3aMUIIEMO

1 >

Uszzleﬁg Krds + H!(M ~O/h - h+Rb)dS+

Y oy S+2G1k2]:(M1+M —(0,+ 0, )h— h+Rb +Phj2dS+

AEYeT k3I(M + M, + M, (Q1+Q2+Q3)h—];6h+R1b1+Plhl+chlj2dS+ )

2(;1,(8 ) 26GI,, !Kz S, I(M“ Ok R +};h+135h2j2d‘9+
+ 2G11k5 aos(szz +Ph, + Z‘h}zds;
T L (R T

k6 0 k10

+2G11k7: K;dS + ZGMO[M +M,+(0 +0)h - 2‘7h+Rl'bl+Plhlj2dS+
+2le3 I(M1+M2+M3+(Q1+Q2+Q3)h—1;5h+Rl’bI+E’hl+PZ’hlj2dS+ (3)

h h

2
- J.deSJr : J.Kde-F : I[M4 +Q,h+ Rib, + Ph, +P"hj ds +
2GI,4 1 2GI,, 2GI,, 3 2

L]
2GI,4 3

ay

2
(Rb +Ph, +—* 5 h) ds.

[IpoinTerpyBasuu nmoxiaHi 3a M, (i =12,3, 4) BUpa3iB (2—-3), oTpuMaemMo
oU, oUy 1 (

= M1
1

R

+

R
((Ml +M, )a2 _(Ql +0, )azh _76@2}1+R1a2b1 +Pla2hlj+ “4)
k2

1
+

R
((Ml +M, +M3)a3 _(Q1 +0, +Q3)a3h—75a3h+R1a3b1 +(P1 +P2)a3h1j;
K3
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R
oU, =8U11K _ 1 (M1a1+Q1hal—6a1h+R1'a1b1j+
oM, oM, GI 2

R
+ ((M1 +M,)a, +(0, + 0, Jayh —76a2h+R1’a2b1 +B’azhlj+

k2

k3

+

k3

oM, oM, Gy,

—+

k3
(M1+M2+M3)a3—(Q1 +Q2+Q3)a3h—

oU oU 1 (M1+M2+M3)a3+(Q1+Q2+Q3)a3h—
u _ %Yk _

R
oM, oM, Gl |- 76 ash+ Rjash, + (P + P} Jash,

ou, Uy 1
oM, oM, GI,
aU[I _ aUHK 1

oM, oM, Gl,,

((M1 + M, +M;)a; +(Q, +0, +Q3)a3h—125a3h+R{a3bl +(P{+Pz')a3h1j;
((M1 +M,)a, (0, +Q2)a2h—R;a2h+Rla2bl +Plazhl)+
[(M1 + M, +M,)a, — (0, +0, + 0, )a3h—R25a3h+Rla3b1 +(p +Pz)a3h1];
((M1 +M,)a, +(0, +0, )azh—Rzﬁazh+Rl’a2b1 +Pl'azh1]+

R [ [ [
((M1 +M, +M3)a3 +(Q1 +0, +Q3)a3h—76a3h+Rla3b1 +(P1 +P2)a3h1j3

S .

P

P,
= (M4a4 +Qa.h+Rya,b, +2ka4h+PSa4h2j.

)

(6)

(7

(8)

)

(10)

(11)

CxuaBim BignosiaHi piBHsSHHS A [ 1 Il yacTur pamu 1 npupiBHSABIIM pe3yNbTaT 10

HYJIA, OTPUMAEMO CUCTEMY KAaHOHIYHHX piBHHHL

U _aU,+3U, :M{al+%+%]+MZ(ftz+asj_

a2\41 a]\ll Ikl 1k2 1k3 1k2 1k3
R h(%+%+aaj+1h(Rl+R;)(al+az+a3]+
20 Uy Ly Iiz) 2 Iy Ly i
1k3 2 1k2 1k3 21/{3
U _ U, +aU, :M{az+%]+M2(az+as]_
aMZ aMZ k2 [k3 [k2 [k3
R 1
21 Uy Iis 2 Iy i3

+M3j3+;hl<a+g>(az+as]+hl<p2+p2'>:o;

k3 k2 Ik3 k3

(12)

(13)
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oU U, +0U, h
oM, oM,

+;h1(P1 +P1')+ZI(P2 +P;)=0;

oU _ oU,+0dU, 1
oM, oM,

, P
=M, JFE(R2 + R} )b, +7"h+

1

=M, +M2+M3—R65+5h(R1 + R )+

1

E(Ps +Ps,)h2 =0.

[Ipoinrerpysasuy noxiaHi 3a K, (i =123, 4) BHpa3u (2—3), oTpuMaeMo

oU, _ Uy _ 1 (K 1)

oK, oK, Gl '~

Uy _0Up _ 1 (K, k)
oK, oK, Gl 7
oU, _ Uy _ 1 (K 1)

oK, oK, Gl °°"

aUU _ aUUK _ 1 (K h)'
0K, 0K, Gl >
oU, _ Uy _ 1 (K.h)

0K, 0Ky Gl °

aUII — aUIIK — 1 (K h)'
oK, K, Glg >
oU, _oUy _ 1 (K 1)

oK, 0K, Gl 7

OUy _ Uy _ 1 (K1)
oK, 0K, Gl °

(14)

(15)

(16)

(17)

(18)

(19)

(20)

21

(22)

(23)

CxuaBmm BignosiaHi piBHsSHHS A | 1 Il yacTur pamu 1 npupiBHABLIM pE3yNbTaT A0
HYJIsl, OTPUMAEMO KaHOHIUHI PIBHSIHHS B TAPAMETPUYHHUX BHpPa3ax

oU _oU,+0Uy _ 2 (K,h)=0:
oK, oK, Gl '~
8U28U1+8U,,: 2 (K h):O-
oK, oK, GI,, >~
aU:8U1+8U,,: 2 (K h):O'
oK K s Gl
oU _aU,+0U, _ 2 (K.h)=0.
oK, oK, Gl

[IpoinTerpysapmu noxiaHi 3a Q, (i =1,2,3, 4) BUpasu (2-3), orpumaemMo

24)

(25)

(26)
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Uy _ U, _ 1 Q.a,h* — M,a,h + ks a,h* = Rabh | +

og, 09 Gl 2

+ ol ((Q1 +Q, Jayh* —(M, + M, )a,h + 1;6 a,h* — Ria,bh — Plazhhlj + (28)
k2
1 R

+ ol ((Q1 + 0, + 0y )ash® — (M, + M, + M, )ash + 76c13h2 — Ryazbh — (B, + P, )ashh, j;
k3

ou, oUp 1
o0, 0, Gl

((M1 +M,)ayh + (0, + 0, Ja,h* — 1;6 a,h* + Rla,bh + Bla,hh, j i (29)

R

k2

[(M1 + M, +M)ah+ (0, + Q, + 0y Jash* — Rzﬁ azh® + Rlasbh + (P + Pz')a3hh1j;
k3

oU, oU, 1
aQZ aQZ GIkZ

[(Q1 +Q, Ja,h* — (M, + M, )a,h +Rzﬁa2h2 —Rlazblh—aazhh1]+

(30)
1 b R; 2 .
Gl (Q1+Q2+Q3)ash —(M1+M2+M3)a3h+7a3h _Rla3b1h_(P1+P2)a3hhl >
k3
Uy _0Unc _ 1 ((M1 + M, )a,h+ (0, + Q, Ja,h* —&azhz +Rla,bh+ Pl’azhhlj +
8Q2 8QZ G1k2 2 (31)
+ ((M1 +M,+ M, )a3h+(Q1 +0,+0s )a3h2 - R; ‘13}12 + Rja;bh +(Pl'+Pz’)a3hh1 ];
k3
oU, U, 1 (Q1+Q2+Q3)a3h2—(M1+M2+M3)a3h+ _
00, 00, Gl +Rzﬁa3h2 —Rasbh— (P, + P, ashh, ’ (32)
2
oU, Uy 1 (M1+M2+M3)a3h+(Q1 +0, +Q3)a3h - .
00, 90, Gl —R;%hz + Rlaybh+(P+ P)ashh ’ (33)
U _ U _ 1 (Q4a4h2 —M4a4h—R2a4b2h—ia4h2 —P5a4hh2j; (34)
00, 00, Gl 2
Uy U _ 1 [M4a4h+Q4a4h2 +R§a4bzh+ia4h2 +Ps’a4hh2]. (35)

CxuaBmm BignosiaHi piBHsSHHSA A | 1 I yacTuH pamu 1 npupiBHABLIM pe3yNbTaT 10
HYJIsl, OTPUMAEMO CHCTEMY KAaHOHIYHHMX PIBHAHb y BHpa3ax 30BHINIHIX HaBaHTaXEHb Ta
T€OMETPUYHUX XapAKTEPUCTHK PaMH

oU _oU, +oU :th((ll+612+‘13j+Q2h((l2+ a ]+Q3a3h+

d 0 I, I I, 1. I
Ql Ql k1 k2 k3 k2 k3 k3 (36)
1 a a a 1 a a a-h

R R S L0 (PSS ARt
2 Ikl Ik2 Ik3 2 k2 Ik3 2Ik3
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oU _oU, +0U, :th(%+asJ+Q2h[%+a3j+Q3ash

00, 00, Iy 1ys Ly i3 Us (37)
+1(R1'—R1)bl(az+a3j+1(Pl'—Pl)hl[az+a3J+ 2 (P, ~P,)=0;
2 I, Iiz) 2 Iy 1i3) 214
oU oU,+oU | gy Lo o
00,” a0 L= O+ Qo+ Osht (R = R by + (R + P =R =Py =0 (38)
3 3
oU 0oU,+0U , '
20 ) IaQ = Quh+(Ry — Ry )by + (P = Py )iy = 0. (39)
4 4

Takum ymHOM, OTpUMaemo 3aiexHocTi (12-15), (24-27), (37-40) nnst BU3HAYCHHS

nryKaHux HeBigmomux. KiHmeBi BUpasu, miciis CIPOIIEHHS, OTPUMAHO Y BUTJISAI CHCTEMH

R_
M1 i_}_&_}_& +M2 &_}_& +M3&:7‘7h i_}_&_}_& —
Ik3 I I Ik3 2 Ikl IkZ Ik3

Ikl Ik2 k2 k3

Uk +R;)[al+az+as}_1hl(pl +plf)(az+a3]_a3hl(pz L P)
2 I Ik2 Ik3 2 Ik2 Ik3 21/{3

k1

[ BTN 7S KN VAR 3 A
1 1 I, 2 I, I,

k2 Ik3 k2 k3

—lh(R1+R{ IS —lhl(p1 +P) L5 _ash (P, +P) (40)
2 1 Ik3 21k3

k2 k3 2 Ik2

M, +M,+M,="_(h(R, R —R])-h(P,+P,+F+P)

_
38
W
N | —

1 , ,
M, =_5((R2 +R2)bz +th+(Ps +Ps)h2);

K, =0;
K, =0;
K,=0;

Ikl k2 k3

1 p h (o
x[%“u%]—m —B)hl[“z+“3j— TR

k1 Ik2 Ik3

(42)
ah 1

a a a a
Wl —*+—=2 |+0h >+ |+0,2—=——(R/— R )b, x
o) [1“ 1“] Qz( ] 0, I 2(1 b,

x[“2+"3]—1(3'—3)h1[“2+“3} (- p)

Ik2 Ik3 2 Ik2 Ik3 21k3

1 ’ 1 ! 1
th+Q2h+Q3h:_E(R1 _Rl)bl _E(])l +F—-F _Pz)hl;

O,h= _(R; - R, )bz _(Ps, _Ps)hz-)
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Illykani 3ruHanpHUE M 1 KpyrHUH K MOMEHTH, a TaKOX MomepeuHy cwiry O

BHU3HAYAEMO IIPHU TAKHUX BI/IXi[[HI/IX JaHUX:

. 30BHIIIHI HABAaHTAXXCHHS, OTPUMaH| €KCIIEPUMEHTAIIBHO:
P, =3550H; P'=2850H; P, =3150H; P/ =2450H;
P, =1380H; P/=1220H; P, =3490H; P, =2510H; (43)

P, =884H; P/ =1116H; P, =14500H; R, = 4454H;
R, =5425H; R/ =5219H;R, =11657H; R, =10245H;

. reoMeTpHuHi Ta (Hi3MYHI XapaKTEPUCTUKH, B3STI 3 KPECICHHS 1 BIACTUBOCTEH MaTepiaty

KOHCTPYKIIIi:
a, =133m; a, =0,72m; a; =1,7m; a, =0,64m; a; =0,88M;
b, =0,22m b, =03m h, =0,11m h=0,362m; h, =0,162m; (44)
I,,=11,635-10°m*; I, =11,837-10°m*; I,, =8,52-10"°m";
1,,=11849-10"m"; I,, =15845-10°m*; G=8-10*MIla. (45)

[TincTaBuBIIM YUCIIOBI 3HAYCHHS B piBHIHHSA (41-52) oTpuMaemo

17,7M, +6,28M , +0,2M, = 23373,225;
6,28M, +6,28M, +0,2M ; = —10348,9;
M +M,+M, =274

M, =-6019.8;
K, =0
K, =0; (46)
K, =0;
K,=0;

17,70, + 6,280, + 0,20, =1828,7;.
6,280, + 6,280, + 0,20, =1099.97;
O +0,+0, =44398;
0, =100,3.
VYHachiIoK po3B’s3Ky CHCTEMH PiBHSIHB (56) OTpuMaeMo
M, =29529H Mm;
M, =-4664H -m;

M, =19851H -m;
M, =-6019,8H  -m;

K, =0H-Mm;
K,=0H -Mm;
K,=0H-Mm; (47)
K,=0H-m;
0, =6381H;
0, =102,5H;

0, =271,6TH;
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0, =100,3H.

BucnoBku. KoHcTpykTuBHa cuctema rpeidepHoro HaBaHTaxyBaua [IEA-1A wmae
0COOJIMBICTh 3MIHM 1 3HAUHMX MEpenajiB *)opcTKkocTeid. [IpoBeneHHs aHani3y HampyXeHO-
ne(OpMIBHOTO CTaHy TaKOl HECY4Oi CHCTEMH B IIJIOMY MOJXKJIMBE JIUIIEC TPU BHUKOPHCTaHHI
MOIU(IKOBAaHOTO METOAY MIiHIMYyMy TIOTeHIiaabHOi eHeprii aedopmanii. Bracmigok
pPO3paxXyHKIB OTPHUMAaHO PEKOMEHIAIlli IS PAmiOHATBHINIONO B3aEMHOTO PO3MIMICHHS
HAHOUTBII HAaBAaHTAXKCHUX €JIEMEHTIB, JUISI TIIBUILIEHHS iX pecypcy poOOTH MPH OTHOYACHOMY
3HIKEHHI MaTepialoOMiCTKOCTI.

Conclusion. Constructional system of grab loader has the peculiarity of changing and
considerable differences of rigidity. Analysis of deformed tension of such frame is possible
only using the modified method based on the principle of minimum potential energy of
deformation. Recommendations for more efficient mutual locations of loaded elements are
received in order to increase the operating time and lower material capacity.
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