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Òåïëîâûå, ýëåêòðîðàêåòíûå äâèãàòåëè è ýíåðãîóñòàíîâêè Thermal engines, electric propulsion and power
ëåòàòåëüíûõ àïïàðàòîâ plants for flying vehicles

Ââåäåíèå

Èçâåñòíî, ÷òî íàäåæíîñòü ðàáîòû ìàøèí è
ìåõàíèçìîâ â çíà÷èòåëüíîé ñòåïåíè çàâèñèò îò ðà-
áîòîñïîñîáíîñòè èõ ïîäøèïíèêîâûõ óçëîâ. Ýòî
îñîáåííî âàæíî äëÿ àâèàöèîííûõ äâèãàòåëåé, ïî-
ñêîëüêó èõ ïîäøèïíèêîâûå óçëû ÿâëÿþòñÿ îäíè-
ìè èç ñàìûõ îòâåòñòâåííûõ óçëîâ, ÷àñòî îãðàíè-
÷èâàþùèìè ðåñóðñ ÃÒÄ.

Äîñòîâåðíàÿ îöåíêà òåõíè÷åñêîãî ñîñòîÿíèÿ
ïîäøèïíèêîâ êà÷åíèÿ, èñïîëüçóåìûõ â ÃÒÄ, êàê
ïðè èçãîòîâëåíèè, òàê è ïðè ïðîâåäåíèè âõîäíîãî
êîíòðîëÿ è äåôåêòàöèè íà àâèàïðåäïðèÿòèè, ÿâ-
ëÿåòñÿ ñåðüåçíîé ïðîáëåìîé. Îñîáåííî ýòî êàñà-
åòñÿ íåðàçáîðíûõ ïîäøèïíèêîâ, òàê êàê äåéñòâó-
þùàÿ â íàñòîÿùåå âðåìÿ ñèñòåìà îöåíêè èõ òåõ-
íè÷åñêîãî ñîñòîÿíèÿ áàçèðóåòñÿ â îñíîâíîì íà
ñóáúåêòèâíûõ ìåòîäàõ – ïðîâåðêàõ íà ëåãêîñòü
âðàùåíèÿ èëè íà øóì. Ïîýòîìó àêòóàëüíî âíåäðå-
íèå èíñòðóìåíòàëüíûõ ìåòîäîâ êîíòðîëÿ, ïîçâî-
ëÿþùèõ ñ áîëüøåé äîñòîâåðíîñòüþ íå òîëüêî
îöåíèâàòü èõ òåõíè÷åñêîå ñîñòîÿíèå, íî è ïðîãíî-
çèðîâàòü ðàáîòîñïîñîáíîñòü â ïðîöåññå ýêñïëóà-
òàöèè [1—3].

Îäíèì èç òàêèõ èíñòðóìåíòàëüíûõ ìåòîäîâ
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Ðàáîòà ïîñâÿùåíà èññëåäîâàíèþ òåõíè÷åñêîãî ñîñòîÿíèÿ ðîëèêîâîãî ïîäøèïíèêà êà÷åíèÿ äëÿ ãàçîòóðáèí-
íîãî äâèãàòåëÿ (ÃÒÄ) ïîñëå ïðîõîæäåíèÿ óñêîðåííûõ ðåñóðñíûõ èñïûòàíèé çà ðåñóðñ 2000 ÷. Ñ öåëüþ àíàëèçà
âèáðàöèîííîãî ñîñòîÿíèÿ ïîäøèïíèêà 5ÀÂ1002926Ð4 ïðîâîäèëñÿ êîìïëåêñíûé àíàëèç, âêëþ÷àþùèé ñïåêòðàëü-
íûé àíàëèç, àíàëèç ÑÊÇ â íèçêî-, ñðåäíå- è âûñîêî÷àñòîòíûõ äèàïàçîíàõ, ïèê-ôàêòîðà â íèçêî- è âûñîêî÷àñ-
òîòíîì äèàïàçîíå, àíàëèç ñïåêòðà îãèáàþùåé è àíàëèç «ñûðîãî» ñèãíàëà çàïèñåé. Ïîëó÷åííûå ðåçóëüòàòû èñ-
ïûòàíèé ïîçâîëèëè îöåíèòü òåõíè÷åñêîå ñîñòîÿíèå ïîäøèïíèêà è äîïóñòèòü åãî ê äàëüíåéøèì ðåñóðñíûì èñ-
ïûòàíèÿì íà ñòåíäå ÖÈÀÌ èì. Ï.È. Áàðàíîâà.

Êëþ÷åâûå ñëîâà: ïîäøèïíèêè êà÷åíèÿ, âèáðàöèîííîå ñîñòîÿíèå, âõîäíîé êîíòðîëü.

ðèñòèê ïîäøèïíèêîâ (ìåòîä âèáðàöèîííîé äèàã-
íîñòèêè), ðàáîòàþùèõ ñ çàäàííûìè íàãðóçêàìè è
÷àñòîòàìè âðàùåíèÿ. Äëÿ çàìåðà âèáðàöèé èñ-
ïîëüçóþòñÿ âèáðàöèîííûå ïðåîáðàçîâàòåëè – ñåé-
ñìîìåòðû èëè àêñåëåðîìåòðû.

Ìåòîäû èçìåðåíèÿ âèáðàöèé ïîäøèïíèêîâ íà
ñòåíäàõ êîíòðîëÿ ðåãëàìåíòèðóþòñÿ ñòàíäàðòàìè
[4—6]. Ñîñòîÿíèå ïîäøèïíèêîâ îïðåäåëÿåòñÿ
ïóòåì àíàëèçà âèáðàöèîííûõ ñèãíàëîâ [7].

Â íàñòîÿùåå âðåìÿ ðàçðàáîòàíû è èçãîòàâëè-
âàþòñÿ ðàçëè÷íûå ñòåíäû, óñòàíîâêè, äèàãíîñòè-
÷åñêèå êîìïëåêñû, ðåàëèçóþùèå ýòîò ìåòîä. Îä-
íèì èç íèõ ÿâëÿåòñÿ ñòåíä âõîäíîãî êîíòðîëÿ ïîä-
øèïíèêîâ êà÷åíèÿ ÑÏ-180Ì, èçãîòàâëèâàåìûé
ÎÎÎ «Äèàìåõ-2000», íà êîòîðîì ïðîâîäÿòñÿ ýê-
ñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî îöåíêå òåõíè-
÷åñêîãî ñîñòîÿíèÿ ìåòîäàìè âèáðàöèîííîé äèàã-
íîñòèêè îòäåëüíûõ ïîäøèïíèêîâ – ïîäøèïíèêîâ
ïåðâîé êàòåãîðèè (íîâûõ) è ïîäøèïíèêîâ âòîðîé
êàòåãîðèè (ïîâòîðíî èñïîëüçóåìûõ), óñòàíàâëèâà-
åìûõ ïðè ñáîðêå â äâèãàòåëü.

Ïîäøèïíèêè êà÷åíèÿ, â çàâèñèìîñòè îò îñî-
áåííîñòåé êîíñòðóêöèè èçäåëèÿ (ïàðàìåòðîâ
èíåðöèè, æåñòêîñòè, äåìïôèðîâàíèÿ), â êîòîðîì
îíè èñïîëüçóþòñÿ, ìîãóò ãåíåðèðîâàòü âèáðàöèþ
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ðàçëè÷íîé èíòåíñèâíîñòè è íà ðàçëè÷íûõ ÷àñòî-
òàõ.

Òàêæå íà ðåçóëüòàòû èçìåðåíèÿ ñóùåñòâåííî
âëèÿþò ìåñòî óñòàíîâêè äàò÷èêîâ âèáðàöèè è èõ
õàðàêòåðèñòèêè.

Ïîýòîìó íà ñòåíäå ÑÏ-180 îäíîòèïíûé ïîðÿ-
äîê óñòàíîâêè ïîäøèïíèêîâ è ôèêñèðîâàííîå
ïîëîæåíèå äàò÷èêîâ âèáðàöèè.

Àìïëèòóäà ñèãíàëà âèáðàöèè, ãåíåðèðóåìîãî
ïðè âçàèìîäåéñòâèè ðàáî÷èõ ïîâåðõíîñòåé è íà-
ðóæíîãî è âíóòðåííåãî êîëåö ïîäøèïíèêà, áóäåò
çàâèñåòü îò ÷àñòîòû âðàùåíèÿ ñòåíäà, ïîýòîìó åãî
ðàáî÷èå ÷àñòîòû èìåþò îïðåäåëåííûå çíà÷åíèÿ.

Öåëü ðàáîòû — âõîäíîé êîíòðîëü ïîäøèïíè-
êà 5ÀÂ1002926Ð4, ðàçðàáîòàííîãî äëÿ ÃÒÄ, íà íà-
ëè÷èå äåôåêòîâ ïîñëå ïðîâåäåíèÿ óñêîðåííûõ ðå-
ñóðñíûõ èñïûòàíèé äëÿ ïîäòâåðæäåíèÿ ðåñóðñà
2000 ÷, à òàêæå íàêîïëåíèå ñòàòèñòè÷åñêèõ äàí-
íûõ âèáðàöèîííîãî ñîñòîÿíèÿ, ñ öåëüþ áîëåå ïîä-
ðîáíîãî îïèñàíèÿ òåõíè÷åñêîãî ñîñòîÿíèÿ äàííî-
ãî ýêçåìïëÿðà ïîäøèïíèêà ïîñëå âûïîëíåíèÿ
ïîñëåäóþùèõ ýòàïîâ èñïûòàíèé. Äàííàÿ ðàáîòà
ÿâëÿåòñÿ ïðîìåæóòî÷íûì ýòàïîì ïîäòâåðæäåíèÿ
ðàáîòîñïîñîáíîñòè ìåæðîòîðíîãî ïîäøèïíèêà çà
ðåñóðñ 6000 ÷ íà ñòåíäå ÔÃÓÏ «ÖÈÀÌ èì.
Ï.È. Áàðàíîâà».

Îáúåêò èññëåäîâàíèÿ

Ðàäèàëüíûé ðîëèêîâûé ïîäøèïíèê
5ÀÂ1002926Ð4 èçãîòîâëåí ïî  ÒÓ3900-À, ñâåðõëåã-
êîé ñåðèè ñ ãàáàðèòíûìè ðàçìåðàìè 130 × 180 × 24
ìì è ñ öåíòðîâêîé ñåïàðàòîðà ïî âíóòðåííåìó
êîëüöó (ðèñ. 1).

Íà âíóòðåííåì êîëüöå ïîäøèïíèêà èìåþòñÿ
îòâåðñòèÿ äëÿ ïîäà÷è ìàñëà ïîä ðîëèêè (4 îòâ.) è

ïîä âíóòðåííèé äèàìåòð ñåïàðàòîðà (4 îòâ.). Êî-
ëè÷åñòâî ðîëèêîâ 30.

Ìàòåðèàë êîëåö è ðîëèêîâ – ÝÈ-347Ø. Ñå-
ïàðàòîð áðîíçîâûé ñ àíòèôðèêöèîííûì ñåðåáðÿ-
íûì ïîêðûòèåì.

Äèíàìè÷åñêàÿ ãðóçîïîäú¸ìíîñòü ïîäøèïíèêà
ïî êàòàëîãó ÎÀÎ «ÅÏÊ-Ñàìàðà» Ñ = 97500 Í
(Ñ = 9940 êãñ).

Ïîäøèïíèê ïðåäïîëàãàåòñÿ óñòàíîâèòü â ìåæ-
ðîòîðíîé îïîðå. Ïðè ýòîì âíóòðåííåå êîëüöî
ïîäøèïíèêà áóäåò ïðèíàäëåæàòü ðîòîðó íèçêîãî
äàâëåíèÿ, à íàðóæíîå êîëüöî – ðîòîðó âûñîêîãî
äàâëåíèÿ. Âðàùåíèå ðîòîðîâ â ïðîòèâîïîëîæíûå
ñòîðîíû.

Ñòåíä ÑÏ180-Ì

Ñòåíä âõîäíîãî êîíòðîëÿ ïîäøèïíèêîâ êà÷å-
íèÿ ÑÏ-180Ì (ðèñ. 2 è 3) âêëþ÷àåò â ñåáÿ: ýëåê-
òðîìîòîð, ïðèâîä, óçëû íàãðóæåíèÿ, óçåë óïðàâ-
ëåíèÿ è âèáðîèçìåðèòåëüíûé ïðèáîð. Èìååò âîç-
ìîæíîñòü ïðîèçâîäèòü âõîäíîé êîíòðîëü è äèàã-
íîñòèêó òåõíè÷åñêîãî ñîñòîÿíèÿ áîëüøèíñòâà òè-
ïîðàçìåðîâ ïîäøèïíèêîâ êà÷åíèÿ.

Â äàííîì ñòåíäå âðàùàåòñÿ òîëüêî âíóòðåííåå
êîëüöî. Ìàêñèìàëüíàÿ ÷àñòîòà âðàùåíèÿ ñîñòàâ-
ëÿåò 1800 îá/ìèí äëÿ âõîäíîãî êîíòðîëÿ ïîäøèï-
íèêîâ è 3000 îá/ìèí äëÿ äèàãíîñòè÷åñêèõ öåëåé.
Ìàêñèìàëüíàÿ ðàäèàëüíàÿ è îñåâàÿ íàãðóçêè
280 êãñ.

Ðèñ. 1. Ðàäèàëüíûé ðîëèêîïîäøèïíèê 5ÀÂ1002926Ð4:
Dw – äèàìåòð ðîëèêà, Dw = 12 ìì; B – øèðèíà ïîäøèï-
íèêà, B = 24 ìì; D0 – äèàìåòð îêðóæíîñòè öåíòðîâ
êîìïëåêòà ðîëèêîâ, D0 = 155 ìì; d – âíóòðåííèé äèà-
ìåòð ïîäøèïíèêà, d = 130 ìì; D – íàðóæíûé äèàìåòð
ïîäøèïíèêà, D = 180 ìì

Ðèñ. 2. Ñòåíä âõîäíîãî êîíòðîëÿ ïîäøèïíèêîâ
ÑÏ-180Ì
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Àïïàðàòóðà äëÿ ðåãèñòðàöèè
âèáðàöèîííîãî ñèãíàëà

Âèáðîèçìåðèòåëüíûé ïðèáîð «ßØÌÀ» ïðåä-
ñòàâëÿåò ñîáîé ñòàöèîíàðíîå óñòðîéñòâî íà áàçå
ïðîìûøëåííîãî êîìïüþòåðà, êîòîðîå ïðåäíàçíà-
÷åíî äëÿ âûïîëíåíèÿ èçìåðåíèé ïðè äèàãíîñòè-
êå ðàçëè÷íûõ òèïîâ ïîäøèïíèêîâ êà÷åíèÿ íà
ñïåöèàëüíîì âèáðîäèàãíîñòè÷åñêîì ñòåíäå ìîäå-
ëè ÑÏ-180Ì.

Ïðèáîð ïîçâîëÿåò îñóùåñòâëÿòü ñëåäóþùèå
òåõíîëîãè÷åñêèå ïðîöåññû:

• èçìåðåíèå âèáðàöèè ïîäøèïíèêîâ êà÷åíèÿ;
• óïðàâëåíèå ýëåêòðîïðèâîäîì ñòàíêà â ðåæè-

ìàõ ðàçãîíà, òîðìîæåíèÿ;
• óïðàâëåíèå ïíåâìàòè÷åñêèìè öèëèíäðàìè

äëÿ ñîçäàíèÿ èñïûòàòåëüíîé íàãðóçêè;
• èçìåðåíèå ñêîðîñòè ñåïàðàòîðîâ ïîäøèïíè-

êîâ;
• ñïåêòðàëüíûé àíàëèç âèáðîñèãíàëîâ è èõ

ôîðì.

Óñòàíîâî÷íûå äàííûå ïîäøèïíèêîâ, âêëþ÷àÿ
èõ âèáðàöèîííûå õàðàêòåðèñòèêè, ìîãóò áûòü
çàïèñàíû â äîëãîâðåìåííóþ ïàìÿòü ïðèáîðà ëèáî
íà ïðîèçâîëüíûé íîñèòåëü ÷åðåç USB-ïîðò äëÿ
ïîñëåäóþùåãî õðàíåíèÿ, ïðîñìîòðà, ðàñïå÷àòêè
è ò.ï.

Ïðèáîð ñîñòîèò èç äâóõ îñíîâíûõ ÷àñòåé:
1 – èçìåðèòåëüíûé ìîäóëü;
2 – áëîê îòîáðàæåíèé èíôîðìàöèè (ÁÎÈ).
Èçìåðèòåëüíûé ìîäóëü ðàñïîëàãàåòñÿ âíóòðè

îñíîâàíèÿ ñòàíêà ÑÏ-180Ì, áëîê îòîáðàæåíèÿ
èíôîðìàöèè – íà ïîâîðîòíîé êîíñîëè, ïðèêðåï-
ëåííîé ê ïðàâîé ñòåíêå ñòàíêà (ãëÿäÿ ñ ðàáî÷åãî
ìåñòà îïåðàòîðà). Èçìåðèòåëüíûé ìîäóëü ñîäåð-
æèò:

• ëàçåðíûé ïðåîáðàçîâàòåëü ÷èñëà îáîðîòîâ
òèïà ÊÐ-020ë (ôîòîîòìåò÷èê), îáåñïå÷èâàþùèé
ôîðìèðîâàíèå îïîðíîãî ñèãíàëà ïðè èçìåðåíèè
ñêîðîñòè âðàùåíèÿ ñåïàðàòîðà è ñèíõðîííîì çà-
ïóñêå àìïëèòóäû/ôàçû;

• êîìïëåêò ñîåäèíèòåëüíûõ ïðîâîäîâ.

Ðèñ. 3. Ñïåöèàëüíûé âèáðîäèàãíîñòè÷åñêèé ñòåíä ÑÏ-180Ì (âèä ñ ðàáî÷åãî ìåñòà îïåðàòîðà): 1 – îñíîâàíèå;
2 – ÷åòûðå ðåãóëèðóåìûõ ïî âûñîòå îïîðû; 3 – çàìêè, çàïèðàþùèåñÿ íà êëþ÷; 4 – ñòîëåøíèöà; 5 – ëîòîê, ñëó-
æàùèé äëÿ ïðèåìà ñìàçî÷íîãî ìàñëà; 6 – êîíñîëü äëÿ âèáðîèçìåðèòåëüíîãî ïðèáîðà «ßØÌÀ»; 7 – êîðïóñ;
8 – ðåìåíü; 9 – ìåõàíèçì ïîäà÷è ðàäèàëüíîé íàãðóçêè, ðàñïîëàãàåòñÿ âíóòðè ñòàíèíû è ïðåäñòàâëÿåò ñîáîé ïíåâ-
ìîöèëèíäð; 10 – ïðèçìà; 11 – êàðåòêà, íà êîòîðîé êðåïèòñÿ ìåõàíèçì; 12 – õîäîâîé âèíò, êîòîðûé îáåñïå÷èâàåò
äâèæåíèå êàðåòêè; 13 – ïíåâìîöèëèíäð (ìåõàíèçì ïîäà÷è îñåâîé íàãðóçêè); 14 – òðåõëó÷åâîé êðîíøòåéí;
15 – áîáûøêà, êîòîðàÿ íàñàæèâàåòñÿ íà êàæäóþ øòàíãó îñåâîãî óïîðà, ìîæåò ïåðåìåùàòüñÿ âäîëü øòàíãè è
ôèêñèðîâàòüñÿ â íóæíîì ìåñòå âèíòîì; 16 – êîæóõ-ìàñëîîòáîéíèê; 17 – ïàíåëü ðàçúåìîâ; 18 – áëîê îòîáðàæå-
íèÿ èíôîðìàöèè; 19 – ïàíåëü ñ êíîïêàìè; 20 – äâîéíàÿ ðîçåòêà 220 Â
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ÁÎÈ âêëþ÷àåò â ñåáÿ ñèñòåìíûé áëîê ïðî-
ìûøëåííîãî êîìïüþòåðà, èíòåãðèðîâàííûé ñ
öâåòíûì ñåíñîðíûì ìîíèòîðîì ðåçèñòèâíîãî
òèïà, èìåþùèì ðàçðåøåíèå 1024 × 786 pixel. Êàðòà
ïàìÿòè ÁÎÈ ðàññ÷èòàíà íà õðàíåíèå èíôîðìàöèè
îáúåìîì ~ 14,5 Ãá. Â êà÷åñòâå âíåøíåãî íîñèòå-
ëÿ èíôîðìàöèè èñïîëüçóåòñÿ USB-íàêîïèòåëü
(ôëåøêà).

×àñòîòû äåôåêòîâ ïîäøèïíèêîâ êà÷åíèÿ

Âèäû ïîâðåæäåíèé ìîæíî êëàññèôèöèðîâàòü
ñëåäóþùèì îáðàçîì:

— ïåðâè÷íûå ïîâðåæäåíèÿ: èçíîñ, êîððîçèÿ,
âìÿòèíû, âîëíèñòîñòü, çàäèðû, ïîâåðõíîñòíûå
ðàçðóøåíèÿ;

— âòîðè÷íûå ïîâðåæäåíèÿ: óñòàëîñòíûå ðàêî-
âèíû, ãëóáîêèå òðåùèíû.

Íàèáîëåå òèïè÷íûìè äåôåêòàìè ïîäøèïíè-
êîâ, âûÿâëÿåìûìè ìåòîäàìè âèáðàöèîííîé äèàã-
íîñòèêè, ñ÷èòàþòñÿ:

1) âîëíà – äåôåêò, ñâÿçàííûé ñ îòêëîíåíèÿ-
ìè ãåîìåòðèè ýëåìåíòîâ ïîäøèïíèêà îò èäåàëü-
íîé ôîðìû âñëåäñòâèå òåõíîëîãè÷åñêîãî áðàêà
èëè èçíîñà;

2) ïåðåêàò – äåôåêò, ñâÿçàííûé ñ ñîóäàðåíè-
ÿìè òåë è äîðîæåê êà÷åíèÿ âñëåäñòâèå ïîâðåæäå-
íèé êîíòàêòíûõ ïîâåðõíîñòåé (âûêðàøèâàíèå,
öàðàïèíû è ò.ï.).

×àñòîòû âðàùåíèÿ îñíîâíûõ ýëåìåíòîâ ïîä-
øèïíèêà, ãåíåðèðóåìûå îòêëîíåíèÿìè â èõ ãåî-

ìåòðè÷åñêèõ õàðàêòåðèñòèêàõ: âíóòðåííåãî êîëü-
öà, òåë êà÷åíèÿ, ñåïàðàòîðà, è ÷àñòîòû, ãåíåðèðó-
åìûå äåôåêòàìè äåòàëåé ïîäøèïíèêà, çàâèñÿò îò
÷àñòîòû âðàùåíèÿ âàëà, íà êîòîðîì âðàùàåòñÿ
ïîäøèïíèê. Ïîýòîìó ïåðåä íà÷àëîì ðàáîòû íå-
îáõîäèìî ðàññ÷èòàòü ðàáî÷èå ÷àñòîòû òåñòèðóåìî-
ãî ïîäøèïíèêà, â çàâèñèìîñòè îò åãî ãåîìåòðè-
÷åñêèõ ïàðàìåòðîâ è ÷àñòîòû âðàùåíèÿ ïðèâîäà
ñòåíäà ÑÏ-180.

Â äàííîé ðàáîòå ïðîâîäèòñÿ èññëåäîâàíèå òåõ-
íè÷åñêîãî ñîñòîÿíèå ðàäèàëüíîãî ðîëèêîâîãî
ïîäøèïíèêà 5ÀÂ1002926Ð4, ïðîøåäøåãî óñêî-
ðåííûå ðåñóðñíûå èñïûòàíèÿ äëÿ ïîäòâåðæäåíèÿ
ðåñóðñà 2000 ÷. Ôîðìóëû äëÿ ðàñ÷åòà îñíîâíûõ ÷à-
ñòîò ýêñïëóàòàöèîííûõ ïîâðåæäåíèé äåòàëåé ïîä-
øèïíèêîâ ïðèâåäåíû â òàáë. 1.

Îáðàáîòêà ðåçóëüòàòîâ èñïûòàíèé

Îáðàáîòêó óñëîâíî ìîæíî ðàçäåëèòü íà äâà
âèäà: ãðóáûé è òîíêèé àíàëèç.

Ãðóáûé àíàëèç ñîñòîèò â èçìåðåíèè óðîâíÿ
âèáðàöèè â îäíîé èëè íåñêîëüêèõ çàðàíåå âûá-
ðàííûõ ïîëîñàõ ÷àñòîò, íàïðèìåð â òðåõ ïîëîñàõ,
èëè â øèðîêîì äèàïàçîíå ÷àñòîò. Äëÿ ýòîãî âåñü
äèàïàçîí èçìåðåíèé ðàçáèâàåòñÿ íà îòäåëüíûå
ïîëîñû èëè ïîëîñû âûäåëÿþòñÿ íà ó÷àñòêàõ, íå-
ñóùèõ íàèáîëüøóþ èíôîðìàöèþ îá àíàëèçèðóå-
ìîì äåôåêòå.

Â ðÿäå ñëó÷àåâ ìîæåò àíàëèçèðîâàòüñÿ âåñü
÷àñòîòíûé äèàïàçîí, èçìåðÿåìûé äàò÷èêàìè. Çà-

Òàáëèöà 1

×àñòîòû ýêñïëóàòàöèîííûõ ïîâðåæäåíèé äåòàëåé ïîäøèïíèêîâ

Îáîçíà÷åíèå 

Ôîðìóëà 

òî÷íîãî ðàñ÷åòà 
ïðèáëèæåííîãî  

ðàñ÷åòà (95 %) ïðè α = 0° 

×àñòîòà âðàùåíèÿ ñåïàðàòîðà
cgf  

1
1 cos

2
rol

cg r
cg

d
f f

d
α

Ê ˆ
= -Á ˜Á ˜Ë ¯

 0,4cg rf f≈  

×àñòîòà ïåðåêàòûâàíèÿ òåë 
êà÷åíèÿ ïî íàðóæíîìó 

êîëüöó
of  

1
1 cos

2
rol

o r rol
cg

d
f f z

d
α

Ê ˆ
= -Á ˜Á ˜Ë ¯

 0,4cg rol rf z f≈  

×àñòîòà ïåðåêàòûâàíèÿ òåë 
êà÷åíèÿ ïî âíóòðåííåìó 

êîëüöó
if  

1
1 cos

2
rol

i r rol
cg

d
f f z

d
α

Ê ˆ
= +Á ˜Á ˜Ë ¯

 0,6i rol rf z f≈  

×àñòîòà âðàùåíèÿ òåë 
êà÷åíèÿ 

( )
2

21 cos
2

cg rol
rol rotor

rol cg

d d
f f

d d
α

Ê ˆÊ ˆ
Á ˜= - Á ˜Á ˜Á ˜Ë ¯Ë ¯

 – 
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ïèñü ñèãíàëîâ ñ äàò÷èêîâ îñóùåñòâëÿåòñÿ ñ ïîìî-
ùüþ èçìåðèòåëüíîé àïïàðàòóðû, êîòîðàÿ ïðèâíî-
ñèò ñâîþ äîïîëíèòåëüíóþ ïîãðåøíîñòü â èçìåðÿ-
åìûé ïàðàìåòð.

Êðèòåðèè îòáðàêîâêè ïîäøèïíèêà ïî âèáðî-
ñèãíàëó óñòàíàâëèâàþòñÿ ñòàòèñòè÷åñêè. Ïðè èç-
ãîòîâëåíèè ïîäøèïíèêè èìåþò îòêëîíåíèÿ îò
èäåàëüíîé ôîðìû â äîïóñòèìûõ ïðåäåëàõ – öè-
ëèíäðè÷íîñòè äëÿ ðîëèêîâ, ýëëèïñíîñòè, âîëíè-
ñòîñòè äëÿ áåãîâûõ äîðîæåê êîëåö è ò.ä. Íà
ïàðòèè èñïðàâíûõ ïîäøèïíèêîâ ïðîèçâîäèòñÿ
èçìåðåíèå è îïðåäåëåíèå äèñïåðñèè è ìàòåìàòè-
÷åñêîãî îæèäàíèÿ ýòèõ õàðàêòåðèñòèê. Ñ óâåëè÷å-
íèåì êîëè÷åñòâà èçäåëèé â ïàðòèè (êîëè÷åñòâà
çàìåðîâ) óâåëè÷èâàåòñÿ òî÷íîñòü ïîëó÷àåìûõ õà-
ðàêòåðèñòèê. Çàòåì îïðåäåëÿåòñÿ äîïóñòèìûé
äèàïàçîí èçìåðåíèÿ ïàðàìåòðîâ ïîäøèïíèêîâ.

Äëÿ äèàãíîñòèêè íåèñïðàâíîãî ñîñòîÿíèÿ
ïîäøèïíèêîâ â íèõ ïîî÷åðåäíî ââîäÿòñÿ (ïóòåì
óñòàíîâêè äåôåêòíûõ äåòàëåé) ðàçëè÷íûå äåôåê-
òû è íåèñïðàâíîñòè, à ïîëó÷åííûå äàííûå ñðàâ-
íèâàþòñÿ ñ ðåçóëüòàòàìè èñïûòàíèé èñïðàâíûõ
ïîäøèïíèêîâ. Îïðåäåëÿåòñÿ äèàïàçîí èçìåíåíèÿ
õàðàêòåðèñòèê ïîäøèïíèêîâ ñ ïðèâÿçêîé ê èìå-
þùèìñÿ ïîâðåæäåíèÿì.

Çàòåì, ïðè êîíòðîëå òåñòèðóåìîãî ïîäøèïíè-
êà îïðåäåëÿþòñÿ åãî õàðàêòåðèñòèêè è ïî èõ ïî-
ïàäàíèþ â îáëàñòü èñïðàâíîãî èëè íåèñïðàâíî-
ãî ñîñòîÿíèÿ îöåíèâàåòñÿ ðàáîòîñïîñîáíîñòü ïîä-
øèïíèêà.

Òîíêèé àíàëèç çàêëþ÷àåòñÿ â îñíîâíîì â àíà-
ëèçå óðîâíÿ îòäåëüíûõ õàðàêòåðíûõ ÷àñòîò, ñâÿ-
çàííûõ ñ íåèñïðàâíîñòÿìè è îòêëîíåíèÿìè ñî-
ñòàâëÿþùèõ ñïåêòðîâ ÷àñòîò âèáðàöèè ïðîâåðÿ-

åìûõ ïîäøèïíèêîâ, ïîëó÷åííûõ ñ ïîìîùüþ áû-
ñòðîãî ïðåîáðàçîâàíèÿ Ôóðüå. Ïðèìåíåíèå òîí-
êîãî àíàëèçà ïîçâîëÿåò ïîëó÷èòü áîëåå òî÷íûå
ðåçóëüòàòû.

Èñïûòàíèÿ

Ïîäâîäêà ìàñëà È-20À ïðîèçâîäèëàñü êàïåëü-
íûì ïóòåì ñ îïðåäåëåííûì çàäàííûì èíòåðâàëîì.

Çíà÷åíèÿ ïàðàìåòðîâ ïðè èñïûòàíèÿõ ïðèâå-
äåíû â òàáë. 2.

Àíàëèç âèáðàöèîííîãî ñîñòîÿíèÿ

Ñ öåëüþ àíàëèçà âèáðàöèîííîãî ñîñòîÿíèÿ
ïîäøèïíèêà 5ÀÂ1002926Ð4 ïðîâîäèëñÿ êîìïëåê-
ñíûé àíàëèç, âêëþ÷àþùèé ñïåêòðàëüíûé àíàëèç,
àíàëèç ÑÊÇ â íèçêî-, ñðåäíå- è âûñîêî÷àñòîòíûõ
äèàïàçîíàõ, ïèê-ôàêòîðà â íèçêî- è âûñîêî÷àñ-
òîòíîì äèàïàçîíå, àíàëèç ñïåêòðà îãèáàþùåé è
àíàëèç «ñûðîãî» ñèãíàëà çàïèñåé.

Ñïåêòðàëüíûé àíàëèç âèáðàöèè

Â ðåçóëüòàòå ñïåêòðàëüíîãî àíàëèçà âèáðàöèè
áûëè îïðåäåëåíû è èäåíòèôèöèðîâàíû ÷àñòîòû,
âîçáóæäàåìûå âðàùàþùèìèñÿ äåòàëÿìè ïîäøèï-
íèêà ïðè ðàäèàëüíîì íàãðóæåíèè 15 è 50 êãñ
(ðèñ. 4).

×àñòîòû èññëåäóåìîãî ïîäøèïíèêà ïðè íàãðó-
æåíèè 15 êãñ:

— òåëà êà÷åíèÿ ïî âíåøíåìó êîëüöó – 697 Ãö
(0,01 g);

— òåëà êà÷åíèÿ ïî âíóòðåííåìó êîëüöó —
813 Ãö (0,02 g);

— ñåïàðàòîð – 23 (0,008 g); òåëà êà÷åíèÿ –
328 Ãö (0,14 g);

Òàáëèöà 2

Çàìåðû ïàðàìåòðîâ ïðè èñïûòàíèÿõ

* Óêàçàííûå ïàðàìåòðû äîëæíû ðåãèñòðèðîâàòüñÿ ñ ïîìîùüþ ïèðîìåòðà.

Ïàðàìåòð Äèàïàçîí 
Ïîãðåøíîñòü 

èçìåðåíèÿ 

×àñòîòà âðàùåíèÿ âíóòðåííåãî êîëüöà n1, îá/ìèí 0…3000 ± 0,2 % 

Ðàäèàëüíàÿ íàãðóçêà Fr, êãñ 0…50 ± 0,5 êãñ 

Òåìïåðàòóðà âíóòðåííåãî êîëüöà Òâí. êîëüöà, 
î Ñ* 0…150 ± 1,5 % 

Âèáðîñêîðîñòü ãîðèçîíòàëüíàÿ  
è âåðòèêàëüíàÿ Вã, Вâ, ìì/ñ 

0…50 

± 30 % 

×àñòîòà, Ãö 0...10000 
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— ÷àñòîòà âðàùåíèÿ âàëà ñîñòàâëÿëà 50 Ãö
(0,07 g).

×àñòîòû èññëåäóåìîãî ïîäøèïíèêà ïðè íàãðó-
æåíèè 50 êãñ:

— òåëà êà÷åíèÿ ïî âíåøíåìó êîëüöó – 669 Ãö
(0,7 g);

— òåëà êà÷åíèÿ ïî âíóòðåííåìó êîëüöó —
819 Ãö (0,03 g);

— ñåïàðàòîð – 22 (0,0075 g); òåëà êà÷åíèÿ –
312 Ãö (0,546 g);

— ÷àñòîòà âðàùåíèÿ âàëà ñîñòàâëÿëà 49,5 Ãö
(0,0384 g).

Ðèñ. 4. Ñïåêòð âèáðàöèè ïðè íàãðóçêå 15 êãñ (à) è 50 êãñ (á)

á)

à)
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Ïðè ñðàâíåíèè äàííûõ, ïðèâåäåííûõ âûøå,
ìîæíî ñäåëàòü âûâîä î òîì, ÷òî ñ óâåëè÷åíèåì
íàãðóæåíèÿ ïðîñëåæèâàåòñÿ ðîñò íåêîòîðûõ ïîä-
øèïíèêîâûõ ñîñòàâëÿþùèõ ñïåêòðà âèáðàöèè,
ñâèäåòåëüñòâóþùèé îá óâåëè÷åíèè âçàèìîäåé-
ñòâèÿ êîíòàêòèðóþùèõ ïîâåðõíîñòåé. Àìïëèòóäà
÷àñòîòû òåë êà÷åíèÿ óâåëè÷èëàñü ïðèìåðíî â ÷å-
òûðå ðàçà, àìïëèòóäà ïåðåêàòûâàíèÿ òåë êà÷åíèÿ
ïî âíåøíåìó êîëüöó — â 70 ðàç. Ïðåäïîëîæèòåëü-
íî, óâåëè÷åíèå â 70 ðàç àìïëèòóäû ïåðåêàòûâàíèÿ
òåë êà÷åíèÿ ìîæåò áûòü ñâÿçàíî ñ íåçíà÷èòåëüíîé
óïðóãîé äåôîðìàöèåé âíåøíåãî êîëüöà, âñëåä-
ñòâèå íåðàâíîìåðíîñòè êîíòàêòà êîëüöà è ïëî-
ùàäêè øòîêà íàãðóæåíèÿ.

Àíàëèç ñïåêòðà îãèáàþùåé

Â ðåçóëüòàòå àíàëèçà ñïåêòðà îãèáàþùåé ïðè
íàãðóæåíèè 15 êãñ (ðèñ. 5) âûÿâëåíà ÷àñòîòà àì-

ïëèòóäíîé ìîäóëÿöèè â 223,5 Ãö ãëóáèíîé ìîäó-
ëÿöèè â 0,2. Â ïðîöåññå àíàëèçà ñïåêòðà îãèáàþ-
ùåé ïðè íàãðóæåíèè 50 êãñ âûÿâëåíû ÷àñòîòû
àìïëèòóäíîé ìîäóëÿöèè 468 Ãö (0,492), 668 Ãö
(3,1), 1377 Ãö (1),  2005 Ãö (0,7). Ïðè ýòîì ìàê-
ñèìàëüíàÿ ãëóáèíà ìîäóëÿöèè ñîñòàâëÿåò 3,1 íà
÷àñòîòå   668 Ãö, ÷òî ñîîòâåòñòâóåò ïåðåêàòûâàíèþ
òåë êà÷åíèÿ ïî âíåøíåìó êîëüöó, ÷òî êîððåëèðó-
åòñÿ ñ óâåëè÷åíèåì àìïëèòóäû â 70 ðàç íà äàííîì
ðåæèìå.

Àíàëèç ñðåäíåêâàäðàòè÷åñêèõ çíà÷åíèé âèáðàöèé

Àíàëèç ñðåäíåêâàäðàòè÷åñêèõ çíà÷åíèé (ÑÊÇ)
âèáðàöèè âûïîëíÿëñÿ â ÷åòûðåõ ÷àñòîòíûõ äèà-
ïàçîíàõ   (òàáë. 3 è 4), êîñâåííî óêàçûâàþùèõ íà
íàëè÷èå îïðåäåëåííûõ ãðóïï äåôåêòîâ ïîäøèï-
íèêîâ ïðè ïðåäâàðèòåëüíîì ïðîâåäåíèè ðàáîò ïî
íîðìèðîâàíèþ èõ àìïëèòóäû.

Ðèñ. 5. Ñïåêòð îãèáàþùåé ïðè íàãðóæåíèè 15 êãñ (à) è 50 êãñ (á)

à)

á)
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Â ðåçóëüòàòå àíàëèçà âûÿâëåíî ñóùåñòâåííîå
óâåëè÷åíèå (îò 3 äî 14 ðàç) àìïëèòóä ÑÊÇ â âû-
ñîêî÷àñòîòíûõ äèàïàçîíàõ (áîëåå 150 Ãö) ïðè
óâåëè÷åíèè íàãðóæåíèÿ äî 50 êãñ, ÷òî ñâÿçàíî ñ
óâåëè÷åíèåì âçàèìîäåéñòâèÿ êîíòàêòèðóþùèõ
ïîâåðõíîñòåé (ìèêðîíåðîâíîñòåé) ïîäøèïíèêà, â
ðåçóëüòàòå óìåíüøåíèÿ ìàñëÿíîãî êëèíà, ïðèâî-
äÿùåãî ê âîçíèêíîâåíèþ íåëèíåéíûõ êîëåáàòåëü-
íûõ ïðîöåññîâ. Óâåëè÷åíèå ÑÊÇ âñåãî ÷àñòîòíî-
ãî äèàïàçîíà ïðè ýòîì ñîñòàâèëî ïðèìåðíî ïÿòü
ðàç.

Àíàëèç ïèê-ôàêòîðà

Áûë ïðîâåäåí àíàëèç ïèê-ôàêòîðà âèáðàöèé
ïîäøèïíèêà â íèçêî- è âûñîêî÷àñòîòíîé îáëàñ-

Òàáëèöà 3

Íàãðóçêà 15 êãñ

Òàáëèöà 4

Íàãðóçêà 50 êãñ

Òàáëèöà 5

Çíà÷åíèå ïèê-ôàêòîðà â íèçêî÷àñòîòíîé îáëàñòè ïîä íàãðóçêîé 15 êãñ

òè. Äàííûé âèä àíàëèçà ïîçâîëÿåò âûÿâèòü èì-
ïóëüñíîå âçàèìîäåéñòâèå äåòàëåé ïîäøèïíèêà â
âèäå óäàðîâ î äåôåêòû êîíòàêòèðóþùèõ ïîâåðõ-
íîñòåé. Ðåçóëüòàòû àíàëèçà ïðåäñòàâëåíû â
òàáë. 5—8.

Â ðåçóëüòàòå àíàëèçà ìîæíî ñäåëàòü âûâîä, ÷òî
çíà÷åíèå ïèê-ôàêòîðà ñ óâåëè÷åíèåì ðàäèàëüíîãî
íàãðóæåíèÿ ïàäàåò â âûñîêî÷àñòîòíîé îáëàñòè.
Äàííûé ïðîöåññ îáúÿñíÿåòñÿ óâåëè÷åíèåì àìïëè-
òóäû íåëèíåéíûõ (íåïåðèîäè÷åñêèõ è ïî÷òè ïå-
ðèîäè÷åñêèõ) ïðîöåññîâ â âèäå øóìîâ â ðàçëè÷-
íûõ äèàïàçîíàõ, ÷òî ÿâëÿåòñÿ ñëåäñòâèåì èçìåíå-
íèÿ ïàðàìåòðîâ ìàñëÿíîãî êëèíà. Ïðè ýòîì êðè-
òè÷åñêèõ çíà÷åíèé àìïëèòóä ïèê-ôàêòîðà íå âû-
ÿâëåíî.

×àñòîòíûé äèàïàçîí, Ãö 25-150 150-900 900-10000 25-10000 

Âåðòèêàëüíîå íàïðàâëåíèå, ìì/ñ2 0,06 0,27 0,79 0,83 

Ãîðèçîíòàëüíîå íàïðàâëåíèå, ìì/ñ2 0,09 0,22 1,5 1,4 

×àñòîòíûé äèàïàçîí, Ãö 25-150 150-900 900-10000 25-10000 

Âåðòèêàëüíîå íàïðàâëåíèå, ìì/ñ2 0,04 0,9 4,36 4,6 

Ãîðèçîíòàëüíîå íàïðàâëåíèå, ìì/ñ2 0,05 3,16 3,5 5 
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Òàáëèöà 6

Çíà÷åíèå ïèê-ôàêòîðà â íèçêî÷àñòîòíîé îáëàñòè ïîä íàãðóçêîé 50 êãñ

Òàáëèöà 7

Çíà÷åíèå ïèê-ôàêòîðà â âûñîêî÷àñòîòíîé îáëàñòè ïîä íàãðóçêîé 15 êãñ

Òàáëèöà 8

Çíà÷åíèå ïèê-ôàêòîðà â âûñîêî÷àñòîòíîé îáëàñòè ïîä íàãðóçêîé 50 êãñ
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Àíàëèç òåìïåðàòóðíîãî ñîñòîÿíèÿ

Çíà÷åíèÿ òåìïåðàòóðû ïî ìåðå óâåëè÷åíèÿ ÷à-
ñòîòû âðàùåíèÿ âàëà è íàãðóçêè çàïèñûâàëèñü â
òàáë. 9.

Íà ðèñ. 6 ïîêàçàíû ãðàôèêè òåìïåðàòóðíîãî
ñîñòîÿíèÿ âíåøíåãî è âíóòðåííåãî êîëåö â õîäå
èñïûòàíèé.

Ïî òàáë. 9 è ðèñ. 6 ìîæíî ñäåëàòü âûâîä, ÷òî
â õîäå èñïûòàíèé ïðîèçîøåë íåçíà÷èòåëüíûé
ðàçîãðåâ êîëåö ïîäøèïíèêà îò òðåíèÿ ïîâåðõíî-
ñòåé ñîïðèêàñàþùèõñÿ äåòàëåé, íå ïîâëèÿâøèé íà
õîä äàííûõ èññëåäîâàíèé, òàê êàê ïðè ðàáîòå ïîä-
øèïíèêà íà èçäåëèè è ïðè èñïûòàíèÿõ ïîäáèðà-
åòñÿ äîñòàòî÷íûé ðàñõîä ìàñëà, à òåì ñàìûì îáåñ-
ïå÷èâàåòñÿ äîñòàòî÷íîå îõëàæäåíèå.

Âèçóàëüíûé êîíòðîëü èññëåäóåìîãî ïîäøèïíèêà
äî è ïîñëå âõîäíîãî êîíòðîëÿ

Ïîäøèïíèê ïîñòóïèë â óäîâëåòâîðèòåëüíîì
ñîñòîÿíèè. Îòìå÷àþòñÿ íåáîëüøèå ñëåäû âûêðà-
øèâàíèÿ êîëåö ïî äîðîæêàì êà÷åíèÿ.

Ôîòîãðàôèè äî è ïîñëå èññëåäîâàíèÿ ïðåä-
ñòàâëåíû íà ðèñ. 7 è 8 ñîîòâåòñòâåííî.

Âûâîäû

1. Â ðåçóëüòàòå âèáðàöèîííîãî èññëåäîâàíèÿ
èìïóëüñíûõ ïðîöåññîâ, ñâÿçàííûõ ñ äåôåêòàìè
ïîäøèïíèêà ìåæðîòîðíîé îïîðû ÃÒÄ, íå âûÿâ-
ëåíî. Â ïðîöåññå óâåëè÷åíèÿ íàãðóæåíèÿ ïîäøèï-
íèêà äî 50 êãñ ôèêñèðóåòñÿ ðîñò çíà÷åíèé àìï-
ëèòóä òåë êà÷åíèÿ è óâåëè÷åíèå âûñîêî÷àñòîòíîé
âèáðàöèè, ÷òî ñâÿçàíî ñ óìåíüøåíèåì òîëùèíû
ìàñëÿíîãî êëèíà è íåçíà÷èòåëüíîé óïðóãîé äå-
ôîðìàöèåé íàðóæíîãî êîëüöà âñëåäñòâèå îñîáåí-

Òàáëèöà 9

Òåìïåðàòóðíîå ñîñòîÿíèå âíåøíåãî è âíóòðåííåãî êîëåö â õîäå èñïûòàíèé

Ðèñ. 6. Ãðàôèêè òåìïåðàòóðíîãî ñîñòîÿíèÿ âíåøíåãî è
âíóòðåííåãî êîëåö â õîäå èñïûòàíèé

Ðèñ. 7. Êîëüöà è ðîëèê ïîäøèïíèêà äî íà÷àëà èññëå-
äîâàíèÿ

×àñòîòà âðàùåíèÿ âòóëêè, 
îá/ìèí 

Òåìïåðàòóðà âíåøíåãî êîëüöà Ò1 è âíóòðåííåãî êîëåö Ò2, 
îÑ 

Ò 1  Ò2 Ò1 Ò2 

Fr = 15 êãñ Fr = 50 êãñ 

500 23,3 23,8 26,5 28,1 

1000 23,4 23,3 26,3 31,3 

1500 23,5 23,0 26,7 33,6 

2000 23,8 22,7 26,9 36,7 

2500 24,0 22,4 27,1 38,3 

3000 24,5 24,9 28,6 42,9 
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íîñòåé êîíñòðóêöèè óçëà íàãðóæåíèÿ óñòàíîâêè
ââèäó åãî óíèôèêàöèè ïîä áîëüøèíñòâî òèïîðàç-
ìåðîâ ïîäøèïíèêîâ.

2. Â ðåçóëüòàòå òåìïåðàòóðíîãî àíàëèçà ìîæ-
íî ñäåëàòü âûâîä, ÷òî â õîäå èñïûòàíèé ïðîèçî-
øåë íåçíà÷èòåëüíûé ðàçîãðåâ êîëåö ïîäøèïíè-
êà îò òðåíèÿ ïîâåðõíîñòåé ñîïðèêàñàþùèõñÿ äå-
òàëåé, íå ïîâëèÿâøèé íà õîä äàííûõ èñïûòàíèé,
òàê êàê ïðè ðàáîòå ïîäøèïíèêà íà èçäåëèè è ïðè
èñïûòàíèÿõ ïîäáèðàåòñÿ äîñòàòî÷íûé ðàñõîä ìàñ-
ëà, à òåì ñàìûì îáåñïå÷èâàåòñÿ äîñòàòî÷íîå îõ-
ëàæäåíèå (òàáë. 9, ðèñ. 6).

3. Ïîäøèïíèê ïîñòóïèë â óäîâëåòâîðèòåëüíîì
ñîñòîÿíèè. Îòìå÷àþòñÿ íåáîëüøèå ñëåäû âûêðà-
øèâàíèÿ êîëåö ïî äîðîæêàì êà÷åíèÿ. Ïîñëå ïðî-
âåäåíèÿ âõîäíîãî êîíòðîëÿ íèêàêèõ èçìåíåíèé â
èññëåäóåìîì ïîäøèïíèêå íå ïðîèçîøëî.

4. Ïîñëå ïðîõîæäåíèÿ èñïûòàíèé ïîäøèïíèê
äîïóùåí ê ýêñïëóàòàöèè â îïîðå ðîòîðà ÃÒÄ.
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Abstract

The presented article deals with the studying of
roller bearing after accelerated life test for the resource
of 2000 hours.

To analyze the 5ÀÂ1002926Ð4 bearing vibration
state a cpmprehensive analysis was being performed,
including spectral analysis, RMS analysis in low-,
medium- and high-frequency ranges, analysis of a
pick-factor  in low- and high-frequency ranges, and
analysis of a “raw” signal of records.

The obtained test results allowed evaluate the
bearing technical condition and transfer to further life
tests with the test bench at “CIAM named after
P.I. Baranov”.

It is well-known, that machines and mechanisms
reliability depends essentially on their bearing
assemblies working capacity. It is especially important
for aviation engines as their bearing assemblies are one
of the most responsible units often limiting an engine
resource.

A reliable estimate of roller bearings technical
condition, applied in gas turbine engines presents a
problem at the aircraft building enterprise  while both
manufacturing and incoming inspection and fault
detection. It concerns especially the indecomposable
bearings since their technical condition estimation
system currently in force is based mainly on the
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subjective methods such as checks on ease of rotation,
or noise. Thus, the instrumental control methods
implementation allowing not only estimate, but also
forecast the working capacity during the operational
process with more fidelity, is of current interest.

One of such instrumental methods is the quality
monitoring of bearings vibration characteristics (a
method of vibration diagnostics), operating with the
specified loadings and frequencies of rotation. For
vibrations measuring the vibrational converters, i.e.
seismometers or accelerometer are used.

Methods of bearings vibrations measurement at
control test benches are defined by the Standards [4,
5, 6]. The bearings condition is defined through the
analysis of vibration signals [7].

Currently, various test benches, installations and
diagnostics complexes, realizing this technique, have
been developed, and being manufactured. One of them
is the SP-180M test bench for roller bearings incoming
inspection, being produced by LLC “Diamekh”. The
test bench is meant for experimental studies for
technical condition evaluation of separate bearings by
vibration diagnostics method. These are the bearings
of the first category (new), and bearings of the second
category (being reinstalled), being installed in the
engine while assembling.
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The roller bearings, depending on the structure
specifics of the product, where they are employed
(parameters of inertia, stiffness and damping) may
generate vibration of various intensity at various
frequencies.

The vibration sensors mounting location and their
characteristics significantly affects measuring results.

Thus, the SP-180 test bench has the single-type
fixing of bearings, and fixed position of vibration
sensors

The vibration signal amplitude, generated while
interaction of working surfaces and external and
internal rings of the bearing will depend on the
rotational frequency of the test bench. Thus, its
operating frequencies have the specified values.

Keywords: roller bearings, vibration state, incoming
inspection.
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