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Ïðîâåäåíû ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ êîìáèíèðîâàííîé ýëåêòðîýðîçèîííîé ïðîøèâêè îòâåðñòèé
ìàëîãî äèàìåòðà ñ íàëîæåíèåì âíåøíèõ óëüòðàçâóêîâûõ êîëåáàíèé Èññëåäîâàíèÿ ïðîâîäÿòñÿ ïóò¸ì ñðàâíåíèÿ
âðåìåíè ïðîøèâêè îòâåðñòèé, ïîëó÷åííûõ ïðè òðàäèöèîííîé ýëåêòðîýðîçèîííîé îáðàáîòêå áåç íàëîæåíèÿ óëü-
òðàçâóêîâûõ êîëåáàíèé, è îòâåðñòèé, ïîëó÷åííûõ ïðè ýëåêòðîýðîçèîííîé îáðàáîòêå ñ íàëîæåíèåì óëüòðàçâó-
êîâûõ êîëåáàíèé è ñ ó÷åòîì çàâèñèìîñòè îò ñõåìû ïîäà÷è ðàáî÷åé æèäêîñòè, âõîäíûõ ïàðàìåòðîâ ýëåêòðîýðî-
çèîííîé è óëüòðàçâóêîâîé óñòàíîâîê, ìàòåðèàëà ýëåêòðîäà-èíñòðóìåíòà è âèäà îáðàáàòûâàåìûõ äåòàëåé. Ïðî-
âåäåíà îáðàáîòêà äàííûõ íà îñíîâàíèè ðåçóëüòàòîâ ïðîøèâêè îêîëî 1670 îòâåðñòèé ðàçëè÷íûõ äèàìåòðîâ
ýëåêòðîäîâ èç ëàòóíè è âîëüôðàìà. Ñðàâíèòåëüíûé àíàëèç òðàäèöèîííîé ýëåêòðîýðîçèîííîé îáðàáîòêè îòâåð-
ñòèé è ýëåêòðîýðîçèîííîé îáðàáîòêè ñ ðàçëè÷íûìè ñõåìàìè íàëîæåíèÿ óëüòðàçâóêîâûõ êîëåáàíèé ïîçâîëèë íàéòè
ýôôåêòèâíóþ òåõíîëîãèþ, ïðè êîòîðîé íåïîñðåäñòâåííîå íàëîæåíèå óëüòðàçâóêà íà ýëåêòðîä-èíñòðóìåíò, à òàêæå
ïîäà÷à ðàáî÷åé æèäêîñòè ïîëèâîì â çîíó îáðàáîòêè ñïîñîáñòâóþò íàèëó÷øåìó óäàëåíèþ ïðîäóêòîâ ýðîçèè èç
çîíû îáðàáîòêè è ïîâûøàþò ïðîèçâîäèòåëüíîñòü ïðîöåññà ïðè ñîõðàíåíèè òî÷íîñòè ïîçèöèîíèðîâàíèÿ ïðî-
øèâàåìûõ îòâåðñòèé. Ïðîâåäåíà îöåíêà øåðîõîâàòîñòè ïîâåðõíîñòè îòâåðñòèé, ïîëó÷åííûõ ìåòîäîì ýëåêòðî-
ýðîçèîííîé îáðàáîòêè ñ íàëîæåíèåì óëüòðàçâóêîâûõ êîëåáàíèé íà ýëåêòðîä-èíñòðóìåíò è ïîäà÷åé ðàáî÷åé æèä-
êîñòè ïîëèâîì â çîíó îáðàáîòêè.

Êëþ÷åâûå ñëîâà: âíåøíåå óëüòðàçâóêîâîå ïîëå, îöåíêà êà÷åñòâà îáðàáîòàííîé ïîâåðõíîñòè îòâåðñòèé ìàëî-
ãî äèàìåòðà, ãðàôè÷åñêàÿ èíòåðïðåòàöèÿ ÷èñëåííûõ çíà÷åíèé.

Ââåäåíèå

Ýëåêòðîýðîçèîííàÿ îáðàáîòêà (ÝÝÎ) ÿâëÿåòñÿ
îäíèì èç íàèáîëåå ðàñïðîñòðàí¸ííûõ ñïîñîáîâ,
ïðèìåíÿåìûõ ïðè èçãîòîâëåíèè äåòàëåé ñëîæíîé

ôîðìû èç òðóäíîîáðàáàòûâàåìûõ ìàòåðèàëîâ
(òâ¸ðäûõ ñïëàâîâ, æàðîïðî÷íûõ ñòàëåé è ñïëàâîâ,
çàêàë¸ííûõ ñòàëåé) è îäíèì èç íàèáîëåå ýôôåê-
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òèâíûõ ìåòîäîâ ïîëó÷åíèÿ îòâåðñòèé ìàëîãî äè-
àìåòðà â òðóäíîîáðàáàòûâàåìûõ ìàòåðèàëàõ [1].

Ýëåêòðîýðîçèîííàÿ ïðîøèâêà îáåñïå÷èâàåò
âîçìîæíîñòü ïîëó÷åíèÿ îòâåðñòèé äèàìåòðîì
ìåíåå 0,1 ìì [2]. Àíàëèç ïîêàçûâàåò, ÷òî îõëàæ-
äàþùèå è ôóíêöèîíàëüíûå îòâåðñòèÿ òàêîãî òèïà
âåñüìà ðàñïðîñòðàíåíû â êîíñòðóêöèÿõ äåòàëåé
ðàêåòíûõ è àâèàöèîííûõ äâèãàòåëåé, òàêèõ, êàê
ëîïàòêè òóðáèíû è ñîïëîâîãî àïïàðàòà, ýêðàíû
è êîëüöåâûå äåòàëè êàìåðû ñãîðàíèÿ, äåòàëè òîï-
ëèâíîé àïïàðàòóðû.

Äëÿ ñîâåðøåíñòâîâàíèÿ òåõíîëîãè÷åñêîãî
ïðîöåññà èçãîòîâëåíèÿ äåòàëåé àâèàäâèãàòåëåé
ïðåäëàãàþòñÿ íîâûå òåõíîëîãè÷åñêèå ðåøåíèÿ,
ñâÿçàííûå ñ èñïîëüçîâàíèåì àääèòèâíûõ òåõíî-
ëîãèé. Ïðåäëîæåíà âîçìîæíîñòü èñïîëüçîâàíèÿ
ýëåêòðîäà-èíñòðóìåíòà (ÝÈ), èçãîòîâëåííîãî íà
3D-ïðèíòåðå, ñ ïîñëåäóþùåé ìåòàëëèçàöèåé åãî
ðàáî÷åé ïîâåðõíîñòè. Îñíîâíîå âíèìàíèå óäåëåíî
èññëåäîâàíèþ ïðîöåññà ýëåêòðîîñàæäåíèÿ ìåòàë-
ëà íà ïëàñòìàññîâóþ ôîðìó. Ðàçðàáîòàíà êîìïü-
þòåðíàÿ ìîäåëü ïðîöåññà ýëåêòðîõèìè÷åñêîãî
ôîðìèðîâàíèÿ ìåòàëëè÷åñêèõ ïîêðûòèé ïîâû-
øåííîé òîëùèíû íà ôîðìó ÝÈ, èçãîòîâëåííóþ
èç ïîëèìåðíûõ ìàòåðèàëîâ [3].

Ìåõàíè÷åñêèå ìåòîäû èõ èçãîòîâëåíèÿ â äå-
òàëÿõ èç æàðîïðî÷íûõ ñïëàâîâ ñ êîýôôèöèåíòîì
îáðàáàòûâàåìîñòè ðåçàíèåì 0,05—0,1 íå ïðèìå-
íèìû, ïîýòîìó íà áîëüøèíñòâå ïðåäïðèÿòèé èñ-
ïîëüçóþò îïåðàöèè ýëåêòðîýðîçèîííîé ïðîøèâ-
êè îäèíî÷íûìè ýëåêòðîäàìè-èíñòðóìåíòàìè (èç
ìåäè, ëàòóíè èëè âîëüôðàìà) [4].

Ñ ïðèìåíåíèåì ýëåêòðîýðîçèîííîãî ïðîøè-
âî÷íîãî îáîðóäîâàíèÿ ïîÿâèëàñü âîçìîæíîñòü ïî-
ëó÷åíèÿ â îõëàæäàåìûõ ëîïàòêàõ òóðáèíû îòâåð-
ñòèé ñ äèàìåòðîì 0,2—0,3 ìì íà ãëóáèíó 10 ìì.
Â àâèàöèîííîé ïðîìûøëåííîñòè çíà÷èòåëüíûé
èíòåðåñ ïðåäñòàâëÿåò ðàçðàáîòêà ýôôåêòèâíûõ
òåõíîëîãèé è îáîðóäîâàíèÿ äëÿ ïåðôîðàöèè ëî-
ïàòîê [5].

ÝÝÎ ÿâëÿåòñÿ ÷åòâ¸ðòîé íàèáîëåå èñïîëüçóå-
ìîé â ìèðå òåõíîëîãèåé. Ïðîäàæè ýëåêòðîýðîçè-
îííûõ ñòàíêîâ ñ 0,5% â 1960 ã. âîçðîñëè äî 12%
ðûíêà ìåòàëëîîáðàáàòûâàþùèõ ñòàíêîâ â 2019 ã.

Ïî ïóáëèêàöèÿì â ìàòåðèàëàõ ìåæäóíàðîäíîé
êîíôåðåíöèè-ñèìïîçèóìå ïî ïåðåäîâîé íàóêå è
òåõíèêå â ýêñïåðèìåíòàëüíîé ìåõàíèêå (ISEM)
íàáëþäàåòñÿ óñòîé÷èâîå âîçðàñòàíèå ÷èñëà ïóá-
ëèêàöèé ïî ÝÝÎ. Ýòî ñâèäåòåëüñòâóåò î ðàçâèòèè
è âîñòðåáîâàííîñòè äàííîãî ìåòîäà îáðàáîòêè è
òåõíîëîãèè íà åãî îñíîâå â ìèðîâîì òåõíîëîãè-
÷åñêîì ïðîñòðàíñòâå. Ìåæäó òåì åæåãîäíîå ÷èñ-
ëî îòå÷åñòâåííûõ ïóáëèêàöèé íà÷èíàÿ ñ 1998 ã.
íåóêëîííî ñíèæàåòñÿ. Ïî äàííûì ISEM ðåçêî
ñíèçèëàñü äîëÿ íàøåé ñòðàíû â ïóáëèêàöèÿõ íà
ìèðîâîì óðîâíå (ðèñ. 1), â òî âðåìÿ êàê äîëÿ Ãåð-
ìàíèè è ßïîíèè, âåäóùèõ èíäóñòðèàëüíûõ äåð-
æàâ, ñîõðàíÿåò óñòîé÷èâûé óðîâåíü è äîëÿ Êèòàÿ
çàìåòíî óâåëè÷èëàñü íà÷èíàÿ ñ 90-õ ãã. [6].

Îñíîâíàÿ ïðîáëåìà ðàçâèòèÿ ÝÝÎ îòâåðñòèé
ìàëîãî äèàìåòðà çàêëþ÷àåòñÿ â ïîâûøåíèè ïðî-
èçâîäèòåëüíîñòè äàííîé òåõíîëîãèè. Ýòà ïðîáëåìà
òåñíî ñâÿçàíà ñ ðàçâèòèåì ïðåäñòàâëåíèé î ïðîöåñ-
ñàõ ýâàêóàöèè ïðîäóêòîâ ýðîçèè èç ìåæýëåêòðîä-

Ðèñ. 1. Äàííûå ISEM ïî ÷èñëó ïóáëèêàöèé ïî ÝÝÎ [6]:  1 – Ðîññèÿ; 2 – Ãåðìàíèÿ; 3 – ßïîíèÿ; 4 – Êèòàé
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íîãî ïðîìåæóòêà (ÌÝÏ). Ïðè ïðîøèâêå îòâåð-
ñòèé ìàëîãî äèàìåòðà íà áîëüøóþ ãëóáèíó âîçíè-
êàþò ïðîáëåìû ñ ýâàêóàöèåé ïðîäóêòîâ ýðîçèè èç
ÌÝÏ, ñ ïîäâîäîì ñìàçî÷íî-îõëàæäàþùåé æèä-
êîñòè è âûâîäîì ñòðóæêè èç îáðàáàòûâàåìîãî îò-
âåðñòèÿ [7].

ÌÝÏ â çàâèñèìîñòè îò ýíåðãèè èìïóëüñà ëå-
æèò â ïðåäåëàõ îò 10 äî 100 ìêì, ïîýòîìó åñòå-
ñòâåííàÿ ýâàêóàöèÿ ïðîäóêòîâ ýðîçèè çàòðóäíå-
íà [8].

×àñòèöû ðàñïëàâëåííîãî ìåòàëëà, âûáðîøåí-
íûå â ðàáî÷óþ æèäêîñòü (ÐÆ), çàòâåðäåâàþò è
âìåñòå ñ ïóçûðüêàìè ãàçà è ïðîäóêòàìè òåðìè÷åñ-
êîãî ðàçëîæåíèÿ ðàáî÷åé æèäêîñòè îáðàçóþò ìíî-
ãîôàçíóþ ñðåäó. Ôîðìà òâ¸ðäûõ ïðîäóêòîâ ìàòå-
ðèàëà ýëåêòðîäîâ áëèçêà ê ñôåðè÷åñêîé, ÷àñòî îá-
ðàçóþòñÿ ïîëûå ñôåðû. Ñ âîçðàñòàíèåì ýíåðãèè
ðàçðÿäà ñðåäíèé ðàäèóñ ÷àñòèö óâåëè÷èâàåòñÿ.
Íàêîïëåíèå â ÌÝÏ ïðîäóêòîâ ýðîçèè ïðèâîäèò
ê ïðîõîæäåíèþ ðàçðÿäîâ ìåæäó ýëåêòðîäàìè ÷å-
ðåç ïðîäóêòû ýðîçèè. Â ðåçóëüòàòå ÷àñòü ýíåðãèè
ðàçðÿäà ðàñõîäóåòñÿ íà äèñïåðãèðîâàíèå ïðîäóê-
òîâ ýðîçèè, èç-çà ÷åãî ñíèæàåòñÿ ïðîèçâîäèòåëü-
íîñòü ïðîöåññà. Íàêîïëåíèå ïðîäóêòîâ ýðîçèè â
ÌÝÏ ïðèâîäèò ê íåæåëàòåëüíîìó èçìåíåíèþ
ñâîéñòâ ðàáî÷åé æèäêîñòè è ê äåñòàáèëèçàöèè
ïðîöåññà. Ïðè îáðàáîòêå ôîðìà è ðàçìåðû ýëåê-
òðîäà-èíñòðóìåíòà íàðóøàþòñÿ èç-çà èçíîñà è
ýëåêòðîä ïîñòåïåííî ðàçðóøàåòñÿ ïîä âëèÿíèåì
ýëåêòðîòåïëîâîãî âîçäåéñòâèÿ èñêðû. Ïðè êàñà-
íèè ýëåêòðîäîì ñêîïëåíèÿ ìåòàëëè÷åñêèõ ïðî-
äóêòîâ ýðîçèè ïðîèñõîäèò êîðîòêîå çàìûêàíèå
(ÊÇ), íà îáðàáàòûâàåìîé ïîâåðõíîñòè îáðàçóþò-
ñÿ ïðèæîãè è óâåëè÷èâàåòñÿ ãëóáèíà äåôåêòíîãî
ñëîÿ [9].

Ðåøèòü óêàçàííóþ çàäà÷ó ìîæíî âîçäåéñòâè-
åì óëüòðàçâóêîâûõ êîëåáàíèé (ÓÇÊ) íà ïðîöåññ
ÝÝÎ îòâåðñòèé ìàëîãî äèàìåòðà [10]. Êîíêðåòíûå
èññëåäîâàíèÿ êà÷åñòâà îáðàáîòàííîé ïîâåðõíîñòè
ïðè èñïîëüçîâàíèè ÓÇÊ è ñîîòâåòñòâóþùèå òåõ-
íîëîãè÷åñêèå ðåêîìåíäàöèè ïðàêòè÷åñêè îòñóò-
ñòâóþò.

Âìåñòå ñ òåì ðàçðàáîòêà ìåòîäîâ è ñðåäñòâ
óâåëè÷åíèÿ ïðîèçâîäèòåëüíîñòè ÝÝÎ îñòà¸òñÿ îä-
íèì èç îñíîâíûõ óñëîâèé ñîõðàíåíèÿ è ïîâûøå-
íèÿ å¸ êîíêóðåíòîñïîñîáíîñòè [11].

Âñå áîëüøåå çíà÷åíèå ïðèîáðåòàþò ðàçðàáîòêà
è ïðèìåíåíèå ìåòîäîâ è ïðîöåäóð ñòðóêòóðíîé è
ïàðàìåòðè÷åñêîé îïòèìèçàöèè òåõíîëîãèé ÝÝÎ
[12].

Â [13, 14] èññëåäîâàí ïðîöåññ ýëåêòðîýðîçè-
îííîé îáðàáîòêè ñ íàëîæåíèåì óëüòðàçâóêîâûõ

êîëåáàíèé îòâåðñòèé äèàìåòðîì 150 ìêì â ïëàñ-
òèíå èç êîððîçèîííîñòîéêîé ñòàëè òîëùèíîé
1 ìì. ×àñòîòà ÓÇÊ ñîñòàâëÿëà 20 êÃö, àìïëèòóäà
1—10 ìêì, êîëåáàíèÿ íàêëàäûâàëèñü êàê íà ÝÈ,
òàê è íà äåòàëü [7].

Â ðàáîòå È.Á. Ñòàâèöêîãî ïðîàíàëèçèðîâàíû
ðàçëè÷íûå ñïîñîáû ïîâûøåíèÿ ïðîèçâîäèòåëü-
íîñòü ÝÝÎ ïðåöèçèîííûõ ãëóáîêèõ îòâåðñòèé
ïóò¸ì èíòåíñèôèêàöèè âûíîñà ïðîäóêòîâ ýðîçèè
èõ ÌÝÏ. Àâòîðîì ñäåëàí âûâîä î ïðåäïî÷òèòåëü-
íîñòè èñïîëüçîâàíèÿ ïðîêà÷êè ðàáî÷åé æèäêîñòè
÷åðåç òåëî âðàùàþùåãîñÿ ÝÈ, êàê íàèáîëåå ýô-
ôåêòèâíîãî ñïîñîáà ýâàêóàöèè [15].

À.Â. Âëàäûêèíûì [16] èññëåäîâàëàñü âçàèìî-
ñâÿçü ãèäðîäèíàìè÷åñêèõ è ýëåêòðè÷åñêèõ ïàðà-
ìåòðîâ ïðîöåññà ïðîøèâêè ãëóáîêèõ îòâåðñòèé
äèàìåòðîì áîëåå 0,4 ìì òðóá÷àòûì ÝÈ. Èçâåñò-
íû èññëåäîâàíèÿ Å.È. Ïóçà÷¸âîé è Ò.À. Áëèíî-
âîé [17, 18], íàïðàâëåííûå íà ñîâåðøåíñòâîâàíèå
è îïòèìèçàöèþ ïðîöåññà ýëåêòðîýðîçèîííîé
ïðîøèâêè îòâåðñòèé äèàìåòðîì ìåíåå 0,2 ìì ïî
ðàçëè÷íûì êðèòåðèÿì (ïðîèçâîäèòåëüíîñòü, êà-
÷åñòâî ïîâåðõíîñòíîãî ñëîÿ, èçíîñ ÝÈ). Àâòîðû
ñõîäÿòñÿ âî ìíåíèè î òîì, ÷òî âîçäåéñòâèå óëüò-
ðàçâóêîâîãî (ÓÇ) ïîëÿ íà ïðîöåññ ýëåêòðîýðîçè-
îííîé ïðîøèâêè ñïîñîáñòâóåò ïîâûøåíèþ ïðî-
èçâîäèòåëüíîñòè. Îäíàêî íè â îäíîé èç ïåðå÷èñ-
ëåííûõ ðàáîò íå ïðåäëîæåíî íè òåîðåòè÷åñêîå, íè
ãèïîòåòè÷åñêîå îïèñàíèå ïðîöåññîâ, ïðîèñõîäÿ-
ùèõ â ÌÝÏ ïðè íàëîæåíèè ÓÇ-êîëåáàíèé è ñïî-
ñîáñòâóþùèõ èíòåíñèôèêàöèè ýëåêòðîýðîçèîí-
íîé îáðàáîòêè. Ñóììèðóÿ èçëîæåííîå, ìîæíî
çàêëþ÷èòü, ÷òî âûíîñ ïðîäóêòîâ ýðîçèè èç çîíû
îáðàáîòêè ñóùåñòâåííûì îáðàçîì âëèÿåò íà ïðî-
òåêàíèå ïðîöåññà ýëåêòðîýðîçèîííîãî ñú¸ìà ìà-
òåðèàëà è äëÿ íåêîòîðûõ ãðóïï äåòàëåé äàííûé
âîïðîñ ÿâëÿåòñÿ îòêðûòûì [7].

Ê íàñòîÿùåìó âðåìåíè ñðåäñòâàìè ÝÝÎ óäà-
¸òñÿ íàä¸æíî îáðàáàòûâàòü îáúåêòû ïî 6-ìó è
7-ìó êâàëèòåòàì òî÷íîñòè, äîñòèãàòü ïàðàìåòðà
øåðîõîâàòîñòè Ra = 1,25 ìêì è íèæå. Ýòî ïîçâî-
ëÿåò èñïîëüçîâàòü òåõíîëîãèè ÝÝÎ äëÿ èçãîòîâ-
ëåíèÿ ìèíèàòþðíûõ îáúåêòîâ ñ ðàçìåðàìè ïîðÿä-
êà 10 ìêì [19].

Òàê, êîìïàíèÿ Fanuc Robocut ñîîáùàåò î âîç-
ìîæíîñòè ôèíèøíîé îáðàáîòêè íåêîòîðûõ
îáúåêòîâ ñ òî÷íîñòüþ 0,05 ìêì íà ñòàíêå Alpha-
OiCp. Â îáîçðèìîì áóäóùåì ïðèìåíåíèå ÝÝÎ â
îáëàñòè ìèêðî- è íàíîîáðàáîòêè áóäåò ðàñøè-
ðÿòüñÿ. Ñëîìàííûé îñåâîé èíñòðóìåíò ÷àñòî èç-
âëåêàþò ñ ïðèìåíåíèåì îïåðàöèé ýëåêòðîýðîçè-
îííîé ïðîøèâêè. Äëÿ ýòîé öåëè èñïîëüçóþò ñó-
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ùåñòâóþùèå ýðîçèîííûå ñòàíêè èëè ñîçäàþò
ñïåöèàëüíîå îáîðóäîâàíèå. Òàê, êîìïàíèÿ
Joemars Machinery (Òàéâàíü) ïðåäëàãàåò íà ðûí-
êå îáîðóäîâàíèÿ ïîðòàòèâíóþ ïåðåíîñíóþ óñòà-
íîâêó TR100 Tap broken remover, ïðåäíàçíà÷åí-
íóþ äëÿ óäàëåíèÿ ñëîìàííîãî îñåâîãî èíñòðóìåí-
òà è ïðîøèâêè èñõîäíûõ îòâåðñòèé äëÿ ïðîâîëî÷-
íî-âûðåçíûõ ðàáîò [20].

Îáëàäàÿ øèðîêèìè êîìïåòåíöèÿìè â îáëàñ-
òè ÝÝÎ, ÍÏÎ «Òåõíîìàø» (Ðîññèÿ) ñ 1965 ã. ñî-
çäà¸ò ïîëüçóþùååñÿ ñïðîñîì îòå÷åñòâåííîå  îáî-
ðóäîâàíèå è òåõíîëîãèè äëÿ ïðåäïðèÿòèé ðà-
êåòíî-êîñìè÷åñêîé îòðàñëè:

— ïÿòèêîîðäèíàòíûå ñòàíêè ÝÏÏ-1—ÝÏÏ-5,
ÝÏÏ-8 ýëåêòðîýðîçèîííîãî ôîðìîîáðàçîâàíèÿ
îòâåðñòèé ìàëîãî äèàìåòðà â ôîðñóíêàõ êàìåð
ñãîðàíèÿ äâèãàòåëüíûõ óñòàíîâîê;

— ÷åòûð¸õêîîðäèíàòíûé ñòàíîê ÝÏ-310Ï
ýëåêòðîýðîçèîííûé ïðîøèâî÷íûé ñ âîçìîæíîñ-
òüþ íàëîæåíèÿ ÓÇÊ.

Ñåãîäíÿ ÝÝÎ ñòàëà ñðåäñòâîì äëÿ ïîëó÷åíèÿ
íåäîðîãîé âûñîêîòî÷íîé ïðîäóêöèè â èíñòðóìåí-
òàëüíîì è îñíîâíîì ïðîèçâîäñòâå. Â íàñòîÿùåå
âðåìÿ 3 èç 10 ýëåêòðîýðîçèîííûõ ñòàíêîâ çàêó-
ïàþòñÿ äëÿ ïðîèçâîäñòâà äåòàëåé îñíîâíîãî ïðî-
èçâîäñòâà, à îñòàëüíûå — äëÿ èíñòðóìåíòàëüíî-
ãî ïðîèçâîäñòâà. Íàáëþäàåòñÿ òåíäåíöèÿ óâåëè-
÷åíèÿ ïðèìåíåíèÿ ÝÝÎ â îñíîâíîì ïðîèçâîäñòâå,
îñîáåííî â îïûòíîì. Ýòî ñâÿçàíî ñ òåì, ÷òî ýëåê-
òðîýðîçèîííàÿ îáðàáîòêà äà¸ò çíà÷èòåëüíûé âû-
èãðûø çà ñ÷¸ò ñíèæåíèÿ òðóäî¸ìêîñòè ïîäãîòîâêè
ïðîèçâîäñòâà, óíèâåðñàëüíîñòè, âûñîêîé òî÷íî-
ñòè. Ïðåèìóùåñòâîì ýëåêòðîýðîçèîííîé îáðàáîò-
êè ÿâëÿåòñÿ òî, ÷òî ïðè å¸ èñïîëüçîâàíèè ïóòü îò
÷åðòåæà äî ãîòîâîé äåòàëè çíà÷èòåëüíî ñîêðàùà-
åòñÿ. Ýòî ïîçâîëÿåò óñêîðèòü ïðîèçâîäñòâî íîâûõ
îáðàçöîâ èçäåëèé [21].

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ
êîìáèíèðîâàííîé ýëåêòðîýðîçèîííîé ïðîøèâêè
îòâåðñòèé ìàëîãî äèàìåòðà ñ íàëîæåíèåì
âíåøíèõ óëüòðàçâóêîâûõ êîëåáàíèé

Êîìáèíèðîâàííûé ìåòîä îáðàáîòêè îñíîâàí
íà ñîâìåùåíèè òåïëîâîãî äåéñòâèÿ èìïóëüñîâ
ýëåêòðè÷åñêîãî òîêà, íåïðåðûâíî ïîäâîäèìûõ ê
ó÷àñòêó îáðàáàòûâàåìîé çàãîòîâêè, ñ âûíóæäàþ-
ùèì âîçäåéñòâèåì ÓÇÊ äëÿ ýâàêóàöèè ïðîäóêòîâ
ýðîçèè èç ÌÝÏ.

Öåëüþ ïðîâåä¸ííûõ èññëåäîâàíèé ÿâëÿåòñÿ
îïðåäåëåíèå êîëè÷åñòâåííîé õàðàêòåðèñòèêè ïî-
êàçàòåëÿ øåðîõîâàòîñòè ïðè îáðàáîòêå îòâåðñòèé
ìàëîãî äèàìåòðà ìåòîäîì ÝÝÎ ñ íàëîæåíèåì ÓÇÊ
íà îáðàáàòûâàåìóþ äåòàëü èëè ÝÈ.

Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòàëüíûõ èññëåäî-
âàíèé â êà÷åñòâå îáðàáàòûâàåìîãî ìàòåðèàëà
âûáðàíà êîððîçèîííîñòîéêàÿ ñòàëü àóñòåíèòíî-
ãî êëàññà ìàðêè 12Õ18Í10Ò.

Äàííàÿ ñòàëü óñòîé÷èâà ïðîòèâ îêèñëåíèÿ íà
âîçäóõå è â ñðåäå ïðîäóêòîâ ñãîðàíèÿ òîïëèâà ïðè

òåìïåðàòóðàõ äî 800 °Ñ (æàðîñòîéêîñòü), îáëàäàåò
âûñîêîé ïëàñòè÷íîñòüþ è óäàðíîé âÿçêîñòüþ,
ïîýòîìó íàõîäèò øèðîêîå ïðèìåíåíèå â ðàêåòíî-
êîñìè÷åñêîé, àâèàöèîííîé è äðóãèõ îòðàñëÿõ
ïðîìûøëåííîñòè.

Äëÿ ïîâûøåíèÿ òî÷íîñòè ïðè ñêâîçíîé ïðî-
øèâêå îòâåðñòèé ìàëîãî äèàìåòðà â ðàáîòå èñ-
ïîëüçóåòñÿ íàïðàâëÿþùàÿ êîíäóêòîðíàÿ âòóëêà,
èçãîòîâëåííàÿ èç èçíîñîñòîéêîãî äèýëåêòðè÷åñ-
êîãî ìàòåðèàëà, ÷åðåç êîòîðóþ ïîäà¸òñÿ è çàêðåï-
ëÿåòñÿ ÝÈ.

Íà îñíîâàíèè ïðåäâàðèòåëüíûõ èññëåäîâàíèé
ïî âûáîðó ÐÆ ïðåäïî÷òåíèå îòäàíî ñèíòåòè÷åñ-
êîé äèýëåêòðè÷åñêîé æèäêîñòè IonoPlus IME-MH
äëÿ êîîðäèíàòíî-ïðîøèâî÷íûõ ñòàíêîâ, êîòîðàÿ
ïðèìåíÿåòñÿ íà ÷èñòîâîé è ïîëó÷èñòîâîé îáðà-
áîòêå. ÐÆ ïîäà¸òñÿ ïðèíóäèòåëüíî ÷åðåç íàïðàâ-
ëÿþùóþ âòóëêó.

Ïåðåä íà÷àëîì ýêñïåðèìåíòîâ ïðîâîäèëèñü
èññëåäîâàíèÿ ïî âûáîðó èñòî÷íèêîâ ÓÇ-ïîëÿ.
Ðàññìàòðèâàëèñü ïüåçîêåðàìè÷åñêèå è ìàãíèòî-
ñòðèêöèîííûå èñòî÷íèêè ÓÇ-ïîëÿ. Íà îñíîâàíèè
ðàíåå ïðîâåä¸ííûõ îïûòîâ âûáðàí ìàãíèòîñòðèê-
öèîííûé ïðåîáðàçîâàòåëü, îáëàäàþùèé áîëåå
øèðîêèì äèàïàçîíîì íàñòðîéêè àìïëèòóäû êî-
ëåáàíèé.

Âðåìÿ îáðàáîòêè ôèêñèðîâàëîñü òàðèðîâàí-
íûì ñåêóíäîìåðîì, èçíîñ èíñòðóìåíòà ôèêñèðî-
âàëè ïî êàñàíèþ ïîâåðõíîñòè äåòàëè äî è ïîñëå
îáðàáîòêè.

Ïåðåä ïðîâåäåíèåì ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé ïðîàíàëèçèðîâàíû ðàçëè÷íûå ñõåìû
âîçäåéñòâèÿ ÓÇ-ïîëÿ íà ïðîöåññ ÝÝÎ (ðèñ. 2—4),
ãäå 1 – âàííà ñ ÐÆ; 2 – îáðàáàòûâàåìàÿ äåòàëü
(ïëàñòèíà, ôîðñóíêà); 3 – óëüòðàçâóêîâîé èçëó÷à-
òåëü; 4 – ÝÈ; 5 – ïðèâîä ïîäà÷è ðàáî÷åãî õîäà
ÝÈ; 6 – óçåë êðåïëåíèÿ îáðàáàòûâàåìîé äåòàëè;
7 – óçåë êðåïëåíèÿ íàïðàâëÿþùåé âòóëêè.

Ïðîñòîé â ðåàëèçàöèè ÿâëÿåòñÿ ñõåìà íàëîæå-
íèÿ ÓÇÊ íà ÐÆ, ïðîõîäÿùóþ ÷åðåç óëüòðàçâóêî-
âîé èíñòðóìåíò, êîòîðûé íàõîäèòñÿ íà ìàëîì
ðàññòîÿíèè îò çîíû îáðàáîòêè (ðèñ. 2, 5). Â äàí-
íîé ñõåìå ïðîáëåìû, ñâÿçàííûå ñ æ¸ñòêîñòüþ ÝÈ,
ìàëîçíà÷èìû. Îäíàêî ïðèâåä¸ííàÿ ñõåìà íå ãà-
ðàíòèðóåò ýôôåêòèâíóþ ïåðåäà÷ó ÓÇÊ, ñïîñîáíûõ
âíåñòè îïðåäåëÿþùèé âêëàä â ïðîøèâêó îòâåð-
ñòèÿ.
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Åù¸ îäíà ñõåìà ïîçâîëÿåò íàêëàäûâàòü ÓÇÊ íà
îáðàáàòûâàåìóþ äåòàëü, êîòîðóþ çàêðåïëÿþò íà
òîðöå óëüòðàçâóêîâîãî èíñòðóìåíòà è ïîãðóæàþò
â âàííó ñ ÐÆ (ðèñ. 3, 6). Ïîñðåäñòâîì ÓÇÊ â
æèäêîñòè ïðèõîäÿò â âîçáóæäåíèå ìåõàíè÷åñêèå
ÓÇ-÷àñòîòû, êîòîðûå ñïîñîáñòâóþò ýâàêóàöèè
ïðîäóêòîâ ýðîçèè èç ÌÝÏ. Ðàñïðåäåëåíèå ÓÇÊ ïî
âñåé ïëîùàäè îáðàáàòûâàåìîé äåòàëè íåðàâíî-

ìåðíî, è èíòåíñèâíîñòü ýâàêóàöèè ïðîäóêòîâ îá-
ðàáîòêè ìåíüøå â ïåðèôåðèéíîé îáëàñòè äåòàëè.

Íàèáîëåå ïðîèçâîäèòåëüíîé ñõåìîé íàëîæå-
íèÿ ÓÇ-ïîëÿ ÿâëÿåòñÿ âàðèàíò ñ íàëîæåíèåì ÓÇÊ
íà ÝÈ (ðèñ. 4, 7). Ãëàâíîé îñîáåííîñòüþ ïðèâå-
ä¸ííîé ñõåìû ÿâëÿåòñÿ âîçìîæíîñòü îáðàáîòêè
òåë âðàùåíèÿ (ôîðñóíîê) è ïëîñêèõ äåòàëåé (ïëà-
ñòèíîê). ÐÆ ïîäà¸òñÿ â çîíó îáðàáîòêè ïîëèâîì.

Ðèñ. 2. Ñõåìà íàëîæåíèÿ ÓÇÊ íà æèäêîñòü, ïðîõîäÿ-
ùóþ ÷åðåç óëüòðàçâóêîâîé èíñòðóìåíò

Ðèñ. 3. Ñõåìà íàëîæåíèÿ ÓÇÊ íà îáðàáàòûâàåìóþ äå-
òàëü

Ðèñ. 4. Ñõåìà íàëîæåíèÿ ÓÇÊ íà ÝÈ
Ðèñ. 5. Íàëîæåíèå ÓÇÊ íà æèäêîñòü, ïðîõîäÿùóþ ÷åðåç óëüòðàçâó-
êîâîé èíñòðóìåíò



192 Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.28. ¹1

Ìåòàëëîâåäåíèå è òåðìè÷åñêàÿ îáðàáîòêà ìåòàëëîâ è ñïëàâîâ  Metal science and thermal processing of metals and alloys

Ðåçóëüòàòû ýêñïåðèìåíòîâ ïîçâîëÿþò ñðàâ-
íèòü ìåòîäû ÝÝÎ ïî òåõíîëîãè÷åñêèì ïîêàçàòå-
ëÿì äëèòåëüíîñòè îáðàáîòêè è êà÷åñòâà ïîëó÷åí-
íîé ïîâåðõíîñòè è òåì ñàìûì äàþò ïðåäñòàâëå-
íèå î âëèÿíèè ÓÇÊ íà ïðîèçâîäèòåëüíîñòü, òî÷-
íîñòü è êà÷åñòâî ýëåêòðîýðîçèîííîé ïðîøèâêè
îòâåðñòèé ìàëîãî äèàìåòðà.

Èçìåíåíèå âõîäíûõ ïàðàìåòðîâ ÝÝÎ ïðîèç-
âîäèòñÿ çà ñ÷¸ò ñìåíû ðåæèìîâ ñèñòåìû ñëåæå-
íèÿ è óïðàâëåíèÿ ãåíåðàòîðîì ÷åðåç ïðîãðàììíîå
îáåñïå÷åíèå â êîìïüþòåðå.

Èññëåäîâàíèÿ ïðîâîäÿòñÿ ïóò¸ì ñðàâíåíèÿ
çíà÷åíèé âðåìåíè ïðîøèâêè îòâåðñòèé, ïîëó÷åí-
íûõ ïðè ÝÝÎ áåç íàëîæåíèÿ ÓÇ è ïðè ÝÝÎ ñ ÓÇ
è ñ ó÷åòîì çàâèñèìîñòè îò ñõåìû ïîäà÷è ÐÆ,
âõîäíûõ ïàðàìåòðîâ ýëåêòðîýðîçèîííîé óñòàíîâ-
êè, ìàòåðèàëà ÝÈ è âèäà îáðàáàòûâàåìûõ äåòàëåé.

Ïðîøèâêà îòâåðñòèé îñóùåñòâëÿåòñÿ ëàòóííû-
ìè ÝÈ (äèàìåòð 0,7 ìì) è âîëüôðàìîâûìè ÝÈ
(äèàìåòðû 1 è 3 ìì). Îáðàçöû, ïîäâåðãàþùèåñÿ
îáðàáîòêå, ïðåäñòàâëÿþò ñîáîé ôîðñóíêè, òîëùè-
íà ñòåíîê êîòîðûõ ñîñòàâëÿåò 1 ìì, è ïëàñòèíû
òîëùèíîé 1 è 3 ìì èç êîððîçèîííîñòîéêîé ñòà-
ëè (12Õ18Í10Ò).

Â ïðîöåññå ýëåêòðîýðîçèîííîé ïðîøèâêè îò-
âåðñòèé âûÿâëåíî ìíîæåñòâî ñëó÷àéíûõ ôàêòî-
ðîâ, âëèÿþùèõ íà ðåçóëüòàò. Â ñâÿçè ñ ýòèì ïðî-

âåäåíà îáðàáîòêà äàííûõ íà îñíîâàíèè ðåçóëüòà-
òîâ ïðîøèâêè îêîëî 1670 îòâåðñòèé ðàçëè÷íûõ
äèàìåòðîâ ýëåêòðîäàìè èç ëàòóíè è âîëüôðàìà.

Ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà äâóõ ìåòî-
äîâ ÝÝÎ ãðàôè÷åñêè èíòåðïðåòèðîâàíû íà ðèñ. 8
äëÿ âîëüôðàìîâîãî ÝÈ è ðèñ. 9 äëÿ ëàòóííîãî ÝÈ
â âèäå ïðîåêöèé çàâèñèìîñòè âðåìåíè îáðàáîò-
êè ê òîëùèíå ñòåíêè îáðàáàòûâàåìîé äåòàëè è ñî-
îòâåòñòâóþùåìó èçíîñó ÝÈ, ãäå t – âðåìÿ îáðà-

áîòêè; δ  – òîëùèíà ñòåíêè îáðàáàòûâàåìîé äå-
òàëè; h – èçíîñ ÝÈ.

Íàèáîëåå ÿâíîå óìåíüøåíèå âðåìåíè îáðàáîò-
êè îòâåðñòèé â îáðàçöàõ ïëàñòèí è ôîðñóíîê íà-
áëþäàåòñÿ ïðè íàëîæåíèè ÓÇÊ íà ëàòóííûé ÝÈ
(ðèñ. 9) ïî ñðàâíåíèþ ñ òðàäèöèîííîé ÝÝÎ áëà-
ãîäàðÿ èíòåíñèâíîìó âîçäåéñòâèþ ÓÇÊ íà ñêî-
ðîñòü ýâàêóàöèè ïðîäóêòîâ ýðîçèè èç ÌÝÏ, ÷òî
ïîâûøàåò ïðîèçâîäèòåëüíîñòü êîìáèíèðîâàííîãî

Ðèñ. 6. Íàëîæåíèå ÓÇÊ íà îáðàáàòûâàåìóþ äåòàëü

Ðèñ. 7. Íàëîæåíèå ÓÇÊ íà ÝÈ
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à)

á)

Ðèñ. 8 (íà÷àëî)
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Ðèñ. 8. Ñðàâíåíèå äâóõ ìåòîäîâ ÝÝÎ ïðè ïðîøèâêå îòâåðñòèé âîëüôðàìîâûì ÝÈ  ïðè íàëîæåíèè
ÓÇÊ íà äåòàëü: â ïëàñòèíàõ (à — äèàìåòð 1 ìì; á — äèàìåòð 3 ìì); â ôîðñóíêàõ (â — äèàìåòð 3 ìì)

â)

à)

Ðèñ. 9 (íà÷àëî)
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Ðèñ. 9. Ñðàâíåíèå äâóõ ìåòîäîâ ÝÝÎ ïðè ïðîøèâêå îòâåðñòèé ëàòóííûì ÝÈ ïðè íàëîæåíèè ÓÇÊ íà ÝÈ: à — â
ïëàñòèíàõ; á — â ôîðñóíêàõ

á)

ìåòîäà îáðàáîòêè. Òîðöåâîé ÌÝÏ ïåðåä êàæäûì
ðàçðÿäîì çàïîëíåí ÐÆ, à ñîäåðæàíèå òâ¸ðäûõ è
ãàçîîáðàçíûõ âêëþ÷åíèé â íåì ïðè ÝÝÎ ñ ÓÇ ñó-
ùåñòâåííî ìåíüøå çà ñ÷¸ò âûáèâàíèÿ ïðîäóêòîâ
ýðîçèè âûñîêî÷àñòîòíûìè êîëåáàíèÿìè. Ïðèâå-
ä¸ííûé ôàêò îïðåäåëÿåò áîëåå áûñòðóþ ïðîøèâêó
îòâåðñòèé ïî ñðàâíåíèþ ñ ïðîøèâêîé òðàäèöè-
îííîé ÝÝÎ.

Ïðåèìóùåñòâîì âûñîêî÷àñòîòíûõ êîëåáàíèé
ÝÈ èëè îáðàáàòûâàåìîé äåòàëè ÿâëÿåòñÿ îòñóò-
ñòâèå ïðèâàðèâàíèÿ ÝÈ ê äåòàëè ïðè ÝÝÎ.

Ïðîâåä¸ííûìè ýêñïåðèìåíòàëüíûìè èññëåäî-
âàíèÿìè óñòàíîâëåíî, ÷òî ñîîáùåíèå ÝÈ âûñî-
êî÷àñòîòíûõ êîëåáàíèé ïðèâîäèò ê ïîâûøåíèþ
ïðîèçâîäèòåëüíîñòè ïðîöåññà áëàãîäàðÿ ïðåäîòâ-
ðàùåíèþ ÊÇ ìåæäó ÝÈ è îáðàáàòûâàåìîé äåòàëüþ.

Ãðàôè÷åñêèå èíòåðïðåòàöèè ïîëó÷åííûõ ÷èñ-
ëåííûõ çíà÷åíèé ïîçâîëèëè äàòü êîëè÷åñòâåííóþ
îöåíêó âçàèìîñâÿçè âðåìåíè îáðàáîòêè è èçíî-
ñà ÝÈ ñ ó÷¸òîì ðàçëè÷íûõ ñõåì íàëîæåíèÿ ÓÇÊ
ïðè ïðîøèâêå îòâåðñòèé â îáðàçöàõ ïëàñòèí è
ôîðñóíîê. Ïðèâåä¸ííûå äîâîäû ñâèäåòåëüñòâóþò
î ïðÿìîé çàâèñèìîñòè ïðîèçâîäèòåëüíîñòè ÝÝÎ
îò ñêîðîñòè ýâàêóàöèè ïðîäóêòîâ ýðîçèè èç ÌÝÏ.

Îïèñàííûå ñâîéñòâà ÓÇÊ äåëàþò èñêëþ÷è-
òåëüíûì ïðîöåññ ÝÝÎ îòâåðñòèé ìàëîãî äèàìåò-
ðà, â êîòîðûõ åñòåñòâåííàÿ ýâàêóàöèÿ ïðîäóêòîâ
îáðàáîòêè èç ÌÝÏ çàòðóäíåíà.

Â öåëÿõ èññëåäîâàíèÿ øåðîõîâàòîñòè îáðàáî-
òàííûõ ïîâåðõíîñòåé äåòàëè ðàçðåçàëèñü íà ýëåê-

òðîýðîçèîííîì îáîðóäîâàíèè ýëåêòðîäîì-ïðîâî-
ëîêîé, òîëùèíîé 0, 25 ìì, âäîëü îñåé ïîëó÷åí-
íûõ îòâåðñòèé.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî îöåíêå
âëèÿíèÿ ÓÇÊ íà øåðîõîâàòîñòü îáðàáîòàííîé ïî-
âåðõíîñòè ïðîâîäèëèñü ñ èñïîëüçîâàíèåì ïîðòà-
òèâíîãî èçìåðèòåëÿ øåðîõîâàòîñòè TR200.

Íà ðèñ. 10  ïðîäåìîíñòðèðîâàíà êîëè÷åñòâåí-
íàÿ îöåíêà øåðîõîâàòîñòè ïî Ra ïðè ïðîøèâêå
îòâåðñòèé ïî ìåòîäó ÝÝÎ ñ íàëîæåíèåì ÓÇÊ íà
ÝÈ, â ïëàñòèíàõ òîëùèíîé 3 ìì è ôîðñóíêàõ
òîëùèíîé 1,0 ìì ëàòóííûìè ÝÈ äèàìåòðîì
0,7 ìì è âîëüôðàìîâûìè ÝÈ äèàìåòðîì 1 è 3 ìì
íà ðàçíûõ ðåæèìàõ îáðàáîòêè ïðè ñõåìå ïîäà÷è
ÐÆ ïîëèâîì â çîíó îáðàáîòêè.

Íàëîæåíèå ÓÇÊ íà ÝÈ ñïîñîáñòâóåò óìåíüøå-
íèþ øåðîõîâàòîñòè ïî ñðàâíåíèþ ñ øåðîõîâàòî-
ñòüþ, ïîëó÷àåìîé òðàäèöèîííîé ÝÝÎ, íà 15–25%
áëàãîäàðÿ óìåíüøåíèþ êîëè÷åñòâà ïðèæîãîâ è
ïðåäîòâðàùåíèþ ÊÇ.

Âûâîäû

Ïðîâåä¸ííûé ñðàâíèòåëüíûé àíàëèç ïðè ïðî-
øèâêå îòâåðñòèé ìåòîäàìè ÝÝÎ áåç ÓÇ è ÝÝÎ ñ
ÓÇ ïðè ðàçëè÷íûõ ñïîñîáàõ íàëîæåíèÿ ÓÇÊ ïî-
çâîëèë íàéòè ýôôåêòèâíóþ êîìáèíèðîâàííóþ
òåõíîëîãèþ, ïðè êîòîðîé íåïîñðåäñòâåííîå íàëî-
æåíèå ÓÇÊ íà ÝÈ è ïîäà÷à ÐÆ ïîëèâîì â çîíó
îáðàáîòêè ñïîñîáñòâóþò íàèëó÷øåìó óäàëåíèþ
ïðîäóêòîâ ýðîçèè èç çîíû îáðàáîòêè, ïîâûøàþò
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à)

á)

â)

Ðèñ. 10. Øåðîõîâàòîñòü: à — îòâåðñòèé â ôîðñóíêå, ïðîøèòûõ ëàòóííûìè ÝÈ; á — îòâåðñòèé â ïëàñòèíå,
ïðîøèòûõ âîëüôðàìîâûì ÝÈ; â — îòâåðñòèé â ôîðñóíêå, ïðîøèòûõ âîëüôðàìîâûì ÝÈ
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ïðîèçâîäèòåëüíîñòü, ñòàáèëüíîñòü ïðîöåññà ÝÝÎ
è óëó÷øàþò êà÷åñòâî ïîëó÷åííîé ïîâåðõíîñòè
îòâåðñòèé ïðè ñîõðàíåíèè òî÷íîñòè ïîçèöèîíè-
ðîâàíèÿ ïðîøèâàåìûõ îòâåðñòèé.
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Abstract

The studies on estimation of the external ultrasonic
field impact on the surface quality of the obtained
small diameter orifices in corrosion-resistant steels and
electric discharge machining productivity were
performed within the framework of the presented
work.

The purpose of the performed studies consists in
determining quantitative characteristic of the
roughness indicator when small-diameter orifices
processing by electrical discharge machining with
ultrasonic oscillation superposition the part under
treatment or EDM tool.

The combined machining method is based on
superposition of thermal action of the electric current
impulses, fed continuously to the section of the
workpiece being machined, with forced impact of
ultrasonic oscillations for erosion products evacuation
from the inter-electrode gap.

The 12Õ18Í10Ò-grade austenitic stainless steel
was selected as the material to be machined for
experimental studies

For accuracy increasing,while the small-diameter
orifices through-piercing, the presented work employs
the guide alignment bushing, made of wearproof
dielectric material, trough which the electrode-tool is
delivered and fixed.

Based on preliminary studies on the process fluid
selection, preference was given to the IonoPlus IME-
MH synthetic dielectric fluid for axial drilling
machines, which is applied for finishing and semi-
finishing. Process fluid is forcefully fed through the
guide sleeve.

Prior to the experiments commence, a study was
performed to select the ultrasonic field sources.
Piezoceramic and magnetostrictive ultrasonic field
sources were being considered. Based on the previous
experiments, a magnetostrictive transducer was
selected, which has a wider range of oscillations
amplitude adjustment.

STUDYING ULTRASONIC OSCILLATIONS IMPACT
ON THE SURFACE ROUGHNESS

AT THE ELECTRICAL DISCHARGE MACHINING

Bogdanov K.A.

NPO “Technomash”,
40, 3d proezd Marinoy roschi, Moscow, 127018, Russia

e-mail: kab1002@bk.ru

The machining time was recorded with a calibrated
stopwatch; and the tool wear was recorded by touching
the surface of the part before and after machining.

The article considers methods and technological
solutions on the effective small-size orifices machining
aimed at quality enhancement of the machined surface
and electrical discharge technology productivity.

In the process of experimental studies, various
options for the ultrasonic head installing and the
electrolyte supply direction to the treatment zone were
applied

The modes and schemes for the parts samples
treatment were obtained based on the materials
selection for the electrode-tool and operation modes
of electrical discharge and ultrasonic equipment.

Experimental results allow comparing electrical
discharge machining methods by technological
indicators of machining time and the obtained surface
quality. Thereby, they give notion on ultrasonic
oscillations impact on the productivity, accuracy and
quality of electro-erosion piercing of the small-size
diameter orifices.

The experimental studies revealed that the high-
frequency oscillations transmitting to the electrode-
tool lead to productivity increasing due to h short-
circuit prevention between the EDM-tool and part
being processes.

Graphical interpretations of the obtained
numerical values allow quantifying the relationship
between the processing time and the EDM tool wear,
with account for various schemes of the ultrasonic
application while piercing orifices in the samples of
plates and nozzles.

The studies of the orifices’ treated surfaces
roughness, obtained by the electrical discharge
machining with the ultrasonic oscillations
superposition and working fluid flowing into the
processed zone were performed.

The superposition of ultrasonic oscillations to the
EDM tool facilitates obtaining a low roughness in
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comparison with the roughness obtained by traditional
EDM machining by 15-25% due to a decrease in the
number of burns and short-circuits.

Keywords: external ultrasonic field, machined
surface quality assessment of the small-diameter
orifices, graphical interpretation of the numerical
values.
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