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Â íàñòîÿùåå âðåìÿ îïðåäåëåíèå äèñáàëàíñà íà ðîòîðå ïðåäñòàâ-
ëÿåò ñîáîé ñëîæíóþ çàäà÷ó, ïîñêîëüêó â ðîòîðå âñåãäà ïðèñóò-
ñòâóþò íåòî÷íîñòè èçãîòîâëåíèÿ, êîòîðûå íåîáõîäèìî èçìåðÿòü
äëÿ êàæäîé ñáîðêè äâèãàòåëÿ îòäåëüíî. Àëüòåðíàòèâíûì ïîäõî-
äîì ÿâëÿåòñÿ ìåòîä âåðîÿòíîñòíîãî çàäàíèÿ äèñáàëàíñîâ íà îñíî-
âàíèè çíà÷åíèé äîïóñêîâ íåòî÷íîñòåé èçãîòîâëåíèÿ äåòàëåé. Ïðè
îïðåäåëåíèè ïðîãèáà ðîòîðà îò ñëó÷àéíîãî äèñáàëàíñà âîçíèêàåò
íåîáõîäèìîñòü ïåðåñ÷åòà ïðîãèáà äëÿ êàæäîé ðåàëèçàöèè äèñáà-
ëàíñà, ÷òî ìîæåò óâåëè÷èòü âðåìÿ ðàñ÷åòà. Â íàñòîÿùåé ñòàòüå
ïðåäëîæåíà ðåàëèçàöèÿ ìåòîäà ñèë, êîòîðàÿ ñâîäèòñÿ ê íåîáõî-
äèìîñòè ðàñ÷åòà ëèøü åäèíè÷íûõ ïðîãèáîâ ñèñòåìû. Íà òåñòîâîé
çàäà÷å áûëà îöåíåíà ïëîòíîñòü âåðîÿòíîñòè ïðîãèáà ðîòîðà ïðè
èçâåñòíîé ïëîòíîñòè ðàñïðåäåëåíèÿ äèñáàëàíñà.

Êëþ÷åâûå ñëîâà: äèñáàëàíñ, ïðîãèá ðîòîðà, ìåòîä ñèë, äîïóñêà

Calculation of random operating deflection of rotor using
the force method

Nowadays the definition of rotor unbalance is a complicated task, be-
cause there always are inaccuracies in machine parts, which must be
measured during each engine assembly proccess. An alternative ap-
proach is the method of probabilistic definition of unbalance based on
tolerance values of parts inaccuracies. When calculating rotor deflec-
tion due to action of random unbalance there is a need for repeated
calculation for each realization of unbalance, which may increase the
calculation time. In present paper the variant of the force method
for rotor deflection calculation is proposed. In this case only unit
deflections should be calculated. A test task was solved, wherein the
probability-density function of rotor deflection was estimated provided
the probability-density function of unbalance was known.

Keywords: unbalance, rotor deflection, force method, tolerancies
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Ðàññìîòðèì ëèíåéíóþ ñèñòåìó (1), îïèñûâàþùóþ ïðîãèá ðîòîðà îò
íåêîòîðîé íàãðóçêè {D}:

([M ] + {q̈}) + ([C] + [Cg]){q̇}+ [K]{q} = {D}. (1)

Â äâóìåðíîì ñëó÷àå çíà÷åíèå ïðîãèáà qi â íåêîòîðîì óçëå îò íåêî-
òîðîãî íàáîðà äèñáàëàíñîâ {D}j , j = 1..n îïðåäåëÿåòñÿ ñòàíäàðòíûì
ìåòîäîì ñèë:

qi =
∑
j

|{D}j |{D}jδj . (2)

ãäå δj - çíà÷åíèå åäèíè÷íîãî ïðîãèáà â i-ì óçëå îò äåéñòâèÿ åäèíè÷íîãî

äèñáàëàíñà
{D}j

|{D}j | .

Ìîæíî ïîêàçàòü, ÷òî â òðåõìåðíîì ñëó÷àå îñåñèììåòðè÷íîé èçî-
òðîïíîé ñèñòåìû ïðîåêöèè ïðîãèáà qxi , q

y
i â i-ì óçëå îïðåäåëÿþòñÿ ïî

ôîðìóëàì:

qxi =
∑
j

djδjcos(ϕj). (3)

qyi =
∑
j

djδjsin(ϕj). (4)

ãäå dj - ìîäóëü j-ãî óçëîâîãî äèñáàëàíñà, ϕj - ôàçà j-ãî óçëîâîãî äèñáàëàí-
ñà, δj � ïðîåêöèÿ ïåðåìåùåíèÿ â i-ì â óçëå îò j-ãî åäèíè÷íîãî óçëîâîãî
äèñáàëàíñà íà íàïðàâëåíèå j-ãî óçëîâîãî äèñáàëàíñà.

Ðàññìîòðèì ñèñòåìó, ïðèâåäåííóþ íà ðèñóíêå 1.

Ðèñóíîê 1. Ðàññìàòðèâàåìàÿ áàëî÷íàÿ ñèñòåìà

Äîïóñòèì, ÷òî ìîäóëü dj è ôàçà ϕj êàæäîãî óçëîâîãî äèñáàëàíñà
ÿâëÿþòñÿ ñëó÷àéíûìè âåëè÷èíàìè, ðàâíîìåðíî ðàñïðåäåëåííûìè â èí-
òåðâàëàõ, ñîîòâåòñòâåííî, [0, d̃j ] è [0, 2π].
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Ìîäåëèðóÿ ñëó÷àéíûå âåëè÷èíû dj è ϕj äëÿ ñëó÷àÿ äèñáàëàíñîâ,
âûçâàííûõ ðàçíîòîëùèííîñòüþ è áèåíèåì íàðóæíîé è ïîñàäî÷íûõ ïî-
âåðõíîñòåé âàëîâ, è ïðîâîäÿ ïðåîáðàçîâàíèÿ ïî ôîðìóëàì (3), ïîëó÷àåì
âûáîðêó ïîïåðå÷íîé ñêîðîñòè â çàäàííîé òî÷êå.

Íà ðèñóíêå 2 ïðåäñòàâëåíà îöåíåííàÿ ôóíêöèÿ ïëîòíîñòè ðàñïðåäå-
ëåíèÿ ïîïåðå÷íîé ñêîðîñòè â ñðàâíåíèè ñ ýêñïåðèìåíòîì â ïðåäïîëîæå-
íèè ðåëååâîñòè ðàñïðåäåëåíèÿ.

Ðèñóíîê 2. Òåîðåòè÷åñêàÿ è ýêñïåðèìåíòàëüíàÿ ïëîòíîñòè ðàñïðå-

äåëåíèÿ ïîïåðå÷íîé ñêîðîñòè

Òàêèì îáðàçîì, ïðèìåíåíèå ìåòîäà ñèë ïîçâîëÿåò ãåíåðèðîâàòü âû-
áîðêó ïîïåðå÷íîé ñêîðîñòè ëþáîé ðàçìåðíîñòè è ïîëó÷àòü òî÷íóþ îöåí-
êó ïëîòíîñòè ðàñïðåäåëåíèÿ.
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