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Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ âîïðîñ íàãðóæåííîñòè íåñóùåé ñèñòåìû àâòîìîáèëÿ áàããè ïðè 
íàèáîëåå òèïè÷íûõ ðåæèìàõ íàãðóæåíèÿ. Â êà÷åñòâå òàêîâûõ âûñòóïàþò ðåæèì íàåçäà ïåðåäíåãî 
êîëåñà íà ïðåïÿòñòâèå, ðåæèì íàåçäà çàäíåãî êîëåñà íà ïðåïÿòñòâèå, ðåæèì äèàãîíàëüíîãî íà-
ãðóæåíèÿ, à òàêæå ðåæèì çàêðó÷èâàíèÿ ðàìû âîêðóã ïðîäîëüíîé îñè. Äëÿ óäîáñòâà àíàëèçà ðàìà 
àâòîìîáèëÿ áàããè ïîäåëåíà íà ïîäêîíñòðóêöèè, êîòîðûå, â ñâîþ î÷åðåäü, ðàçäåëåíû íà çîíû. Äëÿ 
êàæäîé èç çîí êàæäîé ïîäêîíñòðóêöèè ïîñðåäñòâîì ñòîëá÷àòûõ äèàãðàìì ïîêàçàíà äîëÿ âîñïðè-
íèìàåìîé íàãðóçêè ïðè êàæäîì âèäå íàãðóæåíèÿ. Ïðåäñòàâëåííûå ãðàôèêè ïîçâîëÿþò ëåãêî àíà-
ëèçèðîâàòü ïåðåãðóæåííûå è íåäîãðóæåííûå îáëàñòè. Ê ïðèìåðó, ñòåðæíè âåðõíåé çîíû çàäíåãî 
ïîäðàìíèêà ïðèíèìàþò î÷åíü íåáîëüøóþ íàãðóçêó, ó÷èòûâàÿ äîëþ èõ îáúåìà. Îáðàòíàÿ ñèòóàöèÿ 
íàáëþäàåòñÿ â îáëàñòè áîêîâèí: â ýòîé çîíå ñóùåñòâåííî áîëåå âûñîêàÿ íàãðóçêà ïðèõîäèòñÿ íà 
çíà÷èòåëüíî ìåíüøèé îáúåì ìàòåðèàëà. Â òî æå âðåìÿ, îáëàñòè ïîëà è ñåðåäèíû âîñïðèíèìàþò 
äîëþ íàãðóçêè, ñîîáðàçíóþ ñâîåé äîëå îáúåìà, ÷òî ìîæíî ñ÷èòàòü îïòèìàëüíûì ïîêàçàòåëåì ðàñ-
ïðåäåëåíèÿ íàãðóçêè ïî îáúåìó. Â ýòîé ñâÿçè âàæíî îòìåòèòü, ÷òî ïðåäñòàâëåííûå äèàãðàììû 
ðàñïðåäåëåíèÿ ñðåäíèõ íàïðÿæåíèé ïî çîíàì ïîäêîíñòðóêöèé ìîãóò áûòü èñïîëüçîâàíû â êà÷å-
ñòâå îòïðàâíîé òî÷êè äëÿ îïòèìèçàöèè ñóùåñòâóþùèõ èëè äëÿ ðàçðàáîòêè ïîäîáíûõ êîíñòðóêöèé 
«ñ ÷èñòîãî ëèñòà». Ïîäñ÷åò ïðèõîäÿùåéñÿ íà ïîäêîíñòðóêöèþ íàãðóçêè îñóùåñòâëÿëñÿ ñóììèðî-
âàíèåì ñðåäíèõ íàïðÿæåíèé ïî ýëåìåíòàì, ñîñòàâëÿþùèì ðàññìàòðèâàåìóþ ïîäêîíñòðóêöèþ. 
Êðîìå òîãî, ïðè ïîìîùè ñîîòâåòñòâóþùåãî êîýôôèöèåíòà áûëà äàíà îöåíêà ñîîòâåòñòâèþ äîëè 
îáúåìà çîíû òîé èëè èíîé ïîäêîíñòðóêöèè äîëå ïðèõîäÿùåéñÿ íà íåå íàãðóçêè. Äàííàÿ èíôîð-
ìàöèÿ ìîæåò âïîñëåäñòâèè èñïîëüçîâàòüñÿ äëÿ ïðîâåäåíèÿ ðàáîò ïî îïòèìèçàöèè êîíñòðóêöèè 
èëè èñïîëüçîâàòüñÿ â êà÷åñòâå îòïðàâíîé òî÷êè äëÿ ïðîåêòèðîâàíèÿ àíàëîãè÷íûõ êîíñòðóêöèé. 
Âñå ïðåäñòàâëåííûå ðàñ÷åòû ïðîâîäèëèñü â ñðåäå êîìïüþòåðíîãî ìîäåëèðîâàíèÿ SolidWorks ñ 
èñïîëüçîâàíèå ìåòîäà êîíå÷íûõ ýëåìåíòîâ.
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Ââåäåíèå
Íåñóùàÿ ñòðóêòóðà àâòîìîáèëåé êëàññà 

«áàããè» âî âðåìÿ ãîíêè ïîäâåðãàåòñÿ âîçäåé-
ñòâèþ ðàçíîîáðàçíûõ íàãðóçîê è èõ ñî÷åòàíèé. 
Ýòî îáóñëîâëåíî òåì îáñòîÿòåëüñòâîì, ÷òî ãî-
íî÷íûå òðàññû, ïðèíèìàþùèå ñîðåâíîâàíèÿ 
äàííîãî êëàññà àâòîìîáèëåé, èìåþò ñëîæíûé 
ðåëüåô, õàðàêòåðèçóþùèéñÿ ÷åðåäîâàíèåì âû-
ñòóïîâ è âïàäèí ðàçíîãî ðàçìåðà, òðàìïëèíîâ, 
ïðîôèëèðîâàííûõ âèðàæåé. Âñå ýòî ñòàíî-
âèòñÿ ïðè÷èíîé âîçíèêíîâåíèÿ ñëîæíîãî íà-
ïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ðàìû 
àâòîìîáèëÿ âî âðåìÿ äâèæåíèÿ. Â ýòîé ñâÿçè 
íà ñòàäèè ïðîåêòèðîâàíèÿ î÷åíü âàæíî çíàòü 
âåðîÿòíûé ñïåêòð íàãðóçîê, ÷òîáû ñîîòâåò-
ñòâóþùèì îáðàçîì àäàïòèðîâàòü êîíñòðóêöèþ 
ïîä íèõ. Äëÿ âûïîëíåíèÿ ýòîé çàäà÷è ñëåäó-
åò âçÿòü â ðàññìîòðåíèå íàèáîëåå òèïè÷íûå 

ðåæèìû íàãðóæåíèÿ íåñóùåé ñòðóêòóðû, êî-
òîðûå âîçíèêàþò âî âðåìÿ ãîíêè. Îïûòíûì 
ïóòåì óñòàíîâëåíî, ÷òî ÷àùå âñåãî ðàìà àâ-
òîìîáèëåé áàããè ïîäâåðãàåòñÿ çàêðó÷èâàíèþ 
âîêðóã ïðîäîëüíîé îñè, äåôîðìàöèè, âûçâàí-
íîé íàåçäîì ïåðåäíåãî è çàäíåãî êîëåñà íà íå-
ðîâíîñòü, à òàêæå îäíîâðåìåííûì íàåçäîì íà 
ïðåïÿòñòâèå ðàçíîèìåííûìè êîëåñàìè ïåðåä-
íåé è çàäíåé îñè. 

Â ðåçóëüòàòå êîìïüþòåðíîãî ìîäåëèðîâà-
íèÿ áûëè ïîëó÷åíû ñòîëá÷àòûå äèàãðàììû, 
ïîêàçûâàþùèå äîëþ âîñïðèíèìàåìîé ïîäêîí-
ñòðóêöèÿìè íàãðóçêè äëÿ êàæäîãî èç ðåæèìîâ 
íàãðóæåíèÿ. Âñå ïðåäñòàâëåííûå ðåçóëüòàòû 
ñïðàâåäëèâû èñêëþ÷èòåëüíî äëÿ ðàññìàòðè-
âàåìîé êîíñòðóêöèè. Ñ ó÷åòîì ìíîãîîáðàçèÿ 
âàðèàíòîâ èñïîëíåíèÿ íåñóùèõ ñèñòåì àâòî-
ìîáèëåé áàããè íå ïðåäñòàâëÿåòñÿ âîçìîæíûì 
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îáîáùèòü ðåçóëüòàòû äàííîé ðàáîòû ïðèìå-
íèòåëüíî êî âñåì êîíñòðóêöèÿì. Ïî ýòîé ïðè-
÷èíå îêàçûâàåòñÿ ïîëåçíûì îïûò ïðîâåäåíèÿ 
èñïûòàíèé àíàëîãè÷íûõ êîíñòðóêöèé. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ âíåñåíèå 

âêëàäà â ðàñøèðåíèå îïûòíîé áàçû èñïûòàíèé 
ðàì ãîíî÷íûõ àâòîìîáèëåé áàããè. Â êà÷åñòâå 
îáúåêòà èññëåäîâàíèÿ âûñòóïàåò ïðåäñòàâëåííàÿ 
íà ðèñ. 1 íåñóùàÿ ñòðóêòóðà àâòîìîáèëÿ áàããè 
êëàññà Ä2 ñ çàäíåìîòîðíîé êîìïîíîâêîé [1]. 

Äàííàÿ êîíñòðóêöèÿ èìååò ÿðêî âûðàæåí-
íîå äåëåíèå íà ïîäêîíñòðóêöèè (ðèñ. 2).

Ðàçäåëåíèå íà çîíû îòäåëüíûõ ïîäêîí-
ñòðóêöèé ïðåäñòàâëåíî íà ðèñ. 3, 4 è 5.

Íèæå ðàññìîòðèì óñëîâèÿ íàãðóæåíèÿ è çà-
êðåïëåíèÿ äëÿ âûáðàííûõ ðåæèìîâ. 

Ðåæèì íàåçäà ïåðåäíåãî êîëåñà 
íà åäèíè÷íîå ïðåïÿòñòâèå
Ìàêñèìàëüíàÿ âûñîòà ïðåïÿòñòâèÿ äëÿ äàí-

íîãî òèïà äîðîã [2] (ïðè óñëîâèè íîðìàëüíîãî 
ðàñïðåäåëåíèÿ îðäèíàò ìèêðîïðîôèëÿ) ñî-

ñòàâëÿåò  maxh 18,6 ñì. Óñëîâèÿ çàêðåïëåíèÿ è 
íàãðóæåíèÿ ïîêàçàíû íà ðèñ. 6.

Ðèñ. 1. Ïðîñòðàíñòâåííàÿ íåñóùàÿ ñèñòåìà 
àâòîìîáèëÿ áàããè êëàññà Ä2

Ðèñ. 2. Êîìïîíîâêà àâòîìîáèëÿ áàããè êëàññà Ä2: 
1 – âîäèòåëü, 2 – òîïëèâíûé áàê, 3 – äâèãàòåëü 

â ñáîðå ñ êîðîáêîé ïåðåäà÷

Ðèñ. 3. Ðàçäåëåíèå ïåðåäíåãî ïîäðàìíèêà íà çîíû

Ðèñ. 4. Ðàçäåëåíèå êîêïèòà íà çîíû

Ðèñ. 5. Ðàçäåëåíèå çàäíåãî ïîäðàìíèêà íà çîíû

Ðèñ. 6. Óñëîâèÿ íàãðóæåíèÿ è çàêðåïëåíèÿ 
äëÿ ðåæèìà íàåçäà ïåðåäíåãî êîëåñà íà åäèíè÷íîå 

ïðåïÿòñòâèå: âíåøF   âíåøíÿÿ íàãðóçêà íà 
êîëåñî; ðóëF   èíåðöèîííàÿ ñèëà îò âåñà 

ðóëåâîé ðåéêè; äèôF  èíåðöèîííàÿ ñèëà îò âåñà 
ïåðåäíåãî äèôôåðåíöèàëà; 

à -F   óñèëèå ñî ñòîðîíû 
àìîðòèçàòîðà
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Âåëè÷èíà âíåøíåãî óñèëèÿ, ïðèõîäÿùåãîñÿ 
íà ëåâûé ïåðåäíèé ðû÷àã ïîäâåñêè àâòîìîáè-
ëÿ, ðàâíà âåñó íåïîäðåññîðåííîé ìàññû ïåðåä-
íåãî ëåâîãî ïîäâåñî÷íîãî óçëà, äîìíîæåííîé 
íà êîýôôèöèåíò äèíàìè÷íîñòè 1,3. Ýòîò êîýô-
ôèöèåíò åñòü ñðåäíÿÿ âåëè÷èíà âåðòèêàëüíûõ 
óñêîðåíèé âî âðåìÿ ãîíî÷íîãî çàåçäà. Ïðè-
íèìàåòñÿ, ÷òî ýòî æå óñêîðåíèå äåéñòâóåò íà 
ñàìó ðàìó è íà çàêðåïëåííûå â åå ïåðåäíåé 
÷àñòè àãðåãàòû. Ïîìèìî ýòîãî, ó÷èòûâàåòñÿ 
òàêæå è ñèëà ñî ñòîðîíû àìîðòèçàòîðà.

Íàïðÿæåíèÿ â ýëåìåíòàõ òîé èëè èíîé çîíû 
îïðåäåëÿëèñü ìåòîäîì ñå÷åíèé. Êîëè÷åñòâî 
ñå÷åíèé äëÿ êàæäîãî ýëåìåíòà ñîîòâåòñòâî-
âàëî ÷àñòîòå ñåòêè ðàçáèåíèÿ êîíå÷íî-ýëå-
ìåíòíîé ìîäåëè, êîòîðàÿ, â ñâîþ î÷åðåäü, âû-
áèðàëàñü èç ðàñ÷åòà îáåñïå÷åíèÿ àäåêâàòíîãî 
ïðåäñòàâëåíèÿ íàïðÿæåííîãî ñîñòîÿíèÿ êîí-
ñòðóêöèè [3].

Äëÿ ïîñòðîåíèÿ ñòîëá÷àòûõ äèàãðàìì 
ðàñïðåäåëåíèÿ íàïðÿæåíèé ïî çîíàì ïîäêîí-
ñòðóêöèé èñïîëüçîâàëèñü ñóììû ñðåäíèõ íà-
ïðÿæåíèé ñîñòàâëÿþùèõ çîíó ýëåìåíòîâ:
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ãäå  çîí  ñðåäíåå íàïðÿæåíèå â çîíå; 
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 ñðåäíåå íàïðÿæåíèå â ýëåìåíòå çîíû; 
n  êîëè÷åñòâî ñòåðæíåé â çîíå.
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ãäå  j  íàïðÿæåíèå â ñå÷åíèè ýëåìåíòà; 
 m  êîëè÷åñòâî ñå÷åíèé â ýëåìåíòå.
Â âîñïðèÿòèè íàãðóçêè îò íàåçäà ïåðåäíåãî 

êîëåñà íà åäèíè÷íóþ íåðîâíîñòü ó÷àñòâóþò 
ïåðåäíèé ïîäðàìíèê è êîêïèò, â òî âðåìÿ êàê 
çàäíèé ïîäðàìíèê â ýòîì ïðîöåññå íå çàäåé-
ñòâîâàí.

Íèæå íà ðèñ. 7 è 8 ïîêàçàíî, êàê ðàñïðåäå-
ëÿþòñÿ ñðåäíèå íàïðÿæåíèÿ ïî çîíàì ïîäêîí-
ñòðóêöèé.

Ðèñ. 7. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé ïî çîíàì ïåðåäíåãî ïîäðàìíèêà ïðè íàåçäå ïåðåäíåãî êîëåñà 
íà åäèíè÷íîå ïðåïÿòñòâèå

Ðèñ. 8. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé ïî çîíàì êîêïèòà ïðè íàåçäå ïåðåäíåãî êîëåñà 
íà åäèíè÷íîå ïðåïÿòñòâèå
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Ðåæèì íàåçäà çàäíåãî êîëåñà 
íà åäèíè÷íîå ïðåïÿòñòâèå 
âûñîòîé h

max

Óñëîâèÿ çàêðåïëåíèÿ è íàãðóæåíèÿ ïðåä-
ñòàâëåíû íà ðèñ. 9.

Êàê è äëÿ ïðåäûäóùåãî ñëó÷àÿ, â âîñïðèÿ-
òèè íàãðóçêè ïðè äàííîì òèïå íàãðóæåíèÿ ó÷à-
ñòâóþò äâå ïîäêîíñòðóêöèè: êîêïèò è çàäíèé 

ïîäðàìíèê. Â ñâÿçè ñ ýòèì ïðîèçâîäèëñÿ ó÷åò 
èíåðöèîííîé íàãðóçêè îò âåñà çàêðåïëåííûõ 
â çàäíåé ÷àñòè àâòîìîáèëÿ àãðåãàòîâ. Êðîìå 
òîãî, â ðàñ÷åò ïðèíèìàëàñü ñèëà ñî ñòîðîíû 
àìîðòèçàòîðà.

Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé ïî 
çîíàì ýòèõ ïîäêîíñòðóêöèé ïðåäñòàâëåíî íà 
ðèñ. 10 è 11.

Ðèñ. 9. Óñëîâèÿ íàãðóæåíèÿ è çàêðåïëåíèÿ äëÿ ðåæèìà íàåçäà çàäíåãî êîëåñà íà åäèíè÷íîå ïðåïÿòñòâèå:  
âíåøF  âíåøíÿÿ íàãðóçêà íà êîëåñî;  âîäF  èíåðöèîííàÿ íàãðóçêà îò âåñà âîäèòåëÿ; ááF  èíåðöèîííàÿ 

íàãðóçêà îò âåñà áåíçîáàêà; äâèãF  èíåðöèîííàÿ íàãðóçêà îò âåñà äâèãàòåëÿ è êîðîáêè ïåðåäà÷ â ñáîðå; 
àF  óñèëèå ñî ñòîðîíû àìîðòèçàòîðà

Ðèñ. 10. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé â çàäíåì ïîäðàìíèêå ïðè íàåçäå çàäíåãî êîëåñà 
íà åäèíè÷íîå ïðåïÿòñòâèå

Ðèñ. 11. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé â êîêïèòå ïðè íàåçäå çàäíåãî êîëåñà íà åäèíè÷íîå ïðåïÿòñòâèå



Áàæåíîâ Å.Å., Áóéíà÷åâ Ñ.Ê., Êóñòîâñêèé À.Í. 

24 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 4(34), 2017

Äèàãîíàëüíîå íàãðóæåíèå
Äàííûé òèï íàãðóæåíèÿ ïðåäñòàâëÿåò 

ñîáîé íàåçä îäíîâðåìåííî ïåðåäíèì è çàäíèì 

êîëåñîì ðàçíîèìåííûõ áîðòîâ íà åäèíè÷íóþ 

íåðîâíîñòü âûñîòîé maxh . Óñëîâèÿ çàêðåïëå-
íèÿ è íàãðóæåíèÿ ïðåäñòàâëåíû íà ðèñ. 12.

Ðèñ.12. Óñëîâèÿ íàãðóæåíèÿ è çàêðåïëåíèÿ äëÿ ðåæèìà äèàãîíàëüíîãî íàãðóæåíèÿ
Â äàííîì ñëó÷àå â âîñïðèÿòèè íàãðóçêè ó÷àñòâóþò âñå ïîäêîíñòðóêöèè (ñì. ðèñ. 13–15):

Ðèñ. 13. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé â ïåðåäíåì ïîäðàìíèêå ïðè äèàãîíàëüíîì íàãðóæåíèè

Ðèñ. 14. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé â êîêïèòå ïðè äèàãîíàëüíîì íàãðóæåíèè

Ðèñ. 15. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé â çàäíåì ïîäðàìíèêå ïðè äèàãîíàëüíîì íàãðóæåíèè
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Ðåæèì êðó÷åíèÿ âîêðóã 
ïðîäîëüíîé îñè
Äàííûé âèä íàãðóæåíèÿ ñëóæèò äëÿ îöåíêè 

ñïîñîáíîñòè íåñóùåé êîíñòðóêöèè ïðîòèâî-
ñòîÿòü âíåøíèì íàãðóçêàì, âûçûâàþùèì åå çà-
êðó÷èâàíèå âîêðóã ïðîäîëüíîé îñè. Ê óñëîâèÿì 
âîçíèêíîâåíèÿ çàêðó÷èâàíèÿ ìîæíî îòíåñòè, 
ê ïðèìåðó, âûâåøèâàíèå îäíîãî èç êîëåñ èëè 
íàåçä êîëåñîì îäíîãî èç áîðòîâ íà íåðîâíîñòü. 
Óñëîâèÿ íàãðóæåíèÿ è çàêðåïëåíèÿ äëÿ ýòîãî 
âèäà íàãðóæåíèÿ ïîêàçàíû íà ðèñ. 16 [4, 5].

Êàê âèäíî èç ðèñ. 16, óñëîâèÿ çàêðåïëåíèÿ 
äëÿ äàííîãî âèäà íàãðóæåíèÿ îòëè÷àþòñÿ îò 
òàêîâûõ äëÿ ïðåäûäóùèõ ðàñ÷åòîâ: çàêðåïëå-

íèå ðàìû ïðîèñõîäèò â òî÷êàõ êðåïëåíèÿ ýëå-
ìåíòîâ çàäíåé ïîäâåñêè ê íåé. Òàêàÿ ñõåìà çà-
êðåïëåíèÿ ÿâëÿåòñÿ îáùåïðèíÿòîé ïðàêòèêîé 
ïðè èññëåäîâàíèè êðóòèëüíîé æåñòêîñòè íåñó-
ùèõ ñèñòåì òðàíñïîðòíûõ ñðåäñòâ, â ïðåäûäó-
ùèõ æå ðàñ÷åòàõ ñòàâèëàñü çàäà÷à ïðèáëèçèòü 
óñëîâèÿ çàêðåïëåíèÿ ê ðåàëüíûì, äëÿ ÷åãî èñ-
ïîëüçîâàëèñü èìèòèðóþùèå ðû÷àãè ïîäâåñêè 
ýëåìåíòû.

Óêàçàííûé ñïîñîá çàêðåïëåíèÿ îïðåäåëÿåò 
òî îáñòîÿòåëüñòâî, ÷òî â âîñïðèÿòèè íàãðóç-
êè ó÷àñòâóþò òîëüêî ïåðåäíèé ïîäðàìíèê è 
êîêïèò. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé ïî 
ýòèì ïîäêîíñòðóêöèÿì ïîêàçàíî íà ðèñ. 17 è 18.

Ðèñ. 16. Óñëîâèÿ çàêðåïëåíèÿ è íàãðóæåíèÿ äëÿ ðåæèìà êðó÷åíèÿ

Ðèñ. 17. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé â ïåðåäíåì ïîäðàìíèêå äëÿ ðåæèìà êðó÷åíèÿ

Ðèñ. 18. Ðàñïðåäåëåíèå ñðåäíèõ íàïðÿæåíèé â êîêïèòå äëÿ ðåæèìà êðó÷åíèÿ
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Êàê âèäíî èç ïðåäñòàâëåííûõ ãðàôèêîâ, íà-
ïðÿæåíèÿ ðàñïðåäåëÿþòñÿ ïî çîíàì êðàéíå íå-
ðàâíîìåðíî. Äëÿ îöåíêè ñîîòâåòñòâèÿ îáúåìà 
òîé èëè èíîé çîíû äîëå âîñïðèíèìàåìîé åþ 
íàãðóçêè óäîáíî ïîëüçîâàòüñÿ îòíîøåíèåì 
ýòèõ äâóõ âåëè÷èí:


 


,v

vb

b

 

ãäå  vb
îòíîøåíèå äîëè îáúåìà çîíû 

ê äîëå âîñïðèíèìàåìîé åþ íàãðóçêè; 

    v
äîëÿ îáúåìà çîíû îò îáùåãî îáúåìà 

ïîäêîíñòðóêöèè;   b äîëÿ íàãðóçêè, ïðèõî-
äÿùàÿñÿ íà ðàññìàòðèâàåìóþ çîíó ïîäêîí-
ñòðóêöèè.

Ñóùåñòâåííîå îòêëîíåíèå äàííîãî îòíî-
øåíèÿ îò åäèíèöû áóäåò îçíà÷àòü ëèáî ïåðå-
ãðóæåííîñòü çîíû îòíîñèòåëüíî åå îáúåìà, 
ëèáî åå íåäîãðóæåííîñòü. Íèæå íà ðèñ. 
19–21 ïîêàçàíû äèàãðàììû äëÿ ðàññìàòðèâà-
åìîãî îòíîøåíèÿ.

Ðèñ. 19. Äèàãðàììà âåëè÷èíû vb  äëÿ ïåðåäíåãî ïîäðàìíèêà

Ðèñ. 20. Äèàãðàììà âåëè÷èíû vb  äëÿ êîêïèòà

Ðèñ. 21. Äèàãðàììà âåëè÷èíû vb  äëÿ çàäíåãî ïîäðàìíèêà
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Çàêëþ÷åíèå
Ïðåäñòàâëåííûå ãðàôèêè ïîçâîëÿþò ëåãêî 

àíàëèçèðîâàòü ïåðåãðóæåííûå è íåäîãðóæåí-
íûå îáëàñòè. Ê ïðèìåðó, íà ðèñ. 21 âèäíî, ÷òî 
ñòåðæíè âåðõíåé çîíû çàäíåãî ïîäðàìíèêà 
ïðèíèìàþò î÷åíü íåáîëüøóþ íàãðóçêó, ó÷è-
òûâàÿ äîëþ èõ îáúåìà. Îáðàòíàÿ ñèòóàöèÿ íà-
áëþäàåòñÿ â îáëàñòè áîêîâèí: â ýòîé çîíå ñó-
ùåñòâåííî áîëåå âûñîêàÿ íàãðóçêà ïðèõîäèòñÿ 
íà çíà÷èòåëüíî ìåíüøèé îáúåì ìàòåðèàëà. 
Â òî æå âðåìÿ, îáëàñòè ïîëà è ñåðåäèíû âîñ-
ïðèíèìàþò äîëþ íàãðóçêè, ñîîáðàçíóþ ñâîåé 
äîëå îáúåìà, ÷òî ìîæíî ñ÷èòàòü îïòèìàëü-
íûì ïîêàçàòåëåì ðàñïðåäåëåíèÿ íàãðóçêè 
ïî îáúåìó. Â ýòîé ñâÿçè âàæíî îòìåòèòü, ÷òî 
ïðåäñòàâëåííûå äèàãðàììû ðàñïðåäåëåíèÿ 
ñðåäíèõ íàïðÿæåíèé ïî çîíàì ïîäêîíñòðóêöèé 
ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå îòïðàâ-
íîé òî÷êè äëÿ îïòèìèçàöèè ñóùåñòâóþùèõ 
èëè äëÿ ðàçðàáîòêè ïîäîáíûõ êîíñòðóêöèé «ñ 
÷èñòîãî ëèñòà». 

Ðàçóìååòñÿ, ðàçðàáîòêà èëè îïòèìèçàöèÿ 
íåñóùèõ ñèñòåì àâòîìîáèëåé áàããè íå ïðåä-
ïîëàãàåò íåîáäóìàííîãî èñïîëüçîâàíèÿ ïðåä-
ñòàâëåííûõ äèàãðàìì, ïîñêîëüêó îíè ÿâëÿþòñÿ 
ëèøü îäíèì èç ìíîãèõ èíñòðóìåíòîâ àíàëèçà, 
äîñòóïíûõ ðàçðàáîò÷èêó òàêèõ êîíñòðóêöèé. 

Â äàííîé ðàáîòå ïðåäñòàâëåíà èíôîðìàöèÿ î 
õàðàêòåðå ðàñïðåäåëåíèÿ íàãðóçêè ïî çîíàì ïîä-
êîíñòðóêöèé äëÿ îäíîé ðàìû. Ìåæäó òåì, ðàñ-
øèðåíèå ïîäîáíîé áàçû äàííûõ äëÿ ðàçíîîáðàç-
íûõ êîíñòðóêöèé òàêîãî ðîäà ìîãëî áû ñûãðàòü 
ñóùåñòâåííóþ ðîëü â äåëå îáëåã÷åíèÿ è óñêîðå-
íèÿ ïðîåêòèðîâàíèÿ ðàì äëÿ àâòîìîáèëåé áàããè.
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LOAD DISTRIBUTION BY ZONES OF FRAME SUB-CONSTRUCTIONS 
OF D2 CLASS BUGGY RACING CAR

Dr.Eng. E.E. Bazhenov1, Ph.D. S.K. Buynachev2, A.N. Kustovskiy1

1Ural State Forestry Technical University, Ekaterinburg, Russia,
2Ural Federal University named after the First President of Russia B.N. Yeltsin, Ekaterinburg, Russia,

Kustovsky88@mail.ru

In this paper, the authors consider the loading of the buggy car system under the most typical loading 
modes: the mode of approach of the front wheel to the obstacle, the mode of the rear wheel approach 
to the obstacle, the mode of diagonal loading, as well as the mode of twisting the frame around the 
longitudinal axis. For the convenience of analysis, the frame of the buggy car is divided into substructures, 
which, in turn, are divided into zones. For each of the zones of each sub-structure, the bar graph 
shows the proportion of the perceived load for each type of loading. The presented graphs make it 
easy to analyze overloaded and underloaded areas. For example, the rods of the upper zone of the rear 
subframe take a very small load, given the proportion of their volume. The reverse situation is observed in 
the sidewall region: in this zone much lower load is accounted for by a much smaller volume of material. 
At the same time, the areas of the floor and the middle perceive a load share, consistent with its volume 
fraction, which can be considered the optimal indicator of load distribution by volume. In this connection, 
it is important to note that the presented diagrams of the distribution of medium stresses over zones 
of substructures can be used as a starting point for optimizing of existing or for developing of such 
structures “from scratch”. Calculation of the load applied to the substructure was carried out by summing 
the average stresses on the elements constituting the considered subconstruction. In addition, with the 
help of the appropriate coefficient, an estimate was made to the correspondence of the proportion of 
the volume of the zone of a particular subconstruction to the proportion of the load applied to it. This 
information can then be used to optimize the design or used as a starting point for the design of similar 
structures. All the presented calculations were performed in the SolidWorks software using the finite 
element method.

Keywords: buggy, bearing structure, substructures, medium stresses, load, frame, loading mode, load 
distribution.


