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Ãèäðàâëè÷åñêèå êðàíî-ìàíèïóëÿòîðíûå óñòàíîâêè, ñìîíòèðîâàííûå íà ïîäâèæíîì øàññè ðàçëè÷-
íûõ òðàíñïîðòíî-òåõíîëîãè÷åñêèõ ìàøèí, ïîëó÷èëè øèðîêîå ðàñïðîñòðàíåíèå â ðàçëè÷íûõ îò-
ðàñëÿõ ýêîíîìèêè Ðîññèéñêîé Ôåäåðàöèè. Îñíîâíîé çàäà÷åé ðàáîòû ìàíèïóëÿöèîííîé ñèñòåìû 
ÿâëÿåòñÿ ïåðåìåùåíèå ãðóçà èëè ðàáî÷åãî îðãàíà â íóæíóþ òî÷êó ïðîñòðàíñòâà. Ïîýòîìó äèíà-
ìè÷åñêàÿ íàãðóæåííîñòü ìàíèïóëÿöèîííîé ñèñòåìû âî ìíîãîì îïðåäåëÿåòñÿ õàðàêòåðîì âçàèìî-
äåéñòâèÿ ñ ãðóçîì èëè ðàáî÷èì îðãàíîì. Â ðàáîòå ðàññìîòðåíû ïîäõîäû ê îöåíêå âîçäåéñòâèÿ 
ãðóçà íà íåñóùóþ ìåòàëëîêîíñòðóêöèþ ìàíèïóëÿòîðà ìîáèëüíîé ìàøèíû. Ðàçðàáîòàíû ìàòåìà-
òè÷åñêèå ìîäåëè êîëåáàíèÿ ãðóçà íà æåñòêîì è ãèáêîì ïîäâåñå. Óðàâíåíèÿ äâèæåíèÿ èíòåãðèðó-
þòñÿ ñîâìåñòíî ñ óðàâíåíèÿìè äâèæåíèÿ ìàíèïóëÿöèîííîé ñèñòåìû. Ðàññìîòðåíà äèíàìè÷åñêàÿ 
ìîäåëü êîëåáàíèé ãðóçà êàê íà æåñòêîé, òàê è íà ãèáêîé ïîäâåñêå. Ïðèâåäåíû ðåçóëüòàòû ìàòå-
ìàòè÷åñêîãî ìîäåëèðîâàíèÿ êîëåáàíèé ãðóçà íà æåñòêîé è ãèáêîé ïîäâåñêå. Æåñòêîñòü ìàíèïó-
ëÿöèîííîé ñèñòåìû îïðåäåëÿëàñü ñ èñïîëüçîâàíèåì ìåòîäà êîíå÷íûõ ýëåìåíòîâ. Ïðè ìàòåìà-
òè÷åñêîì ìîäåëèðîâàíèè óñòàíîâëåíî, ÷òî êîëåáàíèÿ ãðóçà íà ãðóçîçàõâàòíîì îðãàíå âûçûâàþò 
âîçäåéñòâèå äîïîëíèòåëüíûõ äèíàìè÷åñêèõ íàãðóçîê íà íåñóùóþ ìåòàëëîêîíñòðóêöèþ ìàíèïóëÿ-
òîðà ìîáèëüíîé ìàøèíû. Äëÿ ñòðåëîâûõ êðàíîâ êîýôôèöèåíò äèíàìèêè ïðè îïðåäåëåíèè ãðóçî-
âîãî âîçäåéñòâèÿ îáû÷íî ïðèíèìàåòñÿ ðàâíûì 1,1…1,3, à íà îñíîâàíèè âûïîëíåííûõ ðàñ÷åòîâ, 
êîýôôèöèåíòû äèíàìè÷íîñòè ïðè èñïîëüçîâàíèè ãèáêîãî ïîäâåñà ãðóçà ìîãóò äîñòèãàòü çíà÷åíèé 
1,5…2,0. Ïîýòîìó â ðàñ÷åòàõ âîçäåéñòâèé ñî ñòîðîíû ãðóçà íà ìàíèïóëÿòîð ðåêîìåíäóåòñÿ èñ-
ïîëüçîâàòü ðàçðàáîòàííûå ìîäåëè. Äèíàìè÷åñêèå íàãðóçêè ïðè èñïîëüçîâàíèè æåñòêîãî ïîäâåñà 
ãðóçà íèæå, ÷åì ïðè èñïîëüçîâàíèè ãèáêîãî ïîäâåñà ãðóçà. Êîýôôèöèåíò äèíàìèêè äëÿ ýòîãî 
ñëó÷àÿ ëåæèò â ïðåäåëàõ 1,05…1,1.

Êëþ÷åâûå ñëîâà: êðàí-ìàíèïóëÿòîð, ìîáèëüíàÿ ìàøèíà, ãðóç, êîëåáàíèÿ, êðþê, ãèáêàÿ ïîäâåñêà, 
ìîäåëèðîâàíèå.
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Ââåäåíèå
Ãèäðàâëè÷åñêèå êðàíî-ìàíèïóëÿòîðíûå 

óñòàíîâêè, ñìîíòèðîâàííûå íà ïîäâèæíîì 
øàññè ðàçëè÷íûõ òðàíñïîðòíî-òåõíîëîãè÷å-
ñêèõ ìàøèí, ïîëó÷èëè øèðîêîå ðàñïðîñòðàíå-
íèå â ðàçëè÷íûõ îòðàñëÿõ ýêîíîìèêè Ðîññèé-
ñêîé Ôåäåðàöèè [1]. 

Îñíîâíîé çàäà÷åé ðàáîòû ìàíèïóëÿöèîí-
íîé ñèñòåìû ÿâëÿåòñÿ ïåðåìåùåíèå ãðóçà èëè 
ðàáî÷åãî îðãàíà â íóæíóþ òî÷êó ïðîñòðàí-
ñòâà. Ïîýòîìó äèíàìè÷åñêàÿ íàãðóæåííîñòü 
ìàíèïóëÿöèîííîé ñèñòåìû âî ìíîãîì îïðåäå-
ëÿåòñÿ õàðàêòåðîì âçàèìîäåéñòâèÿ ñ ãðóçîì 
èëè ðàáî÷èì îðãàíîì. Âçàèìîäåéñòâèÿ ìîæíî 
ðàçäåëèòü íà öèêëè÷åñêèå è íåïðåðûâíûå. 
Öèêëè÷åñêèå âîçäåéñòâèÿ ñâÿçàíû ñ ïåðåìå-
ùåíèåì øòó÷íûõ ãðóçîâ ãðóçîïîäúåìíûìè 
ìàøèíàìè. Íåïðåðûâíûå âîçäåéñòâèÿ õàðàê-

òåðíû äëÿ ðàáîòû ìàíèïóëÿöèîííîé ñèñòåìû 
ñ ðàáî÷èìè îðãàíàìè íåïðåðûâíîãî äåéñòâèÿ 
(ôðåçîé, ùåáíåî÷èñòèòåëüíîé öåïüþ, êîíâåéå-
ðîì, áóðîì è ò.ä.). 

Ñàìûé ïðîñòîé ñëó÷àé – ãðóç, ïîäâåøåí-
íûé íà æåñòêîé ïîäâåñêå (êðþêå). Êðþê çàêðå-
ïëåí íà êîíöå ïîñëåäíåãî çâåíà ìàíèïóëÿöè-
îííîé ñèñòåìû ïîñðåäñòâîì öèëèíäðè÷åñêîãî 
øàðíèðà, ÷åðåç êîòîðûé ïåðåäàþòñÿ âîçäåé-
ñòâèÿ (ðèñ. 1). 

Öåëü èññëåäîâàíèÿ
Öåëü èññëåäîâàíèÿ – ìàòåìàòè÷åñêîå ìîäå-

ëèðîâàíèå êîëåáàíèé ãðóçà íà ãðóçîçàõâàòíîì 
îðãàíå ìàíèïóëÿòîðà ìîáèëüíîé ìàøèíû.

Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå êîëåáàíèé 
ãðóçà íà ãðóçîçàõâàòíîì îðãàíå ìàíèïóëÿòîðà

Îñíîâíûì âîçäåéñòâèåì íà ìàíèïóëÿöèîí-
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íóþ ñèñòåìó ÿâëÿåòñÿ âåñîâàÿ íàãðóçêà îò ïå-
ðåìåùàåìîãî ãðóçà ìàññîé ãm . Îíà äåéñòâóåò 
âåðòèêàëüíî âíèç íåçàâèñèìî îò òåêóùåé êîí-
ôèãóðàöèè ìàíèïóëÿöèîííîé ñèñòåìû. Åñëè 
äåòàëüíî íå ðàññìàòðèâàòü êîëåáàíèÿ ãðóçà íà 
êðþêå, à ó÷èòûâàòü èõ âëèÿíèå ÷åðåç êîýôôè-
öèåíò äèíàìè÷íîñòè Qk , òî âåñîâàÿ íàãðóçêà 
âû÷èñëÿåòñÿ ñëåäóþùèì îáðàçîì:

,

ãäå ïm  – ìàññà êðþêà ñ êðåïëåíèåì è äîïîëíè-
òåëüíûõ ãðóçîçàõâàòíûõ ïðèñïîñîáëåíèé [2].

Óñêîðåííîå ïîâîðîòíîå äâèæåíèå ãðóçà ïðè 
èçìåíåíèè êîíôèãóðàöèè ìàíèïóëÿöèîííîé 
ñèñòåìû ïðèâîäèò ê ïîÿâëåíèþ öåíòðîáåæíîé

GF  è òàíãåíöèàëüíîé GT  èíåðöèîííûõ ñèë:

, ,

ãäå ê  – óãëîâàÿ ñêîðîñòü ïîâîðîòà, 
R  – ðàäèóñ ïîâîðîòà (îïðåäåëÿåòñÿ òåêóùåé 
êîìáèíàöèåé ìàíèïóëÿöèîííîé ñèñòåìû íà 
îñíîâå àíàëèçà ìîäåëè ìàíèïóëÿöèîííîé ñè-
ñòåìû); ê  – óãëîâîå óñêîðåíèå ïîâîðîòà [2].

Î÷åâèäíî, ãðóç èìååò âîçìîæíîñòü ñîâåð-
øàòü êîëåáàíèÿ íà êðþêîâîé ïîäâåñêå. Ïðè 
ýòîì êðþêîâàÿ ïîäâåñêà òàêæå ìîæåò ñîâåð-
øàòü êîëåáàíèÿ, òàê êàê êðåïèòñÿ ê ìàíèïóëÿ-
öèîííîé ñèñòåìå ÷åðåç øàðíèðíîå ñîåäèíåíèå. 

Ðàñ÷åòíàÿ ñõåìà äëÿ äàííîé çàäà÷è ïðèâåäå-
íà íà ðèñ. 2. 

Ïðè ìîäåëèðîâàíèè áûëè ïðèíÿòû ñëåäóþ-
ùèå äîïóùåíèÿ: 

1. ñìåùåíèÿ òî÷êè À (ðèñ. 2) â ïðåäåëàõ çåâà 
êðþêà èç-çà âîçäåéñòâèÿ ñèëû òðåíèÿ îòñóò-
ñòâóþò; 

2. òàê êàê ìàíèïóëÿòîðû ìîáèëüíûõ ìàøèí 
ðàáîòàþò ñ îòíîñèòåëüíî íåâûñîêèìè ñêîðî-

ñòÿìè äâèæåíèÿ [3], òî ïðè ìîäåëèðîâàíèè 
êîëåáàíèé ãðóçà íà æåñòêîì ïîäâåñå íå ó÷è-
òûâàåòñÿ âîçìîæíàÿ ïîòåðÿ êîíòàêòà ãðóçà è 
êðþêà, âûçâàííàÿ ïîäïðûãèâàíèåì ãðóçà; 

3. ïðè ðàáîòå ìàíèïóëÿòîðà âåñîâàÿ íàãðóçêà 
âñåãäà íàïðàâëåíà â îäíó ñòîðîíó (âíèç), 
ïîýòîìó ñ÷èòàåòñÿ, ÷òî îñü øàðíèðà êðþêî-
âîé ïîäâåñêè òàêæå íå ïîäïðûãèâàåò â ïðî-
óøèíàõ øàðíèðà èç-çà âîçìîæíîãî íàëè÷èÿ 
ëþôòà [4].
Óðàâíåíèÿ äâèæåíèÿ äàííîé ñèñòåìû âû-

ãëÿäÿò ñëåäóþùèì îáðàçîì:
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ãäå êJ  è ãJ  – ìîìåíòû èíåðöèè; 
ê  è ã  – óãëû ïîâîðîòà êðþêîâîé ïîäâåñêè è ãðóçà; 

ãnF – íîðìàëüíàÿ èíåðöèîííàÿ, ãtF – êàñàòåëü-
íàÿ èíåðöèîííàÿ ñèëû, ñâÿçàííûå ñî ñëîæíûì 
äâèæåíèåì ãðóçà íà êðþêå; êQ  è ãQ  – âåñî-
âûå íàãðóçêè îò êðþêîâîé ïîäâåñêè è îò ãðóçà 
(..); 

êW  è ãW  – âåòðîâûå íàãðóçêè íà êðþêî-
âóþ ïîäâåñêó è ãðóç; òðøM  è òðãM  – ìîìåíòû 
òðåíèÿ â øàðíèðå êðþêà è íà êðþêå.

Íîðìàëüíàÿ èíåðöèîííàÿ ñèëà ÿâëÿåòñÿ 
ðàçíîñòüþ öåíòðîáåæíîé è êîðèîëèñîâîé ñèë. 
Ýòè âíóòðåííèå ñèëû ìîæíî âû÷èñëèòü ñëåäó-
þùèì îáðàçîì:
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ãäå êm  – ìàññà êðþêîâîé ïîäâåñêè.
Äîïîëíèòåëüíûå ãåîìåòðè÷åñêèå ïàðàìå-

òðû ðàâíû:

à)                                                                                                   á)
Ðèñ. 1. Ãðóç íà æåñòêîé ïîäâåñêå: 

à – ìîäåëü ïîäâåñêè; á – âîçäåéñòâèÿ ãðóçà; 1 – êðþê; 2 – îñü øàðíèðà; 3 – ñêîáà áåçîïàñíîñòè
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Ñèëû ðåàêöèè X
k
 è Y

k
 â òî÷êå À âû÷èñëÿþò-

ñÿ ñëåäóþùèì îáðàçîì:

   1 1sin sinê ã ãn ã ãt ãX W F F             ;

   1 1cos cosê ã ãn ã ãt ãY Q F F             .

Ñèëû ðåàêöèè X è Y â òî÷êå O âû÷èñëÿþòñÿ 
ñëåäóþùèì îáðàçîì:

   1 1sin sinã ãn ã ãt ãX W F F             ;

   1 1cos cosã ãn ã ãt ãY Q F F             .

Ìîìåíòû òðåíèÿ â ñèñòåìå ðàâíû:

    2 20 5òðø òðø øM . f d X Y ,

     2 2
ã ( 0 5 )òðã òð ê ê êM f b . d X Y ,

ãäå òðøf è òðêf  – ñîîòâåòñòâóþùèå êîýôôèöè-
åíòû òðåíèÿ.

Åñëè òî÷êà Î óñêîðåííî ïåðåìåùàåòñÿ ñ ãî-
ðèçîíòàëüíûì xa  è âåðòèêàëüíûì óñêîðåíèåì 

ya , òî ê ñèëàì xiQ  íåîáõîäèìî äîáàâèòü ñîîò-
âåòñòâóþùèå ñèëû õè iF , à ê ñèëàì yiQ  íåîáõî-
äèìî äîáàâèòü ñîîòâåòñòâóþùèå ñèëû èyiF :

 èõi i xF m a ,      èyi i yF m a .

Óñêîðåíèÿ a
x
 è a

y
 îïðåäåëÿþòñÿ èç ðàñ÷åòà 

ìàíèïóëÿòîðà ïî ìåòîäèêå [5], ðåàëèçóþùåé 
àëãîðèòìû RNEA è CRBA. Äëÿ ó÷åòà ïîä-
âèæíîñòè øàññè ïåðåä îñíîâàíèåì â ìîäåëè 
ìàíèïóëÿòîðà [5] ìîæåò ââîäèòüñÿ øàðíèð 
ñ øåñòüþ ñòåïåíÿìè ñâîáîäû, ïîçâîëÿþùèé 
ó÷åñòü óâåëè÷åíèå äèíàìè÷åñêèõ íàãðóçîê íà 
ìàíèïóëÿòîð è ãðóç [6].

Ðåçóëüòàòû ðàñ÷åòà êðþêîâîé ïîäâåñêè 
ïðèâåäåíû íà ðèñ. 3. Ïàðàìåòðû ðàñ÷åòíîé 

Ðèñ. 2. Ðàñ÷åòíàÿ ñõåìà êîëåáàíèé ãðóçà íà êðþêå ñ æåñòêîé ïîäâåñêîé: 
1 – îñü øàðíèðà êðåïëåíèÿ êðþêîâîé ïîäâåñêè; 2 – êðþêîâàÿ ïîäâåñêà; 

3 – ãðóç; 4 – ñòðîïû èëè èíàÿ íàâåñíàÿ îñíàñòêà
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ìîäåëè ïðè ýòîì: 10êJ  êãì2,  200ãJ  êãì2, 
 50êm  êã, 1000ãm  êã,  5sin(20 )êW t  Í, 
125sin(20 )ãW t  Í,  õ 0è i èyiF F ,  0,3H  ì, 

 0,1h  ì,  0,01R  ì,  0,01a  ì,  0,8b  ì.
Íåêîòîðûå ìàíèïóëÿöèîííûå ñèñòåìû 

èìåþò ãèáêóþ ïîäâåñêó ãðóçà (ðèñ. 4). Òàêàÿ 
ïîäâåñêà ðàñøèðÿåò ðàáî÷óþ çîíó ìàíèïó-
ëÿöèîííîé ñèñòåìû è ïîçâîëÿåò ðàáîòàòü ñ 
ãðóçîì, ðàñïîëîæåííûì çíà÷èòåëüíî íèæå îïîð-
íîé ïîâåðõíîñòè áàçîâîé ìàøèíû. Òðîñ ïðèâî-
äèòñÿ â äâèæåíèå ãèäðàâëè÷åñêîé ëåáåäêîé.

Ìàòåìàòè÷åñêàÿ ìîäåëü äëÿ èññëåäîâàíèÿ 
äèíàìèêè ãðóçà íà ãèáêîé ïîäâåñêå ïðèâåäåíà 
íà ðèñ. 5. Âîçäåéñòâèå ñî ñòîðîíû ãðóçà ïåðå-
äàåòñÿ íà ñòðåëó ìàíèïóëÿöèîííîé ñèñòåìû 
÷åðåç ñèñòåìó áëîêîâ. Ñèñòåìà áëîêîâ è ãðóç 
ïðèâîäèòñÿ â äâèæåíèå ëåáåäêîé. 

Îñíîâíûå ýëåìåíòû ñèñòåìû: 0m  – ïðèâå-
äåííàÿ ê êîíöó ñòðåëû ìàññà ìàíèïóëÿöèîí-
íîé ñèñòåìû, 1m  – ïðèâåäåííàÿ ê ëèíåéíîìó 

äâèæåíèþ ìàññà âðàùàþùèõñÿ ÷àñòåé ëåáåä-
êè, 2m  – ìàññà ïîäíèìàåìîãî ãðóçà, 0x , 1x , 2x  
– ñîîòâåòñòâåííûå ïåðåìåùåíèÿ ìàññ ìîäåëè. 
Ãðóç ÷åðåç ñèñòåìó áëîêîâ (ïîëèñïàñò) äåé-
ñòâóåò íà ñòðåëó ìàíèïóëÿöèîííîé ñèñòåìû. 
Â òî æå âðåìÿ âíóòðåííåå íàòÿæåíèå êàíàòà 
ïðåîäîëåâàåòñÿ ïðèâîäîì ëåáåäêè, êîòîðàÿ 
ïðèâîäèò âñþ ñèñòåìó â äâèæåíèå. Ìàòåìàòè-
÷åñêàÿ ìîäåëü ïîäúåìà ñõîæà ñ ïðåäñòàâëåí-
íîé â ðàáîòàõ [7; 8]. 

Óðàâíåíèÿ äâèæåíèÿ ñèñòåìû âûãëÿäÿò ñëå-
äóþùèì îáðàçîì:

Ðèñ. 4. Êðàí-ìàíèïóëÿòîð ÑÔ-125 ñ ãèáêîé ïîäâåñêîé

Ðèñ. 3. Ðåçóëüòàòû ðàñ÷åòà æåñòêîé êðþêîâîé ïîäâåñêè: 
à – êîëåáàíèÿ êðþêîâîé ïîäâåñêè; á – êîëåáàíèÿ ãðóçà; â – âåðòèêàëüíàÿ íàãðóçêà íà ìàíèïóëÿöèîííóþ 

ñèñòåìó; ã – ãîðèçîíòàëüíàÿ íàãðóçêà íà ìàíèïóëÿöèîííóþ ñèñòåìó 
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Ïðèâåäåííàÿ ìàññà âðàùàþùèõñÿ ÷àñòåé 
ïðèâîäíîé ëåáåäêè:

,

ãäå  1 1,1...1,2 ; áD  – äèàìåòð áàðàáàíà, ì; 

1J  – ìîìåíò èíåðöèè âðàùàþùèõñÿ ìàññ ìå-
õàíèçìà, êã·ì2; ðu  – ïåðåäàòî÷íîå îòíîøåíèå 
ïðèâîäà; ïð  – êîýôôèöèåíò ïîëåçíîãî äåé-
ñòâèÿ ïðèâîäà [7; 8].

Æåñòêîñòü ìàíèïóëÿöèîííîé ñèñòåìû sñ  
îïðåäåëÿåòñÿ ñ èñïîëüçîâàíèåì ìåòîäà êî-
íå÷íûõ ýëåìåíòîâ [8–10]. Íà îñíîâå àíàëèçà 
ìîäåëè ìàíèïóëÿöèîííîé ñèñòåìû âîçìîæíî 
îïðåäåëèòü õàðàêòåðíûå äëÿ òðàåêòîðèè äâè-
æåíèÿ òî÷êè, ñîîòâåòñòâóþùèå ìîìåíòàì âðå-
ìåíè it , ïîñëå ÷åãî âû÷èñëèòü â íèõ çíà÷åíèÿ 

( )s iñ t  è ïåðåäàòü â êà÷åñòâå èñõîäíîé èíôîð-
ìàöèè â àëãîðèòì ðàñ÷åòà.

Îáùàÿ æåñòêîñòü êàíàòíîãî ïîäâåñà â äèíà-
ìè÷åñêîé ìîäåëè ðàâíà:

    0 0 1 0ê k kñ c x c x ,

ãäå æåñòêîñòè îòâåñîâ âåòâåé êàíàòîâ:

, 

,

ãäå 
kE  è kF  – ìîäóëü óïðóãîñòè è ïëîùàäü ìå-

òàëëè÷åñêîãî ñå÷åíèÿ êàíàòà; ïîëm  – ÷èñëî ïî-
ëèñïàñòîâ; ïîëk  – êðàòíîñòü ïîëèñïàñòà; óãëû 
îòêëîíåíèÿ êàíàòîâ ïðè ýòîì ðàâíû:

 
      

0 1
0

0

r r
arctg

H a x
, 

 
     

0 1
1

0

r r
arctg

H x
.

Êîýôôèöèåíòû äåìïôèðîâàíèÿ îïðåäåëÿ-
þòñÿ ñîãëàñíî ìåòîäèêå [8]. Åãî ìîæíî âû÷èñ-
ëèòü ïî ïðèáëèæåííîé çàâèñèìîñòè:
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Ïðè ýòîì ìåíüøèå çíà÷åíèÿ ñëåäóåò áðàòü 
äëÿ ìàøèí, ðàáîòàþùèõ â ëåãêîì ðåæèìå. 

Êîýôôèöèåíò äåìïôèðîâàíèÿ êðàíîâîãî 
êàíàòà âû÷èñëÿåòñÿ àíàëîãè÷íî êîýôôèöèåíòó 
äåìïôèðîâàíèÿ ìåòàëëîêîíñòðóêöèè: 
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2 10
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ñ
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Â îáùåì ñëó÷àå äâèæóùåå óñèëèå ïðèâî-
äà P çàâèñèò îò ñêîðîñòè âðàùåíèÿ áàðàáàíà 
ëåáåäêè è îò ñèëû íàòÿæåíèÿ íàáåãàþùåé íà 
ëåáåäêó âåòâè êàíàòà. Çàâèñèìîñòè äëÿ äâè-
æóùåãî óñèëèÿ ýëåêòðîïðèâîäà ïðèâåäåíû â 
ðàáîòàõ [7, 8]. Çàâèñèìîñòü äâèæóùåãî óñèëèÿ 
ëåáåäêè ñ ãèäðîïðèâîäîì çàâèñèò îò òèïà ãè-
äðîìîòîðà. ×àùå âñåãî èñïîëüçóþòñÿ àêñè-
àëüíî-ïîðøíåâûå ãèäðîìàøèíû. Êðóòÿùèé 
ìîìåíò â ýòîì ñëó÷àå ðàâåí:

       
2

tg
8êð

d
M p z D ,

ãäå p  – ðàçíîñòü äàâëåíèå â íàïîðíîé è 
ñëèâíîé ïîëîñòÿõ ãèäðîìîòîðà, d – äèàìåòð 
öèëèíäðà íàñîñà,   – óãîë íàêëîíà áëîêà öè-
ëèíäðîâ èëè âåäóùåãî äèñêà íàñîñà, z  – ÷èñëî 
ïîðøíåé íàñîñà, D  – äèàìåòð îêðóæíîñòè 
ðàçìåùåíèÿ öèëèíäðîâ [11].

Â ðàñ÷åòå ïðèíÿòû ñëåäóþùèå ïàðàìåòðû 
ìîäåëè. Ãðóçîïîäúåìíîñòü íà ìàêñèìàëüíîì 
âûëåòå 10,6 ì – 830 êã. Äàâëåíèå â ãèäðîïðè-
âîäå 20 ÌÏà, ïîäà÷à íàñîñà 80 ë/ìèí. Ïðèâå-
äåííàÿ ìàññà ëåáåäêè 1m  = 105000 êã. Ìàññà 
ïîäíèìàåìîãî ãðóçà 2m  = 830 êã. Æåñòêîñòü 
êàíàòà  350000êñ  êÍ/ì, êîýôôèöèåíò äèññè-
ïàöèè   450ê

 êÍñ2/ì. Ïðè èíòåãðèðîâàíèè 
âñå íà÷àëüíûå óñëîâèÿ ïðèíÿòû íóëåâûìè, 
êðîìå íà÷àëüíîé ñêîðîñòè ìàññû 1m , êîòîðàÿ 
ðàâíà íîìèíàëüíîé ñêîðîñòè 0,11 ì/ñ.

Ðåçóëüòàòû ìîäåëèðîâàíèÿ ïîäúåìà ãðóçà 
êðàíîì-ìàíèïóëÿòîðîì ÑÔ-125 ïðèâåäåíû íà 
ðèñ. 6.

Ðèñ. 6. Ðåçóëüòàòû ðàñ÷åòà ãèáêîé êðþêîâîé ïîäâåñêè ïðè ïîäúåìå ãðóçà: 
1 – íàãðóçêà â êàíàòå S; 2 – âîçäåéñòâèå íà ìàíèïóëÿöèîííóþ ñèñòåìó F
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Âûâîäû
1. Êîëåáàíèÿ ãðóçà íà ãðóçîçàõâàòíîì îðãàíå 

âûçûâàþò âîçäåéñòâèå äîïîëíèòåëüíûõ äèíà-
ìè÷åñêèõ íàãðóçîê íà íåñóùóþ ìåòàëëîêîí-
ñòðóêöèþ ìàíèïóëÿòîðà ìîáèëüíîé ìàøèíû. 

2. Äëÿ ñòðåëîâûõ êðàíîâ êîýôôèöèåíò äèíàìè-
êè ïðè îïðåäåëåíèè ãðóçîâîãî âîçäåéñòâèÿ 
îáû÷íî ïðèíèìàåòñÿ ðàâíûì 1,1…1,3 [12]. Íà 
îñíîâàíèè âûïîëíåííûõ ðàñ÷åòîâ êîýôôèöè-
åíòû äèíàìè÷íîñòè ïðè èñïîëüçîâàíèè ãèá-
êîãî ïîäâåñà ãðóçà ìîãóò äîñòèãàòü çíà÷åíèé 
1,5…2,0. Ïîýòîìó â ðàñ÷åòàõ âîçäåéñòâèé ñî 
ñòîðîíû ãðóçà íà ìàíèïóëÿòîð ðåêîìåíäóåò-
ñÿ èñïîëüçîâàòü ðàçðàáîòàííûå ìîäåëè. 

3. Äèíàìè÷åñêèå íàãðóçêè ïðè èñïîëüçîâàíèè 
æåñòêîãî ïîäâåñà ãðóçà íèæå, ÷åì ïðè èñ-
ïîëüçîâàíèè ãèáêîãî ïîäâåñà ãðóçà. Êîýô-
ôèöèåíò äèíàìèêè äëÿ ýòîãî ñëó÷àÿ ëåæèò 
â ïðåäåëàõ 1,05…1,1.

4. Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé 
ïîääåðæêå ãðàíòà Ïðåçèäåíòà ÐÔ äëÿ ãîñó-
äàðñòâåííîé ïîääåðæêè ìîëîäûõ ó÷åíûõ-
êàíäèäàòîâ íàóê № ÌÊ-92.2014.8.
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MATHEMATICAL MODELING OF CARGO OSCILLATIONS 
ON THE MOBILE MACHINE MANIPULATOR LOAD LIFTING BODY
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Moscow State University of Railway Engineering (MIIT), 

Ivan Petrovsky Bryansk State University
+7 4832 64-81-17, lagerev-bgu@yandex.ru

Hydraulic crane-manipulator devices mounted on a movable chassis of different transport and 
technological machines are widely used in various sectors of the Russian economy. The main objective 
of handling system operation is movement of cargo or working body to the desired point of space. 
Therefore, dynamic loading of handling system is largely determined by the nature of the interaction with 
cargo or working body. The paper discusses approaches to assessing the impact of cargo on loadbearing 
metal structure of mobile machine manipulator. The mathematical models of cargo oscillations on rigid 
and flexible fixture are developed. Motion equations are integrated together with motion equations of 
handling system. Dynamic model of cargo oscillations on rigid and flexible fixture are considered. The 
results of mathematical modeling of cargo oscillations on rigid and flexible fixture are provided. Stiffness 
of handling system was determined using the finite element method. Mathematical modeling helped to 
find out that cargo oscillations on load lifting body cause additional dynamic loading on loadbearing metal 
structure of mobile machine manipulator. For jib cranes dynamic factor when determining dynamics of 
cargo impact is usually taken equal to 1.1 ... 1.3, and on the basis of the calculations the dynamic factors 
when using flexible fixture can reach values of 1.5 ... 2.0. Therefore, in the calculation of impacts from 
the side of cargo it is recommended to use the developed model. Dynamic loads for rigid fixture are 
lower than when using flexible cargo fixture. Dynamic factor in this case lies in the range of 1.05 ... 1.1.

Keywords: crane-manipulator, mobile machine, cargo, oscillations, hook, flexible fixture, modeling.
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