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JlocmipkeHo TepexiiHuil mMpomec miiiManHsl BAHTaXy 3 OCHOBH CTPUIOBUM CaMOXIJIHUM
KpPaHOM, SIKUI OCHAII[CHO TaCUTEJIeM KOJIMBaHb.

Jocmpkennss  TpoBOiUMCh,  HAa  Qi3muHiii  mMojeni  rycenmunoro  kpana  KI-25
BaHTAKOIITHOMHICTIO 25 TOHH. B CTpIOBY 1 BaHTaKHY NIIBICKY BCTAHOBJICHI T'/IpaBIIigHi racuTeIi
KOJIMBaHb  TEJECCKOIMYHOTO THIy. B SKOCTI  BUMIPIOBAJILHO-PEECTPYBANBHOI  amaparypu
BUKOpHCTaHO anajnoro-mudposuii nepersopioBad (ALI), sixuit Oyio ninkimoueno o [TK.

Otpumani ocrsiorpaMy 3MiHu 3ycriursi B 4yaci F(t) B miaBiCIIl cTputM 1 BaHTOKHUX KaHATax.
Pe3ynbTaTé eKCIIepUMEHTIB MTITBEPIAITN TEOPETUYHI JOCTI/PKCHHS, sIKI OYJIM OTpUMaHi B TIOTICPEITHIX
poGoTax. Po30DKHICTE pe3ysibTaTiB B BU3HAYCHHI KOCDIIIEHTY JWHAMIKH CKiajgae 6 %, mo HmKdui
9acTOTi KoJmBa#Hb 12,5 %, 110 TpUBaIoOCTi epio Iy pO3roHy MEeXaHi3My IiIHoMy B cepeiHbomy 15 %.

OOpoOka pe3ynpTaTiB  EKCIEPUMEHTY JIO3BOJIMIIA 3POOWTH BHCHOBKHM, IO HAWOUTBIIT
C(CKTUBHIM € BKIIOYEHHS TACHTEIISI KOJIMBAHb B CHIJIOBHI JIAHITIOT BAHTAXKHOI MIBICKH, IPU [ILOMY
KOCQIIIIEHT AMHAMIKK CTPLTH 3MeHInyeThest 3 1,6 1o 1,1, a BanTakHux kaHatiB 3 1,5 mpaktuano 1o 1.

Kniouoei cnosa: crpina; BaHTax; MIBICKA; T1IPaBIIYHAN TACUTEIh; KOJWBAHHA.

Hlooonak O. C., Hazapxun A. A., Cmonakos C. JI. «VccnegoBanue IMHAMUYECKUX
HArpy30K 3JICMEHTOB CTPEJIOBON CHCTEMBI CAMOXOAHBIX KPAHOB C MOMOIIBI0 (PM3NICCKON MOICIII.

HccnenoBan nepexoHoON IpOLECC IMOAbEMA I'Py3a ¢ OCHOBAHMS CTPEIOBBIM CaMOXOIHBIM
KpPaHOM OCHAILCHHBIM TaCUTEIIEM KOJICOaHHH.

HccnepoBanusi NpOBOAMIINCH HA (QHU3MUECKON Moxenw TycennyHoro kpana KI'-25
I'PY30I0IBEMHOCTEIO 25 TOHH. B cTpenoByto U rpy30BYyIO 110JBECKY YCTAHOBJICHBI TMAPABINYECKHUE
TacUTENN KOJICOAHWII TEICCKOMMYECKOTO Tuma. B KadecTBe H3MEPHUTEIBHO-PETHCTPUPYIOMICH
anaparypsl HCIOJIL30BAJICS aHAIOT0-IM(POBOil MpeodpazoBarens, noakiroueHusi K ITK.

[omydyensl ocmmmiorpaMMsl U3MEHEHHsT ycuianii Bo Bpemenu F(t) B momsecke cTpeisl u
IPY30BbIX KaHaTax. Pe3ylbTaTbl 3KCHEPUMEHTOB IOATBEPAWIIA TEOPETUYECKUE HCCIEHOBAHUSA,

KOTOpBIC ObUIM HOJYYEHBI B IPEAbIAyHINX padorax. PacxoxkieHue pe3yiabTaToB B ONPEINCICHUN
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kodduimenta TMHAMUYHOCTH COCTaBUIM 6 %, 10 HM3mIeH dvacrore kojicbanuit 12,5 %, 1o
[IPOJIOJDKUTEILHOCTH BPEMEHH pa3roHa Mexanusma mojabema 15 %.

O0paboTKa pe3yIbTaToB AKCIICPUMEHTOB TTO3BOJIMIIA CJICIIaTh BBIBOJI, YTO Harbosee 2 HeKTHBHBIM
SIBJISICTCSI BKJIIOYEHHE TacHTellsl KosieOaHuii B CHJIOBYIO I1€Ib IPY30BOM I10JIBECKH, IIPU 3TOM KOO UIIMEHT
JIMHAMWYIHOCTH CTPEJIbI cHrbkaeres ¢ 1,6 1o 1,1, a rpy30BbIx kanatoB ¢ 1,5 npakrudecku Jio 1.

Knwuesvie cnosa: crpena; rpys; 10/IBECKa; THAPABINYCCKUN TaCUTEIIb; KOJICOAHHS.

Podoliak O., Nazarkin O., Smolyakov S. “The resecarch of the dynamic loads of the boom
system elements of the mobile crane using the physical model”.

The transient process of the load hoisting from base with mobile crane equipped with
oscillation damper is researched.

The research with physical model of caterpillar crane KG-25 with capacity 25 t is done. The
hydraulic oscillation dampers of telescopic type in the boom and load hook assembly were installed.
As a recording equipment the analog data digitizer connected to PC were used.

The oscillograms of force changing in the time F(t) in hook assembly of boom and load ropes are
obtained. The results of the experiments have confirmed the theoretical researches that in the previous
studies was obtained. Divergence of results in the estimation of dynamic factor were 6 %, by the lowest
oscillation frequency — 12,5 %, by duration of acceleration time of hoisting mechanism — 15 %.

The analysis of experiment results allowed to draw a conclusion that the most effective is inclusion
of the oscillation damper in the power circuit of the load hook assembly. In this case the dynamic factor of
boom from 1,6 to 1,1 is decreased and the dynamic factor of load ropes from 1,5 to 1 is decreased.

Keywords: boom; load; hook assembly; hydraulic damper; oscillations.

1. AkTyaabHicTh po6oTH

EdexTnBHM crioco60M 3MEHIICHHS JTUHAMIYHIX HAaBAaHTAKCHb € BCTAHOBJICHHS B CHJIOBHI
JAHIIOT T1IPaBIIYHOIO TACHTEIsI KOJMBAHbL ajié HEKOPEKTHE BCTAHOBJIICHHS TaCHUTEIIB MOXKE
BUKIIMKATH 30UILIICHHS KOCQIiEHTY AMHAMIYHOCTI, Yacy 3aracaHHs KOJWBAHb 1 CTATH MPUIMHOIO
pesonancy. Tomy pa3oM 3 TEOPSTHYHUMHU TIOBHHHI TIPOBOAMTHCS 1 EKCHEPUMCHTAIbHI

JOCIIDKEHHS, SIKI MOXKYTH OyTH BHKOHAHI 3a JIOTIOMOTOI0 HATYpPHOTO 3pa3Ka abo (i3nyHOi MOeIIi.

2. Orasj ony01ikoBaHol JliTepaTypu

B [1] 3a3nauaerscs, moO AOCIHKEHHS MOJIENCH MEped HATYpHUMH MalOTh psii TEpeBar B
TOMy, IIO BOHM 3HAYHO JCIICBIII 1 MPOCTIOII B BHUKOHAHHI (BUKOHYIOTHCA B IPHMIILICHHI),
J03BOJISIIOTH IOCHIIKYBAaTH BapiaHTH KOHCTPYKHii Ta iH. Takox B [1] Bimmiuaerncs, mo 3rigHo 3
TEOopi€elo MoAIOHOCTI AaHi, OTPUMAaHI MPH JOCTIPKEHH] OyIb SKOTO SBHIA, MOXKYTh OYTH IIepeHeceH1
TUTBKH HA SBHIIA TOXI0OHI oMy, TOOTO OnMCyBaTHCA OAHUMH piBHAHHAMA. [pn ctBOpenHi Qizmunmx
MOJICIICH CIIII BUXOAUTH 3 OJHAKOBOCTI HAIPYKEHb B MOJEII 1 B HATYP1 IIPH YMOBI, 110 HANIPY>KCHHS
HC BUXOIATH 3a Mexi 3akony ['yka. Cain 3a3HauuTH, IO MOJENI BUKOHYIOTH I'€OMETPUUHO
moxionmvu  Harypi. Lli igel MOJI0O)KEHO B OCHOBY HAIIUX EKCIICPUMCHTAIBHUX IOCTIIKCHD
HEPEXiAHNX KOJIMBAILHUX IIPOLIECIB HA MOJIEI I'YCCHUYHOTO CTPLIOBOTO KPaHy.
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3. Mera crarTi
3HalTH 3aKOHOMIPHOCTI SIKi BIIMBAIOTh HA TIPOIIEC TACIHHS KOJIMBAHB ITiJ] 4ac MigHoMy

BAHTAXY 3a JIOTIOMOT010 (HI3MYHOT MOJIEII1 CTPIJIOBOTO TYCEHUYHOTO KpaHy.

4. OcHOBHA YaCTHHA

B saxocrti HarypHoro oOpanmii crpuioBMii camoxiiHui rycennunuit kpan KI'-25
(COCT 22827-85) 3 NOBXMHOIO OCHOBHOI CTputi L. = 14 M, CTpiIOIO IpaTdacTtoi KOHCTPYKI 3
Macoro m, = 2 T, 3arajikHOI0 KOHCTPYKTHUBHOIO Macoro kpana 36 1; Bucororo mimiimanss 13,5-7,0 m;
MIBUJIKICTIO TTiIIMaHHs BaHTa)Xy HE MCHIN 7 M/XB; NIBUJKICTIO MepecyBaHHs kpany 1 km/roja. B
MTOIAJIBIIIMX PO3PAXYHKAX MOJICITh TTO3HAYAETRLCS THICKCOM «M», a HaTypa iHaekcoM «Hy».

[pu ToBXHH1 e7IeMEHTIB CTPLIOBOT cucTemMu / OyMOo MaTh KOSQIIIEHT TeOMETPHUYHOT MOTIOHOCTI

k, _lw (1)

KoedirienT cuioBoi mo1idHOCTI

2
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TakuM uYWMHOM, Bara BaHTAXYy IO IJHIMAETHCS TOBUHHA MOJICIIIOBATHUCS 10 KBaJIpary
koe(illieHTa TeOMETPUIHOT T10/TI0HOCTI, a BIaCHA Bara KOHCTPYKITii OYEBHIHO — TI0 KyOy.

KoedimienT moaidbHOCTI )KOpCTKOCTEH

c Py AL,
k, =1L = = k. (3)
Cuy Al Py
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Po3paxyHok HaBeneHoi Macu crTpinu. PospaxymkoBa cxema cTpumm Moxe OyTH
npejacTaBicHa y BUrIsial (puc. 1).
3 yMOB OMHAMIYHO{ €KBIBAJICHTHOCTI CUCTEM [UI CTPUIM 3 OAHHUM IIAPHIPHUM 1 APYTUM

BUIBHUM KIHIIEM (Maca HaBOIUTHCS K KIHITIO KOHCOJIi) Ma€eMO BHpPA3:
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Bu3HavyeHHs1 HaBeJEeHOI KOPCTKOCTI CHCTeMHU CTpila — CTPLJIOBA KAaHATHA MiABicka.

KopcerkicTs cucteMn BU3HAYAETHCS 110 hopmyii [2]
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P A sin o
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cos’a +| cos’ a + LA
h 4,
Tyr  E —wMoayins upyxHocti 1-ro pojy, mlla;

A;, A; — HaBeJIEHI IUIONII ITONEPEYHOIrO IIEpepi3y CTPUIM 1 KaHATIB I1JIBICKK BIAIOBIIHO,

MM
[1, [, — NOBXXWHM CTPUIM 1 KAHATIB CTPLIOBOT MIJIBICKH, MM;
0. — KyT MDK CTPUIOIO 1 KaHATaM¥ CTPLUTOBOT MIIBICKH, TPaj.
Busznavenns HaBeIeHol “KOPCTKOCTi
M My My M, BaHTaKkHOI miaBicku. Bamraxkma miiBicka mojei
I CKJIQJIAETHCS 3 JABOX YaCTHH: OJIHOTO KaHata @ 2 MM 1
h noBxuHOoI0 /; = 1400 MM Ta 't KaHatiB @ 2 MM i
! ) .
| nosxunoio /; = 1400 MM. 3 yMOB pIBHOCTI JIIHIHHUX
[IEPEMIIIeHb MAEMO:
Puc. 1 — Po3paxynkoBa cxema Jyist
BH3HAYCHHS HABC/ICHOT MacH CTPLIN ’r + L = 2,
b
Al A2 np
3BIJIKM MAaEMO
24,4,
np - A A : (8)
1 T4
HaBejiena KopcTKicTh BAHTAXKHOTL ITIJIBICKH:
P EkAnp
Con =77~ . (9)
Al 2/

[TopiBHsUIBHA XapaKTEPUCTHKA T'EOMETPHYHHMX, MACOBUX 1 CHJIOBHX IapaMmeTpiB HATypH i
MO/ICII CTPLIOBOT CUCTEMHU T'YCCHUYHOTO KpaHy MoKa3aHo B Talur. 1.

Taoauns 1 — [opiBHsIIbHA XapaKTCPUCTHKA TTAPAMETPIB CUCTEMU

[Tapamerpu Harypa | Mogens Koed. YMmoBH Pos-
noaioHoCTI Teopil XOJUKEHHS
1oAi0HOCTI
JIOBKHHA CTPLIH, MM 14000 1400 k=10

Maca crpimm, Kr 2000 2,0 K, = 1000 | K,, = k; =10’ 0 %

Hasepena maca crpum, Kr 700 0,7 1000 1000 0 %

JKoperkicrs cucremn crpina— | 0,69-107 | 0,66-10° 10,4 10 4 %
cTpinoBa migBicka, H/m

JKOpPCTKICTh BAHTAXHOT 0,25-10" | 0,23-10° 10,8 10 8 %

migBicku, H/m

3 tabn. 1 BUAHO, 1110 OCHOBHI IApaMETPH MOJIEJI MOMIOHI 10 apaMeTpiB HaTypHOT'O 3pa3Ka.
OTxe pe3ynpTaTi AOCHIDKEHb Ha PI3UYHIA MOJEI MOKHA BBAXKATH TOCTOBIPHUMH.

Onuc ¢piznuHol MoaeJi CTPiJIOBOI ccTeMHU I'yceHHYHOro kpany. Ha pucynky 2 nokasana
CKCIICpUMCHTAIbHA YCTAaHOBKA, siIKa Oyja CTBOpEHA Ui JOCIIDKEHHS IUHAMIYHUX HABAHTAKCHD
110 BUHUKAIOTh B CTPUIOBIH cHCTEMI IIPU MiNIHMaHHI BAaHTaXYy, & TAKOXK €(PEKTUBHOCTI 3MCHILICHHS
OMHAMIYHUX 3yCHITh 33 JOITOMOTOIO TIAPABIIYHUX TACHTEIIB KOJIHBAHD.
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o CKIIany CKCIIEPUMEHTAIIBHOL
YCTaHOBKM BXOJSITH: cTpina 1; rigpasiiyfi
racuTeni 2, fKi PO3MINICHI B CUCTEMi TIJBICKH
BaHTaXy 1 B CHCTEMI IIJIBICKM CTPLIH;
TEH30METPHUUHI JaTYUKU 3; IIyJIbT KepyBaHHs 4.
Iudopmaris 3 jgaTumkiB  3anmcyBajiacs i
oOpoOiistacsi  Ha  KOMITIOTEpi, sKuil  OyB
obmanannit ALIT.

S. OO0rosopenns e3yJabTaTiB
Puc. 2 — ExciepuMeHTaibHa yCcTaHOBKA: P pesy
1 — crpina; 2 - riipaBIidYHUN TACUTEIIb; eKCIICpUMENTY
3 — nar4vk; 4 — MyIbT KCPyBaHHS Ha pucyHky 3 noka3aHa 3MiHa 3yCHILIS

F(t) B migBicii cTpimm 1 BaHTaOKHUX KaHarax. 3 pUCYHKY 3, a 1 O BWIHO, MO0 3aCTOCYBaHHS
TUIPaBIIYHAX TACUTEIIIB KOJIMBAHB JIO3BOJISIE 3MCHITUTH JuHAMIYHI 3ycwnist Ha 30%, koedimieHT
JMHAMIYHOCTI Maike B 1,5 pasu. OueBujHO, N0 TaKe 3MCHIICHHS JMHAMIYHAX HABaHTAXKCHb
JIOCATAETHCS 33 PAXYHOK 30UTBIICHHS Yacy po3rony nimivmanss 3 0,3 cexynnu (puc. 3, a) o 0,9

cexyHm (puc. 3, 0) a TaKOK NOTJIMHAHHA MEXaHIYHOT EHEPril JPOCEITHLHOI0 CUCTEMOIO JIeMII(EpiB.

FH Bucnosxu
330 -

AnHaii3 eKCICPUMCHTAIBHUX JIOCITIKCHD

JI03BOJIAE 3p061/ITI/I BUCHOBOK, 11O BKJIIOYCHHA

TIPABIIIYHAX TACUTCIIB KOJMBAaHH B CHJIOBHH

—— Z-EaHTA#HA nigeicka

JIAHIIOI CTPUIOBOI CUCTEMM JIO3BOJISIE 3HAYHO

. a) A .

p tc 3MEHIIWTH  JUHAMIYHI ~ HAaBaHTAXEHHS,  SKI
FH BUHUKAIOTh TPH MEPEXiTHUX IpoIecax Il dac
220 IHOMY BaHTaXy 3 )KOPCTKOi OCHOBH.
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