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Ïîâûøåíèå óäåëüíîé ìîùíîñòè àâòîìîáèëüíûõ è òðàêòîðíûõ äâèãàòåëåé ïðèâîäèò ê ïîâûøåíèþ 
íàãðóçîê íà äåòàëè êðèâîøèïíî-øàòóííîãî ìåõàíèçìà. Äëÿ îáåñïå÷åíèÿ çàäàííûõ ïîêàçàòåëåé 
íàäåæíîñòè íåîáõîäèìî äàòü òî÷íûé àíàëèç ïðèëîæåííûõ ê êðèâîøèïíî-øàòóííîìó ìåõàíèçìó 
íàãðóçîê. Ýòî îòíîñèòñÿ ê òàêèì äåòàëÿì ïîðøíåâûõ äâèãàòåëåé, êàê øàòóííûå áîëòû èëè áîëòû 
êðåïëåíèÿ êîðåííûõ ïîäøèïíèêîâ. Ðàññìîòðåíà ïðèìåíÿåìàÿ â íàñòîÿùåå âðåìÿ ìåòîäèêà ðàñ-
÷åòà óñèëèÿ ïðåäâàðèòåëüíîé çàòÿæêè øàòóííûõ áîëòîâ èëè áîëòîâ êðåïëåíèÿ êðûøåê êîðåííûõ 
ïîäøèïíèêîâ äëÿ îáåñïå÷åíèÿ ïëîòíîñòè ñòûêà ðàçúåìíûõ ðåçüáîâûõ ñîåäèíåíèé. Ïîêàçàíî, ÷òî 
ñíà÷àëà ïðè çàòÿæêå áîëòà ïðîèñõîäèò ñæàòèå âêëàäûøà íà âåëè÷èíó åãî âûñòóïàíèÿ è òîëüêî çà-
òåì îáåñïå÷èâàåòñÿ çàêðûòèå ñòûêà ìåæäó êðûøêîé è êðèâîøèïíîé ãîëîâêîé øàòóíà. Òåì ñàìûì 
óìåíüøàåòñÿ óñèëèå íà îáåñïå÷åíèå çàäàííîãî êîýôôèöèåíòà çàïàñà ïëîòíîñòè ñòûêà. Ïðîâåäåí 
ðàñ÷åò óñèëèÿ äëÿ äåôîðìàöèè âêëàäûøà íà âåëè÷èíó åãî âûñòóïàíèÿ, ÷òî îáåñïå÷èâàåò ïðè-
ëåãàíèå âêëàäûøåé ïðè óñòàíîâêå èõ â ðàñòî÷êó ïîäøèïíèêà. Èç ðàñ÷åòà âèäíî, ÷òî óñèëèå íà 
äåôîðìàöèþ âêëàäûøà ñîñòàâëÿåò íå ìåíåå 30…40 % îò çíà÷åíèÿ óñèëèÿ çàòÿæêè, êîòîðîå îáå-
ñïå÷èâàåò ïëîòíîñòü ñòûêà ìåæäó ñòÿãèâàåìûìè äåòàëÿìè. Ïðåäëîæåíà ìåòîäèêà îïðåäåëåíèÿ 
óñèëèÿ ïðåäâàðèòåëüíîé çàòÿæêè øàòóííûõ áîëòîâ èëè áîëòîâ êðåïëåíèÿ êîðåííûõ ïîäøèïíèêîâ 
êîëåí÷àòîãî âàëà ïîðøíåâûõ äâèãàòåëåé ïðè óñëîâèè îáåñïå÷åíèÿ çàäàííîãî çàïàñà ïëîòíîñòè 
ñòûêà êàê îáû÷íîãî ðåçüáîâîãî ñîåäèíåíèÿ. Ïðèâåäåí ïðèìåð ðàñ÷åòà óñèëèÿ çàòÿæêè øàòóííûõ 
áîëòîâ äëÿ äèçåëÿ Ä-245 ïðè ðàáîòå åãî íà ðåæèìå ìàêñèìàëüíîé ÷àñòîòû âðàùåíèÿ õîëîñòîãî 
õîäà. 

Êëþ÷åâûå ñëîâà: øàòóííûé áîëò, óñèëèå çàòÿæêè, ïëîòíîñòü ñòûêà, âûñòóïàíèå âêëàäûøåé, êî-
ýôôèöèåíò îñíîâíîé íàãðóçêè.
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Ââåäåíèå
Îäíîé èç îñíîâíûõ òåíäåíöèé ðàçâèòèÿ àâ-

òîìîáèëüíûõ è òðàêòîðíûõ äâèãàòåëåé ÿâëÿ-
åòñÿ ïîâûøåíèå èõ óäåëüíîé ìîùíîñòè, ÷òî 
ïðèâîäèò ê ñóùåñòâåííîìó âîçðàñòàíèþ íà-
ãðóçîê íà äåòàëè, îñîáåííî êðèâîøèïíî-øà-
òóííîãî ìåõàíèçìà. Óâåëè÷èâàåòñÿ ÷àñòîòà 
âðàùåíèÿ êîëåí÷àòîãî âàëà (äàæå ó äèçåëåé), 
÷òî óâåëè÷èâàåò âåëè÷èíó ñèëû èíåðöèè äåòà-
ëåé, ñîâåðøàþùèõ âîçâðàòíî-ïîñòóïàòåëüíîå 
èëè âðàùàòåëüíîå äâèæåíèå. Ýòî ïðèâîäèò ê 
íåîáõîäèìîñòè íåïðåðûâíî ñîâåðøåíñòâîâàòü 
êîíñòðóêöèè îñíîâíûõ äåòàëåé è óçëîâ ÄÂÑ, 
óòî÷íÿòü ìåòîäèêó ðàñ÷åòà ñ öåëüþ îáåñïå÷å-
íèÿ íàäåæíîñòè ñèëîâûõ àãðåãàòîâ. Îñîáåííî 
ýòî êàñàåòñÿ äåòàëåé êðèâîøèïíî-øàòóííîãî 
ìåõàíèçìà. Òàê, íàïðèìåð, ñíèæåíèå óñèëèÿ 

çàòÿæêè øàòóííîãî áîëòà ïðèâîäèò ê òîìó, ÷òî 
íà òàêòå âïóñêà ñòûê ìåæäó êðûøêîé è êðèâî-
øèïíîé ãîëîâêîé ðàñêðûâàåòñÿ è âñÿ íàãðóçêà 
îò ñèë èíåðöèè ïîðøíåâîé ãðóïïû âîñïðèíè-
ìàåòñÿ øàòóííûì áîëòîì, à íå ðåçüáîâûì ñî-
åäèíåíèåì êðèâîøèïíîé ãîëîâêè. Òàêèå íà-
ãðóçêè âîçíèêàþò îñîáåííî ïðè ðàáîòå äèçåëÿ 
íà ðåæèìàõ ìàêñèìàëüíîé ÷àñòîòû âðàùåíèÿ 
õîëîñòîãî õîäà. Â ðåçóëüòàòå ìîæåò ïðîèçîé-
òè ðàçðóøåíèå áîëòà èç-çà óñòàëîñòíîé ïðî÷-
íîñòè. Ïðèìåð òàêîãî ðàçðóøåíèÿ ïðèâåäåí íà 
ðèñ. 1. Â ñâÿçè ñ ýòèì íåîáõîäèìî îáîñíîâàííî 
âûáðàòü óñèëèå çàòÿæêè øàòóííûõ áîëòîâ èëè 
áîëòîâ êðåïëåíèÿ êðûøåê êîðåííûõ ïîäøèï-
íèêîâ, ò.å. ðåçüáîâûõ ñîåäèíåíèé, â ñîñòàâ êî-
òîðûõ âõîäèò âêëàäûøè ïîäøèïíèêîâ ñêîëü-
æåíèÿ.
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Öåëü èññëåäîâàíèÿ
Óòî÷íèòü ìåòîäèêó ðàñ÷åòà óñèëèÿ çàòÿæ-

êè øàòóííûõ áîëòîâ èëè áîëòîâ êðåïëåíèÿ 
êðûøåê êîðåííûõ ïîäøèïíèêîâ ñ ó÷åòîì äî-
ïîëíèòåëüíîãî óñèëèÿ íà äåôîðìàöèþ âûñòó-
ïàíèÿ âêëàäûøåé ïîäøèïíèêîâ ñêîëüæåíèÿ ïî 
îêðóæíîñòè ïîñòåëè.

Ìåòîäû èññëåäîâàíèÿ
Ðàññìîòðèì ïðåäëàãàåìóþ ìåòîäèêó ðàñ-

÷åòà óñèëèÿ çàòÿæêè øàòóííûõ áîëòîâ èëè 
êðûøåê êîðåííûõ ïîäøèïíèêîâ [1–5]. Âåëè÷è-
íó ñèëû çàòÿæêè Q

z
 âûáèðàþò òàêèì îáðàçîì, 

÷òîáû ïðè äåéñòâèè íàãðóçîê, ðàçãðóæàþùèõ 
ñòûê, îí íå ðàñêðûëñÿ, òàê êàê â ïðîòèâíîì 
ñëó÷àå âñÿ íàãðóçêà âîñïðèíèìàåòñÿ áîëòîì. 
Âî âñåõ ó÷åáíèêàõ, ó÷åáíûõ ïîñîáèÿõ è ñïðà-
âî÷íèêàõ [1–5] ðåêîìåíäóåòñÿ îïðåäåëÿòü Q

z
 èç 

óñëîâèÿ: 

 Q
z
 = (2…3)P

jb
, (1)

ãäå jbP  – óñèëèå, ïðèõîäÿùååñÿ íà îäèí áîëò 
ïðè äåéñòâèè íà êðèâîøèïíóþ ãîëîâêó ñèë 
èíåðöèè. 

Òàêèõ áîëòîâ, îáåñïå÷èâàþùèõ ïëîòíîñòü 
ñòûêà êðèâîøèïíîé ãîëîâêè øàòóíà è êðûøêè 
èëè êîðåííûõ ïîäøèïíèêîâ, êàê ïðàâèëî, ïî 
äâà (çà èñêëþ÷åíèåì êðûøåê êîðåííûõ ïîä-
øèïíèêîâ V-îáðàçíûõ äâèãàòåëåé), ò.å. óñèëèå, 
ïðèõîäÿùååñÿ íà îäèí áîëò ðàâíî jb j bP P i , 
ãäå P

j
 – óñèëèå, ïðèõîäÿùååñÿ íà ñòûê; íà 

òàêòå âïóñêà; i
b
 = 2 – êîëè÷åñòâî áîëòîâ, îáå-

ñïå÷èâàþùèõ ïëîòíîñòü ñòûêà. 

Ðåçüáîâîå ñîåäèíåíèå êðèâîøèïíîé ãîëîâ-
êè øàòóíà èëè êðûøêè êîðåííîãî ïîäøèïíèêà 
èìååò ñâîè îñîáåííîñòè, ïîñêîëüêó ïðè çàòÿãå 
áîëòà èëè ãàéêè íà íà÷àëüíûõ ýòàïàõ çàòÿæ-
êè íå ïðîèñõîäèò çàêðûòèå ñòûêà. Ýòî ïðîèñ-
õîäèò ïîòîìó, ÷òî óñòàíîâëåííûé â ðàñòî÷êó 
âêëàäûø ïîäøèïíèêîâ ñêîëüæåíèÿ èìååò âû-
ñòóïàíèå íàä ïëîñêîñòüþ ðàñòî÷êè âåëè÷èíîé 
Δh è ïðè çàòÿæêå ãàéêè èëè ââåðòûâàíèÿ áîëòà 
ñíà÷àëà ïðîèñõîäèò äåôîðìàöèÿ (ñæàòèå) âêëà-
äûøà ïî ïåðèìåòðó, ÷òî îáåñïå÷èâàåò ïðèëåãà-
íèå âêëàäûøåé â ðàñòî÷êå. Ïîñëå ñæàòèÿ âêëà-
äûøà ïî ïåðèìåòðó óâåëè÷èâàåòñÿ ðàçìåðû 
åãî ïîïåðå÷íîãî ñå÷åíèÿ, à ýòî îáåñïå÷èâàåò 
äàâëåíèå âêëàäûøà íà ïîâåðõíîñòü ðàñòî÷êè. 
Ýòî äàâëåíèå è ïðåäîõðàíÿåò âêëàäûø îò ïðî-
âîðà÷èâàíèÿ âî âðåìÿ ðàáîòû äâèãàòåëÿ ïðè 
óâåëè÷åíèè óäåëüíûõ íàãðóçîê íà ïîäøèïíè-
êè ñêîëüæåíèÿ. 

Íà ðèñ. 2 ïîêàçàíî, ÷òî ïîñëå óñòàíîâêè 
âêëàäûøåé â ðàñòî÷êó ïî ïåðèìåòðó îíè ïðå-
âûøàþò ðàñòî÷êó íà âåëè÷èíó âûñòóïàíèÿ Δh 
(ðèñ. 2), ïîýòîìó ñòûê ïîêà íå çàêðûò. Òîëüêî 
ïîñëå òîãî, êàê âêëàäûøè ïî ïåðèìåòðó áóäóò 
ñæàòû íà âåëè÷èíó Δh, ñòûê çàêðîåòñÿ, à ýòî 
ñîåäèíåíèå ìîæíî ðàññìàòðèâàòü êàê ñòàí-
äàðòíîå ðåçüáîâîå ñîåäèíåíèÿ [6, 7]. Òàêèì îá-
ðàçîì, íà íà÷àëüíûõ ýòàïàõ çàòÿæêè øàòóííûõ 
áîëòîâ èëè êðûøåê êîðåííûõ ïîäøèïíèêîâ 
îñåâîå óñèëèå èñïîëüçóåòñÿ òîëüêî íà ñæàòèå 
âêëàäûøà. Íà ýòî âïåðâûå áûëî óêàçàíî â 
ðàáîòå [4], ãäå íà îñíîâàíèè ýêñïåðèìåíòàëü-
íûõ èññëåäîâàíèé òðàêòîðíûõ äèçåëåé óêàçà-
íî, ÷òî ñóììàðíûå óñèëèÿ, êîòîðûå íåîáõîäè-
ìû äëÿ ñæàòèÿ âêëàäûøà, ñîñòàâëÿþò 30…40 % 
îò íåîáõîäèìîãî óñèëèÿ çàòÿæêè øàòóííûõ 
áîëòîâ.

Ðèñ. 1. Õàðàêòåð ðàçðóøåíèÿ øàòóííîãî áîëòà 
èç-çà îñëàáëåíèÿ óñèëèÿ çàòÿæêè

Ðèñ. 2. Ñõåìà óñòàíîâêè âêëàäûøåé 
â êðèâîøèïíîé ãîëîâêå øàòóíà: 

Dï – äèàìåòð ïîñòåëè; Δh – âûñòóïàíèå âêëàäûøà; 
e – ëèíèÿ ïðèëîæåíèÿ îñåâîé íàãðóçêè



Ìåòîäèêà îïðåäåëåíèÿ óñèëèÿ ïðåäâàðèòåëüíîé çàòÿæêè áîëòîâ ïîäøèïíèêîâûõ óçëîâ 
êîëåí÷àòîãî âàëà àâòîìîáèëüíûõ è òðàêòîðíûõ äâèãàòåëåé

17Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 3(37), 2018

Ðàññìîòðèì, êàê îòëè÷àþòñÿ óñèëèÿ íà äå-
ôîðìàöèþ âêëàäûøà îò óñèëèÿ ïðåäâàðèòåëü-
íîé çàòÿæêè øàòóííûõ áîëòîâ, âû÷èñëåííûõ 
ïî ôîðìóëå (1). Äëÿ ðàñ÷åòà èñïîëüçóåì èñõîä-
íûå äàííûå äèçåëÿ 4×Í 11/12,5 (Ä-245.9Å3) è 
íà îñíîâàíèè ðàñ÷åòà ïðîâåðèì, îáåñïå÷èò ëè 
âûáðàííîå óñèëèå ïðåäâàðèòåëüíîé çàòÿæêè 
íàäåæíîñòü êðèâîøèïíîé ãîëîâêè øàòóíà.

Íà ðàçúåì êðèâîøèïíîé ãîëîâêè íà òàêòå 
âïóñêà äåéñòâóåò ñèëà èíåðöèè [1, 2]:

2
1 2(  ) (1 ) ( )j pg kr rP m m m m r          ,  (2)

ãäå m
pg

 = 2,285 êã – ìàññà äåòàëåé öèëèí-
äðîïîðøíåâîé ãðóïïû; m

1
 = 0,93 êã – ìàññà 

øàòóíà, îòíåñåííàÿ ê îñè ïîðøíåâîãî ïàëüöà; 
λ = r/l

ch
 = 0,272; r = 0,0625 ì – ðàäèóñ êðèâî-

øèïà; l
ch

 = 0,230 ì – äëèíà øàòóíà; ω
r
 = 276,45 

ðàä/ñ – óãëîâàÿ ÷àñòîòà âðàùåíèÿ êîëåí÷àòîãî 
âàëà; m

2
 = 1,77 êã – ìàññà øàòóíà, îòíåñåííàÿ 

ê îñè êðèâîøèïíîé ãîëîâêè; m
kr

 = 0,360 êã – 
ìàññà êðûøêè êðèâîøèïíîé ãîëîâêè øàòóíà. 

Ðàñ÷åò áóäåì âåñòè íà ðåæèìå õîëîñòîãî 
õîäà ïðè ìàêñèìàëüíî äîïóñòèìîé ÷àñòîòå âðà-
ùåíèÿ êîëåí÷àòîãî âàëà (îáû÷íî ýòà ÷àñòîòà 
ðàâíà max (1,05...1,10)i nomn n , ãäå n

nom
 – ÷àñòî-

òà âðàùåíèÿ êîëåí÷àòîãî âàëà íà íîìèíàëüíîì 
ðåæèìå). Äëÿ äèçåëÿ Ä-245.9Å3 ìàêñèìàëüíàÿ 
÷àñòîòà âðàùåíèÿ êîëåí÷àòîãî âàëà íà ðåæèìå 
õîëîñòîãî õîäà maxin  = 2400 ìèí-1 [6]. 

Ïîäñòàâèâ èñõîäíûå äàííûå â ôîðìóëó (2), 
íàéäåì, ÷òî ñèëà P

j
 = 26268,85 Í. Òàê êàê ïëîò-

íîñòü ñòûêà ìåæäó êðèâîøèïíîé ãîëîâêîé è 
êðûøêîé øàòóíà àâòîìîáèëüíûõ è òðàêòîðíûõ 
äâèãàòåëåé îáåñïå÷èâàþò, êàê ïðàâèëî, äâà 
áîëòà. Òîãäà íà îäèí áîëò ïðèõîäèòñÿ íàãðóçêà 
P

jb
 = P

j
/i = P

j
/2 = 13134,43 Í (çäåñü i – êîëè÷å-

ñòâî áîëòîâ). Â äàëüíåéøåì ðàñ÷åò óñèëèÿ çà-
òÿæêè áóäåì âåñòè íà îäèí áîëò, ïîëàãàÿ, ÷òî 
âòîðîé áîëò èìååò òàêîå æå óñèëèå çàòÿæêè. 

Òîãäà â ñîîòâåòñòâèè ñ ðåêîìåíäàöèÿìè â 
(1) óñèëèå ïðåäâàðèòåëüíîé çàòÿæêè Q

z
 øàòóí-

íîãî áîëòà ðàâíî

 Q
z
 = (2…3)P

jb
 = 26268,85…39403,28 H. (3)

Ïîäñ÷èòàííîå óñèëèå çàòÿæêè øàòóííî-
ãî áîëòà ðàñïðåäåëèòüñÿ êàêèì-òî îáðàçîì íà 
ñæàòèå âêëàäûøà è íà îáåñïå÷åíèå ïëîòíîñòè 
ñòûêà. Îïðåäåëèì òåïåðü óñèëèå, íåîáõîäèìîå 
äëÿ ñæàòèÿ ïî ïåðèìåòðó âêëàäûøà ïðè åãî 
âûñòóïàíèè íà âåëè÷èíó Δh (ðèñ. 2). 

Â òðàêòîðíûõ äèçåëÿõ ïðèìåíÿþò âêëàäû-
øè èç áèìåòàëëà – ñòàëü-àëþìèíèåâûé ñïëàâ, 

íà êîòîðûé â ðÿäå ñëó÷àåâ íàíîñèòñÿ åùå ïî-
êðûòèå òîëùèíîé íå áîëåå 0,025 ìì. Èçãî-
òîâëÿþòñÿ âêëàäûøè ìåòîäîì ñîâìåñòíîãî 
ïðîêàòà áèìåòàëëè÷åñêîé ïîëîñû (ïàêåòèðî-
âàíèå). Ïîýòîìó ïðè ðàñ÷åòå óñèëèÿ íà äåôîð-
ìàöèþ âêëàäûøà ïî ïåðèìåòðó áóäåì ó÷èòû-
âàòü ìåõàíè÷åñêèå ñâîéñòâà òîëüêî ñòàëüíîãî 
îñíîâàíèÿ è àëþìèíèåâîãî àíòèôðèêöèîííî-
ãî ñïëàâà, òàê êàê ïîêðûòèå íå âëèÿåò íà äå-
ôîðìàöèþ âêëàäûøåé. Ïðè âûâîäå óðàâíåíèé 
ïðèìåì, ÷òî ïðè çàòÿæêå áîëòîâ äåôîðìàöèè 
ñòàëüíîãî îñíîâàíèÿ è àëþìèíèåâîãî ñëîÿ 
âêëàäûøà íå âûõîäÿò çà ïðåäåëû óïðóãîñòè. 

Äëÿ ðàñ÷åòà ââåäåì ñëåäóþùèå îáîçíà÷å-
íèÿ: t – îáùàÿ òîëùèíà âêëàäûøà; t = t

st
 + t

al
;  

stt  è alt  – òîëùèíû ñòàëüíîãî îñíîâàíèÿ è 
àëþìèíèåâîãî àíòèôðèêöèîííîãî ñëîåâ ñî-
îòâåòñòâåííî; stE  è alE  – èõ ìîäóëè óïðóãî-
ñòè; st alb b  – øèðèíà âêëàäûøà; st st stF b t   
è al al alF b t  – ïëîùàäè ïîïåðå÷íûõ ñå÷åíèé 
ñòàëüíîãî îñíîâàíèÿ è àíòèôðèêöèîííîãî 
ñëîÿ; st stl R    è al all R   – äëèíà ïî ïåðèìå-
òðó ñòàëüíîãî îñíîâàíèÿ è àëþìèíèåâîãî ñëîÿ 
âêëàäûøà (ðèñ. 2); stR  è alR  – ñðåäíèé ðàäèóñ 
ñòàëüíîãî îñíîâàíèÿ âêëàäûøà è ñðåäíèé 
ðàäèóñ àëþìèíèåâîãî ñëîÿ âêëàäûøà.

Ïðè îïðåäåëåíèè äëèí l
ñò

 è l
àë

 áóäåì èñõî-
äèòü èç èçâåñòíîãî çíà÷åíèÿ äèàìåòðà ïîñòåëè 
D

ï
 (ðèñ. 2), à òàêæå òîëùèí t

ñò
 è t

àë
. Òîãäà: 

0,5( )st p stR D t   è 0,5 0,5al p st alR D t t   . 

Ïîñêîëüêó st alE E  è st all l , òî áîëüøàÿ íà-
ãðóçêà ïðèõîäèòñÿ íà äåôîðìèðîâàíèå ñòàëü-
íîãî îñíîâàíèÿ âêëàäûøà.

Äëÿ äåôîðìàöèè ñòàëüíîãî îñíîâàíèÿ ïî-
ëóâêëàäûøà íà âåëè÷èíó Δh íåîáõîäèìî ïðè-
ëîæèòü óñèëèå:

 

st st
st

st

h E FP
R

  



. (4)

Àíàëîãè÷íî äëÿ àëþìèíèåâîãî ñëîÿ: 

 

al al
al

al

h E FP
R

  



. (5)

Òîãäà äëÿ ñæàòèÿ âûñòóïàíèÿ ïîëóâêëàäû-
øà íà âåëè÷èíó Δh ïîòðåáóåòñÿ óñèëèå

st st al al
vk st al

st al

h E F h E FP P P
R R

     
   

 
.    (6)

Ïî äàííûì [4, 6] ïðîèçâîäñòâåííûå øàòóí-
íûå âêëàäûøè äèçåëÿ 4×Í 11/125 (Ä-245.9Å3) 



Ãîö À.Í.
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èìåþò ñëåäóþùèå ðàçìåðû: øèðèíà âêëàäûøà 
b

st
 = b

al
 = 0,031 ì; îáùàÿ òîëùèíà t = 0,002875 ì, 

òîëùèíà ñòàëüíîãî îñíîâàíèÿ âêëàäûøà 
t
st
 = 0,002335 ì; òîëùèíà àëþìèíèåâîãî ñïëàâà 

t
al
 = 0,00054 ì; äèàìåòð ïîñòåëè ïîä øàòóííûé 

âêëàäûø (ðèñ. 2) – D
p
 = 0,073996 ì. Òîãäà ñðåä-

íèé ðàäèóñ ñòàëüíîãî îñíîâàíèÿ R
st
 = 0,03583 ì, 

à àëþìèíèåâîãî ñïëàâà R
al
 = 0,03339 ì. Ïëîùà-

äè ïîïåðå÷íûõ ñå÷åíèé ñòàëüíîãî îñíîâàíèÿ 
ïîëóâêëàäûøà è àëþìèíèåâîãî ñïëàâà ðàâíû: 
F

st
 = 0,031 · 0,002335 = 72,385 · 10-6 ì2; F

al
 = 0,031  

 0,00054 = 16,74 · 10-6 ì2; ìîäóëè óïðóãîñòè 
E

st
 = 1,8·1011 Í/ì2; E

al
 = 0,71 · 1011 Í/ì2.

Â îòå÷åñòâåííîé ïðàêòèêå äëÿ âêëàäûøåé 
øàòóíîâ è êîðåííûõ îïîð òðàêòîðíûõ äèçåëåé 
âåëè÷èíà âûñòóïàíèÿ íàçíà÷àåòñÿ â ïðåäåëàõ 
Δh = 0,05…0,07 ìì [4]. Ïîäñòàâèâ çíà÷åíèå èñ-
õîäíûõ äàííûõ â çàâèñèìîñòü (6), ïîëó÷èì, 
÷òî ïðè Δh = 0,05 ìì P

vk
 = 6411,12 Í, à ïðè 

Δh = 0,07 ìì – P
vk

 = 89  75,95 Í.
Äëÿ îïðåäåëåíèÿ óñèëèÿ R

s
, êîòîðîå îáå-

ñïå÷èâàåò íàäåæíîñòü ñîåäèíåíèÿ ìåæäó 
êðûøêîé è êðèâîøèïíîé ãîëîâêîé øàòóíà, íå-
îáõîäèìî âû÷åñòü èç âû÷èñëåííîãî çíà÷åíèÿ 
óñèëèÿ ïðåäâàðèòåëüíîé çàòÿæêè (3) øàòóííî-
ãî áîëòà óñèëèå R

vk
, ïðèõîäÿùååñÿ íà ñæàòèå 

âêëàäûøà íà âåëè÷èíó Δh, ÷òî îáåñïå÷èâàåòñÿ 
óñèëèåì R

s
:

– ïðè çíà÷åíèè Δh = 0,05 ìì R
s
 = Q

z
 – P

vk
 = 

= 19857,73…32992,16 Í;
– ïðè çíà÷åíèè Δh = 0,07 ìì R

s
 = Q

z
 – P

vk
 = 

= 17292,9…30427,33 Í.
Â ñîîòâåòñòâèè ñ çàâèñèìîñòüþ (3) ïðåä-

ïîëàãàëîñü, ÷òî óñèëèå çàòÿæêè áîëòà ïðåâû-
øàåò ïðèëîæåííóþ ê ðåçüáîâîìó ñîåäèíåíèþ 
ñèëó èíåðöèè â 2 èëè 3 ðàçà: R

s 
/P

jb
 = 2…3.

Â äåéñòâèòåëüíîñòè ïîëó÷èì:
– ïðè çíà÷åíèè Δh = 0,05 ìì R

s
/P

jb
 = 0,75…0,83;

– ïðè çíà÷åíèè Δh = 0,07 ìì R
s
/P

jb
 = 0,65…0,77.

Òàêèì îáðàçîì, îïðåäåëÿÿ ïî ôîðìóëå (3) 
çíà÷åíèå óñèëèÿ ïðåäâàðèòåëüíîé çàòÿæêè, 
ìû ïðåäïîëàãàëè, ÷òî çàïàñ ïëîòíîñòè ñòûêà â 
êðèâîøèïíîé ãîëîâêå øàòóíà áóäåò íàõîäèòñÿ 
â ïðåäåëàõ 2…3. Â äåéñòâèòåëüíîñòè åãî âåëè-
÷èíà îêàçàëàñü äàæå ìåíüøåé 1.

Òî÷íî òàêæå ìîæíî ïîêàçàòü, ÷òî íà äåôîð-
ìàöèþ âêëàäûøåé ïîäøèïíèêîâ ñêîëüæåíèÿ 
ïðè ñáîðêå êîðåííîé îïîðû è êðûøêè (áóãåëÿ) 
ïîòðåáóåòñÿ çíà÷èòåëüíîå óñèëèå, ÷òî ñíèæà-
åò êîýôôèöèåíò çàïàñà ïëîòíîñòè ñòûêà. Ïðè 
ðàñ÷åòå èñïîëüçîâàëèñü ðàçìåðû ïðîèçâîä-
ñòâåííûõ òîíêîñòåííûõ øàòóííûõ âêëàäû-
øåé. Âêëàäûøè êîðåííûõ ïîäøèïíèêîâ ïðè-

ìåðíî íà 1 ìì òîëùå, ïîýòîìó óñèëèå R
vk

 íà 
ñæàòèå âêëàäûøåé ïðè òåõ æå çíà÷åíèÿõ âåëè-
÷èíû âûñòóïàíèÿ áóäåò åùå áîëüøå.

Ïðåäëàãàåìûé ìåòîä ðàñ÷åòà
Ïîýòîìó âïîëíå ëîãè÷íîé ìîæåò áûòü ñëå-

äóþùàÿ ìåòîäèêà âûáîðà óñèëèÿ ïðåäâàðè-
òåëüíîé çàòÿæêè äëÿ áîëòîâ êðåïëåíèÿ ïîä-
øèïíèêîâûõ ñîåäèíåíèé êîëåí÷àòîãî âàëà 
ïîðøíåâûõ äâèãàòåëåé.

Ñíà÷àëà ïî ïðèâåäåííîé âûøå ìåòîäèêå 
îïðåäåëÿåì óñèëèå P

vk
, íåîáõîäèìîå íà äåôîð-

ìàöèþ ïîëóâêëàäûøà ïîäøèïíèêîâ ñêîëüæå-
íèÿ íà âåëè÷èíó Δh (ñì. ðèñ. 2 è ôîðìóëó (6)). 

Äàëåå, êîãäà ñòûê óæå çàêðûëñÿ, îïðåäå-
ëÿåì óñèëèå ïðåäâàðèòåëüíîé çàòÿæêè áîëòà 
R

s
 êàê â îáû÷íîì ðåçüáîâîì ñîåäèíåíèè [7] 

(ðàñ÷åò âåäåòñÿ íà îäèí áîëò): 

 
(1 )s jbR P      , (7)

ãäå ν – êîýôôèöèåíò çàïàñà ïëîòíîñòè ñòûêà; 
χ – êîýôôèöèåíò îñíîâíîé íàãðóçêè ðåçüáîâî-
ãî ñîåäèíåíèÿ.

Ïîâåðõíîñòè ñòûêà â êðèâîøèïíîé ãîëîâêå 
øàòóíà èìåþ ìèêðîíåðîâíîñòè (âûñòóïàíèÿ), 
êîòîðûå ñìèíàþòñÿ ïðè çàòÿæêå øàòóííûìè 
áîëòàìè. Ýòî ïðèâîäèò ê ñíèæåíèþ óñèëèÿ, 
îáåñïå÷èâàþùåãî ïëîòíîñòü ñòûêà. Êðîìå 
òîãî, ïðè ðàáîòå äâèãàòåëÿ âîçìîæíî ïîâûøå-
íèå ÷àñòîòû âðàùåíèÿ êîëåí÷àòîãî âàëà, ÷òî 
ïðèâîäèò ê ïîâûøåíèþ ñèë èíåðöèè. Òàê êàê 
íà øàòóí ïðè ðàáîòå äâèãàòåëÿ äåéñòâóþò ïå-
ðåìåííûå íàãðóçêè, òî ðåêîìåíäóþò íàçíà÷àòü 
êîýôôèöèåíò çàïàñà ïëîòíîñòè ñòûêà â ïðåäå-
ëàõ ν = 2,5…3,5 [7, 8].

Êîýôôèöèåíò îñíîâíîé íàãðóçêè ðåçüáîâî-
ãî ñîåäèíåíèÿ äëÿ øàòóííûõ áîëòîâ àâòîìî-
áèëüíûõ è òðàêòîðíûõ äâèãàòåëåé ìîæíî ïðè-
íÿòü χ = 0,18…0,2 [8, 9], à äëÿ êðûøåê êîðåííûõ 
ïîäøèïíèêîâ – χ = 0,2…0,22. Äëÿ óòî÷íåíèÿ 
çíà÷åíèÿ χ ìîæíî ïðîâåñòè ðàñ÷åò èëè îïðåäå-
ëèòü ýêñïåðèìåíòàëüíî íà ãîòîâîé êîíñòðóê-
öèè [9, 10].

Åñëè òåïåðü ïðîâåñòè ðàñ÷åò óñèëèÿ ïðåä-
âàðèòåëüíîé çàòÿæêè R

s
 äëÿ øàòóííûõ áîëòîâ 

äèçåëÿ 4×Í 11/125 (Ä-245.9Å3) â ñîîòâåòñòâèè 
ñ çàâèñèìîñòüþ (7), òî ïîëó÷èì: 

R
S
 = 3(1–0,2)13134,43 = 31522,62 Í.

Ýòî óñèëèå äåéñòâèòåëüíî ïðåäâàðèòåëü-
íîå, òàê êàê îáåñïå÷èâàåò ïëîòíîñòü ñòûêà ñ 
çàäàííûì êîýôôèöèåíòîì (â äàííîì ñëó÷àå 
âçÿòî ñðåäíåå çíà÷åíèå ν = 3,0) áåç ó÷åòà 
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óñèëèÿ, êîòîðîå òðåáóåòñÿ ïðèëîæèòü äëÿ äå-
ôîðìàöèè âêëàäûøà ïîäøèïíèêà íà âåëè÷èíó 
Δh. Îáùåå óñèëèå çàòÿæêè Q

z
 áîëòà ñ ó÷åòîì 

óñèëèÿ íà äåôîðìàöèþ âêëàäûøà ðàâíî:

 Q
z
  = R

vk
 + R

s
. (8)

Òàêèì îáðàçîì, äëÿ øàòóííûõ áîëòîâ 
äèçåëÿ 4×Í 11/125 (Ä-245.9Å3) ïîëíîå óñèëèå 
çàòÿæêè Q

z
 ðàâíî:

(6411,12...8975,95) 22814,29
29225,41...31790,24 H.

zQ   


  (9)

Ïðîâåäåì ðàñ÷åò ïðèìåðíîãî çíà÷åíèÿ ìî-
ìåíòà çàòÿæêè øàòóííûõ áîëòîâ ïðè ýòèõ çíà-
÷åíèÿõ óñèëèÿ çàòÿæêè.

Êàê èçâåñòíî [7, 8], çàòÿæêå ðåçüáîâûõ ñî-
åäèíåíèé íåîáõîäèìî ïðåîäîëåòü ìîìåíò 
òðåíèÿ â ðåçüáå, à òàêæå ìîìåíò òðåíèÿ íà 
îïîðíîé ïîâåðõíîñòè ãàéêè. Òîãäà ìîìåíò M

kl
 

íà êëþ÷å ðàâåí:

0
2

2

0,5
2kl z r z z

a dPM Q d f Q f
d

  
     

, (10)

ãäå d
2
 – ñðåäíèé äèàìåòð ðåçüáû; P – øàã 

ðåçüáû; f
r
 – êîýôôèöèåíò òðåíèÿ â ðåçüáå; f

t
 – 

êîýôôèöèåíò òðåíèÿ íà òîðöå ãàéêè; a – âíåø-
íèé äèàìåòð îïîðíîãî òîðöà ãàéêè; d

0
 – äèà-

ìåòð îòâåðñòèÿ â êîðïóñå ïîä áîëò.
Äëÿ äèçåëÿ 4×Í 11/125 (Ä-245.9Å3) èñõîä-

íûå äàííûå äëÿ ðàñ÷åòà ðàâíû d
2
 = 0,01303 ì; 

P = 1,5 ìì; f
r
 = 0,2 [8]; f

t
 = 0,2; a = 0,0196 ì; 

d
0
 = 0,015 ì.
Ïîäñòàâèâ â ôîðìóëó (10) çíà÷åíèÿ Q

z
 è èñ-

õîäíûå äàííûå ïîëó÷èì:

M
kl
 = 190…200 Í·ì.

Â ëèòåðàòóðå [6] ìîìåíò çàòÿæêè øàòóííûõ 
áîëòîâ 160…180 Í·ì.

Âûâîäû
Ïðîâåäåííûì âûøå àíàëèçîì óñòàíîâëå-

íî, ÷òî îáùåïðèíÿòûå ìåòîäû ðàñ÷åòà óñèëèé 
ïðåäâàðèòåëüíîé çàòÿæêè ïîäøèïíèêîâûõ ñî-
åäèíåíèé àâòîòðàêòîðíûõ äâèãàòåëåé (øàòóí-
íûõ áîëòîâ è êðûøåê êîðåííûõ ïîäøèïíèêîâ) 
íå ïîçâîëÿþò óñòàíîâèòü ðåàëüíî íåîáõîäè-
ìûé êîýôôèöèåíò ïëîòíîñòè ñòûêà ñîåäèíå-
íèé âñëåäñòâèå òîãî, ÷òî íå ó÷èòûâàþò óñèëèå 
íà ñæàòèå âêëàäûøåé. Ïðåäëîæåíà óòî÷íåí-
íàÿ ìåòîäèêà ðàñ÷åòà óñèëèÿ ïðåäâàðèòåëü-
íîé çàòÿæêè áîëòîâ äëÿ äàííûõ ñîåäèíåíèé 
ïî óñëîâèþ ãàðàíòèðîâàííîãî îáåñïå÷åíèÿ 
íåîáõîäèìîãî çàïàñà ïëîòíîñòè ñòûêà. Ïðè-

âåäåí ïðèìåð ðàñ÷åòà óñèëèÿ çàòÿæêè øàòóí-
íûõ áîëòîâ äëÿ äèçåëÿ òèïà Ä-245 ïðè ðàáîòå 
åãî íà ðåæèìå ìàêñèìàëüíûõ ÷àñòîò âðàùåíèÿ 
õîëîñòîãî õîäà, ïðè êîòîðîì ñèëû èíåðöèè 
èìåþò ìàêñèìàëüíî âîçìîæíîå çíà÷åíèå.

Ëèòåðàòóðà 
1. ×àéíîâ Í.Ä., Èâàùåíêî Í.À., Êðàñíîêóòñêèé 

À.Í., Ìÿãêîâ Ë.Ë. Êîíñòðóèðîâàíèå äâèãàòåëåé 
âíóòðåííåãî ñãîðàíèÿ / Ïîä ðåä. Í.Ä. ×àéíîâà. 
Ì.: Ìàøèíîñòðîåíèå, 2010. – 496 ñ.

2. Ëóêàíèí Â.Í., Àëåêñååâ È.Â., Øàòðîâ Ì.Ã., 
Ïàâëîâ À.Â., Ãîðøêîâ Þ.Â., Íàçàðîâ Í.È., 
Åæîâ Ñ.Ï., Ìàòþõèí Ë.Ì., Ñèíÿâñêèé Â.Â. Äâè-
ãàòåëè âíóòðåííåãî ñãîðàíèÿ. Òîì 2. Äèíàìèêà è 
êîíñòðóèðîâàíèå / Ïîä ðåä. Â.Í. Ëóêàíèíà. Ì.: 
Âûñøàÿ øêîëà, 2007. – 400 ñ.

3. Âèõåðò Ì.Ì., Äîáðîãàåâ Ð.Ï., Ëÿõîâ Ì.È., 
Ïàâëîâ À.Â., Ñîëîâüåâ Ì.Ï., Ñòåïàíîâ Þ.À., 
Ñóâîðîâ Â.Ã. Êîíñòðóêöèÿ è ðàñ÷åò àâòîòðàêòîð-
íûõ äâèãàòåëåé / Ïîä ðåä. Þ.À. Ñòåïàíîâà. Ì.: 
Ìàøèíîñòðîåíèå, 1964. – 552 ñ.

4. Âçîðîâ Á.À., Àäàìîâè÷ À.Â., Àðàáÿí À.Ã., 
Æàðíîâ Ý.Ì., Èñàåâ Å.Â., Ñòîëáîâ Ì.Ñ. Òðàêòîð-
íûå äèçåëè: Ñïðàâî÷íèê / Ïîä îáù. ðåä. Á.À. Âçî-
ðîâà. Ì.: Ìàøèíîñòðîåíèå, 1981. – 535 ñ.

5. Ìàøèíîñòðîåíèå, Ýíöèêëîïåäèÿ. Äâèãàòåëè 
âíóòðåííåãî ñãîðàíèÿ. Ò. IV-14 / Ðåäàêòîðû-ñî-
ñòàâèòåëè À.À. Àëåêñàíäðîâà è Í.À. Èâàùåíêî. 
Ì.: Ìàøèíîñòðîåíèå, 2013. – 784 ñ.

6. Õîðîø À.È., Õîðîø È.À. Äèçåëüíûå äâèãàòåëè 
òðàíñïîðòíûõ è òåõíîëîãè÷åñêèõ ìàøèí. Ñàíêò-
Ïåòåðáóðã, Ìîñêâà, Êðàñíîäàð: Ëàíü, 2012. – 704 ñ.

7. Èîñèëåâè÷ Ã.Á., Ñòðîãàíîâ Ã.Á., Øàðëîâñêèé 
Þ.Â. Çàòÿæêà è ñòîïîðåíèå ðåçüáîâûõ ñîåäèíå-
íèå: Ñïðàâî÷íèê. 2-å èçä., ïåðåðàá. è äîï. Ì.: 
Ìàøèíîñòðîåíèå, 1985. – 224 ñ.

8. Áèðãåð È.À., Øîðð Á.Ô., Èîñèëåâè÷ Ã.Á. Ðàñ÷åò 
íà ïðî÷íîñòü äåòàëåé ìàøèí: Ñïðàâî÷íèê. 4-å èçä., 
ïåðåðàá. è äîï. Ì.: Ìàøèíîñòðîåíèå, 1993. – 640 ñ.

9. Ãîö À.Í. Ýêñïåðèìåíòàëüíîå îïðåäåëåíèå êîýô-
ôèöèåíòà îñíîâíîé íàãðóçêè ðåçüáîâîãî ñîåäè-
íåíèÿ ãîëîâêè øàòóíà ñ êîñûì ðàçúåìîì // Òðàê-
òîðû è ñåëüõîçìàøèíû. 2017. № 12. Ñ. 37–43.

10. Ãîö À.Í. Ðàñ÷åòíî-ýêñïåðèìåíòàëüíîå îïðåäåëå-
íèÿ êîýôôèöèåíòà îñíîâíîé íàãðóçêè ðåçüáîâîãî 
ñîåäèíåíèÿ øàòóíà // Ôóíäàìåíòàëüíûå èññëåäî-
âàíèÿ, 2017. № 12–2. Ñ. 263–267.

References
1. Chinov N.D., Ivashchenko N.A., Krasnokuts-

kiy A.N., Miagkov L.L. Konstruirovanie dvigatelej 
vnutrennego sgoranija. [Construction of internal 



Ãîö À.Í.

20 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 3(37), 2018

combustion engines]. Under editor N. D. Chinov. 
Moscow: Mechanical Engineering, 2010. 496 p.

2. Lukanin V.N., Alekseev I.V., Shatrov M.G., Pavlov 
A.V., Gorshkov Yu.V., Nazarov N.I., Yezhov S.P., 
Matyukhin L. M., Sinyavsky V.V. Dvigateli vnu-
trennego sgoranija. Tom. 2. Dinamika i konstru-
irovanie [Internal combustion Engines. Book. 2. 
Dynamics and engineering] under the editorship of 
V.N. Lukanin. Moscow: Higher Scool. 2007. 400 p.

3. Wichert M.M., Dobrogaev R.P., Lyakhov M.I., 
Pavlov A.V., Solov’ev M.P., Stepanov Yu. A., Su-
vorov V.G. Konstrukcija i raschet avtotraktornyh 
dvigatelej. [Design and calculation of automotive 
engines]. Under the editorship of Yu. A. Stepanov. 
Moscow: Mechanical Engineering, 1964. 552 p.

4. Vzorov B.A., Adamovich V.A., Arabyan A.G., 
Zharnov E.M., Isaev E.V., Stolbov M.S. Traktornye 
dizeli: Spravochnik [Tractor diesel engines: Hand-
book] Under the General editorship of B.A. Vzorov. 
Moscow: Mechanical Engineering, 1981. 535 p.

5.  Mashinostroenie, Jenciklopedija. Dvigateli vnu-
trennego sgoranija. T. IV-14. [Mechanical Engi-
neering, Encyclopedia. Internal combustion engine. 
T. IV-14] / Under the General editorship of A.A. Al-
exandrov and N.A. Ivachenko. Moscow: Mechani-
cal Engineering, 2013. 784 p.

6. Horosh A.I., Horosh I.A. Dizel’nye dvigateli trans-
portnyh i tehnologicheskih mashin. [Diesel engines 
of transport and technological machines]. Sankt-Pe-
terburg, Moscow, Krasnodar: Lan Publishing 
House, 2012. 704 p.

7. Iosilevich G.B., Stroganoff G.B., Sharlovski J.V. 
Zatjazhka i stoporenie rez’bovyh soedinenie: 
Spravochnik. 2-e izd., pererab. i dop. [Tightening 
and locking of threaded connections: Handbook. 
2nd ed., Rev. and extra. Moscow: Mechanical Engi-
neering], 1985. 224 p.

8. Birger I.A., Shorr B.F., Iosilevich G.B. Raschet na 
prochnost’ detalej mashin: Spravochnik. – 4-e izd., 
pererab. i dop. [The calculation of the strength 
of machine parts: Handbook. 4th ed., and extra. 
Moscow: Mechanical Engineering], 1993. 640 p.

9. Gotz A.N. Experimental determination of the coeffi-
cient of the mai n load of the threaded connection of 
the connecting rod head with the oblique connector. 
Traktory i sel’hozmashiny № 12, 2017, pp. 37–43. 
(in Russ.).

10. Gotz A.N. Calculation and experimental determina-
tion of the main load factor of the threaded connect-
ing rod. Fundamental’nye issledovanija, № 12-2, 
2017, pp. 263–267. (in Russ.).

THE METHOD OF DETERMINING THE EFFORTS 
OF THE PRE-TIGHTENING OF BOLTS TO A BEARING OF THE CRANKSHAFT, 

AUTOMOBILE AND TRACTOR ENGINES
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The increase of power density of automotive and tractor engines leads to increased loads on parts of 
the crank mechanism. To ensure the specified reliability indicators, it is necessary to give an accurate 
analysis of the loads. There was studied currently used technique for calculating the pre-tightening force 
of rod bolts or mounting bolts of main bearing caps to ensure that the density of the junction of the 
threaded connections. It is shown that, first when the bolt is tightened, the liner shrinks by the amount of 
its protrusion and only then the joint is closed between the cover and the crank head of the connecting 
rod. This reduces the effort to ensure a given margin of safety of the joint density. The calculation of the 
force for deformation of the insert on the amount of its protrusion is carried out, which ensures the fit 
of the inserts when they are inserted into the bearing bore. It can be seen from the calculation that the 
force to deform the liner is not less than 30 ... 40 % of the value of the force of the tightening, which 
ensures the tightness of the joint between the components to be tightened. A procedure is proposed for 
determining the pre-tightening force of the connecting rod bolts or bolts for attaching the main bearings 
of the piston engine crankshaft, in case of providing the specified margin of joint density as a standard 
threaded joint. An example of calculating the torque settings connecting rod bolt for diesel engine D-245 
when operating on the maximum idle speed..

Keywords: connecting rod bolt tightening force, the density of the joint, ledge of the plain bearing, the 
coefficient basic load.


