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Ñòàòüÿ ïîñòóïèëà 15 ôåâðàëÿ 2017 ã.

Èññëåäîâàëè ãåîìåòðèþ (â îñíîâíîì øåðîõîâàòîñòü ïîâåðõíîñòè) õîëîäíîêàòàíûõ ïîëîñ àíèçî-

òðîïíîé ýëåêòðîòåõíè÷åñêîé (òðàíñôîðìàòîðíîé) ñòàëè (òåõíè÷åñêîãî ìàãíèòîìÿãêîãî ÎÖÊ

ñïëàâà Fe – Si ñ ðåáðîâîé êðèñòàëëîãðàôè÷åñêîé òåêñòóðîé (110)[001]) è åå âëèÿíèå íà ìàãíèò-

íûå ñâîéñòâà ìàòåðèàëà (â ÷àñòíîñòè, íà ýëåêòðîìàãíèòíóþ èíäóêöèþ B
800

è óäåëüíûå ìàãíèò-

íûå ïîòåðè P
1,7�50

). Óñòàíîâëåíî, ÷òî íà ïîâåðõíîñòè ñòàëüíûõ ïîëîñ ïðè õîëîäíîé ïðîêàòêå íà

êîíå÷íóþ òîëùèíó 0,23 – 0,30 ìì ñ îáæàòèåì 50 – 70 % îáðàçóþòñÿ ãîôðû. Êàê ïðàâèëî, èõ ãðåá-

íè è âïàäèíû ðàñïîëàãàþòñÿ ïåðïåíäèêóëÿðíî íàïðàâëåíèþ ïðîêàòêè è èìåþò âîëíîîáðàçíóþ

ôîðìó. Îáðàçîâàíèå òàêîãî ðåëüåôà îáóñëîâëåíî ãðàäèåíòîì íàïðÿæåííî-äåôîðìèðîâàííîãî ñî-

ñòîÿíèÿ ïî ñå÷åíèþ ïîëîñû è ñòåñíåííîñòüþ òå÷åíèÿ åå ïîâåðõíîñòíûõ ñëîåâ â êîíöå î÷àãà äå-

ôîðìàöèè è íåèçáåæíî ñîïóòñòâóåò ïðîöåññó ïðîêàòêè. Íàëè÷èå ãîôðîâ, êàê è ëþáîé äðóãîé øå-

ðîõîâàòîñòè, íà ïîâåðõíîñòè ïîëîñû ñíèæàåò B
800

è ïîâûøàåò P
1,7�50

. Ïðåäëîæåíî óñòðàíÿòü äå-

ôåêòû ïîâåðõíîñòè õîëîäíîêàòàíîé ñòàëüíîé ïîëîñû (â òîì ÷èñëå è ãîôðîâ) è ïîëó÷àòü ãëàäêóþ

ïîâåðõíîñòü çà ñ÷åò ïðîãëàæèâàíèÿ, êîòîðîå ìîæíî îñóùåñòâëÿòü ïðîòÿæêîé (âîëî÷åíèåì) ïîëîñ

ñ íåáîëüøèì îáæàòèåì (~3 %) íà ñòàíàõ õîëîäíîé ïðîêàòêè ïðè îòêëþ÷åííîì ïðèâîäå ðàáî÷èõ

âàëêîâ ñ ïîìîùüþ ìîòàëîê. Âêëþ÷åíèå îïåðàöèè âîëî÷åíèÿ â òåõíîëîãè÷åñêóþ ñõåìó ïðîèçâîä-

ñòâà òðàíñôîðìàòîðíîé ñòàëè óëó÷øàåò åå ìàãíèòíûå ñâîéñòâà çà ñ÷åò ïîâûøåíèÿ ñîâåðøåíñòâà

êðèñòàëëèòîâ (çåðåí), îñòðîòû ðåáðîâîé òåêñòóðû è óñòðàíåíèÿ ïðåïÿòñòâèé äëÿ äâèæåíèÿ ãðà-

íèö ìàãíèòíûõ äîìåíîâ ïðè åå ïåðåìàãíè÷èâàíèè. Ïðîãëàæèâàíèå ñòàëüíûõ ïîëîñ íèòðèä-

íî-ìåäíîãî ñïîñîáà ïëàâêè (èíãèáèòîðû — äèñïåðñíûå ÷àñòèöû AlN è CuMn
2
O

4
) òîëùèíîé

0,30 ìì ïîâûñèëî B
800

äî 1,93 Òë è ñíèçèëî P
1,7�50

äî 1,07 Âò�êã (óëó÷øåíèå ñâîéñòâ ñîñòàâèëî 5,7

è 10 % ñîîòâåòñòâåííî).

Êëþ÷åâûå ñëîâà: àíèçîòðîïíàÿ ýëåêòðîòåõíè÷åñêàÿ (òðàíñôîðìàòîðíàÿ) ñòàëü; ïðîêàòêà; âîëî-

÷åíèå; ãîôðèðîâàíèå ïîâåðõíîñòè; ìàãíèòíûå ñâîéñòâà.

Îäíî èç ãëàâíûõ íàïðàâëåíèé äàëüíåéøåãî ðàçâèòèÿ

ýíåðãåòèêè — ýíåðãîñáåðåæåíèå. Â ñâÿçè ñ ýòèì àêòó-

àëüíà çàäà÷à ìèíèìèçàöèè óäåëüíûõ ïîòåðü ýíåðãèè â

ìàãíèòîïðîâîäàõ (ñåðäå÷íèêàõ) òðàíñôîðìàòîðîâ ïðè

èõ ïåðåìàãíè÷èâàíèè [1].

Â íàñòîÿùåå âðåìÿ ñåðäå÷íèêè òðàíñôîðìàòî-

ðîâ íàáèðàþò èç ïëàñòèí àíèçîòðîïíîé ýëåêòðîòåõ-

íè÷åñêîé (òðàíñôîðìàòîðíîé) ñòàëè — òåõíè÷åñêîãî

ìàãíèòîìÿãêîãî ÎÖÊ ñïëàâà Fe – Si ñ ðåáðîâîé êðè-

ñòàëëîãðàôè÷åñêîé òåêñòóðîé (110)[001]. Êà÷åñòâî

òàêîé ñòàëè îöåíèâàþò ïî åå ìàãíèòíûì ñâîéñòâàì

(â îñíîâíîì ïî ýëåêòðîìàãíèòíîé èíäóêöèè B800 è

óäåëüíûì ìàãíèòíûì ïîòåðÿì P1,7�50) — ÷åì âûøå

B800 è íèæå P1,7�50, òåì êà÷åñòâåííåå ñòàëü. Ýòè õàðàê-

òåðèñòèêè â çíà÷èòåëüíîé ñòåïåíè çàâèñÿò îò ñîâåð-

øåíñòâà (íàëè÷èÿ ñóáñòðóêòóðû) êðèñòàëëèòîâ (çå-

ðåí) è îñòðîòû ðåáðîâîé òåêñòóðû, êîòîðûå ôîðìèðó-

þòñÿ âî âðåìÿ îêîí÷àòåëüíîãî âûñîêîòåìïåðàòóðíîãî

îòæèãà ïðè âòîðè÷íîé ðåêðèñòàëëèçàöèè (àíîìàëüíî-

ãî ðîñòà çåðåí). ×åì ñîâåðøåííåå çåðíà (ìåíåå ðàçâè-

òà ñóáñòðóêòóðà) è îñòðåå ðåáðîâàÿ òåêñòóðà, òåì ëó÷-

øå ìàãíèòíûå ñâîéñòâà ñòàëè [2].

Êðîìå òîãî, íà ìàãíèòíûå ñâîéñòâà ñòàëüíûõ ïî-

ëîñ îêàçûâàåò âëèÿíèå èõ ãåîìåòðèÿ: íåïëîñêîñòíîñòü

è ðàçíîòîëùèííîñòü (ìàêðîãåîìåòðèÿ), øåðîõîâà-

òîñòü ïîâåðõíîñòè (ìèêðîãåîìåòðèÿ) [3, 4]. Íàïðèìåð,

óðîâåíü ìàãíèòíûõ ñâîéñòâ ãîòîâîé ñòàëè ñíèæàþò

íàïðÿæåíèÿ, âîçíèêàþùèå ïðè âûðàâíèâàíèè íåïëî-

ñêèõ ïëàñòèí ìàãíèòîïðîâîäîâ [5], è øåðîõîâàòîñòü

ïëàñòèí, ïðåïÿòñòâóþùàÿ äâèæåíèþ ãðàíèö ìàãíèò-

íûõ äîìåíîâ ïðè ïåðåìàãíè÷èâàíèè [6].

Èçâåñòíî, ÷òî íà ãîôðèðîâàííûõ â ñïåöèàëüíîì

øòàìïå õîëîäíîêàòàíûõ ñòàëüíûõ ïîëîñêàõ âî âðåìÿ

âûñîêîòåìïåðàòóðíîãî îòæèãà ïðè ïðîõîæäåíèè ðàñ-

òóùèì çåðíîì ãðåáíåé è âïàäèí ãîôðîâ â íåì îáðàçó-

åòñÿ ñóáñòðóêòóðà è ìåíÿåòñÿ åãî êðèñòàëëîãðàôè÷å-

ñêàÿ îðèåíòèðîâêà (íåçíà÷èòåëüíûå è áîëüøèå îòêëî-

íåíèÿ (110) è [001] îò ïëîñêîñòè è íàïðàâëåíèÿ ïðî-

êàòêè ñîîòâåòñòâåííî). Ýòî äàåò îñíîâàíèå ïîëàãàòü,

÷òî äåôåêòû ïîâåðõíîñòè õîëîäíîêàòàíîé ñòàëüíîé
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ïîëîñû ñëåäóåò ðàññìàòðèâàòü íå òîëüêî êàê ïðåïÿòñò-

âèÿ äëÿ ïåðåìåùåíèÿ ãðàíèö ìàãíèòíûõ äîìåíîâ ïðè

ïåðåìàãíè÷èâàíèè, íî è êàê èñòî÷íèêè ñóáñòðóêòóðû

è ñíèæåíèÿ îñòðîòû ðåáðîâîé òåêñòóðû ïðè ôîðìè-

ðîâàíèè çåðåííîé ñòðóêòóðû ñòàëè ïðè âòîðè÷íîé

ðåêðèñòàëëèçàöèè, ÷òî òàêæå óõóäøàåò åå ìàãíèòíûå

ñâîéñòâà.

Öåëü ðàáîòû — îöåíêà ñîñòîÿíèÿ ïîâåðõíîñòè

ïðîìûøëåííûõ õîëîäíîêàòàíûõ ñòàëüíûõ ïîëîñ è åãî

âëèÿíèå íà èõ ìàãíèòíûå ñâîéñòâà, ïîëó÷åíèå àíèçî-

òðîïíîé ýëåêòðîòåõíè÷åñêîé ñòàëè ñ ãëàäêîé ïîâåðõ-

íîñòüþ è ïîâûøåííûì óðîâíåì ìàãíèòíûõ ñâîéñòâ.

Èññëåäîâàëè àíèçîòðîïíóþ ýëåêòðîòåõíè÷åñêóþ

(òðàíñôîðìàòîðíóþ) ñòàëü íèòðèäíî-ìåäíîãî ñïîñîáà

ïëàâêè (èíãèáèòîðû — äèñïåðñíûå ÷àñòèöû AlN è

CuMn2O4), ñîäåðæàùóþ, % ìàññ.: 3,00 Si; 0,30 C; 0,50

Cu; 0,01 Al; 0,01 N; 0,30 Mn; îñòàëüíîå Fe. Òåõíîëî-

ãè÷åñêàÿ ñõåìà ïîëó÷åíèÿ ñòàëè: ãîðÿ÷àÿ ïðîêàòêà

ñëÿáîâ íà ïîëîñû òîëùèíîé ~2,5 ìì, ïåðâàÿ õîëîäíàÿ

ïðîêàòêà ïîëîñ íà òîëùèíó ~0,70 ìì, ïðîìåæóòî÷íûé

îòæèã íà ïåðâè÷íóþ ðåêðèñòàëëèçàöèþ è îáåçóãëå-

ðîæèâàíèå (750 °C), âòîðàÿ õîëîäíàÿ ïðîêàòêà ïîëîñ

íà êîíå÷íóþ òîëùèíó 0,23 – 0,30 ìì, âûñîêîòåìïå-

ðàòóðíûé îòæèã (1150 °C) íà âòîðè÷íóþ ðåêðèñòàë-

ëèçàöèþ è ðàôèíèðîâàíèå ìåòàëëà, âûïðÿìëÿþùèé

îòæèã (830 °C) ñ íàíåñåíèåì ýëåêòðîèçîëÿöèîííîãî

ïîêðûòèÿ.

Îòæèã îáðàçöîâ ïðîâîäèëè â ïðîìûøëåííûõ

è ëàáîðàòîðíûõ ïå÷àõ â àçîòíî-âîäîðîäíîé ñìåñè è

âàêóóìå. Îñíîâíûå ìàãíèòíûå õàðàêòåðèñòèêè B800

(èçìåðÿëè ïðè àìïëèòóäå íàïðÿæåííîñòè ïåðåìåííî-

ãî ìàãíèòíîãî ïîëÿ 800 À�ì) è P1,7�50 (èçìåðÿëè ïðè

ìàãíèòíîé èíäóêöèè 1,7 Òë è ÷àñòîòå ýëåêòðîìàãíèò-

íîãî ïîëÿ 50 Ãö) îïðåäåëÿëè íà ïîëîñêàõ ðàçìåðîì

0,30 × 30 × 280 ìì ñ ïîìîùüþ óñòàíîâêè MPG-100

(âêëþ÷àëà àïïàðàò Ýïøòåéíà), â îñíîâå ðàáîòû êîòî-

ðîé ëåæèò èíäóêöèîííûé ìåòîä èçìåðåíèÿ [5]. Êîýð-

öèòèâíóþ ñèëó Hc îáðàçöîâ ðàçìåðîì 0,30 × 5 ×

× 100 ìì îöåíèâàëè ïî êðèâûì íàìàãíè÷èâàíèÿ, ñíÿ-

òûì áàëëèñòè÷åñêèì ìåòîäîì ñ ïîìîùüþ ïðèáîðà íà

îñíîâå ôîòîãàëüâàíîìåòðè÷åñêîãî êîìïåíñàöèîííîãî

ìèêðîâåáåðìåòðà Ô-190 ïðè íàïðÿæåííîñòè ïîñòîÿí-

íîãî ìàãíèòíîãî ïîëÿ 6000 À�ì. Ðåëüåô ïîâåðõíîñòè

(øåðîõîâàòîñòü) — ñ èñïîëüçîâàíèåì áåñêîíòàêòíîãî

ìåòîäà ñêàíèðóþùåé èíòåðôåðîìåòðèè íà îïòè÷å-

ñêîì ïðîôèëîìåòðå Zygo Newview 7300.

Ïðè èçó÷åíèè ïîâåðõíîñòè ïðîêàòàííûõ íà êîíå÷-

íóþ òîëùèíó ïîëîñ îáíàðóæèëè ãîôðû. Èõ ãðåáíè è

âïàäèíû, êàê ïðàâèëî, ðàñïîëàãàëèñü ïåðïåíäèêóëÿð-

íî íàïðàâëåíèþ õîëîäíîé ïðîêàòêè è èìåëè âîëíî-

îáðàçíóþ ôîðìó (ðèñ. 1, à). Ãîôðèðîâàíèå ïîâåðõ-

íîñòè ñòàëüíîé ïîëîñû îáóñëîâëåíî ãðàäèåíòîì íà-

ïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïî åå ñå÷å-

íèþ è ñòåñíåííîñòüþ òå÷åíèÿ ïîâåðõíîñòíûõ ñëîåâ â

êîíöå î÷àãà äåôîðìàöèè [7, 8].

Íàáëþäàåìûé ìèêðîðåëüåô íåèçáåæíî ñîïóò-

ñòâóåò ïðîêàòêå è íå èìååò íè÷åãî îáùåãî ñ ìàêðî-

ðåëüåôîì ïîëîñû (åëî÷êà, êîðîáîâàòîñòü è äð.), ïðè-

÷èíû îáðàçîâàíèÿ êîòîðîãî äàâíî èçâåñòíû è ìîãóò

áûòü ëåãêî óñòðàíåíû îïðåäåëåííûìè óñëîâèÿìè ïðî-

êàòêè è ÷èñòîòîé îáðàáîòêè ðàáî÷èõ âàëêîâ [3].

Âëèÿíèå ãîôðîâ íà äâèæåíèå ãðàíèö ìàãíèòíûõ

äîìåíîâ ïðè ïåðåìàãíè÷èâàíèè îöåíèâàëè ïî Hc.

Ñíà÷àëà Hc èçìåðÿëè íà õîëîäíîêàòàíîé ïîëîñêå

ñ ãîôðàìè íà ïîâåðõíîñòè (ñì. ðèñ. 1, à), çàòåì —

ïîñëå ïðîãëàæèâàíèÿ (ïðîòÿæêè ïîëîñêè ñ íåáîëü-

øèì îáæàòèåì íà ëàáîðàòîðíîì ïðîêàòíîì ñòàíå

êâàðòî ìåæäó ïðèâîäíûì ðàáî÷èì è îïîðíûì âàë-

êàìè â íàïðàâëåíèè, ñîâïàäàþùåì ñ íàïðàâëåíèåì

ïðîêàòêè) è óñòðàíåíèÿ ðåëüåôà (ñì. ðèñ. 1, á ). Ïîëó-

÷èëè, ÷òî ïðîãëàæèâàíèå ñíèçèëî Hc íà 18 % (ñ 603,2

äî 491,2 À�ì).

Ðàçðàáîòàííûé íà îñíîâå ïðîâåäåííûõ èññëåäîâà-

íèé ñïîñîá ïîâûøåíèÿ ìàãíèòíûõ ñâîéñòâ ñòàëè [9]

ðåàëèçîâàëè ñëåäóþùèì îáðàçîì. Èç çàâîäñêîé õî-

ëîäíîêàòàíîé ñòàëüíîé ïîëîñû êîíå÷íîé òîëùèíû

âûðåçàëè ëåíòó ðàçìåðîì 0,3 × 30 × 20 000 ìì ñ ïî-

âåðõíîñòíûì ðåëüåôîì (ðèñ. 2). Íàèáîëüøàÿ âûñîòà

ïðîôèëÿ ðåëüåôà Rmax ñîñòàâèëà 4,5 ìêì [10]. Ïóòåì

ïðîòÿæêè (âîëî÷åíèÿ) ëåíòû ñ îáæàòèåì ~3 % íà ïî-

ëóïðîìûøëåííîì ïðîêàòíîì ñòàíå êâàðòî ñ îòêëþ-

÷åííûì ïðèâîäîì ðàáî÷èõ âàëêîâ ñ ïîìîùüþ ìîòàëîê

åå øåðîõîâàòîñòü óìåíüøàëè äî Rmax = 1,0 ìêì

(ðèñ. 3). Äàëåå ñîãëàñíî òåõíîëîãèè ïðîèçâîäñòâà

òðàíñôîðìàòîðíîé ñòàëè ïðîâîäèëè âûñîêîòåìïåðà-

òóðíûé îòæèã (1150 °C, 24 ÷) îáðàçöîâ, âûðåçàííûõ

èç ïðîãëàæåííûõ è øåðîõîâàòûõ ëåíò, ïîñëå ÷åãî èç-

ìåðÿëè èõ ìàãíèòíûå ñâîéñòâà (ñì. òàáëèöó).

Âêëþ÷åíèå îïåðàöèè ïðîãëàæèâàíèÿ ïîñëå õîëîä-

íîé ïðîêàòêè íà êîíå÷íóþ òîëùèíó ïîâûñèëî B800 ñ
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Ðèñ. 1. Ðåëüåô õîëîäíîêàòàíîé ñòàëüíîé ïîëîñû äî (à) è ïîñëå

ïðîãëàæèâàíèÿ (á ) (ÍÏ — íàïðàâëåíèå ïðîêàòêè è ïðîãëà-

æèâàíèÿ)



1,82 äî 1,93 Òë (5,7 %) è ñíèçèëî P1,7�50 ñ 1,19 äî

1,07 Âò�êã (10 %). Óëó÷øåíèå ìàãíèòíûõ ñâîéñòâ îáó-

ñëîâëåíî òåì, ÷òî óìåíüøåíèå øåðîõîâàòîñòè (óëó÷-

øåíèå ìèêðîãåîìåòðèè) ïîâûøàåò ñîâåðøåíñòâî çå-

ðåí è îñòðîòó ðåáðîâîé òåêñòóðû ïðè âûñîêîòåìïåðà-

òóðíîì îòæèãå è ïîçâîëÿåò áîëåå ñâîáîäíî äâèãàòüñÿ

ãðàíèöàì ìàãíèòíûõ äîìåíîâ ïðè ïåðåìàãíè÷èâàíèè

ãîòîâîé ñòàëè.

Îòìåòèì, ÷òî ïðîãëàæèâàíèå õîëîäíîêàòàíîé

ñòàëüíîé ïîëîñû íå òîëüêî óëó÷øàåò åå ìèêðî- è ìàê-

ðîãåîìåòðèþ (â ÷àñòíîñòè óñòðàíÿåò åëî÷êó, êîðîáî-

âàòîñòü, ðàçíîòîëùèííîñòü è äð.), íî è ïîâûøàåò ìàã-

íèòíûå õàðàêòåðèñòèêè.

Òàêèì îáðàçîì, ïîâåðõíîñòü õîëîäíîêàòàíûõ ïî-

ëîñ àíèçîòðîïíîé ýëåêòðîòåõíè÷åñêîé (òðàíñôîðìà-

òîðíîé) ñòàëè îòå÷åñòâåííîãî ïðîèçâîäñòâà ãîôðèðî-

âàíà. Ãîôðèðîâàíèå ïîâåðõíîñòíûõ ñëîåâ ñòàëüíîé

ïîëîñû ïðè ïðîêàòêå îáóñëîâëåíî ñòåñíåííîñòüþ òå-

÷åíèÿ ìåòàëëà â êîíöå î÷àãà äåôîðìàöèè.

Ãîôðû, êàê è ëþáàÿ øåðîõîâàòîñòü, — îäíà èç

ïðè÷èí ñíèæåíèÿ ìàãíèòíûõ ñâîéñòâ ìàòåðèàëà. Îíè
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Ðèñ. 2. Ðåëüåô õîëîäíîêàòàíîé ñòàëüíîé ïîëîñû (à) è åå ïðî-

ôèëîãðàììû âäîëü (á ) è ïîïåðåê ÍÏ (â)

à

á

Ðèñ. 3. Ðåëüåô ïðîãëàæåííîé ñòàëüíîé ïîëîñû (à) è åå ïðîôè-

ëîãðàììû (á ) âäîëü (�) è ïîïåðåê (�) ÍÏ

Âëèÿíèå øåðîõîâàòîñòè íà ìàãíèòíûå ñâîéñòâà àíèçîòðîïíîé

ýëåêòðîòåõíè÷åñêîé ñòàëè òîëùèíîé 0,30 ìì

Øåðîõîâà-

òîñòü, ìêì

Ìàãíèòíûå ñâîéñòâà (ñðåäíåå ïî ïÿòè îáðàçöàì)

B
800

, Òë P
1,7�50

, Âò�êã

1,0 1,93 1,07

4,5 1,82 1,19



ïðåïÿòñòâóþò äâèæåíèþ ãðàíèö ìàãíèòíûõ äîìåíîâ

ïðè ïåðåìàãíè÷èâàíèè ãîòîâîé ñòàëè, à ïðè îêîí÷à-

òåëüíîì âûñîêîòåìïåðàòóðíîì îòæèãå ÿâëÿþòñÿ èñ-

òî÷íèêàìè ñóáñòðóêòóðû â ðàñòóùèõ çåðíàõ è ñíèæå-

íèÿ îñòðîòû ðåáðîâîé êðèñòàëëîãðàôè÷åñêîé òåêñòó-

ðû (110)[001].

Âêëþ÷åíèå â òåõíîëîãè÷åñêóþ ñõåìó ïðîèçâîäñò-

âà îïåðàöèè ïðîãëàæèâàíèÿ ïîëîñû, ïðîêàòàííîé íà

êîíå÷íóþ òîëùèíó, ñóùåñòâåííî ïîâûøàåò åå ìàãíèò-

íûå õàðàêòåðèñòèêè (B800 íà 5,7, à P1,7�50 íà 10 %).

Ïðîãëàæèâàíèå ìîæíî îñóùåñòâèòü ïóòåì ïðîòÿæêè

(âîëî÷åíèÿ) ïîëîñû ñ íåáîëüøèì îáæàòèåì (±3 %) â

íàïðàâëåíèè, ñîâïàäàþùåì ñ íàïðàâëåíèåì ïðîêàòêè,

íà ñòàíå õîëîäíîé ïðîêàòêè ïðè îòêëþ÷åííîì ïðèâî-

äå ðàáî÷èõ âàëêîâ ñ ïîìîùüþ ìîòàëîê.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü Ë. È. Íàóìî-

âîé çà ïîìîùü â èçó÷åíèè ðåëüåôà ïîâåðõíîñòè îáðàç-

öîâ ìåòîäîì ñêàíèðóþùåé èíòåðôåðîìåòðèè.
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THE IMPACT OF THE STRIP GEOMETRY ON THE MAGNETIC PROPERTIES OF ANISOTROPIC

ELECTRICAL SHEET STEEL

� V. V. Gubernatorov, T. S. Sycheva, and S. A. Ol’kov

Submitted February 15, 2017.

The impact of the geometry (mainly the surface roughness) of cold rolled strips of anisotropic electrical (transformer)

steel of domestic production (technical soft magnetic bcc alloy Fe – 3 wt.% Si with an edge crystallographic texture

(110)[001]) on the magnetic properties (particularly on electromagnetic induction B800 and specific magnetic losses

P1.7�50) is studied. It is shown that corrugations are formed on the surface of steel strips during cold rolling to a final

thickness of 0.23 – 0.30 mm with a reduction of 50 – 70%. As a rule, their ridges and valleys are perpendicular to the

direction of rolling and have a wavy form. Formation of the relief is attributed to the gradient of the stress-strain state

along the cross section of the strip and to the tightness of the flow of the surface layers at the end of the deformation

region and inevitably accompanies the rolling process. The presence of corrugations like any other roughness on the

strip surface reduces B800 and increases P1.7�50. We propose a method for elimination of the surface defects (including

corrugations) of cold rolled steel strips after cold rolling, i.e., ironing, which can be carried out by drawing of strips

with a small draft (~3%) in cold rolling mills with a disconnected work roll drive using coilers. Introduction of draw-

ing into the transformer steel manufacture technology improves the magnetic properties of steel due to increased

perfection of the crystallites (grains), increased sharpness of the edge(110)[001] texture and free movement of

the boundaries of magnetic domains upon magnetic reversal. Ironing of the steel strips of nitride-copper melt (inhibi-

tors — dispersed particles of AlN and CuMn2O4) with a thickness of 0.30 mm increased B800 up to 1.93 T and de-

creased P1.7�50 to 1.07 W�kg (thus improving the magnetic properties by 5.7 and 10%, respectively). The resulted

properties of domestic steel production are not inferior to those of foreign steel.

Keywords: anisotropic electrical (transformer) steel; rolling; drawing; surface corrugation; magnetic properties.
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