
Îáìåí îïûòîì ___________________________________________________

Exchange of Experience

DOI: https://doi.org/10.26896/1028-6861-2019-85-12-65-68

ÌÎÄÅÐÍÈÇÀÖÈß ÓÇËÀ ÒÐÅÍÈß ÌÀØÈÍÛ ÊÒ-2 ÄËß ÎÖÅÍÊÈ

ÀÍÒÈÔÐÈÊÖÈÎÍÍÛÕ ÕÀÐÀÊÒÅÐÈÑÒÈÊ ÒÎÍÊÈÕ ÏÎÊÐÛÒÈÉ

ÏÐÈ ÒÐÅÍÈÈ Â ÐÅÆÈÌÅ ÃÐÀÍÈ×ÍÎÉ ÑÌÀÇÊÈ

� Èëüÿ Àëåêñàíäðîâè÷ Áóÿíîâñêèé, Âëàäèìèð Äìèòðèåâè÷ Ñàìóñåíêî,

Þðèé Èâàíîâè÷ Ùåðáàêîâ

Èíñòèòóò ìàøèíîâåäåíèÿ èì. À. À. Áëàãîíðàâîâà ÐÀÍ, Ðîññèÿ, 101990, Ìîñêâà, Ìàëûé Õàðèòîíüåâñêèé ïåð., 4;

*e-mail: buyan37@mail.ru

Ñòàòüÿ ïîñòóïèëà 31 èþëÿ 2019 ã. Ïîñòóïèëà ïîñëå äîðàáîòêè 28 àâãóñòà 2019 ã.

Ïðèíÿòà ê ïóáëèêàöèè 4 ñåíòÿáðÿ 2019 ã.

Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé òðèáîëîãè÷åñêèõ õàðàêòåðèñòèê òîíêèõ ïîêðûòèé

ñòàëüíûõ äåòàëåé íà ìîäåðíèçèðîâàííîì óçëå òðåíèÿ ìàøèíû ÊÒ-2 â ðåæèìå ãðàíè÷íîé

ñìàçêè. Äëÿ îáåñïå÷åíèÿ âûñîêîé òî÷íîñòè è âîñïðîèçâîäèìîñòè ðåçóëüòàòîâ â êà÷åñòâå

îáðàçöîâ èñïîëüçîâàëè ñòàíäàðòíûå ýëåìåíòû ïîäøèïíèêîâ êà÷åíèÿ — øàðèêè è ðîëèêè,

êîòîðûå îòëè÷àþòñÿ îäíîðîäíîñòüþ ñòðóêòóðû è ñîñòàâà, à òàêæå âûñîêèì êà÷åñòâîì îá-

ðàáîòêè ïîâåðõíîñòåé. Ðàçðàáîòàíà êîíñòðóêöèÿ îïðàâêè, ïîçâîëÿþùàÿ ðåàëèçîâàòü

ôðèêöèîííûé êîíòàêò óñòàíîâëåííîãî â øïèíäåëå ìàøèíû øàðèêà ñ òîðöàìè òðåõ ðîëè-

êîâ, ðàçìåùåííûõ ñ âûñîêîé òî÷íîñòüþ ïîä óãëîì 35°30� ê îñè øïèíäåëÿ óñòàíîâêè, ÷òîáû

îáåñïå÷èòü òàêîå æå ðàñïðåäåëåíèå îñåâîé íàãðóçêè ïî òðåì ðîëèêàì, êàê è ïðè ÷åòûðåõ-

øàðèêîâîì êîíòàêòå — ïî òðåì íèæíèì øàðèêàì. Èññëåäóåìûå ïîêðûòèÿ íàíîñèëè íà

òîðöû ðîëèêîâ, ÷òî íàìíîãî ïðîùå, ÷åì åãî íàíåñåíèå íà öèëèíäðè÷åñêèå èëè ñôåðè÷å-

ñêèå ïîâåðõíîñòè. Êîíòðòåëîì ÿâëÿëñÿ ñòàíäàðòíûé øàðèê èç ñòàëè ØÕ-15 èëè èçíîñî-

ñòîéêîé êåðàìèêè. Ìîäåðíèçèðîâàííûé óçåë ðåêîìåíäóåòñÿ èñïîëüçîâàòü íà òðàäèöèîí-

íûõ ÷åòûðåõøàðèêîâûõ ìàøèíàõ äëÿ ëàáîðàòîðíîé îöåíêè âëèÿíèÿ òîíêèõ èçíîñîñòîé-

êèõ ïîêðûòèé íà àíòèôðèêöèîííûå ñâîéñòâà ñìàçî÷íûõ ìàòåðèàëîâ.
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The results of studying the tribological characteristics of thin coatings of steel parts on a modernized fric-

tion unit of a KT-2 machine in the boundary lubrication mode are presented. To provide high accuracy and

reproducibility of the results standard elements of rolling bearings — balls and rollers, which are charac-

terized by the uniformity of the structure and composition, as well as high quality of the surface treatment

are used as samples. The developed design of the mandrel ensured friction contact of the ball mounted on

the machine spindle with the ends of three rollers mounted with high accuracy at an angle of 35°30� to

spindle axis of the installation to ensure the same distribution of the axial load between three rollers like

in the case of the four-ball contact between three lower balls. The coatings under study were applied to the

flat ends of the rollers, which is much easier than their application to cylindrical or spherical surfaces. A

standard ball made of steel ShKh-15 or wear-resistant ceramics served as a counterbody. The modernized

unit is recommended to be used on traditional four-ball machines for laboratory assessment of the effect of

thin wear-resistant coatings on the antifriction properties of lubricants.

Keywords: thin wear-resistant coating; ball-three roller ends; boundary lubrication; friction coefficient.
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Ââåäåíèå

Îäíèì èç íàèáîëåå ýôôåêòèâíûõ ìåòîäîâ ïî-

âûøåíèÿ íàäåæíîñòè è ýíåðãîñáåðåæåíèÿ ñìà-

çûâàåìûõ óçëîâ òðåíèÿ è óâåëè÷åíèÿ ñðîêà

ñëóæáû ñîñòàâëÿþùèõ èõ äåòàëåé ÿâëÿåòñÿ íàíå-

ñåíèå íà ïîâåðõíîñòè òðóùèõñÿ ïîâåðõíîñòåé ïî-

êðûòèé òðèáîëîãè÷åñêîãî íàçíà÷åíèÿ [1]. Ïîýòî-

ìó êîððåêòíîé îöåíêå ôóíêöèîíàëüíûõ õàðàêòå-

ðèñòèê òàêèõ ïîêðûòèé, â òîì ÷èñëå íà ñòàäèè

ëàáîðàòîðíûõ èñïûòàíèé, ïðèäàåòñÿ áîëüøîå

çíà÷åíèå. Äëÿ îáåñïå÷åíèÿ âûñîêîé òî÷íîñòè è

õîðîøåé âîñïðîèçâîäèìîñòè ðåçóëüòàòîâ òðèáî-

ëîãè÷åñêîãî èññëåäîâàíèÿ íåîáõîäèìî ñòðîãî âû-

äåðæèâàòü ðåöåïòóðó è òåõíîëîãèþ íàíåñåíèÿ

èññëåäóåìûõ ïîêðûòèé, à òàêæå èñïîëüçîâàòü â

êà÷åñòâå îáðàçöîâ, íà êîòîðûå íàíîñÿò ýòè ïî-

êðûòèÿ, äåòàëè, îòëè÷àþùèåñÿ îäíîðîäíîñòüþ

ñòðóêòóðû è ñîñòàâà, à òàêæå âûñîêèì êà÷åñòâîì

îáðàáîòêè ïîâåðõíîñòåé. Òàêèìè õàðàêòåðèñòè-

êàìè îáëàäàþò äåòàëè ïîäøèïíèêîâ êà÷åíèÿ —

øàðèêè è ðîëèêè. Ê ñîæàëåíèþ, íàíåñåíèå ïî-

êðûòèé âûñîêîãî êà÷åñòâà íà öèëèíäðè÷åñêóþ è

ñôåðè÷åñêóþ ïîâåðõíîñòè âî ìíîãèõ ñëó÷àÿõ

ÿâëÿåòñÿ äîñòàòî÷íî ñëîæíîé òåõíîëîãè÷åñêîé

çàäà÷åé.

Â Ëàáîðàòîðèè ìåòîäîâ ñìàçêè ìàøèí íàøå-

ãî èíñòèòóòà ïðîâåäåíà ìîäåðíèçàöèÿ óçëà òðå-

íèÿ ìàøèíû ÊÒ-2, ïðè êîòîðîé ñòàíäàðòíûé øà-

ðèê, óñòàíîâëåííûé â øïèíäåëå ìàøèíû, ïðè-

æèìàåòñÿ ê òîðöàì òðåõ ñòàíäàðòíûõ ðîëèêîâ,

íà êîòîðûå ïðåäâàðèòåëüíî íàíåñåíî èññëåäóå-

ìîå ïîêðûòèå. Ïðè âðàùåíèè øïèíäåëÿ øàð âû-

òèðàåò íà òîðöàõ ðîëèêîâ ïÿòíà èçíîñà. Â òå÷å-

íèå ýòîãî ïðîöåññà îöåíèâàþò êîýôôèöèåíò òðå-

íèÿ. Ðåàëèçóåìûé ïðè ýòîì íà÷àëüíûé òî÷å÷-

íûé êîíòàêò îáðàçöîâ øèðîêî ïðèìåíÿþò â ìè-

ðîâîé ïðàêòèêå äëÿ ëàáîðàòîðíûõ èññëåäîâàíèé

òðèáîëîãè÷åñêèõ õàðàêòåðèñòèê òîíêèõ óãëå-

ðîäíûõ ïîêðûòèé [2]. Äàííàÿ ñõåìà ôðèêöèîí-

íîãî êîíòàêòà ïðåäóñìîòðåíà ÃÎÑÒ 23.221–84,

íî êîíñòðóêöèÿ óçëà òðåíèÿ äëÿ åå ðåàëèçàöèè â

ýòîì ñòàíäàðòå íå ïðèâåäåíà. Èçâåñòíûå íà ñåãî-

äíÿøíèé äåíü âàðèàíòû ðåøåíèÿ äàííîé çàäà÷è

(ñì., íàïðèìåð, [3]) âêëþ÷àþò òðåáîâàíèÿ ñïå-

öèàëüíîãî èçãîòîâëåíèÿ îáðàçöîâ è íå ïðåä-

íàçíà÷åíû äëÿ òðèáîëîãè÷åñêîãî èññëåäîâàíèÿ

ïîêðûòèé.

Öåëü ðàáîòû — ìîäèôèêàöèÿ óçëà òðåíèÿ

ìàøèíû ÊÒ-2 äëÿ îöåíêè àíòèôðèêöèîííûõ õà-

ðàêòåðèñòèê òîíêèõ ïîêðûòèé ïî ñõåìå òðåíèÿ

âðàùàþùèéñÿ øàð — òîðöû òðåõ ðîëèêîâ, ñèì-

ìåòðè÷íî ðàâíîðàñïîëîæåííûõ îòíîñèòåëüíî

îñè øïèíäåëÿ.

Àêòóàëüíîñòü çàäà÷è îáúÿñíÿåòñÿ òåì, ÷òî

÷åòûðåõøàðèêîâàÿ ñõåìà èñïûòàíèé — îäíà èç

íàèáîëåå ðàñïðîñòðàíåííûõ. Ðàñøèðåíèå ôóíê-

öèé ìàøèí, êîòîðûå îáû÷íî èñïîëüçóþò òîëüêî

äëÿ èñïûòàíèé ñìàçî÷íûõ ìàòåðèàëîâ ïî ÃÎÑÒ

9490–75, ïîçâîëèò ó÷åñòü âëèÿíèå êîíêðåòíûõ

ïîêðûòèé íà ñìàçî÷íóþ ñïîñîáíîñòü ìàñåë è ðàñ-

øèðèò âîçìîæíîñòè èññëåäîâàòåëåé.

Ìåòîäèêà òðèáîëîãè÷åñêèõ èñïûòàíèé

òîíêèõ ïîêðûòèé

Àíòèôðèêöèîííûå è ïðîòèâîèçíîñíûå õà-

ðàêòåðèñòèêè òîíêèõ ïîêðûòèé òðèáîëîãè÷å-

ñêîãî íàçíà÷åíèÿ èññëåäóþò íà ìàøèíå ÊÒ-2

ñ ìîäåðíèçèðîâàííûì óçëîì òðåíèÿ (ðèñ. 1).

Èñïûòûâàåìûå îáðàçöû 7, ïðåäñòàâëÿþùèå ñî-

áîé ðîëèêè äèàìåòðîì 5 ìì è äëèíîé 6 ìì, óñòà-

íîâëåíû â îïðàâêå 3, ñîñòîÿùåé èç êîðïóñà 4, êî-

íè÷åñêîãî ñåïàðàòîðà 8, â êîòîðîì ïîä óãëîì

35°20� ± 5� ê âåðòèêàëüíîé îñè ïðîäåëàíû òðè

ðàâíîìåðíî ðàñïîëîæåííûõ ïî îêðóæíîñòè ïàçà,

â êàæäîì èç êîòîðûõ óñòàíîâëåí êóëà÷îê 6. Ìåæ-

äó êóëà÷êîì è ïëîñêîé ïîâåðõíîñòüþ ïàçà ñåïà-

ðàòîðà ïîìåùàþò èññëåäóåìûå îáðàçöû 7, êîòî-

ðûå ÷åðåç êîëüöî 5 íàêèäíîé ãàéêîé 3 ïðèæèìà-

þò ê âíóòðåííåé ïëîñêîé ïîâåðõíîñòè ïàçà è

ôèêñèðóþò â ýòîì ïîëîæåíèè. Îïðàâêó â ñáîðå

ïîìåùàþò â ìàñëÿíóþ ÷àøó 1, ïîñëå ÷åãî â íåå

çàëèâàþò ìàñëî. Çàòåì îáðàçöû ïðèâîäÿò â ñî-

ïðèêîñíîâåíèå ñ øàðîì 9, çàæàòûì â øïèíäåëå

ìàøèíû 2.

Çàòåì óçåë òðåíèÿ íàãðóæàþò è ïðèâîäÿò

âî âðàùåíèå øïèíäåëü 2 ñ çàäàííîé ÷àñòîòîé.

Â ïðîöåññå èññëåäîâàíèÿ ôèêñèðóþò çíà÷åíèÿ

êîýôôèöèåíòà òðåíèÿ, à ïî îêîí÷àíèè ýêñïåðè-

ìåíòà çàìåðÿþò äèàìåòðû ïÿòåí èçíîñà è/èëè

ïðîôèëîãðàôèðóþò ïðîôèëü äíà ïÿòíà èçíîñà.

Êàê ïðàâèëî, øàð 9 ïðåäñòàâëÿåò ñîáîé ñòàí-

äàðòíûé øàðèê èç ñòàëè ØÕ-15 äèàìåòðîì

12,7 ìì èëè øàðèê èç íèòðèäà êðåìíèÿ — â çà-

âèñèìîñòè îò ïîñòàâëåííîé çàäà÷è. Îáðàçöû —

ðîëèêè — ñòàíäàðòíûå äåòàëè ïîäøèïíèêîâ êà-

÷åíèÿ. Îáû÷íî èñïîëüçóþò ðîëèêè äèàìåòðîì

5 ìì, ðàáî÷èå òîðöû êîòîðûõ ïîëèðóþò äî äîñòè-

æåíèÿ øåðîõîâàòîñòè ïîâåðõíîñòè Ra0,05 –

0,07 ìêì. Çàòåì íà ýòè òîðöû íàíîñÿò èññëåäó-

åìîå ïîêðûòèå.

Åñëè ìîäåðíèçèðîâàííóþ îïðàâêó óñòàíî-

âèòü íà ìàøèíå ÊÒ-2 (êàê ýòî ïîêàçàíî íà

ðèñ. 1, à), òî ðåàëèçàöèÿ ãðàíè÷íîãî ðåæèìà

ñìàçêè íå âûçûâàåò ñîìíåíèé [4, 5]. Ïðè äàííîé

ãåîìåòðèè êîíòàêòà è îòíîñèòåëüíî íåâûñîêèõ

ñêîðîñòÿõ âðàùåíèÿ áóäåò ñîáëþäàòüñÿ ëèáî ãðà-

íè÷íûé, ëèáî ñìåøàííûé ðåæèì ñìàçêè. Òàêèå

èñïûòàíèÿ ìîãóò ïðîõîäèòü ïî îäíîìó èç ñëå-

äóþùèõ ñöåíàðèåâ:

1) ïîâûøåíèå òåìïåðàòóðû óçëà òðåíèÿ

îò âíåøíåãî èñòî÷íèêà òåïëà äî íàñòóïëåíèÿ

çàåäàíèÿ;

2) ïîâûøåíèå íàãðóçêè íà óçåë òðåíèÿ äî

ðàçðóøåíèÿ ïîêðûòèÿ;
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3) ïðîâåäåíèå äëèòåëüíûõ èñïûòàíèé ïðè

ïîñòîÿííîé íàãðóçêå è íà÷àëüíîé òåìïåðàòóðå

äî ðàçðóøåíèÿ ïîêðûòèÿ èëè ïîòåðè ìàñëîì

ñìàçî÷íîé ñïîñîáíîñòè âñëåäñòâèå òðèáîõèìè÷å-

ñêèõ ïðåâðàùåíèé (ëèáî îãðàíè÷åíèå çàäàííîé

çàðàíåå ïðîäîëæèòåëüíîñòè èñïûòàíèé).

Ðåçóëüòàòû ýêñïåðèìåíòîâ

Ïðèâåäåì ïðèìåð îöåíêè àíòèôðèêöèîííûõ

ñâîéñòâ äâóõ ïàð òðåíèÿ: ñòàëü – ñòàëü (1) è

ñòàëü – ìåòàëëîêåðàìè÷åñêîå ïîêðûòèå, íàíåñåí-

íîå íà ñòàëüíîé îáðàçåö (2). Ýêñïåðèìåíò ïðîâî-

äèëè íà ìîäåðíèçèðîâàííîé óñòàíîâêå ÊÒ-2 (ñì.

ðèñ. 1) ïî ìåòîäèêå, ïðèâåäåííîé âûøå. Òîðöû

ðîëèêîâ ïîëèðîâàëè íà óñòàíîâêå Multipol. Íà

òîðöû ðîëèêîâ, ïðåäíàçíà÷åííûõ äëÿ èñïûòà-

íèÿ îáðàçöîâ 2, ìåòîäîì ãàçîäèíàìè÷åñêîãî íà-

ïûëåíèÿ (óñòàíîâêà ÄÈÌÅÒ-404 [6], òåõíîëîãèÿ

íàíåñåíèÿ [7]) íàíîñèëè ìåòàëëîêåðàìè÷åñêîå

ïîêðûòèå òîëùèíîé 2,5 ìêì íà îñíîâå ìåëêîäèñ-

ïåðñíîãî àëþìèíèÿ. Â êà÷åñòâå ñìàçî÷íîé ñðåäû

èñïîëüçîâàëè ïîëèàëüôàîëåôèíîâîå ìàñëî

ÏÀÎ-4. Îñåâàÿ íàãðóçêà íà óçåë òðåíèÿ ñîñòàâëÿ-

ëà 104 Í, ïðîäîëæèòåëüíîñòü èñïûòàíèÿ —

60 ìèí.

Ðåçóëüòàòû ñðàâíèòåëüíûõ èñïûòàíèé óêà-

çàííûõ ñî÷åòàíèé ìàòåðèàëîâ ïðåäñòàâëåíû íà

ðèñ. 2 â âèäå çàâèñèìîñòåé êîýôôèöèåíòà òðåíèÿ

îò ïðîäîëæèòåëüíîñòè èñïûòàíèé.

Êàê âèäíî èç ðèñ. 2, ïîêðûòèå ïðàêòè÷åñêè

âäâîå ñíèæàåò êîýôôèöèåíò òðåíèÿ. Ýòî ñâèäå-

òåëüñòâóåò î çíà÷èòåëüíîì âëèÿíèè ïîêðûòèé íà

àíòèôðèêöèîííûå ñâîéñòâà ñìàçàííûõ óçëîâ

òðåíèÿ. Ïðåäëîæåííàÿ ìåòîäèêà äàåò âîçìîæ-

íîñòü îöåíèòü ýôôåêòèâíîñòü ñìàçî÷íûõ ñðåä

ïðè òðåíèè äåòàëåé ñ ïîêðûòèÿìè ðàçëè÷íîãî

íàçíà÷åíèÿ.

Çàêëþ÷åíèå

Ìîäåðíèçàöèÿ óçëà òðåíèÿ ìàøèíû òðåíèÿ

ÊÒ-2 ïîçâîëÿåò âûÿâèòü âëèÿíèå ïîêðûòèé íà

àíòèôðèêöèîííûå õàðàêòåðèñòèêè òðèáîñîïðÿ-

æåíèé, ðàáîòàþùèõ â ðåæèìå ãðàíè÷íîé ñìàçêè,

ïóòåì ïðîñòîãî ëàáîðàòîðíîãî ýêñïåðèìåíòà, ïðè

ìàëîé çàòðàòå âðåìåíè è ñðåäñòâ âñëåäñòâèå èñ-

ïîëüçîâàíèÿ â êà÷åñòâå îáðàçöîâ äåòàëåé ìàññî-

âîãî ïðîèçâîäñòâà — ýëåìåíòîâ îïîð êà÷åíèÿ —

øàðèêîâ è ðîëèêîâ. Äëÿ óòî÷íåííîé îöåíêè òðè-

áîëîãè÷åñêèõ õàðàêòåðèñòèê òîíêèõ ïîêðûòèé

ïðèìåíèòåëüíî ê êîíêðåòíûì óñëîâèÿì ýêñïëóà-
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Ðèñ. 1. Ìîäåðíèçèðîâàííûé óçåë òðåíèÿ ìàøèíû ÊÒ-2: à — îáùèé âèä; á — îïðàâêà (íàêèäíàÿ ãàéêà ñíÿòà); 1 — ìàñ-

ëÿíàÿ ÷àøà; 2 — øïèíäåëü ìàøèíû; 3 — îïðàâêà â ñáîðå; 4 — êîðïóñ îïðàâêè; 5 — ïðèæèìíîå êîëüöî; 6 — êóëà÷îê; 7 —

èññëåäóåìûé îáðàçåö; 8 — ñåïàðàòîð; 9 — øàðèê

Fig. 1. Modernized friction unit of a KT-2 machine: a — general view; b — mandrel (removed swivel nut); 1 — oil bowl; 2 —

machine spindle; 3 — mandrel assembly; 4 — mandrel body; 5 — clamping ring; 6 — tappet; 7 — test sample; 8 — separator;

9 — ball

1

2

Âðåìÿ, ìèí

Ðèñ. 2. Çàâèñèìîñòè êîýôôèöèåíòà òðåíèÿ îò ïðîäîë-

æèòåëüíîñòè èñïûòàíèé øàðà èç ñòàëè ØÕ-15 ïðè òðå-

íèè åãî ïî ðîëèêàì áåç ïîêðûòèÿ (1) è ñ ìåòàëëîêåðàìè-

÷åñêèì ïîêðûòèåì (2): ñìàçî÷íûé ìàòåðèàë — ìàñëî

ÏÀÎ-4; íàãðóçêà íà óçåë òðåíèÿ — 104 Í; ïðîäîëæèòåëü-

íîñòü èñïûòàíèÿ — 60 ìèí

Fig. 2. The dependence of the friction coefficient on the du-

ration of testing a ball made of ShKh15 steel upon friction:

1 — uncoated rollers; 2 — rollers with metal-ceramic coat-

ing. Lubricant — oil PAO-4, load on friction unit — 104 N,

test duration — 60 min



òàöèè íåîáõîäèìî ïðîâîäèòü áîëåå äëèòåëüíûå è

çàòðàòíûå èñïûòàíèÿ ïîêðûòèé íà èìèòèðóþ-

ùèõ ìàøèíàõ è ñòåíäàõ, êîòîðûå, îäíàêî, ìîæíî

ñîêðàòèòü, èñïîëüçóÿ ìåòîäû ôèçè÷åñêîãî ìîäå-

ëèðîâàíèÿ [8].
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