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Äâóõïîòî÷íûå ãèäðîìåõàíè÷åñêèå ïåðåäà÷è øèðîêî èñïîëüçóþòñÿ â ïðîìûøëåííûõ òðàêòîðàõ è â áûñòðî-
õîäíûõ ãóñåíè÷íûõ ìàøèíàõ. Ãëàâíûì äîñòîèíñòâîì òàêîé ïåðåäà÷è ÿâëÿåòñÿ áîëåå âûñîêîå çíà÷åíèå ìàê-
ñèìàëüíîãî êîýôôèöèåíòà ïîëåçíîãî äåéñòâèÿ ïî ñðàâíåíèþ ñ îäíîïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷åé. 
Ðàññìîòðåíà äâóõïîòî÷íàÿ ãèäðîìåõàíè÷åñêàÿ ïåðåäà÷à ïðîìûøëåííîãî òðàêòîðà D8L «Êàòåðïèëëàð», è ïðè-
âåäåíû ðåçóëüòàòû åå ñòåíäîâûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé. Â äàííîé ïåðåäà÷å ãèäðîòðàíñôîðìàòîð 
â îïðåäåëåííîì äèàïàçîíå èçìåíåíèÿ ÷àñòîòû âðàùåíèÿ âåäîìîãî âàëà ðàáîòàåò â ðåæèìå ïðîòèâîâðàùåíèÿ 
òóðáèííîãî êîëåñà. Â îòå÷åñòâåííîé è çàðóáåæíîé ëèòåðàòóðå îòñóòñòâóþò âíåøíèå õàðàêòåðèñòèêè ãèäðî-
òðàíñôîðìàòîðîâ ñ ó÷åòîì ðåæèìà åãî ðàáîòû ñ ïðîòèâîâðàùåíèåì òóðáèííîãî êîëåñà. Ýêñïåðèìåíòàëüíî 
ïîëó÷èòü òàêèå âíåøíèå õàðàêòåðèñòèêè ãèäðîòðàíñôîðìàòîðà ïîêà íèêîìó íå óäàâàëîñü. Ýòî ñâÿçàíî ñî 
ñëîæíîñòüþ îáåñïå÷åíèÿ íà ñòåíäå ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà ãèäðîòðàíñôîðìàòîðà ïðè 
åãî ñòåíäîâûõ èñïûòàíèÿõ. Òàêîé ðåæèì ðåàëèçóåòñÿ òîëüêî â äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷å. 
Îäíàêî ïðè åå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèÿõ íà ñòåíäå ñóùåñòâóþùèå ìåòîäèêè íå ïîçâîëÿëè ïîñòðîèòü 
âíåøíþþ õàðàêòåðèñòèêó ãèäðîòðàíñôîðìàòîðà äëÿ ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà. Ïðè ýêñ-
ïåðèìåíòàëüíûõ èññëåäîâàíèÿõ íà ñòåíäå òîëüêî ãèäðîòðàíñôîðìàòîðà òîæå íåâîçìîæíî îáåñïå÷èòü ðåæèì 
ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà. Â ðàáîòå ïðèâåäåíà ìåòîäèêà ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè ãè-
äðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà, åñëè èçâåñòíà âíåøíÿÿ õàðàêòå-
ðèñòèêà äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷è. Îáîñíîâàííîñòü è äîñòîâåðíîñòü ïðåäëàãàåìîãî ïîäõîäà 
ê ïîñòðîåíèþ âíåøíåé õàðàêòåðèñòèêè ãèäðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî 
êîëåñà ïîäòâåðæäåíà ðåçóëüòàòàìè ñòåíäîâûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèèé äâóõïîòî÷íîé ãèäðîìåõàíè-
÷åñêîé ïåðåäà÷è è ãèäðîòðàíñôîðìàòîðà ïðîìûøëåííîãî òðàêòîðà D8L «Êàòåðïèëëàð».
Êëþ÷åâûå ñëîâà: äâóõïîòî÷íàÿ ãèäðîìåõàíè÷åñêàÿ ïåðåäà÷à, ãèäðîòðàíñôîðìàòîð, âíåøíÿÿ õàðàêòåðèñòèêà 
äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷è è ãèäðîòðàíñôîðìàòîðà, ðåæèì ïðîòèâîâðàùåíèÿ òóðáèííîãî êî-
ëåñà ãèäðîòðàíñôîðìàòîðà. 

Double-flow hydromechanical transmissions are widely used in industrial tractors and high-speed tracked vehicles. 
The main advantage of this transmission is a higher value of the maximum efficiency compared to a single-flow hy-
dromechanical transmission. Considered is the double-flow hydromechanical transmission of the industrial tractor 
D8L «Caterpillar» and the results of its bench experimental studies are presented. In this transmission, the torque 
converter operates in a certain rotational speed range of the driven shaft in the counter-rotating mode of the turbine 
wheel. In the domestic and foreign literature there are no external characteristics of torque converters with the mode 
of turbine wheel anti-rotation. It was not possible to obtain such external characteristics of the torque converter 
experimentally so far. This is due to the complexity of providing a test-bench with anti-rotation mode of the turbine 
wheel of the torque converter. This mode is realized only in a double-flow hydromechanical transmission. However, 
with its experimental test-bench studies, existing techniques did not allow plotting of an external characteristic of the 
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for the turbine wheel counter-rotating mode. At experimental test-bench researches of a torque converter only it is 
also impossible to provide the mode of counter rotation of a turbine wheel. In this paper, a method is given for plot-
ting of external characteristic of a torque converter with turbine wheel anti-rotation mode, if an external characteristic 
of a double-flow hydromechanical transmission is known. The validity and reliability of the proposed approach to the 
plotting of the external characteristic of the torque converter with turbine wheel counter rotation mode is confirmed 
by the results of bench experimental studies of the double-flow hydromechanical transmission and the torque con-
verter of the industrial tractor D8L Caterpillar.
Keywords: double-flow hydromechanical transmission, torque converter, external characteristic of double-flow hy-
dromechanical transmission and torque converter, counter-rotating mode of torque converter turbine wheel.

 Ââåäåíèå
Ïðè ïðîåêòèðîâàíèè äâóõïîòî÷íîé ãèäðî-

ìåõàíè÷åñêîé ïåðåäà÷è (ÃÌÏ) íåîáõîäèìî 
ðàñïîëàãàòü âíåøíåé õàðàêòåðèñòèêîé ãèäðî-
òðàíñôîðìàòîðà (ÃÒ) [1–7]. Ïîñêîëüêó â ðÿäå 
ñõåì äâóõïîòî÷íûõ ÃÌÏ òóðáèííîå êîëåñî 
ÃÒ âðàùàåòñÿ â ñòîðîíó, ïðîòèâîïîëîæíóþ 
âðàùåíèþ íàñîñíîãî êîëåñà (ïðîòèâîâðàùåíèå 
òóðáèííîãî êîëåñà), ýòîò ôàêòîð íåîáõîäèìî 
ó÷èòûâàòü ïðè ïîñòðîåíèè âíåøíåé õàðàêòå-
ðèñòèêè äâóõïîòî÷íîé ÃÌÏ [4–7].

Ê ñîæàëåíèþ, â íàñòîÿùåå âðåìÿ ñóùåñòâó-
þùèå ìåòîäèêè òåîðåòè÷åñêèõ è ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèé íå ïîçâîëÿþò ïîñòðî-
èòü âíåøíþþ õàðàêòåðèñòèêó ÃÒ äëÿ ðåæèìà 
ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà. Òàê, ïðè 
ýêñïåðèìåíòàëüíûõ èññëåäîâàíèÿõ íà ñòåíäå 
òîëüêî ÃÒ íåâîçìîæíî îáåñïå÷èòü ðåæèì ïðî-
òèâîâðàùåíèÿ òóðáèííîãî êîëåñà. 

Öåëü èññëåäîâàíèÿ
Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà 

ìåòîäèêè ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòè-
êè ãèäðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà 
ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ
Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûëà âûáðà-

íà äâóõïîòî÷íàÿ ÃÌÏ ïðîìûøëåííîãî òðàêòîðà 

D8L «Êàòåðïèëëàð». Ýêñïåðèìåíòàëüíûå èññëå-
äîâàíèÿ ïðîâîäèëèñü íà ñòåíäå (ðèñ. 1), â ñîñòàâ 
êîòîðîãî âõîäèë â êà÷åñòâå ïðèâîäà ýëåêòðî-
äèíàìîìåòð ñ èçìåðèòåëüíûì âàëîì, à â êà÷å-
ñòâå íàãðóæàþùåãî óñòðîéñòâà – èíäóêòîðíûé 
òîðìîç. Â êà÷åñòâå ðàáî÷åé æèäêîñòè â ÃÌÏ 
èñïîëüçîâàëîñü ìàñëî ÌÃÒ ÒÓ 38.401.220-80, 
ïîäà÷à êîòîðîãî â ÃÌÏ îñóùåñòâëÿëàñü àâòî-
íîìíîé íàñîñíîé óñòàíîâêîé ïðîèçâîäèòåëüíî-
ñòüþ 140 ë/ìèí, à îòêà÷êà – àâòîíîìíîé íàñîñíîé 
óñòàíîâêîé ïðîèçâîäèòåëüíîñòüþ 50 ë/ìèí. Ïðè 
ñíÿòèè âíåøíèõ õàðàêòåðèñòèê äâóõïîòî÷íîé 
ÃÌÏ è ÃÒ òåìïåðàòóðà ìàñëà íà âõîäå â ÃÌÏ 
ïîääåðæèâàëàñü â äèàïàçîíå 75–90 Ñ. 

Äëÿ ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè 
ÃÒ â ÃÌÏ áûëà ñíÿòà ñîëíå÷íàÿ øåñòåðíÿ è 
ìåæäó çóáüÿìè ñàòåëëèòîâ è ýïèöèêëè÷åñêîé 
øåñòåðíè áûëè óñòàíîâëåíû óïîðû, ïîçâîëÿ-
þùèå íàïðÿìóþ ñîåäèíèòü òóðáèííîå êîëåñî 
ñ âîäèëîì ÃÌÏ.

Â ïðîöåññå ñòåíäîâûõ èñïûòàíèé ðåãèñòðè-
ðîâàëèñü è êîíòðîëèðîâàëèñü ñëåäóþùèå ïà-
ðàìåòðû:
– êðóòÿùèé ìîìåíò âùM  íà âåäóùåì è âìM  

íà âåäîìîì âàëàõ äâóõïîòî÷íîé ÃÌÏ 
(ïðè ñíÿòèè âíåøíåé õàðàêòåðèñòèêè ÃÒ 

âù íM M , à âì òM M , ãäå íM  è òM  – 
êðóòÿùèé ìîìåíò, ñîîòâåòñòâåííî, íà íà-
ñîñíîì è òóðáèííîì êîëåñàõ ÃÒ);

Ðèñ. 1. Êèíåìàòè÷åñêàÿ ñõåìà ñòåíäà: 
à – ñîëíå÷íàÿ øåñòåðíÿ; ñ – ýïèöèêëè÷åñêàÿ øåñòåðíÿ; â – âîäèëî; Í – íàñîñíîå êîëåñî; 

Ò – òóðáèííîå êîëåñî; Ð – ðåàêòîð; âùÌ  è âìÌ  – êðóòÿùèé ìîìåíò, ñîîòâåòñòâåííî, íà âåäóùåì 
è âåäîìîì âàëàõ ÃÌÏ; âùn  è âìn  – ÷àñòîòà âðàùåíèÿ, ñîîòâåòñòâåííî, âåäóùåãî è âåäîìîãî âàëîâ ÃÌÏ
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– ÷àñòîòà âðàùåíèÿ âùn  âåäóùåãî è âìn  âåäî-
ìîãî âàëîâ äâóõïîòî÷íîé ÃÌÏ (ïðè ñíÿòèè 
âíåøíåé õàðàêòåðèñòèêè ÃÒ âù ín n , 
à âì òn n , ãäå ín  è òn  – ÷àñòîòà âðàùåíèÿ, 
ñîîòâåòñòâåííî, íàñîñíîãî è òóðáèííîãî 
êîëåñ ÃÒ);

– òåìïåðàòóðà ðàáî÷åé æèäêîñòè íà âõîäå â 
ÃÌÏ;

– äàâëåíèå ðàáî÷åé æèäêîñòè íà âõîäå è 
âûõîäå ÃÌÏ;

– ðàñõîä ðàáî÷åé æèäêîñòè íà âõîäå è âûõîäå 
ÃÌÏ.

Ðåçóëüòàòû è èõ îáñóæäåíèå
Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâà-

íèé äâóõïîòî÷íîé ÃÌÏ òðàêòîðà D8L «Êàòåð-
ïèëëàð» ïðèâåäåíû â òàáë. 1, à ÃÒ – â òàáë. 2. 
Êîýôôèöèåíòû ìîìåíòà âù  íà âåäóùåì âàëó 
äâóõïîòî÷íîé ÃÌÏ è Í  íà íàñîñíîì êîëåñå 
ÃÒ îïðåäåëÿëèñü èç âûðàæåíèé [1–4, 7, 8]:

    
 

âù í
âù í2 5 2 5

âù í

;   , 
           

M M

n D n D

ãäå   8201,2  Í/ì3 – óäåëüíûé âåñ ìàñëà; 
D = 0,475 ì – àêòèâíûé äèàìåòð ÃÒ; 

 âù í 1500n n  ìèí-1.
Êîýôôèöèåíò òðàíñôîðìàöèè ãìïK  è ÊÏÄ 

ãìï  äâóõïîòî÷íîé ÃÌÏ (òàáë. 1), à òàêæå êî-
ýôôèöèåíò òðàíñôîðìàöèè ãòK  è ÊÏÄ ãò  ÃÒ 
(òàáë. 2) îïðåäåëÿëèñü èç ñëåäóþùèõ âûðàæå-
íèé [1–4, 7, 8]:

  ãìï âì âù ãìï ãìï ãìï/ ;   / ; K M M K u  

 ãò ò í/K M M ;  ãò ãò ãò/ . K u  (1)

Äëÿ ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè 
ÃÒ íà âñåõ ðåæèìàõ åãî ðàáîòû èñïîëüçîâà-
ëèñü ðàñ÷åòíûå çàâèñèìîñòè äëÿ îïðåäåëåíèÿ 
ïîêàçàòåëåé ðàññìàòðèâàåìîé ñõåìû äâóõïî-
òî÷íîé ÃÌÏ (ñì. ðèñ. 1) [1, 2, 4]:

– êèíåìàòè÷åñêîå ïåðåäàòî÷íîå ÷èñëî:

 


 


âù

ÃÌÏ
âì ÃÒ

1

1

n k
u

n k u
; (2)

– ñèëîâîå ïåðåäàòî÷íîå ÷èñëî:

  

 
   

 
âì

ÃÌÏ ÃÌÏ
âù ÃÒ ÃÒ

1 1

1 1

Ì k k
u K

Ì k u k K
; (3)

– êîýôôèöèåíò íàãðóçêè íàñîñíîãî êîëåñà 
ÃÒ (ó÷èòûâàåò äîëþ êðóòÿùåãî ìîìåíòà, 
ïîäâîäèìîãî îò âåäóùåãî âàëà ÃÌÏ ê íà-
ñîñíîìó êîëåñó ÃÒ):

 
   

 
Í

Í
âù ÃÒ ÃÒ

Ì k k

Ì u k K k
; (4)

– êîýôôèöèåíò ìîìåíòà íàñîñíîãî êîëåñà:

    í âù í  .   (5)

Çäåñü k – õàðàêòåðèñòèêà ïëàíåòàðíîãî 
ðÿäà (ïî àáñîëþòíîé âåëè÷èíå ðàâíà ïåðåäà-
òî÷íîìó ÷èñëó ïëàíåòàðíîãî ðÿäà ïðè îñòà-
íîâëåííîì âîäèëå);  c ak Z Z , ãäå cZ  è aZ  –
÷èñëî çóáüåâ, ñîîòâåòñòâåííî, ýïèöèêëè÷åñêîé 
è ñîëíå÷íîé øåñòåðåí ðÿäà.

Â äàííîé ñõåìå äâóõïîòî÷íîé ÃÌÏ 
(ñì. ðèñ. 1) âîçìîæåí ðåæèì ðàáîòû, êîãäà 
òóðáèííîå êîëåñî ÃÒ âðàùàåòñÿ â ñòîðîíó 
ïðîòèâîïîëîæíóþ âðàùåíèþ íàñîñíîãî êîëåñà 
(ïðîòèâîâðàùåíèå òóðáèííîãî êîëåñà). Ýòîò 
ôàêòîð íåîáõîäèìî ó÷èòûâàòü ïðè ïîñòðîåíèè 
âíåøíåé õàðàêòåðèñòèêè ÃÒ.

Òàáëèöà 1

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé äâóõïîòî÷íîé ÃÌÏ òðàêòîðà D8L «Êàòåðïèëëàð»

Òàáëèöà 2

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ÃÒ òðàêòîðà D8L «Êàòåðïèëëàð»

ˆ

ˆ
ˆ
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Äëÿ ýòîãî èç âûðàæåíèÿ (2) îïðåäåëèì:

   ÃÒ ÃÌÏ1 [(1 ) / 1] /u k u k .  (6)

Òîãäà, çàäàâàÿñü âåëè÷èíîé ÃÌÏ1 u , èç 
òàáë. 1 îïðåäåëèì ñîîòâåòñòâóþùåå åé çíà÷å-
íèå ÃÒ1 u  ïðè çàäàííîé âåëè÷èíå õàðàêòåðè-
ñòèêè k  ïëàíåòàðíîãî ðÿäà. Â äâóõïîòî÷íîé 
ÃÌÏ òðàêòîðà D8L «Êàòåðïèëëàð»  2,84k . 

Êîýôôèöèåíò òðàíñôîðìàöèè ÃÒ îïðåäå-
ëèì èç âûðàæåíèÿ (3). Â ðåçóëüòàòå ïîëó÷èì:

  


 ãò
ÃÌÏ

. 
1 / 1

k
K

k K
 (7)

Â òàáë. 3 ïðèâåäåíû èñõîäíûå äàííûå ïî 
äâóõïîòî÷íîé ÃÌÏ òðàêòîðà D8L «Êàòåðïèë-
ëàð» è ðåçóëüòàòû ðàñ÷åòîâ îñíîâíûõ ïàðàìå-
òðîâ åãî ÃÒ. Ïðè ýòîì ãò1 / u  îïðåäåëÿëîñü ïî 
âûðàæåíèþ (4), ãòK  – ïî âûðàæåíèþ (7), í  – 
ïî âûðàæåíèþ (4), í  – ïî âûðàæåíèþ (5) è 
ãò  – ïî âûðàæåíèþ (1).

Âíåøíÿÿ õàðàêòåðèñòèêà ÃÒ ñ ó÷åòîì 
ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà, 

ïîñòðîåííàÿ íà îñíîâå äàííûõ òàáë. 3, ïðèâå-
äåíà íà ðèñ. 2.

Ñîïîñòàâëåíèå ðàñ÷åòíûõ çíà÷åíèé âíåø-
íåé õàðàêòåðèñòèêè ÃÒ (ñì. òàáë. 3 è ðèñ. 2) ñ 
ðåçóëüòàòàìè ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé 
(ñì. òàáë. 2) ïîêàçûâàåò èõ õîðîøóþ ñõîäèìîñòü. 

Ñëåäîâàòåëüíî, ïðåäëîæåííàÿ ìåòîäè-
êà ìîæåò áûòü èñïîëüçîâàíà äëÿ ïîñòðîåíèÿ 
âíåøíåé õàðàêòåðèñòèêè ÃÌ âî âñåì äèàïàçî-
íå åãî ðàáîòû, âêëþ÷àÿ è ðåæèì ïðîòèâîâðà-
ùåíèÿ òóðáèííîãî êîëåñà.

Çàêëþ÷åíèå
Ïðåäëîæåíà ìåòîäèêà ïîñòðîåíèÿ âíåøíåé 

õàðàêòåðèñòèêè ÃÒ ñ ó÷åòîì ðåæèìà ïðîòèâî-
âðàùåíèÿ òóðáèííîãî êîëåñà ñ èñïîëüçîâàíèåì 
âíåøíåé õàðàêòåðèñòèêè äâóõïîòî÷íîé ÃÌÏ. 
Äîñòîâåðíîñòü è îáîñíîâàííîñòü ïðåäëîæåí-
íîé ìåòîäèêè ïîäòâåðæäåíà ðåçóëüòàòàìè 
ñòåíäîâûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé 
äâóõïîòî÷íîé ÃÌÏ è ÃÒ òðàêòîðà D8L «Êà-
òåðïèëëàð».

Òàáëèöà 3
Ðåçóëüòàòû ðàñ÷åòà äëÿ ïîñòðîåíèÿ âíåøíåé õàðàêòåðèñòèêè ÃÒ 

òðàêòîðà D8L «Êàòåðïèëëàð» íà âñåõ ðåæèìàõ åãî ðàáîòû

Ðèñ. 2. Âíåøíÿÿ õàðàêòåðèñòèêà ÃÒ



Ïîñòðîåíèå âíåøíåé õàðàêòåðèñòèêè ãèäðîòðàíñôîðìàòîðà ñ ó÷åòîì ðåæèìà ïðîòèâîâðàùåíèÿ òóðáèííîãî êîëåñà 
â äâóõïîòî÷íîé ãèäðîìåõàíè÷åñêîé ïåðåäà÷å ïðîìûøëåííîãî òðàêòîðà
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