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Äëÿ èçìåíåíèÿ ñêîðîñòè èñïîëíèòåëüíûõ îðãàíîâ ìíîãèõ ñîâðåìåííûõ ìàøèí èñïîëüçóþò ðàç-
ëè÷íûå áåññòóïåí÷àòûå ïðèâîäû, â òîì ÷èñëå äîâîëüíî øèðîêî êëèíîðåìåííûå âàðèàòîðû, èìå-
þùèå ðÿä ñóùåñòâåííûõ ïðåèìóùåñòâ. Îñíîâíûì íåäîñòàòêîì ïîñëåäíèõ ÿâëÿåòñÿ îòíîñèòåëüíî 
íåâûñîêèé ðåñóðñ âàðèàòîðíîãî ðåìíÿ, îáóñëîâëåííûé, êàê ïðàâèëî, íå òîëüêî êà÷åñòâàì ñàìîãî 
ðåìíÿ, íî è íåñîâåðøåíñòâîì êîíñòðóêöèè íàæèìíûõ óñòðîéñòâ âàðèàòîðà. Ïîýòîìó ïîâûøåíèå 
òåõíè÷åñêèõ õàðàêòåðèñòèê ñîâðåìåííûõ êëèíîðåìåííûõ âàðèàòîðîâ ÿâëÿåòñÿ âàæíîé è àêòóàëü-
íîé çàäà÷åé. Â ñòàòüå ïîêàçàíû íåîáõîäèìîñòü è ïóòè óñîâåðøåíñòâîâàíèÿ êëèíîðåìåííûõ âà-
ðèàòîðîâ îáùåïðîìûøëåííîãî ïðèìåíåíèÿ. Ïðîàíàëèçèðîâàíà êîíñòðóêöèÿ ìîäåðíèçèðîâàííûõ 
ìîòîð-âàðèàòîðîâ è èõ íàæèìíûõ óñòðîéñòâ. Ïîêàçàíû îñíîâíûå äîñòîèíñòâà óñîâåðøåíñòâîâàí-
íûõ íàæèìíûõ óñòðîéñòâ ðàññìàòðèâàåìûõ ìîòîð-âàðèàòîðîâ. Îòìå÷åíû êîíñòðóêòèâíûå íåäî-
ñòàòêè ìåõàíèçìà ðåãóëèðîâêè íàæèìíîãî óñòðîéñòâà âåäóùåãî øêèâà. Äëÿ îöåíêè âîçìîæíîñòåé 
ìîäåðíèçèðîâàííûõ ìîòîð-âàðèàòîðîâ ïðîâåäåí ðàñ÷åòíî-ýêñïåðèìåíòàëüíûé àíàëèç åãî ìàêåò-
íîãî îáðàçöà. Ðàñ÷åòíûì ïóòåì íàéäåí îæèäàåìûé ðåñóðñ âàðèàòîðíîãî ðåìíÿ, ïîêàçàâøèé èìå-
þùèéñÿ çíà÷èòåëüíûé çàïàñ ïî íàãðóçî÷íîé ñïîñîáíîñòè ìîòîð-âàðèàòîðà. Ýêñïåðèìåíòàëüíî 
îïðåäåëåíà òåïëîíàãðóæåííîñòü íå òîëüêî êëèíîâîãî ðåìíÿ, íî è äðóãèõ ýëåìåíòîâ âàðèàòîðà ïðè 
ðàçëè÷íûõ ðåæèìàõ íàãðóæåíèÿ, â òîì ÷èñëå ýêñòðåìàëüíîãî. Ïî ðåçóëüòàòàì ðàñ÷åòíî-ýêñïåðè-
ìåíòàëüíîãî àíàëèçà óñòàíîâëåíî, ÷òî òåõíè÷åñêèå õàðàêòåðèñòèêè ìîäåðíèçèðîâàííîãî ìîòîð-
âàðèàòîðà íå îòðàæàþò åãî äåéñòâèòåëüíûõ âîçìîæíîñòåé. Ìîòîð-âàðèàòîð ñïîñîáåí ïåðåäà-
âàòü áîëüøèå ìîùíîñòè áåç ïîòåðè åãî ðàáîòîñïîñîáíîñòè. Ìîäåðíèçèðîâàííûé ìîòîð-âàðèàòîð 
ìîæíî èñïîëüçîâàòü â ïðèâîäàõ ñòàöèîíàðíûõ ìàøèí ïðè ðàçëè÷íûõ çàêîíàõ èçìåíåíèÿ ìîìåíòà 
ñîïðîòèâëåíèÿ è ïåðåäàâàåìîé ìîùíîñòè. Îäíàêî ñëåäóåò ïðîâåñòè êîíñòðóêòèâíóþ äîðàáîòêó 
ìîòîð-âàðèàòîðà è åãî íàæèìíûõ óñòðîéñòâ ñ öåëüþ óñòðàíåíèÿ äîïîëíèòåëüíûõ èñòî÷íèêîâ òå-
ïëîîáðàçîâàíèÿ è óëó÷øåíèÿ óñëîâèé ðàáîòû âàðèàòîðíîãî ðåìíÿ.
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êà, òåïëîíàãðóæåííîñòü.

 Ââåäåíèå
Ìíîãèå ñîâðåìåííûå ìàøèíû òðåáóþò èç-

ìåíåíèÿ ñêîðîñòè èñïîëíèòåëüíîãî îðãàíà â 
øèðîêîì äèàïàçîíå, ïðè÷åì çà÷àñòóþ ïëàâíî, 
áåç ðåçêèõ ñêà÷êîâ. Ïîýòîìó ìåõàíè÷åñêèå, â 
÷àñòíîñòè, êëèíîðåìåííûå âàðèàòîðû íå ïîòå-
ðÿëè ñâîåé àêòóàëüíîñòè.

Êëèíîðåìåííûå âàðèàòîðû îáùåïðîìûø-
ëåííîãî ïðèìåíåíèÿ îáû÷íî èìåþò äâà ðåãó-
ëèðóåìûõ øêèâà. Íàæèìíîå óñòðîéñòâî âå-
äîìîãî øêèâà òðàäèöèîííî èìååò ïðóæèííîå 
íàæàòèå [1]. Ýòî íå ïîçâîëÿåò ìàêñèìàëüíî 
ðåàëèçîâàòü ñèëîâûå õàðàêòåðèñòèêè âàðèà-
òîðà è ðåñóðñ ðåìíÿ, òàê êàê â ïðèâîäàõ áîëü-
øèíñòâà ñîâðåìåííûõ ìàøèí ïåðåäàâàåìàÿ 
íàãðóçêà ìåíÿåòñÿ â çíà÷èòåëüíûõ ïðåäåëàõ, 
è âàðèàòîðíûé ðåìåíü ïðè ÷àñòè÷íûõ íàãðóç-
êàõ îêàçûâàåòñÿ ïåðåòÿíóò. Êîýôôèöèåíò ïî-
ëåçíîãî äåéñòâèÿ ñàìîãî âàðèàòîðà ïðè òàêèõ 
íàãðóçêàõ ïîíèæåííûé. Ñëåäîâàòåëüíî, äëÿ 
óëó÷øåíèÿ ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê 

âàðèàòîðîâ îáùåïðîìûøëåííîãî ïðèìåíåíèÿ 
öåëåñîîáðàçíî ìîäåðíèçèðîâàòü âàðèàòîðû, 
ïðèìåíÿÿ ïðîãðåññèâíûå íàæèìíûå óñòðîé-
ñòâà, îáåñïå÷èâàþùèå íàòÿæåíèå ðåìíÿ ïðî-
ïîðöèîíàëüíî ïåðåäàâàåìîé íàãðóçêå. 

Ìîäåðíèçàöèÿ ìîòîð-âàðèàòîðà
Ïðè ñîçäàíèè ìîäåðíèçèðîâàííûõ ìîòîð-

âàðèàòîðîâ ÂÐ 315À ñ äâèãàòåëåì ìîùíîñòüþ 
7,5 êÂò è ÂÐ 315Á ñ äâèãàòåëåì ìîùíîñòüþ 
3,0 êÂò âçàìåí óñòàðåâøèõ ÂÐ-1 è ÂÐ-3 áûëà 
ðàçðàáîòàíà êîíñòðóêöèÿ íàæèìíîãî óñòðîé-
ñòâà âåäîìîãî øêèâà, îáåñïå÷èâàþùàÿ àâòîìà-
òè÷åñêîå íàòÿæåíèå ðåìíÿ ïðîïîðöèîíàëüíî 
ìîìåíòó ñîïðîòèâëåíèÿ íà âåäîìîì âàëó, ò.å. 
ïðîïîðöèîíàëüíî ïåðåäàâàåìîé íàãðóçêå.

Ýòî ïîçâîëÿåò ïðèìåíÿòü òàêèå âàðèàòîðû â 
ïðèâîäàõ ëþáûõ ñòàöèîíàðíûõ ìàøèí êàê ñ õà-
ðàêòåðèñòèêîé, îáåñïå÷èâàþùåé ïîñòîÿííûé 
ìîìåíò ïðè èçìåíåíèè ñêîðîñòè âðàùåíèÿ âàëà 
ðàáî÷åãî îðãàíà, òàê è ïîñòîÿíñòâî ïåðåäàâàåìîé 



Ðàñ÷åòíî-ýêñïåðèìåíòàëüíûé àíàëèç êëèíîðå-ìåííîãî ìîòîð-âàðèàòîðà

11Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 4(38), 2018

ìîùíîñòè, èëè â äðóãèõ óñëîâèÿõ [2, 3], ò.å. ôàê-
òè÷åñêè âàðèàòîð ñòàíîâèòñÿ óíèâåðñàëüíûì. 

Òàêîé ïîäõîä èñêëþ÷àåò ÷ðåçìåðíîå íàòÿæå-
íèå ðåìíÿ, à ñëåäîâàòåëüíî, óâåëè÷èâàåò ðåñóðñ 
ïîñëåäíåãî, îáåñïå÷èâàåò óíèôèêàöèþ íàæèì-
íûõ óñòðîéñòâ äëÿ âñåãî òèïàæà âàðèàòîðîâ.

Àâòîìàòè÷åñêîå íàòÿæåíèå ðåìíÿ ïðîïîð-
öèîíàëüíîå ìîìåíòó ñîïðîòèâëåíèÿ â íàæèì-
íîì óñòðîéñòâå îáåñïå÷èâàåòñÿ êóëà÷êîâûì 
ìåõàíèçìîì. Àíàëîãè÷íûé ìåõàíèçì øèðîêî 
èñïîëüçóåòñÿ â âàðèàòîðàõ ëåãêèõ òðàíñïîðò-
íûõ ñðåäñòâ (ìîòîíàðò, ìîòîðîëëåðîâ è ò.ä.) 
[4, 5] è çåðíîóáîðî÷íûõ êîìáàéíîâ [6, 7].

Â ìîäåðíèçèðîâàííûõ ìîòîð-âàðèàòîðàõ íà-
ïðàâëÿþùèå ñêîëüæåíèÿ íàæèìíîãî óñòðîéñòâà 
çàìåíåíû íà íàïðàâëÿþùèå êà÷åíèÿ, ÷òî óâåëè-
÷èâàåò ÷óâñòâèòåëüíîñòü âàðèàòîðà, à òàêæå åãî 
êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ. Êîíñòðóêöèÿ 
íàïðàâëÿþùèõ èñêëþ÷àåò ïîâîðîò ïîäâèæíîãî 
äèñêà øêèâà âàðèàòîðà îòíîñèòåëüíî íåïîäâèæ-
íîãî â ïðîöåññå îñåâîãî ïåðåìåùåíèÿ ïðè èçìå-
íåíèè ïåðåäàòî÷íîãî îòíîøåíèÿ âàðèàòîðà, ÷òî, 
â ñâîþ î÷åðåäü, óìåíüøàåò âåðîÿòíîñòü íåðàâíî-
ìåðíîé âûòÿæêè ðåìíÿ è åãî ïåðåâîðà÷èâàíèÿ 
âî âðåìÿ ðåãóëèðîâàíèÿ. Ïîäîáíûé íåäîñòàòîê 
õàðàêòåðåí äëÿ áîëüøèíñòâà êîíñòðóêöèé êëè-
íîðåìåííûõ âàðèàòîðîâ. 

Äëÿ îöåíêè âîçìîæíîñòåé ìîäåðíèçèðîâàí-
íûõ ìîòîð-âàðèàòîðîâ áûë ïðîâåäåí ðàñ÷åòíî-
ýêñïåðèìåíòàëüíûé àíàëèç ìàêåòíîãî îáðàçöà 
ìîòîð-âàðèàòîðà ÂÐ 315Á, ïðåïàðèðîâàííûé 
îáðàçåö êîòîðîãî ïðåäñòàâëåí íà ðèñ. 1.

Ðèñ. 1. Ïðåïàðèðîâàííûé ìàêåòíûé îáðàçåö 
ìîòîð-âàðèàòîðà ÂÐ 315Á 

Ïàñïîðòíûå õàðàêòåðèñòèêè ìîòîð-âàðè-
àòîðà ÂÐ 315Á îñíîâàíû íà ÃÎÑÒ 24848.3-81 
[8]: íîìèíàëüíàÿ ìîùíîñòü íà âõîäíîì âàëó – 

1 3,0P   êÂò; ñèíõðîííàÿ ÷àñòîòà âðàùåíèÿ 
äâèãàòåëÿ – 1 1500n   ìèí-1; ïåðåäàòî÷íûå 
îòíîøåíèÿ – max 2i  , min 0,5i  ; äèàïàçîí 
ðåãóëèðîâàíèÿ ñèììåòðè÷íûé – 4D  ; íî-
ìèíàëüíàÿ ìîùíîñòü íà âûõîäíîì âàëó ïðè 
ìàêñèìàëüíîé ÷àñòîòå âðàùåíèÿ 2max 2900n   
ìèí-1 – 2 2,8P   êÂò; ïðè ìèíèìàëüíîé ÷àñòî-
òå âðàùåíèÿ 2min 725n   ìèí-1 – 2 1,2P   êÂò; 
âðàùàþùèé ìîìåíò íà âûõîäíîì âàëó 2T  ïðè 

2maxn  íå ìåíåå 9,4 Íì, ïðè 2minn  – 16 Íì. 
Õàðàêòåðèñòèêè óêàçàíû äëÿ íåïðåðûâ-

íîãî ðåæèìà ðàáîòû ñ ïîñòîÿííîé íàãðóçêîé 
äëèòåëüíîñòüþ 8 ÷àñîâ â ñóòêè. Îíè ñîîòâåò-
ñòâóþò âàðèàòîðó ñ ïðóæèííûì ïîäæàòèåì 
ïîäâèæíîãî äèñêà âåäîìîãî øêèâà, êîãäà ïåðå-
äàâàåìàÿ ìîùíîñòü îãðàíè÷åíà âîçìîæíîñòüþ 
ïîëíîãî áóêñîâàíèÿ ðåìíÿ èç-çà ñíèæåíèÿ 
óñèëèÿ ïðóæèíû â ïðîöåññå ïåðåìåùåíèÿ ïîä-
âèæíîãî äèñêà øêèâà ïðè ðåãóëèðîâàíèè âàðè-
àòîðà. Âàðèàòîð ñ ìîäåðíèçèðîâàííûì íàæèì-
íûì óñòðîéñòâîì ìîæåò ñîçäàâàòü òðåáóåìîå 
îñåâîå óñèëèå, êàê ïðè ìîùíîñòè 3 êÂò, òàê è 
ïðè ìîùíîñòè 7,5 êÂò. Ýòî ïîçâîëÿåò ìîòîð-
âàðèàòîðó ÂÐ 315Á ðåàëèçîâàòü âñå ìîùíîñò-
íûå âîçìîæíîñòè äâèãàòåëÿ íà âñåì äèàïàçîíå 
ðåãóëèðîâàíèÿ ïðè ñîõðàíåíèè íàãðóçî÷íîé 
ñïîñîáíîñòè âàðèàòîðíîãî ðåìíÿ ñ ó÷åòîì åãî 
ðåñóðñà. Íàãðóçî÷íàÿ ñïîñîáíîñòü âàðèàòîðà 
îãðàíè÷èâàåòñÿ âîçìîæíîñòÿìè íàèáîëåå ñëà-
áîãî ýëåìåíòà – âàðèàòîðíîãî ðåìíÿ.

Äëÿ îöåíêè íàãðóçî÷íîé ñïîñîáíîñòè ìî-
äåðíèçèðîâàííîãî ìîòîð-âàðèàòîðà áûë îïðå-
äåëåí îæèäàåìûé ðåñóðñ âàðèàòîðíîãî ðåìíÿ.

Îæèäàåìûé ðåñóðñ ðåìíÿ âàðèàòîðà ÂÐ 
315Á áûë íàéäåí ðàñ÷åòíûì ïóòåì â ñîîòâåò-
ñòâèè ñ ÐÒÌ 38.405-51/3-2-6-90 «Ðåìíè êëè-
íîâûå âàðèàòîðíûå äëÿ ïðîìûøëåííîãî îáî-
ðóäîâàíèÿ. Ðàñ÷åò ïåðåäà÷ è ïåðåäàâàåìûå 
ìîùíîñòè», ðàçðàáîòàííîãî ÌÀÌÈ ñîâìåñò-
íî ñ Çàãîðñêèì ôèëèàëîì ÂÍÈÈÝÌÈ.

Ðåñóðñ îïðåäåëåí äëÿ äâóõ ðåæèìîâ ðàáîòû 
ìîòîð-âàðèàòîðà (òàáë. 1). Ðåæèì íàãðóæåíèÿ 
№ 1 ïî ìîìåíòó íà âûõîäíîì 2T  âàëó ñîîò-
âåòñòâóåò ïàñïîðòíûì äàííûì èññëåäóåìîãî 
ìîòîð-âàðèàòîðà. Ìîìåíò íà âåäîìîì âàëó 2T  
äëÿ ðåæèìà № 2 ñîîòâåòñòâóåò ïîëíîé íàãðóç-
êå ýëåêòðîäâèãàòåëÿ ïî ìîùíîñòè. Îòíîñè-
òåëüíîå âðåìÿ ðàáîòû /i i it L   íà ðàçëè÷íûõ 
ñòóïåíÿõ áëîêà íàãðóæåíèÿ ìîòîð-âàðèàòîðà 
ïðèíÿòî äëÿ âñåõ ðåæèìîâ îäèíàêîâûì. Ýòî 
ñîîòâåòñòâóþò ðåæèìó áëèçêîìó ê ðàâíîâåðî-
ÿòíîñòíîìó [9].
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Ðàñ÷åò ïîêàçàë, ÷òî îæèäàåìûé ðåñóðñ 
ðåìíÿ ñ ó÷åòîì åãî òåìïåðàòóðû, ïðèíÿòîé 
â ðàñ÷åòàõ t = 50 C ïî ðåçóëüòàòàì ïðåäâà-
ðèòåëüíûõ èñïûòàíèé, ñîñòàâèë 1 12500hL   
÷àñîâ äëÿ ðåæèìà № 1 è 2 7600hL  ÷àñîâ äëÿ 
ðåæèìà № 2. Êàê âèäíî, âåëè÷èíà îæèäàåìî-
ãî ðåñóðñà ðåìíÿ âåñüìà çíà÷èòåëüíàÿ (ñðåä-
íèé ðåñóðñ ðåìíåé â ýêñïëóàòàöèè ïî ÃÎÑÒ 
24848.2-81 ñîñòàâëÿåò íå ìåíåå 2500 ÷àñîâ äëÿ 
ëåãêîãî ðåæèìà ðàáîòû). Ýòî ïîäòâåðæäàåò 
ïðåäïîëîæåíèå î òîì, ÷òî ïàñïîðòíûå äàííûå 
íå îòðàæàþò äåéñòâèòåëüíûõ âîçìîæíîñòåé 
ìîäåðíèçèðîâàííîãî ìîòîð-âàðèàòîðà. Ìîòîð-
âàðèàòîð ñïîñîáåí ïåðåäàâàòü áîëüøèå ìîùíî-
ñòè áåç ïîòåðè ðàáîòîñïîñîáíîñòè.

Èñïûòàíèÿ ìàêåòíîãî îáðàçöà 
ìîòîð-âàðèàòîðà
Íàòóðíûå èñïûòàíèÿ ìàêåòíîãî îáðàçöà 

ìîòîð-âàðèàòîðà è ÂÐ 315Á íà ïðåäïðèÿòèè-
èçãîòîâèòåëå ïîêàçàëè åãî èçëèøíþþ òåïëî-
íàãðóæåííîñòü [1]. Ïîýòîìó áûëè ïðîâåäåíû 
äîïîëíèòåëüíûå ýêñïåðèìåíòàëüíûå èññëå-
äîâàíèÿ äëÿ îïðåäåëåíèÿ èñòî÷íèêîâ ïîâû-
øåííîãî òåïëîîáðàçîâàíèÿ è îöåíêè òåïëîíà-
ãðóæåííîñòè âàðèàòîðíîãî ðåìíÿ. Íà ðèñ. 2 

ïîêàçàí èñïûòàòåëüíûé ñòåíä, ñîñòîÿùèé èç 
âàðèàòîðà ÂÐ 315Á è ïîðîøêîâîãî òîðìîçà ÏÒ-
16Ì, ñîåäèíåííîãî ñ âåäîìûì âàëîì âàðèàòîðà 
êàðäàííîé ïåðåäà÷åé. 

Èñïûòàíèÿ ïðîâîäèëèñü â äâóõ ðåæèìàõ, 
ñîîòâåòñòâóþùèõ ðàáîòå âàðèàòîðà ïàñïîðò-
íûì äàííûì (ðåæèì № 1) è ïîëíîé çàãðóçêå 
ýëåêòðîäâèãàòåëÿ ïî ìîùíîñòè (ðåæèì № 2).

Ðåæèì № 1: ÷àñòîòà âðàùåíèÿ âûõîäíîãî 
âàëà 2 1200n   ìèí-1; òîðìîçíîé ìîìåíò 2 20T   
Íì. Ðåæèì № 2: ÷àñòîòà âðàùåíèÿ âûõîäíî-
ãî âàëà 2 2100n   ìèí-1; òîðìîçíîé ìîìåíò 

2 15T   Íì.
Ïðè ýòîì ðåæèì № 2 ñîîòâåòñòâîâàë ïåðå-

ãðóçêå ýëåêòðîäâèãàòåëÿ äî 3,5 ÊÂò ïðè åãî íî-
ìèíàëüíîé ìîùíîñòè 3 ÊÂò. 

Òîðìîçíîé ìîìåíò 2T  êîíòðîëèðîâàëñÿ ñè-
ëîèçìåðèòåëüíûì óñòðîéñòâîì ïîðîøêîâîãî 
òîðìîçà. ×àñòîòà âðàùåíèÿ âåäîìîãî âàëà âà-
ðèàòîðà îïðåäåëÿëàñü öèôðîâûì òàõîìåòðîì 
ÒÖ-3Ì. Òåìïåðàòóðà èçìåðÿëàñü ïðèáîðîì Â7/27 
ñ ïîìîùüþ êîíòàêòíîé òåðìîïàðû ïðè îñòàíîâ-
ëåííîì âàðèàòîðå â âîñüìè òî÷êàõ: òî÷êà № 1 – 
âàðèàòîðíûé ðåìåíü; òî÷êà № 2 – äèñê íèæíèé 
ëåâûé; òî÷êà № 3 – äèñê âåðõíèé ïðàâûé; òî÷êà 
№ 4 – ìåõàíèçì ðåãóëèðîâêè; òî÷êà № 5 – êîðïóñ 
ýëåêòðîäâèãàòåëÿ; òî÷êà № 6 – êîðïóñ âàðèàòîðà; 
òî÷êà № 7 – âàë âõîäíîé ëåâûé; òî÷êà № 8 – âàë 
âõîäíîé ïðàâûé. Çàìåð âî âíóòðåííèõ òî÷êàõ 
(№ 5, № 6, № 7 è № 8) îñóùåñòâëÿëñÿ ÷åðåç òåõ-
íîëîãè÷åñêèå ñìîòðîâûå ëþêè êîðïóñà ìîòîð-
âàðèàòîðà. Ðåçóëüòàòû èçìåðåíèé â ãðàôè÷åñêîì 
âèäå ïðèâåäåíû íà ðèñ. 3 è 4.

Àíàëèç ðåçóëüòàòîâ ýêñïåðèìåíòà ïîêàçàë, 
÷òî ðåìåíü íå ÿâëÿåòñÿ îñíîâíûì èñòî÷íèêîì 
òåïëîâûäåëåíèÿ, õîòÿ åãî òåìïåðàòóðà äîñòè-
ãàëà o C58,1t  . Òàêàÿ òåìïåðàòóðà äîïóñòèìà 
äëÿ ðåìíÿ. Îäíàêî, èìåþùàÿñÿ, ïî íàøåìó 
ìíåíèþ, âîçìîæíîñòü åå ñíèæåíèÿ çà ñ÷åò äî-
ðàáîòêè êîíñòðóêöèè êîðïóñà, âåíòèëÿòîðà è 
íàæèìíûõ óñòðîéñòâ ìîòîð-âàðèàòîðà ïîëî-
æèòåëüíî ñêàæåòñÿ íà ðåñóðñå ðåìíÿ.

Òàáëèöà 1 

Ðåæèìû íàãðóæåíèÿ ìîòîð-âàðèàòîðà, ìîìåíò íà âûõîäíîì âàëó T2i, ïåðåäàòî÷íîå îòíîøåíèå âàðèàòîðà i
i
, 

îòíîñèòåëüíîå âðåìÿ ðàáîòû 
i

Ðåæèì № 1 Ðåæèì № 2

2iT , Íì ii i 2iT , Íì ii i

16 2 0,3 34 2 0,3

12,5 1 0,4 18 1 0,4

9,4 0,5 0,3 9,4 0,5 0,3

Ðèñ. 2. Èñïûòàòåëüíûé ñòåíä
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Íàèáîëåå çíà÷èìûì èñòî÷íèêîì òåïëîîá-
ðàçîâàíèÿ ÿâëÿåòñÿ ìåõàíèçì ðåãóëèðîâêè 
íàæèìíîãî óñòðîéñòâà âåäóùåãî øêèâà. Ýòîò 
óçåë, íåñîìíåííî, òðåáóåò òùàòåëüíîé êîí-
ñòðóêòèâíîé äîðàáîòêè. Íàãðåâ êîðïóñà ýëåê-
òðîäâèãàòåëÿ äî òåìïåðàòóðû o71...76 Ct   
íå ÿâëÿåòñÿ îïàñíûì, ïîñêîëüêó ïðîÿâëÿåòñÿ 
ëèøü â ðåæèìå № 2, êîãäà ýëåêòðîäâèãàòåëü 
ðàáîòàë â ðåæèìå ïåðåãðóçêè. Â íîðìàëüíîì 
ðåæèìå (ðåæèì № 1) åãî òåìïåðàòóðà íàõîäè-
ëàñü â äîïóñòèìûõ ïðåäåëàõ.

Ïîâûøåííàÿ òåìïåðàòóðà âåðõíåãî ïðàâîãî 
äèñêà (òî÷êà № 3), âåðîÿòíåå âñåãî, îáóñëîâëåíà 
áîëüøèì òåïëîâûäåëåíèåì â ìåõàíèçìå ðåãó-
ëèðîâêè è â ýëåêòðîäâèãàòåëå. Îíà ìîæåò áûòü 
ñíèæåíà ïîñëå äîðàáîòêè ìåõàíèçìà ðåãóëèðîâ-
êè. Çàñëóæèâàåò ïðèñòàëüíîãî âíèìàíèÿ çíà÷è-
òåëüíàÿ ðàçíèöà òåìïåðàòóð ëåâîãî è ïðàâîãî 
êîíöîâ âûõîäíîãî âàëà. Òàêàÿ ðàçíèöà âûçâàíà 
êîíñòðóêòèâíî-òåõíîëîãè÷åñêèìè ïîãðåøíî-
ñòÿìè ìåõàíèçìà íàæàòèÿ âåäîìîãî øêèâà è 

ïðàâîé îïîðû âåäîìîãî âàëà. Ýòîò óçåë òàêæå 
òðåáóåò ñîîòâåòñòâóþùåé äîðàáîòêè.

Òåïëîâîé ðàñ÷åò âàðèàòîðà ïðîèçâîäèëñÿ ïî 
òðàäèöèîííîé ìåòîäèêå äëÿ óñòàíîâèâøåãî-
ñÿ ðåæèìà ðàáîòû [10]. Ïðè ýòîì ðàññ÷èòûâà-
ëàñü òåìïåðàòóðà êîðïóñà âàðèàòîðà è êîðïóñà 
ýëåêòðîäâèãàòåëÿ. 

Ñðåäíÿÿ òåìïåðàòóðà êîðïóñà âàðèàòîðà 
îïðåäåëÿëàñü ïî âûðàæåíèþ: 

var
var 0

o

1000 (1 )

1000 3 (1 0,917)20 43,1 C.
12 0,7

Pt t
K A
   

  


  
  



Çäåñü 0t  – òåìïåðàòóðà îêðóæàþùåé ñðåäû 
(ïðèíÿòî o

0 20 Ct  ); P  – ìîùíîñòü ýëåêòðî-
äâèãàòåëÿ, êÂò; A  – ïëîùàäü ïîâåðõíîñòè êîð-
ïóñà âàðèàòîðà, ì2; K  – êîýôôèöèåíò òåïëî-
îòäà÷è â îêðóæàþùóþ ñðåäó, Âò/(ì2ãðàäóñ); 


var
 – êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ âàðèà-

òîðà.

    

 à á

Ðèñ. 3. Ãðàôèê èçìåíåíèÿ òåìïåðàòóðû â ðåæèìå № 1: 
à – âíóòðåííèå òî÷êè çàìåðà; á – âíåøíèå òî÷êè çàìåðà

     

 à á

Ðèñ. 4. Ãðàôèê èçìåíåíèÿ òåìïåðàòóðû â ðåæèìå № 2: 
à – âíóòðåííèå òî÷êè çàìåðà; á – âíåøíèå òî÷êè çàìåðà
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Êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ âàðèàòî-
ðà íàéäåí ðàñ÷åòíûì ïóòåì, ïî ìåòîäèêå, èç-
ëîæåííîé â [10]. Ðàñ÷åò ïðîâîäèëñÿ äëÿ 0,5i   
è 1i   ïðè ïîëíîé ðåàëèçàöèè ìîùíîñòè ýëåê-
òðîäâèãàòåëÿ. Åãî âåëè÷èíà ñîñòàâèëà: ïðè – 

0,5i  , var 0,917  , ïðè 1i   – var 0,935  . 
Ðàñ÷åò ïðîâåäåí ïðè ìåíüøåì çíà÷åíèè êîýô-
ôèöèåíòà ïîëåçíîãî äåéñòâèÿ ìîòîð-âàðèàòîðà.

Ñðåäíÿÿ òåìïåðàòóðà êîðïóñà ýëåêòðîäâè-
ãàòåëÿ îïðåäåëÿëàñü ïî ôîðìóëå:

var
0

0 0

o

1000 (1 )

1000 3 (1 0,917)20 98,2 C.
0,85 37 0,18

d
d

Pt t
K A

   
  

  

  
  

 

Çäåñü d  – êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ 
ýëåêòðîäâèãàòåëÿ (ïðèíÿò 0,85d  ); 0A  – 
ïëîùàäü ïîâåðõíîñòè êîðïóñà ýëåêòðîäâèãàòå-
ëÿ, ì2; 0 1 1420 37K n    Âò/(ì2ãðàäóñ) êî-
ýôôèöèåíò òåïëîîòäà÷è â îêðóæàþùóþ ñðåäó.

Èç ðàñ÷åòîâ âèäíî, ÷òî îæèäàåìàÿ òåìïå-
ðàòóðà êîðïóñà ìîòîð-âàðèàòîðà ïðàêòè÷åñêè 
ñîâïàäàåò ñ çàìåðåííîé ýêñïåðèìåíòàëüíî, à 
êîðïóñà ýëåêòðîäâèãàòåëÿ – ïðåâûøàåò çàìå-
ðåííóþ. Ýòî ìîæíî îáúÿñíèòü íåäîñòàòî÷íîé 
òî÷íîñòüþ îïðåäåëåíèÿ êîýôôèöèåíòà 0K  è 
óïðîùåííîñòüþ ìåòîäèêè ðàñ÷åòà.

Çàêëþ÷åíèå
Íà îñíîâàíèè ïðîâåäåííûõ èññëåäîâàíèé 

ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû:
1. Òåõíè÷åñêèå õàðàêòåðèñòèêè ìîäåðíèçè-

ðîâàííîãî ìîòîð-âàðèàòîðà íå îòðàæàþò åãî 
äåéñòâèòåëüíûõ âîçìîæíîñòåé. Ìîòîð-âàðè-
àòîð ñïîñîáåí ïåðåäàâàòü áîëüøèå ìîùíîñòè 
áåç ïîòåðè ðàáîòîñïîñîáíîñòè.

2. Ìîäåðíèçèðîâàííûé ìîòîð-âàðèàòîð ìîæ-
 íî èñïîëüçîâàòü â ïðèâîäàõ ñòàöèîíàðíûõ ìà øèí 
ïðè ðàçëè÷íûõ çàêîíàõ èçìåíåíèÿ ìîìåíòà ñî-
ïðîòèâëåíèÿ è ïåðåäàâàåìîé ìîùíîñòè.

3. Ñëåäóåò ïðîâåñòè äîðàáîòêó êîíñòðóêöèè 
ìîòîð-âàðèàòîðà ñ öåëüþ óñòðàíåíèÿ äîïîëíè-
òåëüíûõ èñòî÷íèêîâ òåïëîîáðàçîâàíèÿ è óëó÷-
øåíèÿ óñëîâèé ðàáîòû âàðèàòîðíîãî ðåìíÿ.
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CALCULATION AND EXPERIMENTAL ANALYSIS OF THE V-BELT VARIATOR MOTOR
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To change the speed of the executive bodies of many modern machines it is commonly used a variety 
of continuously variable drives, including, quite broadly, V-belt variators, which have a number of signifi-
cant advantages. The main disadvantage of them is having not high durability of the variable-speed belt, 
caused, as a rule, not only by the qualities of the belt itself, but also by not perfect design of variator 
pressure devices. Therefore, improving the technical characteristics of modern V-belt variators is an 
important and urgent task. The article shows the need and ways to improve the V-belt variators for indus-
trial use. The design of the upgraded motor variators and their pressure devices is analyzed. The main 
advantages of the improved pressure devices of the considered motor-variators are shown. The design 
flaws of the drive pulley adjustment mechanism are noted. To assess the capabilities of the upgraded 
motor-variators, a computational-experimental analysis of its prototype was carried out. The expected 
durability of the variator belt was found by calculation, which showed a significant reserve of the mo-
tor-variator in terms of load capacity. There was heat load experimentally determined of the V-belt and 
other elements of the variator under different loading conditions, including extreme loads. According to 
the results of the calculation and experimental analysis, it was found that the technical characteristics of 
the modernized variator do not reflect its actual capabilities. The variator motor is able to transmit high 
power without losing its efficiency. The upgraded variator motor can be used in the drives of stationary 
machines with different laws of change of the moment of resistance and transmitted power. However, it 
is necessary to carry out a constructive revision of the variator motor and its pressure devices in order to 
eliminate additional sources of heat generation and improve the working conditions of the variator belt.

Keywords: variator motor, variator belt, pressure device, durability, load, heat load.


