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Â ñòàòüå ðàññìîòðåíû ñóùåñòâóþùèå è ïðåäëàãàåìûå ê âíåäðåíèþ ñîâðåìåííûå àâòîìîáèëüíûå 
ìíîãîïîòî÷íûå êîìáèíèðîâàííûå ýíåðãåòè÷åñêèå óñòàíîâêè, îñíîâàííûå íà ïðèíöèïå ðàçäåëå-
íèÿ ìîùíîñòè íà ýëåêòðè÷åñêèé è ìåõàíè÷åñêèé ïîòîêè. Òàêèå êîìáèíèðîâàííûå ýíåðãåòè÷åñêèå 
óñòàíîâêè áëàãîäàðÿ íàëè÷èþ â èõ ñòðóêòóðå áåññòóïåí÷àòîé ýëåêòðè÷åñêîé òðàíñìèññèè ïîçâî-
ëÿþò ïîëó÷èòü ïðîèçâîëüíîå ïåðåäàòî÷íîå ÷èñëî îò äâèãàòåëÿ ê êîëåñàì, ïðè ýòîì ñîõðàíèòü 
äîñòàòî÷íî âûñîêèé êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ, ïðèñóùèé ìåõàíè÷åñêèì òðàíñìèññèÿì. 
Ýòî ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî ìíîãîïîòî÷íûå êîìáèíèðîâàííûå ýíåðãåòè÷åñêèå óñòàíîâêè 
ïåðñïåêòèâíû äëÿ ïðèìåíåíèÿ íà ãèáðèäíûõ àâòîìîáèëÿõ, ÷òî ïîäòâåðæäàåòñÿ óñïåøíîé ýêñïëó-
àòàöèåé àâòîìîáèëÿ Toyota Prius. Â ñòàòüå ðàññìîòðåíû 16 ðàçëè÷íûõ ñõåì ýëåêòðîìåõàíè÷å-
ñêèõ òðàíñìèññèé, ÷àñòü èç êîòîðûõ ðåàëüíî ïðèìåíÿëàñü íà ïðàêòèêå, äðóãèå æå ñóùåñòâîâàëè 
òîëüêî â âèäå îïûòíûõ îáðàçöîâ èëè òåîðåòè÷åñêèõ ïðîåêòîâ. Íà îñíîâàíèè èõ êèíåìàòè÷åñêîãî 
àíàëèçà, âêëþ÷àþùåãî îïðåäåëåíèå êîëè÷åñòâà ðåæèìîâ ðàáîòû è ñòåïåíåé ñâîáîäû, à òàêæå 
ïîñòðîåíèè êèíåìàòè÷åñêèõ ïëàíîâ äëÿ ðàçëè÷íûõ ðåæèìîâ ðàáîòû áûëà ïðåäëîæåíà êëàññèôè-
êàöèÿ ìíîãîïîòî÷íûõ êîìáèíèðîâàííûõ ýíåðãåòè÷åñêèõ óñòàíîâîê ïî òèïó äèôôåðåíöèàëüíîãî 
ìåõàíèçìà (ìåõàíè÷åñêîé ÷àñòè òðàíñìèññèè). Áûëè âûäåëåíû îäíîðåæèìíûå è ìíîãîðåæèìíûå 
ìíîãîïîòî÷íûå êîìáèíèðîâàííûå ýíåðãåòè÷åñêèå óñòàíîâêè, ïðè÷åì ïîñëåäíèå áûëè ðàçäåëåíû 
íà 3 êëàññà â çàâèñèìîñòè îò ñïîñîáà ïîëó÷åíèÿ ðàçëè÷íûõ ðåæèìîâ: ñòóïåí÷àòûå, ïåðåìåííî-
ïîòî÷íûå è êîìáèíèðîâàííûå. Êðîìå òîãî, âíóòðè êàæäîãî êëàññà áûëè âûÿâëåíû òðàíñìèññèè ñ 
äèôôåðåíöèàëîì íà âõîäå, ñ äèôôåðåíöèàëîì íà âûõîäå è ñî ñëîæíûì ðàçäåëåíèåì ìîùíîñòè. 
Ïðåäñòàâëåííûé îáçîð ïîçâîëÿåò îçíàêîìèòüñÿ ñ âîçìîæíîñòÿìè ïðèìåíåíèÿ ìíîãîïîòî÷íûõ 
êîìáèíèðîâàííûõ ýíåðãåòè÷åñêèõ óñòàíîâîê íà àâòîìîáèëüíîì òðàíñïîðòå, ïîíÿòü ïðèñóùèå èì 
äîñòîèíñòâà è íåäîñòàòêè, îïðåäåëèòü ïåðñïåêòèâíûå îáëàñòè ïðèìåíåíèÿ ìíîãîïîòî÷íûõ ýëåê-
òðîìåõàíè÷åñêèõ òðàíñìèññèé ðàçëè÷íûõ òèïîâ. 

Êëþ÷åâûå ñëîâà: êîìáèíèðîâàííûå ýíåðãåòè÷åñêèå óñòàíîâêè, ãèáðèäíûå àâòîìîáèëè, àâòîìî-
áèëè ñ êîìáèíèðîâàííûìè ýíåðãåòè÷åñêèìè óñòàíîâêàìè, ìíîãîïîòî÷íûå ïåðåäà÷è, ìíîãîïîòî÷-
íûå êîìáèíèðîâàííûå ýíåðãåòè÷åñêèå óñòàíîâêè.
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Ââåäåíèå
Ñîõðàíÿþùèéñÿ èíòåðåñ ê ãèáðèäíûì àâ-

òîìîáèëÿì ïîäòàëêèâàåò èíæåíåðîâ ê ïîèñêó 
íîâûõ ñõåì ïîñòðîåíèÿ êîìáèíèðîâàííûõ 
ýíåðãîóñòàíîâîê (ÊÝÓ). Äëÿ òîãî ÷òîáû ïðà-
âèëüíî ðåøèòü çàäà÷ó âûáîðà îïòèìàëüíîé 
ñõåìû, ñíà÷àëà íóæíî ðàçîáðàòüñÿ ñ òåì, êàêèå 
ñõåìû ïîñòðîåíèÿ ÊÝÓ ñóùåñòâóþò âîîáùå. 
Ìîæíî ïðåäëîæèòü ñëåäóþùóþ êëàññèôèêà-
öèþ êîíñòðóêòèâíûõ ñõåì ÊÝÓ (ðèñ. 1).

Ïîñëåäîâàòåëüíàÿ è ïàðàëëåëüíàÿ ñõåìû 
èçâåñòíû äîñòàòî÷íî øèðîêî, îäíàêî èì îáåèì 
ïðèñóùè ñâîè íåäîñòàòêè, êîòîðûå ìîæíî 
óñòðàíèòü, êîìáèíèðóÿ ýòè ñõåìû íà îäíîì 
àâòîìîáèëå. Ýòîò ïðèíöèï ïîëîæåí â îñíîâó 

ïîñëåäîâàòåëüíî-ïàðàëëåëüíûõ ñõåì ÊÝÓ, 
êîòîðûå ìîæíî ðàçäåëèòü åùå íà äâà êëàññà: 
ñõåìû íà îñíîâå ïðîñòûõ òðàíñìèññèé è ñõåìû 
íà îñíîâå ìíîãîïîòî÷íûõ (â îñíîâíîì, äâóõïî-
òî÷íûõ) òðàíñìèññèé. Ïðåäñòàâèòåëåì ïåðâî-
ãî êëàññà ÿâëÿåòñÿ, íàïðèìåð, ñõåìà, çàïàòåí-
òîâàííàÿ â ÌÀÌÈ [1].

Ðèñ. 1. Êëàññèôèêàöèÿ àâòîìîáèëåé ñ ÊÝÓ
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Íàèáîëåå èçâåñòíûé ïðåäñòàâèòåëü êëàññà 
ìíîãîïîòî÷íûõ ÊÝÓ – ñõåìà, ïðèìåíåííàÿ íà 
àâòîìîáèëå Toyota Prius (åå ÷àñòî íàçûâàþò 
THS – Toyota Hybrid System). Îíà ïîêàçàíà íà 
ðèñ. 2à. Îñíîâîé ýòîé ñõåìû ÿâëÿåòñÿ ïëàíå-
òàðíûé ðÿä, âîäèëî êîòîðîãî ñîåäèíåíî ñ êî-
ëåí÷àòûì âàëîì ÄÂÑ, ñîëíå÷íàÿ øåñòåðíÿ – ñ 
ñèíõðîííîé ýëåêòðè÷åñêîé ìàøèíîé å1, à ýïè-
öèêë – ñ ýëåêòðè÷åñêîé ìàøèíîé å2 è âåäîìûì 
âàëîì. Åñëè ïîääåðæèâàòü ÷àñòîòó âåäóùåãî 
âàëà ïîñòîÿííîé, òî ìîæíî äîáèòüñÿ èçìåíå-
íèÿ óãëîâîé ñêîðîñòè âåäîìîãî âàëà çà ñ÷åò 
èçìåíåíèÿ ÷àñòîòû âðàùåíèå ýëåêòðîìàøèíû 
å1. Òåì ñàìûì ìîæíî ïëàâíî ðåãóëèðîâàòü ïå-
ðåäàòî÷íîå ÷èñëî òðàíñìèññèè. Ýòî íàãëÿäíî 
âèäíî èç êèíåìàòè÷åñêîãî ïëàíà òðàíñìèññèè 
(ðèñ. 2á). Çäåñü ïî ãîðèçîíòàëüíîé îñè îòëî-
æåíà óãëîâàÿ ñêîðîñòü âåäîìîãî âàëà âì , à 
ïî âåðòèêàëüíîé – ñîîòâåòñòâóþùèå óãëîâûå 
ñêîðîñòè âñåõ çâåíüåâ òðàíñìèññèè. Ïðè ýòîì 
óãëîâàÿ ñêîðîñòü âåäóùåãî çâåíà âù  ïðè-
íèìàåòñÿ ïîñòîÿííîé

 
è ðàâíîé 1. Òàêèì îá-

ðàçîì, íà êèíåìàòè÷åñêîì ïëàíå ìû âèäèì íå 
àáñîëþòíûå, à òîëüêî îòíîñèòåëüíûå çíà÷åíèÿ 
óãëîâûõ ñêîðîñòåé.

Â çàâèñèìîñòè îò íàïðàâëåíèÿ âðàùå-
íèÿ ýëåêòðîìàøèíà å1 ìîæåò ðàáîòàòü êàê â 
ðåæèìå ãåíåðàòîðà, òàê è â ðåæèìå ýëåêòðî-
äâèãàòåëÿ. Åñëè ìàøèíà ðàáîòàåò êàê ãåíåðà-
òîð, òî âûðàáàòûâàåìóþ åé ýíåðãèþ ìîæíî 

íàïðàâèòü ëèáî â àêêóìóëÿòîðû, ëèáî íåïî-
ñðåäñòâåííî ê ýëåêòðîìàøèíå å2, êîòîðàÿ 
â ýòîì ñëó÷àå ñìîæåò óâåëè÷èòü êðóòÿùèé 
ìîìåíò íà âåäîìîì âàëó. Ìîæíî â äîïîëíåíèå 
ê ýòîé ýíåðãèè íàïðàâèòü íà ýëåêòðîìàøèíó 
å2 åùå è ýíåðãèþ, ðàíåå çàïàñåííóþ â àêêóìó-
ëÿòîðå è êðàòêîâðåìåííî ïîëó÷èòü íà êîëåñàõ 
ïèêîâûé êðóòÿùèé ìîìåíò. Åñëè æå ýëåêòðî-
ìàøèíà å1 ðàáîòàåò êàê ýëåêòðîìîòîð, òî íå-
îáõîäèìóþ ìîùíîñòü îíà ìîæåò ïîëó÷àòü 
óæå, íàîáîðîò, îò ýëåêòðîìàøèíû å2. Íàêîíåö, 
åñëè ïîääåðæèâàòü ÷àñòîòó âðàùåíèÿ ýëåêòðî-
ìàøèíû å1 ðàâíîé 0, òî îíà âîîáùå íå áóäåò 
ó÷àñòâîâàòü â ïåðåäà÷å ìîùíîñòè, è âñÿ ýíåð-
ãèÿ îò äâèãàòåëÿ áóäåò ïåðåäàâàòüñÿ ê êîëåñàì 
èñêëþ÷èòåëüíî ìåõàíè÷åñêèì ïóòåì. Òàêîé 
ðåæèì ðàáîòû ÷àñòî íàçûâàþò ìåõàíè÷åñêîé 
òî÷êîé, îí õîðîø òåì, ÷òî îáåñïå÷èâàåò íàè-
áîëüøèé ÊÏÄ òðàíñìèññèè. Îïèñàííàÿ ñõåìà 
õîðîøî èçâåñòíà àâòîìîáèëåñòðîèòåëÿì è 
çäåñü ïðèâîäèëàñü òîëüêî â êà÷åñòâå ïðîñòåé-
øåãî ïðèìåðà äëÿ ââåäåíèÿ â ñóòü ðàññìàòðè-
âàåìîãî âîïðîñà. Áîëåå ïîäðîáíî îçíàêîìèòü-
ñÿ ñ åå ðàáîòîé ìîæíî â ðàáîòå [2, 3]. 

Ìîæíî ïðåäïîëîæèòü, ÷òî íà ïîäîáíîì 
ïðèíöèïå ðàçäåëåíèÿ ìîùíîñòè ìîæíî ïî-
ñòðîèòü îãðîìíîå ìíîæåñòâî êîíñòðóêòèâíûõ 
ñõåì ãèáðèäíûõ òðàíñìèññèé. Ýòî ïîäòâåðæ-
äàåòñÿ îáçîðîì, âûïîëíåííûì â ðàáîòå [4, 5]. 
Ïðîâåäåì ñèñòåìàòèçàöèþ ðàçëè÷íûõ êèíåìà-

à)                                                                       á)
Ðèñ. 2. Ìíîãîïîòî÷íàÿ ÊÝÓ àâòîìîáèëÿ Toyota Prius: 

à – êèíåìàòè÷åñêàÿ ñõåìà; á – ïëàí ñêîðîñòåé
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òè÷åñêèõ ñõåì ÊÝÓ, ñîñðåäîòî÷èâøèñü èñêëþ-
÷èòåëüíî íà ìíîãîïîòî÷íûõ ÊÝÓ. Äëÿ íà÷àëà 
ðàññìîòðèì îáîáùåííóþ ñõåìó ìíîãîïîòî÷-
íîé ýëåêòðè÷åñêîé ÊÝÓ (ðèñ. 3). 

Îíà âêëþ÷àåò â ñåáÿ äâå ÷àñòè: ìåõàíè÷å-
ñêóþ, êîòîðóþ íàçîâåì «äèôôåðåíöèàëüíûé 
ìåõàíèçì», è ýëåêòðè÷åñêóþ, âêëþ÷àþùóþ â 
ñåáÿ ïî ìåíüøåé ìåðå äâå ýëåêòðîìàøèíû ÝÌ

1
 

è ÝÌ
2
, ýëåêòðè÷åñêèå ïðåîáðàçîâàòåëè Ï

1
 è Ï

2
, 

óïðàâëÿþùèå èìè, à òàêæå çàðÿäíî-ðàçðÿäíîå 
óñòðîéñòâî äëÿ óïðàâëåíèÿ íàêîïèòåëåì ýëåê-
òðîýíåðãèè è ñàì íàêîïèòåëü, êîòîðûì ìîæåò 
áûòü ýëåêòðîõèìè÷åñêàÿ àêêóìóëÿòîðíàÿ áà-
òàðåÿ (ÀÊÁ) èëè áëîê êîíäåíñàòîðîâ (ÁÊ). 

Ðàññìîòðèì ìåõàíè÷åñêóþ ÷àñòü òðàíñìèñ-
ñèè è âàðèàíòû âîçìîæíîãî åå èñïîëíåíèÿ. 
Íà îñíîâå ðàññìîòðåíèÿ 16 ðàçëè÷íûõ ñõåì 
ìíîãîïîòî÷íûõ ýëåêòðîìåõàíè÷åñêèõ òðàíñ-
ìèññèé ïðåäëàãàåòñÿ êëàññèôèêàöèÿ ìíîãîïî-
òî÷íûõ ÊÝÓ (ðèñ. 4) â çàâèñèìîñòè îò òèïà èñ-
ïîëüçóåìîãî äèôôåðåíöèàëüíîãî ìåõàíèçìà.

1. Îäíîðåæèìíûå 
ìíîãîïîòî÷íûå ÊÝÓ
Õàðàêòåðíûé ïðèçíàê îäíîðåæèìíîé 

ìíîãîïîòî÷íîé êîìáèíèðîâàííîé ýíåðãåòè-
÷åñêîé óñòàíîâêè (ÌÏÊÝÓ) – íàëè÷èå ó íåå 
äâóõ ñòåïåíåé ñâîáîäû. Ýòî îçíà÷àåò, ÷òî 
äëÿ ïîëó÷åíèÿ æåñòêîé ñâÿçè ìåæäó ñêîðî-
ñòÿìè âåäóùåãî è âåäîìîãî âàëîâ íåîáõîäè-
ìî çàäàòü ñêîðîñòü åùå îäíîãî çâåíà, íàçû-
âàåìîãî óïðàâëÿåìûì. Â äàííîì ñëó÷àå ðîëü 
óïðàâëÿåìîãî çâåíà èãðàåò îäíà èç ýëåêòðî-
ìàøèí.

Ê ýòîìó êëàññó îòíîñèòñÿ ðàññìîòðåííàÿ 
âûøå ñõåìà THS è åå âàðèàöèè. Íà ðèñ.5à 
ïîêàçàíà ñõåìà, ïðèìåíÿåìàÿ íà Toyota 
Highlander, Toyota Camry è Lexus RX400. 
Îò êëàññè÷åñêîé THS îíà îòëè÷àåòñÿ íàëè-
÷èåì äîïîëíèòåëüíîãî ïëàíåòàðíîãî ðåäóê-
òîðà ó ýëåêòðîìàøèíû å2, êîòîðûé ïîçâî-
ëÿåò èñïîëüçîâàòü áîëåå âûñîêîñêîðîñòíóþ 
ìàøèíó, îáëàäàþùóþ ìåíüøåé ìàññîé.

à)                                                        á)
Ðèñ. 5. Âàðèàöèè ñõåìû THS: 

à – äëÿ àâòîìîáèëåé Toyota Highlander, Toyota Camry è Lexus RX400; á – äëÿ àâòîìîáèëÿ Lexus GS450

Ðèñ. 3. Îáîáùåííàÿ ñõåìà ìíîãîïîòî÷íîé ÊÝÓ Ðèñ. 4. Êëàññèôèêàöèÿ ìíîãîïîòî÷íûõ ÊÝÓ
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â)                                                                     ã)
Ðèñ. 6. Òðàíñìèññèÿ òðàêòîðà ÄÝÒ-350: 

à – êèíåìàòè÷åñêàÿ ñõåìà; á – êèíåìàòè÷åñêèé ïëàí ïðè âêëþ÷åíèè ìóôòû Ô
3
 (çàäíèé õîä); 

â – êèíåìàòè÷åñêèé ïëàí ïðè âêëþ÷åíèè ìóôòû Ô
2
 (ïåðâàÿ (ïðÿìàÿ) ïåðåäà÷à); 

ã – êèíåìàòè÷åñêèé ïëàí ïðè âêëþ÷åíèè ìóôòû Ô
1
 (âòîðàÿ ïîâûøåííàÿ ïåðåäà÷à)

à)                                                                          á)

Íà àâòîìîáèëå Lexus GS450 èñïîëüçóåò-
ñÿ åùå áîëåå ñëîæíûé âàðèàíò òðàíñìèññèè, 
âêëþ÷àþùèé äâóõñòóïåí÷àòóþ ïëàíåòàðíóþ 
êîðîáêó ïåðåäà÷ ìåæäó ýëåêòðîìàøèíîé å2 è 
âåäîìûì âàëîì (ðèñ. 5á). Ôîðìàëüíî åå óæå 
íåëüçÿ îòíåñòè ê îäíîðåæèìíûì ÌÏÊÝÓ, ïî-
ñêîëüêó îíà èìååò äâà ðàçíûõ ðåæèìà ðàáîòû 
ýëåêòðîìàøèíû å2, îäíàêî çäåñü ïåðåêëþ÷å-
íèå ïåðåäà÷ íèêàê íå âëèÿåò íà ïåðåäàòî÷íîå 
÷èñëî, ìîùíîñòü, ïåðåäàâàåìóþ îò å1 ê å2, è 
íà ïîëîæåíèå ìåõàíè÷åñêîé òî÷êè. Ïîýòîìó åå 
îòíåñåì ê îäíîðåæèìíûì ÊÝÓ.

Âñå ðàññìîòðåííûå âûøå ñõåìû èñïîëüçó-
þò ñïîñîá ðàçäåëåíèÿ ìîùíîñòè ñ äèôôåðåí-
öèàëîì íà âõîäå. Îäíàêî òåîðåòè÷åñêè íè÷òî 
íå ìåøàåò ñîçäàòü ñõåìû ñ äèôôåðåíöèàëîì íà 
âûõîäå è ñî ñëîæíûì ðàçäåëåíèåì ìîùíîñòè. 

2. Ñòóïåí÷àòûå ìíîãîïîòî÷íûå ÊÝÓ
Óâåëè÷èòü êîëè÷åñòâî ðåæèìîâ ìîæíî, 

äîáàâèâ ê îäíîðåæèìíîé ÌÏÊÝÓ îáû÷íóþ 
êîðîáêó ïåðåäà÷. Òîãäà ìû ïîëó÷èì òðàíñìèñ-
ñèþ óæå ñ 3 ñòåïåíÿìè ñâîáîäû: îäíà èç íèõ 
áóäåò èñêëþ÷àòüñÿ çàäàíèåì ÷àñòîòû âðàùå-
íèÿ îäíîé èç ýëåêòðîìàøèí, à âòîðàÿ – âêëþ-
÷åíèåì êàêîé-ëèáî ïåðåäà÷è â ÊÏ. Ïðè ýòîì 
êèíåìàòè÷åñêèå ïëàíû íà ðàçëè÷íûõ ïåðåäà-
÷àõ áóäóò îòëè÷àòüñÿ òîëüêî ìàñøòàáîì âäîëü 
ãîðèçîíòàëüíîé îñè.

Ïîäîáíûõ ñõåì, ïðèìåíÿåìûõ íà ãèáðèä-
íûõ àâòîìîáèëÿõ îáíàðóæèòü íå óäàëîñü. 
Îäíàêî äëÿ ïðèìåðà ìîæíî ïðèâåñòè ýëåêòðî-
ìåõàíè÷åñêóþ òðàíñìèññèþ òðàêòîðà ÄÝÒ-350 
(ðèñ. 6à) [6], êîòîðàÿ âïîëíå ïîäõîäèò äëÿ èñ-
ïîëüçîâàíèÿ â ñîñòàâå ìíîãîïîòî÷íîé ÊÝÓ.
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ïðîïîðöèîíàëüíîãî èçìåíåíèÿ ñêîðîñòåé âñåõ 
çâåíüåâ, à çà ñ÷åò èçìåíåíèÿ êèíåìàòè÷åñêîé 
ñòðóêòóðû äèôôåðåíöèàëüíîãî ìåõàíèçìà è, 
ñîîòâåòñòâåííî, ñïîñîáà ðàçäåëåíèÿ ìîùíîñòè. 

Ñàìûé ïðîñòîé ïðèìåð ïåðåìåííîïîòî÷-
íîé ÌÏÊÝÓ – ñõåìà AHS-2, ðàçðàáîòàííàÿ 
ôèðìîé GM (ðèñ. 7à) [7]. 

Ïåðâûé ðåæèì äâèæåíèÿ ïîëó÷àåòñÿ ïðè 
âêëþ÷åíèè òîðìîçà Ò. Òîãäà ìû ïîëó÷àåì äâóõ-
ïîòî÷íóþ ýëåêòðîìåõàíè÷åñêóþ òðàíñìèññèþ 
ñ äèôôåðåíöèàëîì íà âõîäå. Êèíåìàòè÷åñêèé 
ïëàí òðàíñìèññèè, ñîîòâåòñòâóþùèé ýòîìó 
ðåæèìó ïîêàçàí íà ðèñ. 7á. Åñëè âêëþ÷èòü 
ôðèêöèîí Ô, òî ìû ïîëó÷èì ðåæèì ñëîæíîãî 
ðàçäåëåíèÿ ìîùíîñòè. Êèíåìàòè÷åñêèé ïëàí 
äëÿ ýòîãî ñëó÷àÿ ïîêàçàí íà ðèñ. 7â. Åñëè æå 
îäíîâðåìåííî âêëþ÷èòü òîðìîç è ôðèêöèîí, 
òî ìû ïîëó÷èì íåêóþ ôèêñèðîâàííóþ ïåðå-
äà÷ó, îáåñïå÷èâàþùóþ æåñòêóþ êèíåìàòè÷å-
ñêóþ ñâÿçü ìåæäó âåäóùèì è âåäîìûì âàëàìè.

à)                                                       á)

â)                                                       ã)
Ðèñ. 7. Òðàíñìèññèÿ GM AHS-2: 

à – êèíåìàòè÷åñêàÿ ñõåìà; á – êèíåìàòè÷åñêèé ïëàí ïðè âêëþ÷åíèè òîðìîçà Ò (ïåðâûé ðåæèì); 
â – êèíåìàòè÷åñêèé ïëàí ïðè âêëþ÷åíèè ôðèêöèîíà Ô (âòîðîé ðåæèì); 
ã – êèíåìàòè÷åñêèé ïëàí ïðè ñîâìåùåíèè ðåæèìîâ ðàáîòû òðàíñìèññèè

Îñíîâîé òðàíñìèññèè ÿâëÿåòñÿ äèôôåðåí-
öèàëüíûé ìåõàíèçì, ðåàëèçóþùèé ñïîñîá 
ñëîæíîãî ðàçäåëåíèÿ ìîùíîñòè: îáå ýëåêòðî-
ìàøèíû íå èìåþò æåñòêèõ êèíåìàòè÷åñêèõ 
ñâÿçåé íè ñ âåäîìûì, íè ñ âåäóùèì çâåíîì. 
Íà êèíåìàòè÷åñêîì ïëàíå ýòî îòîáðàæàåòñÿ 
íàëè÷èåì äâóõ ìåõàíè÷åñêèõ òî÷åê, íè îäíà 
èç êîòîðûõ íå ñîâïàäàåò ñ íà÷àëîì êîîðäèíàò. 
Â çàâèñèìîñòè îò òîãî, êàêîé ôðèêöèîí âêëþ-
÷åí, òðàíñìèññèÿ ìîæåò ðåàëèçîâûâàòü äâà 
ðåæèìà ïåðåäíåãî è îäèí ðåæèì çàäíåãî õîäà. 
Êèíåìàòè÷åñêèå ïëàíû âñåõ ýòèõ ðåæèìîâ ïî-
êàçàíû íà ðèñ. 6á, 6â è 6ã. 

3. Ìíîãîðåæèìíûå ìíîãîïîòî÷íûå 
ÊÝÓ ñ ïåðåìåííûìè ñïîñîáàìè 
ðàçäåëåíèÿ ìîùíîñòè 
(ïåðåìåííîïîòî÷íûå)
Â îòëè÷èå îò ðàññìîòðåííûõ âûøå ñòóïåí-

÷àòûõ ÌÏÊÝÓ, â ïåðåìåííîïîòî÷íûõ ïåðå-
êëþ÷åíèå ðåæèìîâ äîñòèãàåòñÿ íå çà ñ÷åò 



Ðÿáåâ À.Â.

60 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 2(28), 2016

Èç âîçìîæíîñòè îäíîâðåìåííîãî âêëþ-
÷åíèÿ òîðìîçà è ôðèêöèîíà ñëåäóåò òî, ÷òî 
ïåðåêëþ÷åíèå ìåæäó ðåæèìàìè ìîæíî îñó-
ùåñòâëÿòü áåç ðàçðûâà ïîòîêà ìîùíîñòè. Äëÿ 
ýòîãî íà ïåðâîì ðåæèìå íóæíî äîñòè÷ü òàêîãî 
ïåðåäàòî÷íîãî ÷èñëà, ïðè êîòîðîì ñêîðîñòè 
çâåíüåâ å1 è  âûðàâíèâàþòñÿ, â ýòîò ìîìåíò 
âêëþ÷èòü ìåæäó íèìè ôðèêöèîí Ô, ïîëó÷èâ 
ôèêñèðîâàííóþ ïåðåäà÷ó, ïîñëå ÷åãî îòêëþ-
÷èòü òîðìîç Ò è ïðîäîëæèòü äâèæåíèå óæå íà 
âòîðîì ðåæèìå. ×òîáû íàãëÿäíî ïîêàçàòü ýòîò 
ïåðåõîä, ñîâìåñòèì êèíåìàòè÷åñêèå ïëàíû 
ïåðâîãî è âòîðîãî ðåæèìîâ (ðèñ. 7ã).

Ìîæíî ïðèâåñòè è äðóãèå ïðèìåðû äâóõïî-
òî÷íûõ òðàíñìèññèé, ðàáîòàþùèõ àíàëîãè÷-
íûì îáðàçîì (ðèñ. 8). Ñðåäè íèõ, íàïðèìåð, 
ñõåìà GM VOLTEC DRIVE SYSTEM (ðèñ. 8à), 
à òàêæå åùå äâå íåçíà÷èòåëüíî ðàçëè÷àþùèåñÿ 
ìåæäó ñîáîé ñõåìû îò General Motors (ðèñ. 8â 
è 8ã) [8] è ñõåìà íà ðèñ. 8á [4]. 

Ýòè ñõåìû áûëè ïîäðîáíî ðàññìîòðå-
íû â ðàáîòàõ [4, 5]. Êðîìå òîãî, èçâåñòíà ïî-

äîáíàÿ ñõåìà îò ôèðìû Renault (ðèñ. 9à), 
êîòîðàÿ ïðåäëàãàëàñü ê ïðèìåíåíèþ íà àâ-
òîìîáèëå RENAULT LAGUNA II Estate [9], à 
òàêæå ñõåìà, ðàçðàáîòàííàÿ äëÿ òðàêòîðà Ò-4 
(ðèñ. 9á) [10].

Îòäåëüíî ñòîèò îòìåòèòü ñõåìó îò êîìïà-
íèè Timken Company (ðèñ. 10à) [4, 5]. 

Åå îñîáåííîñòüþ ÿâëÿåòñÿ òî, ÷òî îíà èìååò 
4 ñòåïåíè ñâîáîäû è äëÿ òîãî, ÷òîáû âêëþ÷èòü 
îäèí èç äâóõïîòî÷íûõ ðåæèìîâ, íóæíî âêëþ-
÷èòü îäíîâðåìåííî 2 ýëåìåíòà óïðàâëåíèÿ. 
Â òàáë. 1 ïîêàçàíû âñå âîçìîæíûå ðåæèìû 
ðàáîòû ýòîé ÊÝÓ. Èç íèõ òðè ñîîòâåòñòâóþò 
ðàáîòå òðàíñìèññèè ñ ðàçäåëåíèåì ìîùíîñòè.

Èíòåðåñíî, ÷òî ýòî åäèíñòâåííàÿ èç ðàñ-
ñìîòðåííûõ òðàíñìèññèé, ïîçâîëÿþùàÿ ïîëó-
÷àòü äîñòàòî÷íî ðåäêî ïðèìåíÿåìûé ðåæèì ñ 
äèôôåðåíöèàëîì íà âûõîäå (ïðè âêëþ÷åíèè 
òîðìîçà Ò

1
 è ôðèêöèîíà Ô

2
). Êèíåìàòè÷åñêèé 

ïëàí, ñîîòâåòñòâóþùèé ýòîìó ðåæèìó, ïîêà-
çàí íà ðèñ. 10á. Âèäíî, ÷òî ýëåêòðîìàøèíà å1 
âðàùàåòñÿ ñ ïîñòîÿííîé ñêîðîñòüþ, ïðîïîðöè-

â)                                                       ã)
Ðèñ. 8. Ïðèìåðû äâóõïîòî÷íûõ òðàíñìèññèé

à)                                                       á)
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à)                                                                    á)
Ðèñ. 10. Êèíåìàòè÷åñêàÿ ñõåìà (à) è êèíåìàòè÷åñêèé ïëàí ðåæèìà 
ñ äèôôåðåíöèàëîì íà âûõîäå (á) òðàíñìèññèè Timken Company

à)                                                                    á)
Ðèñ. 9. Êèíåìàòè÷åñêèå ñõåìû òðàíñìèññèé Renault (à) è ýêñïåðèìåíòàëüíîé âåðñèè òðàêòîðà Ò-4 (á)

îíàëüíîé ñêîðîñòè âåäóùåãî âàëà, – ýòî è ÿâ-
ëÿåòñÿ ïðèçíàêîì ñõåìû ñ äèôôåðåíöèàëîì íà 
âûõîäå.

4. Ìíîãîðåæèìíûå ìíîãîïîòî÷íûå 
ÊÝÓ ñ êîìáèíèðîâàííûì ñïîñîáîì 
ïåðåêëþ÷åíèÿ ðåæèìîâ
Â òðàíñìèññèÿõ òàêèõ ÊÝÓ ïåðåêëþ÷åíèå 

ìåæäó ðåæèìàìè ðàçäåëåíèÿ ìîùíîñòè ìîæåò 

îñóùåñòâëÿòüñÿ êàê çà ñ÷åò èçìåíåíèÿ ñïîñîáà 
ðàçäåëåíèÿ ìîùíîñòè, òàê è çà ñ÷åò èçìåíåíèÿ 
ïåðåêëþ÷åíèÿ ñòóïåíåé â ÊÏ. 

Îäèí èç ïðåäñòàâèòåëåé ýòîãî êëàññà – 
òðàíñìèññèÿ COMET Drivetrain îò êîìïàíèè 
Robert Bosh Company (ðèñ. 11à) [11]. Âêëþ÷àÿ 
ðàçëè÷íûå ïåðåäà÷è íà ïðàâîì è ëåâîì âàëàõ, 
ìîæíî ïîëó÷èòü ðàçëè÷íûå ñïîñîáû ðàçäåëå-
íèÿ ìîùíîñòè. Ïðè ýòîì ñîîòâåòñòâóþùèå èì 
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êèíåìàòè÷åñêèå ïëàíû (ðèñ. 11á) ìîãóò ðàç-
ëè÷àòüñÿ êàê êà÷åñòâåííî (÷òî õàðàêòåðíî äëÿ 
ïåðåìåííîïîòî÷íûõ ÌÏÊÝÓ), òàê è êîëè÷å-
ñòâåííî (ò.å. ìàñøòàáîì âäîëü îñåé êîîðäèíàò, 
÷òî õàðàêòåðíî äëÿ ñòóïåí÷àòûõ ÌÏÊÝÓ). 
Çäåñü ìîæíî ïîëó÷èòü 12 ðàçëè÷íûõ ðåæèìîâ 
ðàáîòû.

Äðóãîé ïîäõîä ê ñîçäàíèþ êîìáèíèðîâàí-
íûõ ìíîãîïîòî÷íûõ ÌÏÊÝÓ ïîêàçàëà ðîñ-
ñèéñêàÿ ôèðìà Combarco. Îíè ïðåäñòàâèëè 
íåñêîëüêî ðàçëè÷íûõ êîíñòðóêöèé ìíîãîïî-
òî÷íûõ ýëåêòðîìåõàíè÷åñêèõ òðàíñìèññèé, 
íàçâàííûõ èìè «ñóïåðâàðèàòîðàìè» [12]. Îäèí 
èç âàðèàíòîâ «ñóïåðâàðèàòîðà» ïðåäñòàâëåí íà 
ðèñ. 12à. 

Ýòà òðàíñìèññèÿ ïîçâîëÿåò ïîëó÷èòü äâà 
ðàçëè÷íûõ ñïîñîáà ðàçäåëåíèÿ ìîùíîñòè, 
ïðè÷åì êàæäîìó èç ýòèõ ñïîñîáîâ ñîîòâåòñòâó-
þò äâå ñòóïåíè. Èòîãî ïîëó÷àåòñÿ 4 ðàçëè÷íûõ 
ðåæèìà è òðè ôèêñèðîâàííûå ïåðåäà÷è.

Åñëè âñå êèíåìàòè÷åñêèå ïëàíû ñîâìåñòèòü 
íà îäíîì ãðàôèêå, òî ìîæíî ðàññìîòðåòü, 
êàê áóäóò èçìåíÿòüñÿ ñêîðîñòè âñåõ çâåíüåâ 

ïðè ñâîåâðåìåííîì ïåðåêëþ÷åíèè ðåæèìîâ 
(ðèñ. 12á).

Äâà äðóãèõ âàðèàíòà «ñóïåðâàðèàòîðà» ïî-
êàçàíû íà ðèñ. 13. Âàðèàíò, ïðåäñòàâëåííûé 
íà ðèñ. 13á èíòåðåñåí òåì, ÷òî ïåðåêëþ÷åíèå 
ðåæèìîâ îñóùåñòâëÿåòñÿ â íåì ïîñëåäîâàòåëü-
íûì ïåðåìåùåíèåì áëîêà øåñòåðåí âäîëü îñè 
«ñóïåðâàðèàòîðà». Âñåãî îí èìååò 10 ôèêñèðî-
âàííûõ ïîçèöèé, êîòîðûå ïîçâîëÿþò ïîëó÷èòü 
ðåæèì çàäíåãî õîäà, íåéòðàëü, 4 ðåæèìà è 4 
ôèêñèðîâàííûå ïåðåäà÷è ïåðåäíåãî õîäà.

Âûâîäû
Ïðåäñòàâëåííûé îáçîð ïîêàçûâàåò, ÷òî ìíî-

ãîïîòî÷íûå ñõåìû ÊÝÓ ìîãóò çíà÷èòåëüíî îò-
ëè÷àòüñÿ äðóã îò äðóãà ïî óðîâíþ ñëîæíîñòè. 
Íàèáîëåå ïðîñòûå îäíîðåæèìíûå ÊÝÓ, êîíå÷-
íî, óñòóïàþò â õàðàêòåðèñòèêàõ (ïðåæäå âñåãî, 
â ÊÏÄ) íàèáîëåå ñîâåðøåííûì êîìáèíèðî-
âàííûì ñõåìàì, îäíàêî ïîñëåäíèå äîñòàòî÷íî 
ãðîìîçäêè è äîðîãè. Ïîýòîìó âñòàåò âîïðîñ î 
òîì, ïðèìåíåíèå êàêèõ èç ýòèõ ñõåì îêàæåòñÿ 
ýêîíîìè÷åñêè íàèáîëåå îïðàâäàííûì.

à)                                                                   á)
Ðèñ.11. Êèíåìàòè÷åñêàÿ ñõåìà (à) è êèíåìàòè÷åñêèé ïëàí (á) 

òðàíñìèññèè Comet Drivetrain îò Robert Bosh Company
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à)                                                                   á)
Ðèñ. 12. Êèíåìàòè÷åñêàÿ ñõåìà (à) è ñîâìåùåííûé êèíåìàòè÷åñêèé ïëàí (á) «ñóïåðâàðèàòîðà» 

îò êîìïàíèè Combarco

à)                                                                   á)
Ðèñ. 13. Êèíåìàòè÷åñêèå ñõåìû äðóãèõ âàðèàíòîâ «ñóïåðâàðèàòîðà»

Ïîñêîëüêó ãèáðèäíûå òðàíñìèññèè ñòîèò 
ïðèìåíÿòü, â îñíîâíîì, íà ãîðîäñêîì òðàíñ-
ïîðòå, êîòîðûé ýêñïëóàòèðóåòñÿ â óñëîâèÿõ 
ìàëûõ äîðîæíûõ ñîïðîòèâëåíèé, íåðàçðûâ-
íîñòü ïîòîêà ìîùíîñòè â òðàíñìèññèè íå ÿâ-
ëÿåòñÿ êðèòè÷åñêèì òðåáîâàíèåì ê ìíîãîïî-
òî÷íîé ÊÝÓ. Ýòî îçíà÷àåò, ÷òî îò ñëîæíûõ è 
äîðîãèõ ïåðåìåííîïîòî÷íûõ è êîìáèíèðî-
âàííûõ ñõåì, âåðîÿòíî, ìîæíî îòêàçàòüñÿ â 
ïîëüçó áîëåå ïðîñòûõ ñòóïåí÷àòûõ ÌÏÊÝÓ, 
êîòîðûå ìîãóò îáåñïå÷èòü è âûñîêèé ÊÏÄ, è 
ïîëó÷åíèå ïðîèçâîëüíîãî ïåðåäàòî÷íîãî ÷èñëà 
â òðàíñìèññèè.

Ëèòåðàòóðà
1. Áàóëèíà Å.Å., Êðóòàøîâ À.Â., Ñåðåáðÿêîâ Â.Â., 

Ôèëîíîâ À.È., Áàõìóòîâ Ñ.Â. Ðàçðàáîòêà êîìáè-
íèðîâàííîé ýíåðãåòè÷åñêîé óñòàíîâêè ïîñëåäî-
âàòåëüíî-ïàðàëëåëüíîãî òèïà äëÿ ëåãêèõ êîììåð-
÷åñêèõ àâòîìîáèëåé // Æóðíàë àâòîìîáèëüíûõ 
èíæåíåðîâ. 2012. № 1. Ñ. 10–14.

2. Êîòèåâ Ã.Î., Õàðèòîíîâ Ñ.À., Íàãàéöåâ Ì.Â. 
Ìåòîä ðàñ÷åòà äèíàìè÷åñêèõ õàðàêòåðèñòèê 
òðàíñïîðòíîãî ñðåäñòâà ñ ãèáðèäíîé òðàíñìèññè-
åé, ïîñòðîåííîé ïî ñõåìå GM // Æóðíàë àâòîìî-
áèëüíûõ èíæåíåðîâ. 2011. № 4. Ñ. 14–19.

3. Êîòèåâ Ã.Î., Õàðèòîíîâ Ñ.À., Íàãàéöåâ Ì.Â. 
Ìåòîä ðàñ÷åòà äèíàìè÷åñêèõ õàðàêòåðèñòèê 



Ðÿáåâ À.Â.

64 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 2(28), 2016

òðàíñïîðòíîãî ñðåäñòâà ñ ãèáðèäíîé òðàíñìèñ-
ñèåé THS // Æóðíàë àâòîìîáèëüíûõ èíæåíåðîâ. 
2010. № 5. Ñ. 26–30.

4. Êîòèåâ Ã.Î., Õàðèòîíîâ Ñ.À., Íàãàéöåâ Ì.Â. 
Ìåòîä ðàñ÷åòà äèíàìè÷åñêèõ õàðàêòåðèñòèê 
òðàíñïîðòíîãî ñðåäñòâà ñ ãèáðèäíîé òðàíñìèñ-
ñèåé THS // Æóðíàë àâòîìîáèëüíûõ èíæåíåðîâ. 
2010. № 6. Ñ. 20–25.

5. Êîòèåâ Ã.Î., Õàðèòîíîâ Ñ.À., Íàãàéöåâ Ì.Â. 
Îáçîð êèíåìàòè÷åñêèõ ñõåì ïîñòðîåíèÿ ãèáðèä-
íûõ òðàíñìèññèé // Æóðíàë àâòîìîáèëüíûõ èí-
æåíåðîâ. 2010. № 4. Ñ. 8–13.

6. Èñàêîâ Ï.Ï., Èâàí÷åíêî Ï.Í., Åãîðîâ À.Ä. Ýëåê-
òðîìåõàíè÷åñêèå òðàíñìèññèè ãóñåíè÷íûõ òðàê-
òîðîâ: Òåîðèÿ è ðàñ÷åò. Ë.: Ìàøèíîñòðîåíèå, 
1981. 302 ñ.

7. Kukhyun Ahn, Sungtae Cho, Wonsik Lim, Yeo-
ng-il Park, Jang Moo Lee. Performance analysis and 
parametric design of the dual-mode planetary gear 
hybrid powertrain. Proc. IMechE, Part D: J. Auto-
mobile Engineering, 2006, 220(11), pp. 1601–1614.

8. Tim M., Grewe, Brendan M., Conlon, Alan G. 
Holmes. Defining the General Motors 2-Mode 
Hybrid Transmission, SAE 2007-01-0273.

9. Villeneuve A. Dual mode electric infinitely variable 
transmission. Aachener Kolloquium Fahrzeug und 
Motorentechnik, 2004, pp. 895–922.

10. Àíòîíîâ À.Ñ., Ìàãèäîâè÷ Å.È., Íîâîõàòüêî 
È.Ñ. Ãèäðîìåõàíè÷åñêèå è ýëåêòðîìåõàíè÷åñêèå 
ïåðåäà÷è òðàíñïîðòíûõ è òÿãîâûõ ìàøèí. Ë.: 
Ìàøãèç, 1963. 352 ñ.

11. Schulz M. Circulating mechanical power in a pow-
er-split hybrid electric vehicle transmission, Proc. 
Instrum. Mech. Eng.-Part D J. Automob. Eng., vol. 
218, no. 12, pp. 1419–1425, Dec. 2004.

12. Äàâûäîâ Â.Â. Ìíîãîäèàïàçîííàÿ áåññòóïåí÷àòàÿ 
òðàíñìèññèÿ ñî ñëîæíûì ðàçäåëåíèåì ïîòîêà 
ìîùíîñòè - ñóïåðâàðèàòîð // Ìàøèíîñòðîåíèå: 
íîâîñòè, ñòàòüè, êàòàëîã ìàøèíîñòðîèòåëüíûõ 
çàâîäîâ, 22 ñåíòÿáðÿ 2011. www.i-Mash.ru

References
1. Baulina E.E., Krutashov A.V., Serebryakov V.V., 

Filonov A.I., Bakhmutov S.V. Development of 
combined energy transmission of consistent-
parallel type for light commercial vehicles. Zhurnal 
avtomobil’nykh inzhenerov. 2012. No 1, pp. 10–14 
(in Russ.).

2. Kotiev G.O., Kharitonov S.A., Nagaytsev M.V. The 
method of calculation of dynamic characteristics of 
a vehicle with a hybrid powertrain, built on GM 

scheme. Zhurnal avtomobil’nykh inzhenerov. 
2011. No 4, pp. 14–19 (in Russ.).

3. Kotiev G.O., Kharitonov S.A., Nagaytsev M.V. The 
method of calculation of dynamic characteristics of 
a vehicle with THS hybrid powertrain. Zhurnal 
avtomobil’nykh inzhenerov. 2010. No 5, pp. 26–30 
(in Russ.).

4. Kotiev G.O., Kharitonov S.A., Nagaytsev M.V. The 
method of calculation of dynamic characteristics of 
a vehicle with THS hybrid powertrain. Zhurnal 
avtomobil’nykh inzhenerov […]. 2010. No 6, pp. 
20–25 (in Russ.).

5. Kotiev G.O., Kharitonov S.A., Nagaytsev 
M.V. Overview of kinematic schemes of 
hybrid transmissions construction. Zhurnal 
avtomobil’nykh inzhenerov. 2010. No 4, pp. 8–13 
(in Russ.).

6. Isakov P.P., Ivanchenko P.N., Egorov A.D. 
Elektromekhanicheskie transmissii gusenichnykh 
traktorov: Teoriya i raschet [Electromechanical 
transmissions of caterpillar tractors: theory and 
calculation]. Leningrad. Mashinostroenie Publ. 
1981. 302 p.

7. Kukhyun Ahn, Sungtae Cho, Wonsik Lim, Yeong-
il Park, Jang Moo Lee. Performance analysis and 
parametric design of the dual-mode planetary 
gear hybrid powertrain. Proc. IMechE, Part D: 
J. Automobile Engineering, 2006, 220(11), pp. 
1601–1614.

8. Tim M., Grewe, Brendan M., Conlon, Alan G. 
Holmes. Defining the General Motors 2-Mode 
Hybrid Transmission, SAE 2007-01-0273.

9. Villeneuve A. Dual mode electric infinitely variable 
transmission. Aachener Kolloquium Fahrzeug und 
Motorentechnik, 2004, pp. 895–922.

10. Antonov A.S., Magidovich E.I., Novokhat’ko I.S. 
Gidromekhanicheskie i elektromekhanicheskie 
peredachi transportnykh i tyagovykh mashin 
[Hydromechanical and electromechanical 
transmissions of transport and traction machines]. 
Lenigrad, Mashgiz Publ., 1963. 352 p.

11. Schulz M. Circulating mechanical power in a 
power-split hybrid electric vehicle transmission, 
Proc. Instrum. Mech. Eng.-Part D J. Automob. 
Eng., vol. 218, no. 12, pp. 1419–1425, Dec. 2004.

12. Davydov V.V. Multirange continuously variable 
transmission with a complex division of power 
flow – supervariator. Mashinostroenie: novosti, 
stat’i, katalog mashinostroitel’nykh zavodov. 22 
sentyabrya 2011. www.i-Mash.ru



Îáçîð è êëàññèôèêàöèÿ ïåðñïåêòèâíûõ ñõåì ìíîãîïîòî÷íûõ 
êîìáèíèðîâàííûõ ýíåðãåòè÷åñêèõ óñòàíîâîê íà îñíîâå èõ êèíåìàòè÷åñêîãî àíàëèçà

65Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 2(28), 2016

OVERVIEW AND CLASSIFICATION OF ADVANCED SCHEMES OF MULTITHREADED 
COMBINED ENERGY TRANSMISSIONS BASED ON THEIR KINEMATIC ANALYSIS

A.V. Ryabev
Moscow State University of Mechanical Engineering (MAMI)

+7 926 768-36-94, Ryabev-Alexander@yandex.ru

The article deals with the existing and promising modern automotive multithreaded combined energy 
transmissions, based on the principle of separation of power for the electrical and mechanical streams. 
These combined energy transmissions due to the presence in their design of continuously variable electric 
transmission allow obtaining an arbitrary gear ratio from the engine to the wheels, while maintaining high 
efficiency inherent to manual transmission. It allows to assume that multithreaded combined energy 
transmissions are promising for use in hybrid vehicles as evidenced by the successful operation of Toyota 
Prius automobile. The article describes 16 different schemes of electromechanical transmissions. Some 
of them are actually applied in practice, while others exist only as prototypes or theoretical projects. On 
the basis of the kinematic analysis, including determination of number of operating modes and degrees of 
freedom as well as the construction of kinematic plans for different of operating modes the classification 
of multithreaded combined energy transmissions by type of differential mechanism (mechanical part of 
transmission) was proposed. There were allocated single-mode and multi-mode multithreaded combined 
energy transmissions. The last ones were divided into three classes, depending on the method of 
obtaining different modes: stepped, variable and combined. Moreover, within each class transmissions 
with differential at input, differential at output with complex power division were identified. This review 
allows to get acquainted with possibilities of application of multithreaded combined energy transmissions 
in road transport, to understand its strengths and weaknesses, identify promising areas of application of 
multithreaded electromechanical transmissions of various types.

Keywords: combined energy transmissions, hybrid vehicles, vehicles with combined energy transmissions, 
multithreaded combined energy transmissions.


