
25

ÓÄÊ 629.113

ÃÈÄÐÎÄÈÔÔÅÐÅÍÖÈÀËÜÍÛÉ ÂÛÏÐßÌÈÒÅËÜ 
ÌÎÌÅÍÒÀ ÈÍÅÐÖÈÎÍÍÎÉ ÀÂÒÎÌÀÒÈ×ÅÑÊÎÉ 

ÏÅÐÅÄÀ×È ÌÎÁÈËÜÍÛÕ ÌÀØÈÍ

ê.ò.í. Ãðåáåíüêîâ Ä.Â.
Ëèïåöêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò, greben80@rambler.ru

Â ñòàòüå ðàññìîòðåíà âîçìîæíîñòü ïðèìåíåíèÿ â èíåðöèîííî-èìïóëüñíûõ àâòîìàòè÷åñêèõ ïåðå-
äà÷àõ ãèäðîäèôôåðåíöèàëüíîãî âûïðÿìèòåëÿ ìîìåíòà, â êîíñòðóêöèè êîòîðîãî â êà÷åñòâå ìóôò 
ñâîáîäíîãî õîäà èñïîëüçóþòñÿ ãèäðîìàøèíû. Â îòëè÷èå îò ìåõàíè÷åñêèõ ìóôò ñâîáîäíîãî õîäà, 
ãäå íàèáîëåå ñëàáûå èõ çâåíüÿ – òåëà çàêëèíèâàíèÿ, â ïðåäëîæåííîé êîíñòðóêöèè òåëîì çàêëèíè-
âàíèÿ ÿâëÿåòñÿ ãèäðàâëè÷åñêàÿ æèäêîñòü, ÷òî ïîçâîëÿåò óñòðàíèòü âûøåóïîìÿíóòûé íåäîñòàòîê è 
óìåíüøèòü èçíîñ. Ïðèâåäåíà êèíåìàòè÷åñêàÿ ñõåìà èíåðöèîííîé ïåðåäà÷è ñ ãèäðîäèôôåðåíöè-
àëüíûì âûïðÿìèòåëåì ìîìåíòà è îïèñàí ðàáî÷èé ïðîöåññ íà òðåõ õàðàêòåðíûõ ðåæèìàõ ðàáîòû: 
ñòîïîâîì, òðàíñôîðìàöèè âðàùàþùåãî ìîìåíòà è ïðÿìîé ïåðåäà÷è. Ïðèâåäåíû çàâèñèìîñòè 
äëÿ ðàñ÷åòà îñíîâíûõ ïàðàìåòðîâ ãèäðàâëè÷åñêèõ ìóôò ñâîáîäíîãî õîäà, à òàêæå ïðåäñòàâëåíû 
òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå ðåçóëüòàòû èññëåäîâàíèé ðàáîòîñïîñîáíîñòè èíåðöèîííîãî 
ãèäðîäèôôåðåíöèàëüíîãî òðàíñôîðìàòîðà âðàùàþùåãî ìîìåíòà. Àíàëèç ïîëó÷åííûõ ðåçóëüòà-
òîâ ïîêàçàë, ÷òî ñ óâåëè÷åíèåì âíóòðåííèõ óòå÷åê ðàáî÷åé æèäêîñòè, âîçðàñòàþùèõ âñëåäñòâèå 
èçíîñà ãèäðîäèôôåðåíöèàëüíîãî âûïðÿìèòåëÿ ìîìåíòà, ìîùíîñòü è ìîìåíò íà âàëó ãèäðîìàøè-
íû áóäóò óìåíüøàòüñÿ, ÷òî â ñâîþ î÷åðåäü ñíèçèò êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ ãèäðîäèô-
ôåðåíöèàëüíîãî âûïðÿìèòåëÿ ìîìåíòà. Àíàëèç ðåçóëüòàòîâ ïîêàçàë, ÷òî â íà÷àëå ýêñïëóàòàöèè 
êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ ãèäðîäèôôåðåíöèàëüíîãî âûïðÿìèòåëÿ ìîìåíòà ñîñòàâëÿåò 
ïðèìåðíî 93 % âî âñåì ðàáî÷åì äèàïàçîíå. Â ïðîöåññå ðàáîòû êîýôôèöèåíò ïîëåçíîãî äåé-
ñòâèÿ ïåðåäà÷è ëèíåéíî óáûâàåò è ïðè ðàäèàëüíîì çàçîðå 300÷350 ìêì ñîñòàâëÿåò âñåãî 68÷63 
%. Ïðè äàëüíåéøåì èçíîñå (ðàäèàëüíûé çàçîð 350 ÷ 400 ìêì) êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ 
ïðàêòè÷åñêè íå ñíèæàåòñÿ. Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî ãèäðîäèôôåðåíöèàëüíûé âûïðÿìèòåëü 
ìîìåíòà ïîëíîñòüþ èçíîñèëñÿ è òðåáóåòñÿ åãî çàìåíà. 
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Ââåäåíèå
Àêòóàëüíîé çàäà÷åé â àâòîìîáèëåñòðîåíèè 

ÿâëÿåòñÿ ïðîåêòèðîâàíèå è âíåäðåíèå áåññòó-
ïåí÷àòîãî àâòîìàòè÷åñêîãî ïðèâîäà îò äâèãà-
òåëÿ ê âåäóùèì êîëåñàì. Ñ óâåëè÷åíèåì àâòî-
ìîáèëüíîãî ïàðêà è èíòåíñèâíîñòè äâèæåíèÿ 
ïðîñòîòà è óäîáñòâî óïðàâëåíèÿ, óëó÷øåíèå 
òîïëèâíî-ýêîíîìè÷åñêèõ è òÿãîâî-ñêîðîñòíûõ 
õàðàêòåðèñòèê àâòîìîáèëåé ïðèîáðåòàåò ïåð-
âîñòåïåííîå çíà÷åíèå.

Âîçìîæíûì ïóòåì ñîâåðøåíñòâîâàíèÿ êîí-
ñòðóêöèé ìîáèëüíûõ ìàøèí ÿâëÿåòñÿ ïðèìå-
íåíèå â èõ òðàíñìèññèÿõ áåññòóïåí÷àòûõ àâòî-
ìàòè÷åñêèõ ïåðåäà÷. Áåññòóïåí÷àòûé ïðèâîä 
ïîçâîëÿåò óëó÷øèòü ýêñïëóàòàöèîííûå êà÷å-
ñòâà àâòîìîáèëåé, óâåëè÷èòü ïðîèçâîäèòåëü-
íîñòü çà ñ÷åò áîëåå ïîëíîãî èñïîëüçîâàíèÿ 
ìîùíîñòè äâèãàòåëÿ, à òàêæå ïîâûñèòü áåç-
îïàñíîñòü äâèæåíèÿ. 

Èç ìåõàíè÷åñêèõ áåññòóïåí÷àòûõ ïåðåäà÷ 
íàèáîëåå ïåðñïåêòèâíû èíåðöèîííî-èìïóëüñ-

íûå ïåðåäà÷è äëÿ ñèëîâûõ ïðèâîäîâ ìîáèëü-
íûõ ìàøèí ââèäó ñëåäóþùèõ ïðåèìóùåñòâ: 
àâòîìàòè÷íîñòü è áåññòóïåí÷àòîñòü ðåãóëè-
ðîâàíèÿ ñêîðîñòè è êðóòÿùåãî ìîìåíòà íà 
âåäóùèõ êîëåñàõ ìàøèíû â øèðîêîì äèàïà-
çîíå ïðè âûñîêîì ÊÏÄ; âîçìîæíîñòü çàùèòû 
äâèãàòåëÿ îò ïåðåãðóçîê; ïðîñòîòà è óäîáñòâî 
óïðàâëåíèÿ [1].

Â ñâÿçè ñ ýòèì íàáëþäàåòñÿ ïîñòîÿííûé 
èíòåðåñ ê èñïîëüçîâàíèþ èíåðöèîííîãî òðàíñ-
ôîðìàòîðà âðàùàþùåãî ìîìåíòà (ÈÒÂÌ) â 
àâòîìàòè÷åñêèõ ïðèâîäàõ ìîáèëüíûõ ìàøèí. 
Ïîòåíöèàëüíûå âîçìîæíîñòè òàêèõ ïåðåäà÷, 
èçíà÷àëüíî çàëîæåííûå ôèçè÷åñêîé ñóùíî-
ñòüþ ïðîèñõîäÿùèõ ïðîöåññîâ â ÈÒÂÌ, è 
ìàëûé îïûò èõ ïðèìåíåíèÿ â àâòîìîáèëåñòðî-
åíèè äèêòóþò àêòóàëüíîñòü è âàæíîñòü ýòîé 
ïðîáëåìû â ïåðñïåêòèâå êàê ñ íàó÷íîé, òàê è 
ïðàêòè÷åñêîé òî÷êè çðåíèÿ [2].

Â íàñòîÿùåå âðåìÿ ÈÒÂÌ íå ïîëó÷èëè 
ìàññîâîãî ïðèìåíåíèÿ â ìàøèíîñòðîåíèè 
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ïî ïðè÷èíå ìàëîé íàäåæíîñòè âûïðÿìèòåëÿ 
èíåðöèîííîãî ìîìåíòà, ñîñòîÿùåãî èç äâóõ 
ìåõàíèçìîâ ñâîáîäíîãî õîäà (ÌÑÕ), â êîòîðûõ 
áûñòðî èçíàøèâàþòñÿ è ðàçðóøàþòñÿ òåëà çà-
êëèíèâàíèÿ. Òåîðåòè÷åñêè è ýêñïåðèìåíòàëü-
íî áûëè èññëåäîâàíû âûïðÿìèòåëè ìîìåíòà 
ðàçëè÷íîãî êîíñòðóêòèâíîãî èñïîëíåíèÿ è 
ïðèíöèïà äåéñòâèÿ, â òîì ÷èñëå ïëàñòèí÷àòûå, 
ðîëèêîâûå, ýêñöåíòðèêîâî-êëèíîâûå ñ êèíå-
ìàòè÷åñêîé ñâÿçüþ â âèäå êóëèñíî-êðåñòîâîé 
ìóôòû è âíóòðåííåãî çóá÷àòîãî çàöåïëåíèÿ, 
ïðóæèííûå, ìèêðîõðàïîâûå, êóëà÷êîâûå è ò.ä. 
Â ðåçóëüòàòå èññëåäîâàíèé âûÿñíèëîñü, ÷òî 
ÌÑÕ â ÈÒÂÌ ðàáîòàþò ïðè áîëüøèõ äèíàìè-
÷åñêèõ íàãðóçêàõ ñ áîëüøîé ÷àñòîòîé âêëþ÷å-
íèÿ, ÷òî ïðåäúÿâëÿåò ïîâûøåííûå òðåáîâàíèÿ 
ê èõ òåõíîëîãè÷åñêèì è êîíñòðóêòèâíûì ïàðà-
ìåòðàì [3]. 

Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîâûøåíèå 
íàäåæíîñòè ÈÒÂÌ ïóòåì ðàçðàáîòêè îðèãè-
íàëüíîãî ãèäðîäèôôåðåíöèàëüíîãî âûïðÿìè-
òåëÿ ìîìåíòà (ÃÂÌ), â êîíñòðóêöèè êîòîðîãî 
â êà÷åñòâå ÌÑÕ èñïîëüçóþòñÿ ãèäðîìàøèíû, 
à òåëîì çàêëèíèâàíèÿ ÿâëÿåòñÿ ãèäðàâëè÷å-
ñêàÿ æèäêîñòü [4]. 

Ìàòåðèàëû, ðåçóëüòàòû 
èññëåäîâàíèÿ è èõ îáñóæäåíèå
Îïûò ñîçäàíèÿ ÌÑÕ ìåõàíè÷åñêîãî òèïà 

ïîêàçûâàåò, ÷òî íàèáîëåå ñëàáûå èõ çâåíüÿ – 
òåëà çàêëèíèâàíèÿ. Èñïîëüçîâàíèå â êà÷åñòâå 
òåëà çàêëèíèâàíèÿ æèäêîñòè óñòðàíÿåò ýòî 
ñëàáîå çâåíî è ïîçâîëÿåò óìåíüøèòü èçíîñ. 

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâà-
íèé ïîäòâåðæäàþò ðàáîòîñïîñîáíîñòü ÌÑÕ 
òàêîãî òèïà â êà÷åñòâå âûïðÿìèòåëÿ ìîìåíòà 
èíåðöèîííîé àâòîìàòè÷åñêîé áåññòóïåí÷àòîé 
ïåðåäà÷è.

Íà ðèñ. 1 ïðèâåäåíà êèíåìàòè÷åñêàÿ 
ñõåìà èíåðöèîííîãî ãèäðîäèôôåðåíöèàëü-

íîãî òðàíñôîðìàòîðà âðàùàþùåãî ìîìåíòà 
(ÈÃÒÂÌ), êîòîðûé ñîäåðæèò èìïóëüñíûé ìå-
õàíèçì â âèäå âåäóùåãî âàëà 1, ñîåäèíåííîãî 
ñ íåóðàâíîâåøåííûìè ãðóçàìè 3, âåäîìîå çóá-
÷àòîå êîëåñî 2 è îñíîâíîé äèôôåðåíöèàëüíûé 
ìåõàíèçì 4. Äîïîëíèòåëüíûé äèôôåðåíöèàëü-
íûé ìåõàíèçì ñîñòîèò èç çóá÷àòûõ êîëåñ 5 è 
6, ñàòåëëèòîâ 7, âîäèëà 8, çóá÷àòîãî êîëåñà 9 
è êîðîííîãî çóá÷àòîãî êîëåñà 13, ñîåäèíåííî-
ãî ÷åðåç çóá÷àòîå êîëåñî 9 ñ âûõîäíîé îáúåì-
íîé ãèäðîìàøèíîé (øåñòåðåííûì íàñîñîì) 12, 
êîòîðàÿ çàêðåïëåíà íà êîðïóñå 14 ïåðåäà÷è. 
Àíàëîãè÷íî óñòàíîâëåíà è êîðïóñíàÿ ãèäðî-
ìàøèíà 15. Çàìêíóòóþ öèðêóëÿöèþ ðàáî÷åé 
æèäêîñòè â ãèäðîìàøèíàõ 12 è 15 îáåñïå÷èâà-
þò îáðàòíûå êëàïàíû 11 è 16, óñòàíîâëåííûå â 
ñîîòâåòñòâóþùèõ òðóáîïðîâîäàõ. Ñ âîäèëîì 8 
ñîåäèíåí âåäîìûé âàë 10. ÈÃÒÂÌ ðàáîòàåò â 
òðåõ õàðàêòåðíûõ ðåæèìàõ: ñòîïîâîì (ðåæèì 
íåïîäâèæíîãî ðåàêòîðà), òðàíñôîðìàöèè âðà-
ùàþùåãî ìîìåíòà è ïðÿìîé ïåðåäà÷è (ðåæèì 
äèíàìè÷åñêîé ìóôòû) [5].

Â ñòîïîâîì ðåæèìå ÈÃÒÂÌ ïåðåäàåò ïî-
ëîæèòåëüíûé èíåðöèîííûé ìîìåíò âåäóùåìó 
çóá÷àòîìó êîëåñó 6 äèôôåðåíöèàëà, êîòîðîå 
ñòðåìèòñÿ ïîâåðíóòü çóá÷àòîå êîëåñî 13, óäåð-
æèâàåìîå ãèäðîìàøèíîé 12 ñ ïîìîùüþ îá-
ðàòíîãî êëàïàíà 11, âûïîëíÿþùåãî ôóíêöèþ 
ãèäðàâëè÷åñêîãî ìåõàíèçìà ñâîáîäíîãî õîäà 
(ãèäðîÌÑÕ). Ïðîèñõîäèò ïåðåäà÷à âðàùàþ-
ùåãî ìîìåíòà íà âåäîìûé âàë 10. Ïðè îòðèöà-
òåëüíîì ìîìåíòå ãèäðîìàøèíà 15 óäåðæèâàåò 
âåäóùåå çóá÷àòîå êîëåñî 6 â íåïîäâèæíîì ñî-
ñòîÿíèè. Ïðè ýòîì âåäîìûé âàë 10, çóá÷àòîå 
êîëåñî 13 è âûõîäíîé âàë ãèäðîìàøèíû 12 
ïðîäîëæàþò âðàùàòüñÿ ïî èíåðöèè.

Â ðåæèìå òðàíñôîðìàöèè ìîìåíòà ãèäðî-
ìàøèíû 12 è 15 ïîî÷åðåäíî óäåðæèâàþò â 
íåïîäâèæíîì ñîñòîÿíèè ñîîòâåòñòâóþùèå 
ýëåìåíòû äèôôåðåíöèàëüíîãî ðÿäà â ñëó÷àå 
èõ âðàùåíèÿ â çàïðåùåííîì íàïðàâëåíèè. Â 
ðåæèìå äèíàìè÷åñêîé ìóôòû ãèäðîìàøèíà 12 
çàñòîïîðåíà, à ãèäðîìàøèíà 15 ðàáîòàåò âõî-
ëîñòóþ ïðè îòêðûòîì îáðàòíîì êëàïàíå 16 [6].

Íåñîìíåííûì ïðåèìóùåñòâîì ÃÂÌ èíåð-
öèîííîé ïåðåäà÷è ÿâëÿåòñÿ òî, ÷òî äâà îïðåäå-
ëÿþùèõ ðåñóðñ ãèäðîÌÑÕ ôàêòîðà, òàêèå êàê 
äàâëåíèå è ÷àñòîòà âðàùåíèÿ, íèêîãäà íå ñî-
âïàäàþò ïî âðåìåíè, ò.å. ïðè ðàáî÷åì äàâëåíèè 
â íàïîðíîé ìàãèñòðàëè ïðàêòè÷åñêè îòñóò-
ñòâóåò âðàùåíèå âàëà ãèäðîìàøèíû, à ïðè õî-
ëîñòîì õîäå ãèäðîÌÑÕ íà ïîðÿäîê óìåíüøàåò-Ðèñ. 1. Êèíåìàòè÷åñêàÿ ñõåìà ÈÃÒÂÌ
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ñÿ äàâëåíèå. Âñëåäñòâèå öèêëè÷íîãî ðåæèìà 
ðàáîòû ÈÃÒÂÌ ãèäðîÌÑÕ ðàáîòàþò ïîî÷å-
ðåäíî. Òàêèì îáðàçîì, ÊÏÄ ãèäðîäèôôåðåí-
öèàëüíîãî âûïðÿìèòåëÿ ìîìåíòà îïðåäåëÿåò-
ñÿ âíóòðåííèìè óòå÷êàìè ðàáî÷åé æèäêîñòè 
è ìîìåíòîì õîëîñòîãî ïðîêðó÷èâàíèÿ òîëüêî 
îäíîé ãèäðîÌÑÕ.

Êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ ÃÂÌ: 

   ÃÂÌ ì îá ,  

ãäå ì  – ÊÏÄ ìåõàíè÷åñêîé ÷àñòè âûïðÿìè-
òåëÿ; îá – îáúåìíûé ÊÏÄ ãèäðàâëè÷åñêîé 
÷à-ñòè âûïðÿìèòåëÿ.

Îáúåìíûå ïîòåðè â ãèäðîìàøèíå õàðàêòå-
ðèçóþòñÿ îáúåìíûì ÊÏÄ, ïðåäñòàâëÿþùèå 
ñîáîé îòíîøåíèå ïîëåçíîé (ýôôåêòèâíîé) 
ìîùíîñòè íàñîñà ê ñóììå ïîëåçíîé ìîùíîñòè 
è ìîùíîñòè, ïîòåðÿííîé èç-çà óòå÷åê ðàáî÷åé 
æèäêîñòè, èëè îòíîøåíèå ôàêòè÷åñêîé ýôôåê-
òèâíîé ïîäà÷è Q

ýô
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ãäå ýôN  – ïîëåçíàÿ ìîùíîñòü ãèäðîìàøèíû;  

òN  – òåîðåòè÷åñêàÿ ìîùíîñòü ãèäðîìàøèíû; 

ýôQ  – ôàêòè÷åñêàÿ ýôôåêòèâíàÿ ïîäà÷à ãèäðî-
ìàøèíû; 

óòQ  – âíóòðåííÿÿ óòå÷êà ðàáî÷åé 
æèäêîñòè â ãèäðîìàøèíå; òQ  – òåîðåòè÷åñêàÿ 
ïîäà÷à ãèäðîìàøèíû.

Ýêñïåðèìåíòàëüíî óñòàíîâëåíî, ÷òî íåïî-
ñðåäñòâåííûå óòå÷êè æèäêîñòè ÷åðåç çàçîðû 
ãèäðàâëè÷åñêèõ ìàøèí èçìåíÿþòñÿ ïðè âñåõ 
ïðî÷èõ ðàâíûõ óñëîâèÿõ ïðàêòè÷åñêè ïðÿìî 
ïðîïîðöèîíàëüíî ïåðåïàäó äàâëåíèÿ, ñîãëàñíî 
÷åìó, âûðàæåíèå äëÿ îïðåäåëåíèÿ óòå÷åê ïðåä-
ñòàâèì â âèäå [7]:
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ãäå S – ðàäèàëüíûé çàçîð ìåæäó öèëèíäðè-
÷åñêîé ïîâåðõíîñòüþ êîðïóñà ãèäðîìàøèíû 
(øåñòåðåííûé íàñîñ) è öèëèíäðè÷åñêèìè íà-
ðóæíûìè ïîâåðõíîñòÿìè çóá÷àòûõ êîëåñ; 
ð – ïåðåïàä äàâëåíèÿ â íàïîðíîì óçëå ãè-
äðîìàøèíû; b – øèðèíà çóá÷àòîãî êîëåñà, 
ò. å. äëèíà çàçîðà â íàïðàâëåíèè, ïåðïåíäèêó-
ëÿðíîì äâèæåíèþ ïîòîêà æèäêîñòè;  – êî-
ýôôèöèåíò äèíàìè÷åñêîé âÿçêîñòè æèäêîñòè; 
l – äëèíà çàçîðà â íàïðàâëåíèè äâèæåíèÿ æèä-
êîñòè; v

ñð
 – ñðåäíÿÿ ñêîðîñòü òå÷åíèÿ æèäêî-

ñòè â çàçîðå.

Îïûòû ïîêàçàëè, ÷òî âåëè÷èíà çàçîðà S, 
âîîáùå ãîâîðÿ, ñ ïîâûøåíèåì äàâëåíèÿ ìåíÿ-
åòñÿ âñëåäñòâèå äåôîðìàöèè äåòàëåé, îáðàçóþ-
ùèõ çàçîð. Ââèäó ýòîãî çàâèñèìîñòü óòå÷åê îò 
äàâëåíèÿ áóäåò íåëèíåéíîé [8]. 

Ðàñ÷åòíàÿ (òåîðåòè÷åñêàÿ) ïîäà÷à øåñòåðåííî-
ãî íàñîñà îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì [9]:   
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ãäå    / 2  – ÷àñòîòà âðàùåíèÿ âåäóùåé 
øåñòåðíè;   – óãëîâàÿ ñêîðîñòü âåäóùåé øå-
ñòåðíè; m – ìîäóëü çóá÷àòûõ êîëåñ íàñîñà; 
n – ÷èñëî ñåêöèé íàñîñà; b – øèðèíà çóá÷àòî-
ãî âåíöà; z – ÷èñëî çóáüåâ âåäóùåé øåñòåðíè; 
 – óãîë çàöåïëåíèÿ.

Òåîðåòè÷åñêàÿ ìîùíîñòü íàñîñà ñ ó÷åòîì 
ôîðìóëû (1) [10]:
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ãäå 
ì
, 

ê
 – êîýôôèöèåíò ñîïðîòèâëåíèÿ 

ìàãèñòðàëåé è ñîåäèíèòåëüíûõ êàíàëîâ; 
L

í
, L

â
, L

ê
 – äëèíà íàãíåòàòåëüíîé, âñàñûâàþ-

ùåé ìàãèñòðàëåé è ñîåäèíèòåëüíûõ êàíàëîâ; 
f
ì
 – ïëîùàäü ñå÷åíèé ìàãèñòðàëåé è êàíà-

ëîâ; d – äèàìåòð ìàãèñòðàëåé è êàíàëîâ; 


âõ
 – êîýôôèöèåíò ñîïðîòèâëåíèÿ íà âõîäå âî 

âñàñûâàþùóþ ìàãèñòðàëü;     '
âõ 1 2  – êî-

ýôôèöèåíò ìåñòíûõ ïîòåðü; 
1
 – êîýôôèöè-

åíò ïîòåðü íà âõîäå (ïðèíèìàåòñÿ â ïðåäåëàõ 
0,5…1,0); 

2
 – êîýôôèöèåíò ïîòåðü âûõîäà â 

ïîëîñòü (äëÿ ëàìèíàðíîãî ïîòîêà ðàâåí 2); 
 – îáúåìíûé âåñ ðàáî÷åé æèäêîñòè. 

Ìîùíîñòü, ïîòåðÿííàÿ èç-çà óòå÷åê:
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ãäå V – ðàáî÷èé îáúåì ãèäðîìàøèíû; 
Ì

ò
 – ìîìåíò íà âàëó ãèäðîìàøèíû.
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Ñîãëàñíî ôîðìóëå (2) óìåíüøèòü ìîù-
íîñòü N

óò
 ìîæíî òîëüêî ñíèæåíèåì Q

óò
, òàê êàê 

ìîìåíò Ì
ò
 íå çàâèñèò îò òèïà ãèäðîìàøèíû 

è åå õàðàêòåðèñòèê. Äîñòèãíóòü ýòîãî ìîæíî 
èñïîëüçîâàíèåì ãèäðîìàøèíû ñ íàèáîëüøèì 
îáúåìíûì ÊÏÄ è ðàáî÷èì îáúåìîì ïðè çàäàí-
íûõ ãàáàðèòíûõ ðàçìåðàõ, ÷òî ïîçâîëèò ñíè-
çèòü ðàáî÷åå äàâëåíèå â íàãíåòàòåëüíîé ìàãè-
ñòðàëè [11].

Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ ïîêàçûâà-
åò, ÷òî ñ óâåëè÷åíèåì âíóòðåííèõ óòå÷åê ðàáî-
÷åé æèäêîñòè Qóò, âîçðàñòàþùèõ âñëåäñòâèå 
èçíîñà ãèäðîÌÑÕ, ìîùíîñòü è ìîìåíò íà âàëó 
ãèäðîìàøèíû áóäóò óìåíüøàòüñÿ, ÷òî â ñâîþ 
î÷åðåäü ñíèçèò ÊÏÄ ÃÂÌ. 

Òåîðåòè÷åñêèìè è ýêñïåðèìåíòàëüíûìè èñ-
ñëåäîâàíèÿìè îïðåäåëåíû çàâèñèìîñòè èçìå-
íåíèÿ ÊÏÄ ÈÃÒÂÌ îò ðàäèàëüíîãî çàçîðà S â 
ãèäðîÌÑÕ (ðèñ. 2). Àíàëèç ðåçóëüòàòîâ ïîêà-
çàë, ÷òî â íà÷àëå ýêñïëóàòàöèè ÊÏÄ ÈÃÒÂÌ 
ñîñòàâëÿåò  93 % âî âñåì ðàáî÷åì äèàïàçîíå. 
Ñ óâåëè÷åíèåì èçíîñîâ ãèäðîìàøèíû â ïðåäå-
ëàõ ïîëåé äîïóñêîâ íà ðàçìåðû, ïðè êîòîðûõ 
S = 50÷120 ìêì, ÊÏÄ óìåíüøàåòñÿ äî 87 %. 
Â ïðîöåññå ðàáîòû ÊÏÄ ïåðåäà÷è ëèíåéíî 

óáûâàåò è ïðè ðàäèàëüíîì çàçîðå S = 300÷350 
ìêì ñîñòàâëÿåò âñåãî 68÷63 %. Ïðè äàëüíåé-
øåì èçíîñå (S = 350 ÷ 400 ìêì) ÊÏÄ ïðàêòè÷å-
ñêè íå ñíèæàåòñÿ. Ýòî ñâèäåòåëüñòâóåò î òîì, 
÷òî ãèäðîÌÑÕ ïîëíîñòüþ èçíîñèëèñü è òðå-
áóåòñÿ èõ çàìåíà. Ðàáîòà ÈÃÒÂÌ ñ ÊÏÄ íèæå 
75 % íåöåëåñîîáðàçíà. Òàêîé ÊÏÄ èìååì ïðè 
ðàäèàëüíîì çàçîðå S = 220 ìêì, ïðè êîòîðîì 
ãèäðîÌÑÕ ïîäëåæèò çàìåíå.

Òàêèì îáðàçîì, óñòàíîâëåíî, ÷òî ïðè ðàäè-
àëüíûõ çàçîðàõ S, íå ïðåâûøàþùèõ ïðåäåëîâ 
ïîëåé äîïóñêîâ íà ðàçìåðû, ÊÏÄ óìåíüøàåòñÿ 
íå áîëåå ÷åì íà 3÷5%, à ïðè S = 350 ìêì ÊÏÄ 
ÈÃÒÂÌ ñíèæàåòñÿ íà 30 % [12].

Çàêëþ÷åíèå
Ðàçðàáîòàí îðèãèíàëüíûé ÃÂÌ, â êîíñòðóê-

öèè êîòîðîãî â êà÷åñòâå ÌÑÕ èñïîëüçóþòñÿ 
ãèäðîìàøèíû, à òåëîì çàêëèíèâàíèÿ ÿâëÿåòñÿ 
ãèäðàâëè÷åñêàÿ æèäêîñòü. Ïðåäëîæåíà ìåòî-
äèêà âûáîðà ïàðàìåòðîâ ÃÂÌ, äîñòîâåðíîñòü 
êîòîðîé ïîäòâåðæäåíà ýêñïåðèìåíòàëüíûìè 
èññëåäîâàíèÿìè.
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THEHYDRODIFFERENTIAL RECTIFIER OF THE MOMENT OF INERTIAL 
AUTOMATIC TRANSMISSION OF MOBILE MACHINES

PhD in Engineering D.V. Greben'kov
Lipetsk State Technical University, greben80@rambler.ru

The article considers the possibility of using torque in the inertial-pulse automatic transmissions of a 
hydrodifferential rectifier, in the design of which hydraulic machines are used as free-wheel clutches. 
Unlike mechanical freewheel clutches, where the weakest of their links are the jamming bodies, in the 
proposed construction the jammed body is hydraulic fluid, which allows to eliminate the above-mentioned 
drawback and reduce wear. A kinematic scheme of inertial transmission with a hydrodifferential torque 
rectifier is given and the working process is described on three characteristic operating modes: stop, 
torque and direct transmission. Dependences for calculation of basic parameters of hydraulic clutches of 
a free wheel are given, and also theoretical and experimental results of researches of working capacity of 
the inertial hydrodifferential torque transformer are presented. An analysis of the results showed that with 
increasing internal leakage of the working fluid, which increase as a result of wear of the hydrodifferential 
torque rectifier, the power and torque on the shaft of the hydraulic machine will decrease, which in turn 
will decrease the efficiency of the hydrodifferential rectifier. The analysis of the results showed that at the 
beginning of operation the efficiency of the hydrodifferential rectifier is about 93% in the entire operating 
range. During operation, the efficiency of transmission decreases linearly and at a radial gap of 300 ÷ 
350 μm is only 68 ÷ 63%. With further deterioration (radial clearance 350 ÷ 400 μm), the efficiency is 
practically not reduced. This indicates that the hydrodifferential rectifier of the torque has completely 
worn out and its replacement is required.

Keywords: hydrodifferential torque rectifier, clearance, leakage of hydraulic fluid, hydraulic machine, 
wear, hydro mechanism of free-wheeling.


