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Ïðîàíàëèçèðîâàíû ýêñïåðèìåíòàëüíûå äàííûå âëèÿíèÿ ðàçëè÷íîé ñêîðîñòè ðåçàíèÿ íà èíòåíñèâíîñòü èç-
íîñà èíñòðóìåíòà. Ïîëó÷åíà çàâèñèìîñòü âåëè÷èíû èçíîñà îò âåëè÷èíû íàðîñòà, îò òîëùèíû ñðåçàåìîãî ñëîÿ è
ïîäà÷è. Ïðîàíàëèçèðîâàíû ýêñïåðèìåíòàëüíûå äàííûå âëèÿíèÿ ãëóáèíû ðåçàíèÿ è òåìïåðàòóðû èíñòðóìåíòà
íà èíòåíñèâíîñòü èçíîñà èíñòðóìåíòà. Ïðèâåäåíû ðåêîìåíäàöèè ïî âûáîðó îïòèìàëüíûõ ðåæèìîâ ðåçàíèÿ, ïðè
êîòîðûõ îáåñïå÷èâàåòñÿ ìàêñèìàëüíûé ñðîê ñëóæáû èíñòðóìåíòà.

Êëþ÷åâûå ñëîâà: çàãîòîâêà, ìåõàíè÷åñêàÿ îáðàáîòêà, ïåðåäíÿÿ ïîâåðõíîñòü, ñêîðîñòü ðåçàíèÿ, ãëóáèíà ðåçà-
íèÿ, ïîäà÷à, ñêîðîñòü ðåçàíèÿ, òåìïåðàòóðà.

Ââåäåíèå

Ìàòåðèàëû, èñïîëüçóåìûå â àâèàöèîííîé
ïðîìûøëåííîñòè, õàðàêòåðèçóþòñÿ  âûñîêîé
ïðî÷íîñòüþ, æ¸ñòêîñòüþ è ìàëîé ìàññîé. Ðàáîòà
ñ ïëàñòè÷íûìè ìàòåðèàëàìè îòëè÷àåòñÿ îñîáåííî-
ñòÿìè ïðè âçàèìîäåéñòâèè ñòðóæêè è ðåæóùåãî
èíñòðóìåíòà. Òåìïåðàòóðû â çîíå ðåçàíèÿ, òîëùè-
íà ñðåçàåìîãî ñëîÿ, ñêîðîñòè ðåçàíèÿ âëèÿþò íà
ôèçè÷åñêèå è õèìè÷åñêèå ïðîöåññû â çîíå êîíòàê-
òà. Äëÿ àâèàöèîííûõ ìàòåðèàëîâ ðàçìåðíàÿ ñòîé-
êîñòü èíñòðóìåíòà, óìåíüøåíèå åãî èçíîñà è ñî-
õðàíåíèå ïîêðûòèÿ íà ðåæóùèõ ïëàñòèíàõ âàæíî
ñ òî÷êè çðåíèÿ óâåëè÷åííîãî íàðîñòîîáðàçîâàíèÿ

èç-çà ïëàñòè÷íîñòè ìàòåðèàëà çàãîòîâêè. Ïî ñðàâ-
íåíèþ ñ ÷óãóíàìè, áðîíçàìè èíòåíñèâíîñòü îáðà-
çîâàíèÿ íàðîñòà è èçíîñà ðåæóùåé êðîìêè îòëè-
÷àåòñÿ â ðàçû.

ßâëåíèå èçíîñà èíñòðóìåíòà
ïî ïåðåäíåé ïîâåðõíîñòè

Ïðè îáðàáîòêå çàãîòîâîê èçäåëèé àâèàöèîííîé
ïðîìûøëåííîñòè ìåòîäàìè ðåçàíèÿ âîçíèêàþò
ïðîáëåìû, ñâÿçàííûå ñ èçíîñîì èíñòðóìåíòà.
Îñîáåííîñòè òàêîãî èçíîñà äîëæíû ó÷èòûâàòüñÿ
ïðè îáðàáîòêå ïëàñòè÷íûõ ìàòåðèàëîâ, òàêèõ êàê
àëþìèíèåâûå, ìàãíèåâûå è òèòàíîâûå ñïëàâû, èñ-
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ïîëüçóåìûõ â àâèàöèîííîé ïðîìûøëåííîñòè êàê
îñíîâíûå ìàòåðèàëû êîíñòðóêöèè óçëîâ äåòàëåé.

Ïðè ýòîì íàèáîëüøåå äàâëåíèå ñòðóæêè è òåì-
ïåðàòóðà óñòàíàâëèâàþòñÿ íà íåêîòîðîì ðàññòîÿ-
íèè l îò ðåæóùåé êðîìêè (ðèñ. 1), êîòîðîå óâåëè-
÷èâàåòñÿ ñ óâåëè÷åíèåì òîëùèíû à ñðåçàåìîãî
ñëîÿ, ñêîðîñòè ðåçàíèÿ V è ñ óìåíüøåíèåì ïåðå-
äíåãî óãëà γ .

Â òî÷êå Ñ, íàçûâàåìîé öåíòðîì äàâëåíèÿ
ñòðóæêè, íà÷èíàåòñÿ èçíîñ ïåðåäíåé ïîâåðõíîñòè.
×åðåç íåêîòîðîå âðåìÿ îáðàçóåòñÿ íåáîëüøîå óã-
ëóáëåíèå — ëóíêà. Ñòåïåíü èçíîñà ïåðåäíåé ïî-
âåðõíîñòè õàðàêòåðèçóåòñÿ ãëóáèíîé h è øèðèíîé
b ëóíêè. Ïî ìåðå èçíîñà ëóíêà óâåëè÷èâàåòñÿ ïî
ãëóáèíå è øèðèíå, è åå êðàé ïðèáëèæàåòñÿ ê ðå-
æóùåé êðîìêå. Ïðè ýòîì óâåëè÷åíèå øèðèíû ëóí-
êè â ñòîðîíó ðåæóùåé êðîìêè ïðîèñõîäèò çíà÷è-
òåëüíî ìåäëåííåå, ÷åì â ïðîòèâîïîëîæíóþ ñòîðî-
íó. Ïîñëå òîãî êàê êðàé ëóíêè äîñòèãàåò ðåæóùåé
êðîìêè, èíñòðóìåíò î÷åíü áûñòðî òóïèòñÿ.

Åñëè èçìåðÿòü ãëóáèíó ëóíêè ÷åðåç ðàâíûå
ïðîìåæóòêè âðåìåíè è ïîëó÷åííûå ðåçóëüòàòû íà-
íåñòè íà ãðàôèê, òî ïîëó÷èì êðèâóþ, õàðàêòåðè-
çóþùóþ èçíîñ ïåðåäíåé ïîâåðõíîñòè (ðèñ. 2).

Âíà÷àëå èçíîñ ïðîèñõîäèò áûñòðî, è êðèâàÿ íà
ãðàôèêå ïîäíèìàåòñÿ êðóòî. Ýòî òàê íàçûâàåìûé
ïåðèîä I íà÷àëüíîãî èçíîñà. Çàòåì íàñòóïàåò ïå-
ðèîä II íîðìàëüíîãî èçíîñà, îáû÷íî îí çàíèìàåò
90—95% âñåãî âðåìåíè ðàáîòû èíñòðóìåíòà îò
çàòî÷êè äî çàòî÷êè. Ïîñëå ýòîãî íàñòóïàåò î÷åíü
êðàòêîâðåìåííûé ïåðèîä óñèëåííîãî èçíîñà III.
Çäåñü çà íåáîëüøîé îòðåçîê âðåìåíè èçíîñ ðåçêî
óâåëè÷èâàåòñÿ.

Âëèÿíèå ñêîðîñòè ðåçàíèÿ íà èçíîñ èíñòðóìåíòà

Ïðè èçìåðåíèè èçíîñà èíñòðóìåíòà ïðè ðàç-
ëè÷íûõ ñêîðîñòÿõ ðåçàíèÿ âûÿâëåíî, ÷òî ÷åì âûøå
ñêîðîñòü ðåçàíèÿ, òåì âûøå áóäåò ëåæàòü êðèâàÿ
èçíîñà è òåì êðó÷å áóäåò åå ïîäúåì, ÷òî ñâèäåòåëü-
ñòâóåò î áîëåå áûñòðîì èçíîñå èíñòðóìåíòà
(ðèñ. 3).

Âëèÿíèå òîëùèíû ñðåçàåìîãî ñëîÿ è ïîäà÷è
íà èíòåíñèâíîñòü èçíîñà èíñòðóìåíòà

Ïðè îáðàáîòêå ïîâåðõíîñòåé îáðàçóåòñÿ íà-
ðîñò. Êîãäà òîëùèíà ñðåçàåìîãî ñëîÿ âåëèêà, òî è
íàðîñò, ñîîòâåòñòâåííî, èìååò áîëüøóþ âûñîòó, à
åãî âåðøèíà äàëåêî âûäàåòñÿ çà ðåæóùóþ êðîìêó,
óñòðàíÿÿ êîíòàêò çàäíåé ïîâåðõíîñòè ñ ïîâåðõíî-
ñòüþ ðåçàíèÿ è òåì ñàìûì ïðåäîõðàíÿÿ ýòó ïîâåð-
õíîñòü îò èçíîñà. Ïîýòîìó ïðè òàêèõ óñëîâèÿõ
áóäåò èçíàøèâàòüñÿ òîëüêî ïåðåäíÿÿ ïîâåðõíîñòü.

Ñ óìåíüøåíèåì òîëùèíû ñðåçàíèÿ âûñîòà íà-
ðîñòà ñòàíîâèòñÿ ìåíüøå, è, êàê ïîêàçûâàåò îïûò,
ïðè ãëóáèíå ñðåçàåìîãî ñëîÿ à <0,5 ìì íàðîñò óæå
íå ìîæåò íàäåæíî çàùèùàòü çàäíþþ ïîâåðõíîñòü

Ðèñ. 1. Èçíîñ ðåçöà ïî ïåðåäíåé ïîâåðõíîñòè: à — òîë-
ùèíà ñðåçàåìîãî ñëîÿ; l — ðàññòîÿíèå, íà êîòîðîì óñ-
òàíàâëèâàåòñÿ íàèáîëüøåå äàâëåíèå ñòðóæêè è íàèáîëü-

øàÿ òåìïåðàòóðà; Ñ — öåíòð äàâëåíèÿ ñòðóæêè; γ —

ïåðåäíèé óãîë; b — øèðèíà ëóíêè; h — ãëóáèíà ëóíêè

Ðèñ. 2. Çàâèñèìîñòü èçíîñà ðåçöà îò ïðîäîëæèòåëüíî-

ñòè åãî ðàáîòû: hîï – èçíîñ ðåçöà; τ  – âðåìÿ ðàáîòû èí-
ñòðóìåíòà; I – ïåðèîä íà÷àëüíîãî èçíîñà; II – ïåðèîä
íîðìàëüíîãî èçíîñà; III – ïåðèîä óñèëåííîãî èçíîñà

Ðèñ. 3. Âëèÿíèå ñêîðîñòè ðåçàíèÿ íà èíòåíñèâíîñòü
èçíîñà èíñòðóìåíòà: V1, V2, V3 – ñêîðîñòè ðåçàíèÿ:
V1<V2<V3; Ò1, T2, T3 – âðåìÿ îêîí÷àíèÿ ïåðèîäà II íîð-
ìàëüíîãî èçíîñà; hîï – èçíîñ èíñòðóìåíòà; τ  — âðåìÿ
ðàáîòû èíñòðóìåíòà
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îò èçíîñà. Â ðåçóëüòàòå ïðîèñõîäèò èçíîñ ïî çàä-
íåé è ïåðåäíåé ïîâåðõíîñòÿì îäíîâðåìåííî.

Ïðè î÷åíü ìàëîé òîëùèíå ñðåçà (à < 0,1 ìì)
íàðîñò èìååò î÷åíü íåçíà÷èòåëüíóþ âûñîòó, à äàâ-
ëåíèå ñòðóæêè êîíöåíòðèðóåòñÿ íà ïîâåðõíîñòè
çàêðóãëåíèÿ ðåæóùåé êðîìêè. Âñëåäñòâèå ýòîãî
ïðîèñõîäèò èçíîñ òîëüêî ïî îäíîé çàäíåé ïîâåð-
õíîñòè.

Ó÷èòûâàÿ ôîðìóëó, ñâÿçü ïîäà÷è è òîëùèíû
ñðåçà a = S·sin ϕ , ìîæíî ñäåëàòü âûâîä, ÷òî ñ óâå-

ëè÷åíèåì ïîäà÷è óâåëè÷èâàåòñÿ òîëùèíà ñðåçà, à
çíà÷èò, è èçíîñ ïî ïåðåäíåé ïîâåðõíîñòè.

Âëèÿíèå ãëóáèíû ðåçàíèÿ
íà èíòåíñèâíîñòü èçíîñà èíñòðóìåíòà

Ïî äàííûì ýêñïåðèìåíòà [2] ïîñòðîåíû ãðàôè-
êè çàâèñèìîñòè hîï  îò t. Äåòàëè èç íåðæàâåþùåé
ñòàëè 12Õ18Í9Ò îäíîãî è òîãî æå ðàçìåðà îáðàáà-
òûâàëèñü íà îäíîì è òîì æå ñòàíêå ðåçöàìè èç
òâåðäîãî ñïëàâà ÂÊ6 ñ èçìåíåíèåì ïîäà÷ è ãëóáè-
íàìè ðåçàíèÿ (ðèñ. 4).

Èç àíàëèçà ïîëó÷åííîãî ãðàôèêà ñëåäóåò, ÷òî
ìèíèìàëüíûé èçíîñ èíñòðóìåíòà ïðè ðàçëè÷íûõ
ïîäà÷àõ ïðîèñõîäèò ïðè ãëóáèíå ðåçàíèÿ t = 1 ìì
ïðè äàííûõ óñëîâèÿõ ðàáîòû. Òî åñòü èìååòñÿ îï-
ðåäåëåííàÿ ãëóáèíà ðåçàíèÿ, ïðè êîòîðîé èçíîñ
ìèíèìàëüíûé. Óâåëè÷åíèå èëè óìåíüøåíèå ãëó-
áèíû ðåçàíèÿ ïðèâîäèò ê óâåëè÷åíèþ èçíîñà.

Çàâèñèìîñòü èçíîñà èíñòðóìåíòà
îò ðàçëè÷íûõ ôàêòîðîâ ðåçàíèÿ

Ïðè èñïûòàíèè ðåçöîâ èç òâåðäîãî ñïëàâà [3]
ïîëó÷åíû çàâèñèìîñòè èçíîñà îò èçìåíåíèÿ ðåæè-
ìîâ ðåçàíèÿ (ñêîðîñòè ðåçàíèÿ, ïîäà÷è, ãëóáèíû
ðåçàíèÿ). Ðåçóëüòàòû ýêñïåðèìåíòîâ ïðåäñòàâëåíû
íà ðèñ. 5—7.

Íà îñíîâå ìàòåìàòè÷åñêîé îáðàáîòêè îïûòíîãî
ìàòåðèàëà áûëà âûâåäåíà ñëåäóþùàÿ çàâèñèìîñòü
èçíîñà (ãëóáèíà ëóíêè) îò ðàçëè÷íûõ ôàêòîðîâ ðå-
çàíèÿ:

0,6 5,5 3,1 1,1,eh C V S tτ=

ãäå h – ãëóáèíà ëóíêè, ìì;
Ce – êîýôôèöèåíò;
τ  – âðåìÿ ðàáîòû èíñòðóìåíòà, ìèí;
V – ñêîðîñòü ðåçàíèÿ, ì/ìèí;
S – ïîäà÷à íà îäèí îáîðîò, ìì/îá;
t – ãëóáèíà ðåçàíèÿ, ìì.
Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî

íàèáîëüøèé èçíîñ íàáëþäàåòñÿ ïðè óâåëè÷åíèè
ñêîðîñòè ðåçàíèÿ.

Ðèñ. 4. Âëèÿíèå ãëóáèíû ðåçàíèÿ íà èíòåíñèâíîñòü
èçíîñà èíñòðóìåíòà: S – ïîäà÷à; hîï – èçíîñ èíñòðóìåí-
òà; t – ãëóáèíà ðåçàíèÿ

Ðèñ. 5. Çàâèñèìîñòü èçíîñà îò ñêîðîñòè ðåçàíèÿ: hîï –

èçíîñ èíñòðóìåíòà; τ  – âðåìÿ ðàáîòû èíñòðóìåíòà;
V – ñêîðîñòü ðåçàíèÿ

Ðèñ. 6. Çàâèñèìîñòü èçíîñà îò ïîäà÷è: hîï – èçíîñ èí-

ñòðóìåíòà; τ  – âðåìÿ ðàáîòû èíñòðóìåíòà; S – ïîäà÷à

Ðèñ. 7. Çàâèñèìîñòü èçíîñà îò ãëóáèíû ðåçàíèÿ: hîï –

èçíîñ èíñòðóìåíòà; τ  – âðåìÿ ðàáîòû èíñòðóìåíòà;
t – ãëóáèíà ðåçàíèÿ
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Âëèÿíèå òåìïåðàòóðû èíñòðóìåíòà
íà èíòåíñèâíîñòü èçíîñà èíñòðóìåíòà

Ñêîðîñòü ðåçàíèÿ äàåò áîëåå ðåçêîå ïîâûøåíèå
òåìïåðàòóðû, ÷åì óâåëè÷åíèå òîëùèíû èëè øèðè-
íà ñðåçà, ñëåäîâàòåëüíî, ðîñò ñêîðîñòè ñîïðîâîæ-
äàåòñÿ áîëåå ñèëüíûì óñêîðåíèåì èçíîñà èíñòðó-
ìåíòà.

Ïðîâåäåí ýêñïåðèìåíò. Äåòàëè èç ñòàëè
10Õ20Í10Ì3Ä3Ñ5ÒË îäíîãî è òîãî æå ðàçìåðà
îáðàáàòûâàëèñü íà îäíîì è òîì æå ñòàíêå ðåçöà-
ìè èç òâåðäîãî ñïëàâà ÂÊ4 ñ ðàçëè÷íîé ãëóáèíîé
ðåçàíèÿ ïðè ðàçëè÷íûõ òåìïåðàòóðàõ ðåçàíèÿ ïðè
ïîäà÷å S = 0,11 ìì/îá. Ðåçóëüòàòû ýêñïåðèìåíòà
ïðåäñòàâëåíû íà ðèñ. 8.

Ñòàëè è ñïëàâû, îáëàäàÿ ðàçëè÷íûìè ïðî÷íî-
ñòíûìè è ïëàñòè÷åñêèìè ñâîéñòâàìè, ïî-ðàçíîìó
óïðî÷íÿþòñÿ ïðè îáðàáîòêå íà ìåòàëëîðåæóùèõ
ñòàíêàõ. Áîëåå ïëàñòè÷íûå è óïðî÷íÿåìûå ïðè
äåôîðìàöèè ìàòåðèàëû, êàê ïðàâèëî, ïðè îáðàáîò-
êå ðåçàíèåì èìåþò è áîëüøèé íàêëåï (íàêëåï —
ïîâûøåíèå ïðî÷íîñòíûõ ñâîéñòâ è òâåðäîñòè ìå-
òàëëà ïðè åãî ïëàñòè÷åñêîì äåôîðìèðîâàíèè). Â
ñëó÷àå ðàññìàòðèâàåìîãî ýêñïåðèìåíòà ïðè òåìïå-

ðàòóðàõ 700—750°C è âûøå îäíîâðåìåííî ñ óïðî÷-
íåíèåì ïðè äåôîðìàöèè â ïîâåðõíîñòíîì ñëîå
ïðîòåêàåò è ïðîöåññ ðàçóïðî÷íåíèÿ (ñíÿòèÿ íàêëå-
ïà), ïîýòîìó íà ðèñ. 5 ìû âèäèì, êàê ïîâåðõíîñ-
òíûé èçíîñ ñíà÷àëà óìåíüøàåòñÿ (ïðîèñõîäèò íà-
êëåï), çàòåì óâåëè÷èâàåòñÿ (íà÷èíàÿ ñ òåìïåðàòó-

ðû 750°C).
Àíàëèçèðóÿ ïîëó÷åííûé ãðàôèê, ìîæíî ñäå-

ëàòü âûâîä, ÷òî ìèíèìàëüíûé èçíîñ èíñòðóìåíòà
ïðè ðàçëè÷íûõ ïîäà÷àõ ïðîèñõîäèò ïðè òåìïåðà-

òóðå θ = 750°Ñ ìì ïðè äàííûõ óñëîâèÿõ ðàáîòû. Òî

åñòü èìååòñÿ îïðåäåëåííàÿ îïòèìàëüíàÿ òåìïåðà-
òóðà ðåçàíèÿ, ïðè êîòîðîé èçíîñ ìèíèìàëüíûé.
Óâåëè÷åíèå èëè óìåíüøåíèå òåìïåðàòóðû ðåçàíèÿ
ïðèâîäèò ê óâåëè÷åíèþ èçíîñà.

Äëÿ óìåíüøåíèÿ âðåäíîãî âëèÿíèÿ âûñîêîé
òåìïåðàòóðû íà ðàáîòó èíñòðóìåíòà ïðèìåíÿþò
ñìàçûâàþùå-îõëàæäàþùèå æèäêîñòè.

Âûâîäû

Äëÿ ïëàñòè÷íûõ ìåòàëëîâ, èñïîëüçóåìûõ â
àâèàöèîííîé ïðîìûøëåííîñòè, òàêèõ êàê àëþìè-
íèåâûå ñïëàâû, îáðàáîòêà ðåçàíèåì ñâÿçàíà ñ èç-
íîñîì ïåðåäíåé ïîâåðõíîñòè èíñòðóìåíòà.

Ñôîðìóëèðîâàíû ñëåäóþùèå ðåêîìåíäàöèè è
çàâèñèìîñòè äëÿ îáåñïå÷åíèÿ ìàêñèìàëüíîãî ñðî-

êà ñëóæáû èíñòðóìåíòà: îáðàáàòûâàþùèå íàãðóç-
êè â òå÷åíèå îïðåäåëåííîãî ïðîìåæóòêà âðåìåíè
äîëæíû áûòü íèæå, ÷åì ñòîéêîñòü èíñòðóìåíòà;
ïðè ïîäáîðå ðåæèìîâ îáðàáîòêè íåîáõîäèìî ó÷è-
òûâàòü çàâèñèìîñòü âñåõ ïàðàìåòðîâ (ãëóáèíà ðå-
çàíèÿ, ïîäà÷à è ñêîðîñòü), à òàêæå òî, ÷òî ñòîé-
êîñòü èíñòðóìåíòà çàâèñèò îò ñêîðîñòè ðåçàíèÿ íå-
ëèíåéíî (ðèñ. 9).

Êàê ïîêàçûâàþò èññëåäîâàíèÿ, ïåðåëîìíûå
òî÷êè â êðèâîé èçíîñà
îáóñëîâëåíû õàðàêòåðîì
è ñòåïåíüþ ïðåîáëàäàþ-
ùåãî èçíîñà, à òàêæå õà-

Ðèñ. 8. Âëèÿíèå òåìïåðàòóðû ðåçàíèÿ ïðè òî÷åíèè ñ ðàçëè÷íîé ãëóáèíîé ðåçàíèÿ: t – ãëóáèíà ðåçàíèÿ; hîï – èçíîñ

èíñòðóìåíòà; θ  – òåìïåðàòóðà ðåçàíèÿ

Ðèñ. 9. Çàâèñèìîñòü ñòîéêî-
ñòè èíñòðóìåíòà îò ñêîðîñ-
òè ðåçàíèÿ: T – ñòîéêîñòü
èíñòðóìåíòà; V – ñêîðîñòü
ðåçàíèÿ V3>V2>V1, Ò1>T2>T3
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ðàêòåðèñòèêàìè îáðàáàòûâàåìîãî ìàòåðèàëà. Ñèëà
ðåçàíèÿ íå ðàâíîçíà÷íà ìåõàíè÷åñêîé íàãðóçêå íà
èíñòðóìåíò. Ïðè ðàñ÷åòå âçàèìíîãî âëèÿíèÿ ïà-
ðàìåòðîâ îáðàáîòêè íåîáõîäèìî ïðèíèìàòü âî
âíèìàíèå ñëåäóþùåå:

— óâåëè÷åíèå ãëóáèíû ðåçàíèÿ óäâàèâàåò ñèëû
ðåçàíèÿ, à òàêæå óäâàèâàåò äëèíó ðåæóùåé êðîì-
êè â ðàçðåçå. Ýòî ïðèâîäèò ê òîìó, ÷òî íàãðóçêà
îñòàåòñÿ íåèçìåííîé íà åäèíèöó äëèíû ðåæóùåé
êðîìêè;

— ñ ðîñòîì ñêîðîñòè ïîäà÷è óâåëè÷èâàåòñÿ
ñèëà ðåçàíèÿ, íî íå â ëèíåéíîé ñòåïåíè. Ïîñêîëü-
êó áîëüøàÿ ïîäà÷à óâåëè÷èâàåò òîëùèíó ñòðóæêè,
ïðè íåèçìåííîé äëèíå ðåæóùåé êðîìêè íàãðóçêè
íà íåå ñèëüíî âîçðàñòàþò;

— ñ óâåëè÷åíèåì ñêîðîñòè ðåçàíèÿ ñèëà ðåçà-
íèÿ â öåëîì îñòàåòñÿ ïðåæíåé, à ïîòðåáëÿåìàÿ
ìîùíîñòü âîçðàñòàåò;

— ñèëû ðåçàíèÿ ïîâûøàþòñÿ íà áîëåå íèçêèõ
ñêîðîñòÿõ è ñíèæàþòñÿ íà áîëåå âûñîêèõ. Íåîá-
õîäèìî âíèìàòåëüíî ñëåäèòü çà íàðîñòîì, êîòîðûé
ìîæåò óêàçûâàòü íà íåïðèåìëåìóþ ñêîðîñòü ðåçà-
íèÿ;

— ñëèøêîì âûñîêàÿ ñêîðîñòü ðåçêè ìîæåò ñíè-
çèòü íàäåæíîñòü ïðîöåññà çà ñ÷åò ôîðìèðîâàíèÿ
íåêîíòðîëèðóåìîé ñòðóæêè, ýêñòðåìàëüíîãî èçíî-
ñà èíñòðóìåíòà è âèáðàöèè, êîòîðûå ìîãóò ïîâðå-
äèòü èíñòðóìåíò;

— ñ óâåëè÷åíèåì ñêîðîñòè ðåçàíèÿ ñêîðîñòü
èçìåíåíèÿ èçíîñîñòîéêèõ õàðàêòåðèñòèê èíñòðó-
ìåíòà ñíà÷àëà óìåíüøàåòñÿ, çàòåì óâåëè÷èâàåòñÿ
è âíîâü ñíèæàåòñÿ. Òàêàÿ íåëèíåéíàÿ ñâÿçü îáúÿñ-
íÿåòñÿ èçìåíåíèåì èíòåíñèâíîñòè íàëèïàíèÿ ÷à-
ñòèö òðóùèõñÿ ïîâåðõíîñòåé – àäãåçèîííîãî èçíî-
ñà, à çàòåì ïåðåõîäîì àäãåçèîííîãî èçíîñà â äèô-
ôóçèîííûé;

— áîëåå âûñîêèå ïîäà÷à è ãëóáèíà ðåçàíèÿ â
ñî÷åòàíèè ñ íèçêèìè èëè ñðåäíèìè ñêîðîñòÿìè
ðåçàíèÿ ïðåäëàãàþò íàèëó÷øèé ïîòåíöèàë äëÿ
îáåñïå÷åíèÿ áåçîïàñíîé è íàäåæíîé îáðàáîòêè.
Áîëåå âûñîêèå ñêîðîñòè ðåçàíèÿ, åñëè ãëóáèíà
ðåçàíèÿ è ïîäà÷à äîñòàòî÷íî íèçêèå, ÷òîáû îãðà-
íè÷èòü ñèëû ðåçàíèÿ, ìîãóò îáåñïå÷èòü íàèáîëåå
âûñîêóþ ïðîèçâîäèòåëüíîñòü.

Íåâîçìîæíî èçáåæàòü èçíîñà èíñòðóìåíòà
ïîëíîñòüþ. Îäíàêî ïóòåì ïîäáîðà îïòèìàëüíûõ
ïàðàìåòðîâ îáðàáîòêè ìîæíî äîáèòüñÿ ìàêñèìàëü-
íîé ïðîäîëæèòåëüíîñòè åãî ðàáîòû è ïðåäñêàçóå-
ìîñòè è êàê ñëåäñòâèå ýêîíîìè÷åñêîé ýôôåêòèâ-
íîñòè â öåëîì.

Ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ ðåæèìîâ ðå-
çàíèÿ íà èçíîñ èíñòðóìåíòà ñâåäåíû â òàáëèöó.
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Abstract

The article tackles the issue of determining the
degree of various cutting modes effect (cutting speed,
cutting thickness, cutting width, feed, cutting depth,
temperature, front angle, vibration) on the front surface
wear of the cutting tool.

The authors describe the nature of cutting modes
effect on the front surface wear of the tool, and suggest
recommendations on optimal cutting modes, which
ensure maximum life span of the tool.

The article consists of three main sections:
introduction, the bulk section, conclusions.

The introduction considers causes of the tool wear.
As a rule, cutting tools wear occurs under the impact
of molecular adhesion forces of the treated metal
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surface with the cutting tool, or under abrasive action
of solid particles existed in the structure of the
machined material.

The main section regards the tool wear process over
the front surface. It analyzes an experimental
dependence of the cutting speed impact on the tool
wear intensity. As the result of the analysis conclusion
was made that the wear increased with the cutting speed
increase. According to professor A.M. Danielyan’s
studies, with the cutting speed, feed and cutting depth
20% increase the cutter surface wears out
correspondingly 3.5, 1.7 and 1.05 times faster. This
research data demonstrates that the largest effect may
be achieved not by the cutting speed increase, but by
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the cut width and thickness increase. The effect of the
cut thickness and feed on the wear intensity of the
cutting tool is analyzed. With large cut thickness (more
than 0.5 mm), a misgrowth of significant height is
formed, eliminating the contact of the rear surface with
the cutting surface. Only the front surface of the tool
thereby wears out. With the cut thickness reduction,
the wear occurs on both back and front surfaces
simultaneously. At very small cut thickness (less than
0.1 mm), the misgrouth is of rather insignificant height,
and the wear occurs only on the back surface. With feed
increase, the cut thickness increases either, and, thus,
the wear on the front surface increases. The
experimental dependence of the cut depth impact on
the tool wear intensity is analyzed. As the result, the
optimal cutting depth is determined, at which the front
surface wear is minimal. The experimental dependence
of the tool temperature influence on the tool wear
intensity is analyzed. The optimal tool temperature, at
which the wear of the front surface is minimal, is
determined. The effect of the tool front angle and
vibrations on tool wear is analyzed.

Recommendations on selection of optimal cutting
modes, ensuring maximum tool life are presented in
conclusions

Keywords: workpiece, machining, front surface,
cutting speed, cutting depth, feed, cutting speed,
temperature.

References

1. Rodionov E.M. Konspekt lektsii po kursu
“Tekhnologicheskie osnovy konstruirovaniya detalei,
obrabatyvaemykh rezaniem” (Lecture notes on
“Technological basics of designing parts processed by
cutting” course), Moscow, Bauman MGTU, 2010,
28 p.

2. Erokhin V.V. Quality of cylindrical surfaces at
processing in driver machine-tool adaptations.
Nauchno-tekhnicheskiy vestnik Bryanskogo
gosudarstvennogo universiteta, 2018, no. 1. DOI:
10.22281/2413-9920-2018-04-01-09-13

3. Danielyan A.M. Teplota i iznos instrumentov v protsesse
rezaniya metallov (Heat and wear of tools while metals
cutting process), Moscow, Mashgiz, 1954, 276 p.

4. Albagachieva A.Yu., Preobrazhenskaya E.V., Krasko A.S.,
Stramtsova E.S.  Vestnik mashinostroeniya, 2018, no. 9,
pp. 82-85.

5. Bubnov M.A., Tishchenko L.A., Kovalev A.A.  SAPR
i grafika, 2014, no. 6(212), pp. 44–45. URL: https://
sapr.ru/article/24528

6. Yakovleva A.P. Aviatsionnaya promyshlennost’, 2012,
no. 2, p. 8.

7. Agamirov L.V., Agamirov V.L., Vestyak V.A.
Development of an algorithm for estimation of the
parameters of the distribution function of the limit of
endurance at fatigue tests. Aerospace MAI Journal, 2013,
vol. 20, no. 5, pp. 105-110.

8. Zhuk A.Z., Ilyukhin A.S., Okorokova N.S., Sevruk S.D.,
Farmakovskaya A.A. The research of the influence of
the anode production technology for air-aluminium
chemical current sources made of aluminium-indium
alloys on their power and corrosive characteristics.
Aerospace MAI Journal, 2013, vol. 20, no. 2, pp. 198-208.

9. Soloshenko V.N., Popov Yu.I. Conceptual design of
composite wing box structures for a medium-range
passenger airplane. Aerospace MAI Journal, 2013,
vol. 20, no. 1, pp. 16-30.

10. Klimov V.G., Nikitin V.I., Nikitin K.V., Zhatkin S.S.,
Kogteva A.V. Wear-resistant composites application in
repair and modification technology of the GTD rotor
blades. Aerospace MAI Journal, 2019, vol. 26, no. 1,
pp. 251-266.

11. Kovalev A.A., Konovalov D.P. Workpiece thermal
deformations simulaiton occurring while holes drilling
process. Aerospace MAI Journal, 2019, vol. 26, no. 1,
pp. 201-211.

12. Kovalev A.A., Zinova V.V. A tool-blank state
monitoring while cutting process using Kalman filter.
Aerospace MAI Journal, 2019, vol. 26, no. 2, pp. 193-204.

13. Bologov D.V., Prokopenko A.V., Sutormin A.Yu.,
Fetisov G.P. Finishing plasma strengthening of tools,
dies and molds. Aerospace MAI Journal, 2015, vol. 22,
no. 2, pp. 115-120.

14. Ignatskaya I.V. Interaction Graph Software Modeling
and Support Conception. Aerospace MAI Journal, 2011,
vol. 18, no. 1, pp. 175-178.

15. Rogov V.A., Fomin E.V., Fomin A.V. Tekhnologiya
mashinostroeniya, 2010, no. 5, pp. 15-17.

16. Morozov N.A. Rezhimy rezaniya i geometriya instrumenta
/konstruktsionnye stali/ (Cutting conditions and tool
geometry /structural steels/), Moscow, TsNIITMASh,
1954.

17. Vorontsov A.L. Proizvodstvo prokata, 2008, no. 3,
pp. 1-10.

18. Popov A.Yu. Vliyanie rezhimov rezaniya i geometrii
rezhushchego instrumenta na sherokhovatost’ poverkhnosti
pri tokarnoi obrabotke (Cutting conditions and cutting
tool geometry effect on surface roughness while lathe
machining), Moscow, MIIT, 2007, 43 p.

19. Albagachiev A.Yu., Krasko A.S., Stramtsova E.S.
Vestnik mashinostroeniya, 2018, no. 7, pp. 75–78.

20. Tishchenko L.A., Kovalev A.A., Shashurin V.D.,
Galinovskii A.L., Nikitin A.O. Tekhnologiya metallov,
2018, no. 1, pp. 27–34.


