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Ó ñòàòò³ âèêîíàíî àíàë³ç ðåçóëüòàò³â åêñïåðèìåíòàëüíèõ äîñë³äæåíü 

ñòîðîíí³õ ìàãí³òíèõ ïîë³â, ùî íàêëàäàþòüñÿ íà çâàðþâàëüíó äóãó. Ïîêàçàíî 
ïåðñïåêòèâí³ñòü âèêîðèñòàííÿ àñèìåòðè÷íîãî ìàãí³òíîãî ïîëÿ äëÿ êåðóâàííÿ 
ãåîìåòðè÷íèìè ïàðàìåòðàìè âàëèêà, ùî íàïëàâëÿºòüñÿ. Âèçíà÷åí³ òà 
çàïðîïîíîâàí³ àíàë³òè÷í³ çàëåæíîñò³, ÿê³ ñïðîùóþòü ïðîöåñ ïðèçíà÷åííÿ 
ðåæèì³â ïðè íàïëàâëåíí³ äëÿ ïðîêàòíèõ âàëèê³â. 

 
ÂÑÒÓÏ 

Ïðè äóãîâèõ ïðîöåñàõ çâàðþâàííÿ ³ íàïëàâëåííÿ ó âèïàäêó ïëàâêîãî 
åëåêòðîäà ðåãóëþâàííÿ ãîëîâíîãî âåêòîðà ä³þ÷èõ ñèë ìîæå áóòè 
äîñÿãíóòî çì³íîþ êóòà íàõèëó ïîâåðõí³ íàïëàâëåííÿ àáî åëåêòðîäà, 
âåëè÷èíîþ âèëüîòó åëåêòðîäà, ³íøèõ ïàðàìåòð³â ðåæèìó, à òàêîæ çà 
ðàõóíîê êåðóâàííÿ ñòîðîíí³ì ìàãí³òíèì ïîëåì [1, 2, 3]. 

Àíàë³ç ðîáîòè ïðîêàòíèõ âàëê³â ïîêàçàâ, ùî íàéïîøèðåí³øèìè 
âèäàìè çíîñó º çíîøåííÿ àêòèâíîãî øàðó – ïðèðîäíå (âàëîê äîïðàöþâàâ 
äî ãðàíè÷íîãî ä³àìåòðà, ç ÿêèì â³í ìîæå ïðàöþâàòè ó ñòàí³) ³ ïåðåä÷àñíå, 
âèêëèêàíå íèçüêîþ àáî «ïëÿìèñòîþ» òâåðä³ñòþ, ïîÿâîþ ðèñîê àáî çîí 
çá³ëüøåíîãî â³äïðàöþâàííÿ ïîâåðõí³ áî÷êè; ïîøêîäæåííÿ ïîâåðõí³ 
áî÷êè ñòð³÷êîþ, ùî ïðîêàòóºòüñÿ – íàâàðþâàííÿ ñòð³÷êè íà âàëêè, 
ï³äð³çè òîùî; ðóéíóâàííÿ ðîáî÷îãî øàðó – â³äøàðóâàííÿ, â³äêîë, 
âèêðèøóâàííÿ (êðèõêå ðóéíóâàííÿ); ïîëîìêè áî÷îê ö³ëüíèõ òà îñåé 
ñêëàäîâèõ âàëê³â, ïîâçäîâæí³ òð³ùèíè áàíäàæ³â ñêëàäîâèõ âàëê³â; 
ïîëîìêè ³ ïîøêîäæåííÿ øèéîê ³ òðåô³â; ³íø³ äåôåêòè – «çäóòòÿ» áî÷êè; 
íàÿâí³ñòü çíà÷íèõ âíóòð³øí³õ íåñóö³ëüíîñòåé. 

 
ÏÎÑÒÀÂËÅÍÍß ÇÀÂÄÀÍÍß 

Îá’ºêòîì äîñë³äæåííÿ º ïðîöåñè ôîðìîóòâîðåííÿ âàëèê³â ï³ä ä³ºþ 
êåð³âíèõ ìàãí³òíèõ ïîë³â àñèìåòðè÷íî¿ ñïðÿìîâàíîñò³. 

Ìåòîþ äîñë³äæåííÿ º ç’ÿñóâàííÿ ìîæëèâîñò³ òà ðîçðîáëåííÿ 
òåõíîëîã³¿ âèêîðèñòàííÿ àñèìåòðè÷íîãî ìàãí³òíîãî ïîëÿ äëÿ êåðóâàííÿ 
ôîðìîþ ïðîïëàâëåííÿ îñíîâíîãî ìåòàëó ï³ä ÷àñ â³äíîâëåííÿ ïðîêàòíèõ 
âàëê³â ³ ñêëàäàííÿ ïðèíöèïîâî¿ ñõåìè ïðèñòðîþ äëÿ ââåäåííÿ êåðóþ÷èõ 
ìàãí³òíèõ ïîë³â. 

Îñíîâíèì ñïåöèô³÷íèì çàâäàííÿì ïðîåêòóâàííÿ ðåæèì³â íàïëàâëåííÿ 
º çìåíøåííÿ ÷àñòêè ó÷àñò³ îñíîâíîãî ìåòàëó â øâ³. Öüîãî ìîæíà äîñÿãòè 
çà ðàõóíîê êåðóâàííÿ ãîëîâíèì âåêòîðîì ñèë, ùî ä³þòü íà çâàðþâàëüíó 
âàííó [4, 5]. 

Ó äàí³é ðîáîò³ àâòîðàìè ðîçãëÿíóòà ìîæëèâ³ñòü äîäàòêîâîãî 
ðåãóëþâàííÿ âëàñòèâîñòåé íàïëàâëåíîãî ìåòàëó ÷åðåç êåðóâàííÿ 
³íòåíñèâí³ñòþ ïåðåì³øóâàííÿ ïðèñàäíîãî ìåòàëó ç îñíîâíèì ³ ÷àñòêîþ 
ó÷àñò³ îñíîâíîãî ìåòàëó. Ï³äâèùèòè ïðîäóêòèâí³ñòü íàïëàâëåííÿ 
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ìîæëèâî ð³çíèìè ñïîñîáàìè, îäíèì ç ÿêèõ º çá³ëüøåííÿ øèðèíè ³ âèñîòè 
íàïëàâëåíîãî âàëèêà çà ðàõóíîê çìåíøåííÿ ãëèáèíè ïðîïëàâëåííÿ. 

 
ÐÅÇÓËÜÒÀÒÈ 

Íàïëàâëåííÿ ïðîâîäèëîñü ïîñò³éíèì ñòðóìîì çâîðîòíî¿ ïîëÿðíîñò³ íà 
â³äïðàöüîâàíèé âàëèê ä³àìåòðîì 450 ìì äðîòîì 3Ñâ-08À ç âèëüîòîì 
åëåêòðîäà 30 ìì, ï³ä ôëþñîì ÀÍ-348À. Ïàðàìåòðè ðåæèìó íàïëàâëåííÿ 
çì³íþâàëè â ìåæàõ: ñòðóì íàïëàâëåííÿ Ií 320-380A, íàïðóãà íà äóç³  
Uä 30-36Â, øâèäê³ñòü íàïëàâëåííÿ Ví 36 ì/ãîä. 

Ç ìåòîþ âèçíà÷åííÿ ìåæ âïëèâó êîæíîãî ç³ çì³ííèõ ïàðàìåòð³â áóëî 
çìîäåëüîâàíå êîíòðîëüíå íàïëàâëåííÿ äëÿ îòðèìàííÿ âàëèêà áåç îçíàê 
áóäü-ÿêèõ äåôåêò³â. Íàïëàâëåííÿ áóëî â³äïðàöüîâàíî áåç ó÷àñò³ 
ìàãí³òíèõ ïîë³â. 

Ó äîñë³äàõ âèêîðèñòîâóºòüñÿ àñèìåòðè÷íå äâîêîîðäèíàòíå ñêàíóâàííÿ 
äóãè ìàãí³òíèì ïîëåì çà äîïîìîãîþ äâîõ íàñàäîê, ùî âèêîíàí³ ó âèãëÿä³ 
ñîëåíî¿ä³â, ïðè÷îìó ïîëîæåííÿ îäí³º¿ ç íèõ ìîæå çì³íþâàòèñü â 
ïîâçäîâæíüîìó íàïðÿìêó. 

Êîòóøêó, ùî çàáåçïå÷óº àêñ³àëüíó ñêëàäîâó, êð³ïèëè íà ïàëüíèê 
òàêèì ÷èíîì, ùîá ìóíäøòóê òà åëåêòðîäíèé äð³ò, ÿêèé ïðîõîäèòü ÷åðåç 
íüîãî, áóëè äîäàòêîâèì ôåðîìàãí³òíèì âíóòð³øí³ì îñåðäÿì. Ïîëîæåííÿ 
êîòóøêè ô³êñóâàëè â³äíîñíî ïàëüíèêà äëÿ çàáåçïå÷åííÿ âèëüîòó äðîòó íå 
ìåíøå 30 ìì. Äðóãó êîòóøêó, ùî ñëóãóâàëà äëÿ ââåäåííÿ ðàä³àëüíî¿ 
ñêëàäîâî¿ ïîëÿ, êð³ïèëè çà ïàëüíèêîì íà â³äñòàí³ 25-60 ìì â³ä îñ³ 
åëåêòðîäà. Öÿ êîòóøêà â ïîºäíàíí³ ç ïåðøîþ ïîâèííà áóëà 
çàáåçïå÷óâàòè àñèìåòð³þ êåðóþ÷îãî ìàãí³òíîãî ïîëÿ. Êîíñòðóêòèâí³ 
ñõåìè ïðèñòðî¿â ââåäåííÿ êåðóþ÷èõ ïîë³â íàâåäåíî íà ðèñóíêó 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

à)      á) 
 

Ðèñóíîê 1 –Ñõåìà ïðèñòðîþ äëÿ ââåäåííÿ ìàãí³òíîãî ïîëÿ: 
à) êîòóøêà ç öèë³íäðè÷íèì îñåðäÿì; á) êîòóøêà ç ã-ïîä³áíèì îñåðäÿì 

 
Ï³äáîðîì ñòðóì³â ó ìàãí³òíèõ êîòóøêàõ äîñÿãàëàñü çì³íà ôîðìè 

âàííè ³ õàðàêòåðó ïðîïëàâëåííÿ îñíîâè. Æèâëåííÿ êîòóøîê ó õîä³ 
â³äïðàöþâàííÿ çä³éñíþâàëè çì³ííèì òà/àáî ïîñò³éíèì ñòðóìîì. 

Äîñë³äæåííÿ ïðîâîäèëè ó äâà åòàïè. Íà ïåðøîìó åòàï³ äîñë³äæóâàëè 
îêðåìî âïëèâ åëåêòðîìàãí³òíèõ ïîë³â (àêñ³àëüíî¿ òà ðàä³àëüíî¿ 
ñïðÿìîâàíîñò³) íà ôîðìîóòâîðåííÿ âàëèê³â. 

Îáðîáêó äàíèõ, ùî õàðàêòåðèçóþòü çì³íè äîñë³äæóâàíèõ ïàðàìåòð³â 
çàëåæíî â³ä ñèëè ñòðóìó â îáìîòêàõ ñîëåíî¿ä³â, ïðîâîäèëè ó ñåðåäîâèù³ 
ïðîãðàìíîãî ïàêåòà «STATISTIKA».           

56

56



“Вісник СумДУ. Серія Технічні науки”,  № 4’ 2007 32

 e = 18,140 + 0 ,18000 *  I
Correlation: r = 0,94606
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g = 1,5900 + 0,32500 * I
Correlation: r = 0 ,98530
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h  = 5,9300 - 0,3350  * I
Correlation: r = - 0,9744
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Ïîñò³éíèé ñòðóì 

e  = 20,240 - 0,2100  * I
Correlation: r = -0,9770
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g  = 2,3500 + 0 ,21500 * I
Correlation: r = 0,98857
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h  = 5,3200 - 0,0500  * I
Correlation: r = -0 ,9623
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Çì³ííèé ñòðóì 

e = 19,130 + 0,05500 * I
Correlation: r = 0 ,95743
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g = 2,0600 + 0,23000 * I
Correlation: r = 0,93277
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h = 5,4500 - 0,1650  * I
Correlation: r = -0,9808
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Ïîñò³éíèé ñòðóì 

e  = 19,980 - 0,1400  * I
Correlation: r = - 0,9949
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Correlation: r = 0,98601
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h = 5,2700 - 0,0350  * I
Correlation: r = -0,9707
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Çì³ííèé ñòðóì 

Ðèñóíîê 2 – Ãðàô³êè çàëåæíîñò³ ãåîìåòðè÷íèõ ïàðàìåòð³â âàëèêà 
â³ä ñèëè ñòðóìó ³íäóêö³¿ íà êîòóøö³ ç öèë³íäðîâèì îñåðäÿì 

 
Ðèñóíîê 3 – Ãðàô³êè çàëåæíîñò³ ãåîìåòðè÷íèõ ïàðàìåòð³â 
âàëèêà â³ä ñèëè ñòðóìó ³íäóêö³¿ íà êîòóøö³ ç Ã-ïîä³áíèì 

îñåðäÿì 
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Íà îñíîâ³ ïîïåðåäíüîãî àíàë³çó åêñïåðèìåíòàëüíèõ äàíèõ çà  
åìï³ðè÷íó ôîðìóëó, ùî âèçíà÷àº êîðåëÿö³éíèé çâ'ÿçîê ì³æ 
äîñë³äæóâàíèìè âåëè÷èíàìè, áóëî âçÿòî ë³í³éíó çàëåæí³ñòü. 

Íà äðóãîìó åòàï³ äîñë³äæóâàëè âïëèâ åëåêòðîìàãí³òíèõ ïîë³â 
êîìá³íîâàíî¿ ä³¿. Äëÿ ïîäàëüøîãî ïðîâåäåííÿ åêñïåðèìåíòó áóëî 
ïðèéíÿòî ð³øåííÿ íà îáèäâ³ êîòóøêè ïîäàâàòè ñòðóì â³ä 0 äî 10À ïðè 
çì³ùåíí³ öåíòðà ïåðøî¿ êîòóøêè äî öåíòðà äðóãî¿ íà 35 ìì. 
Íàïëàâëåííÿ ïðîâîäèëîñÿ íà òèõ ñàìèõ ðåæèìàõ. 

Çàëåæíîñò³ åêñïåðèìåíòàëüíî¿ ÷àñòèíè íàâåäåíî íà ðèñóíêàõ 2-4. 
 

e = 18,670 + 0,78500 * I
Correlation: r = 0,99399
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g  = 2,9800 + 0,18000 * I
Correlation: r = 0,99388
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h   = 4,8300 - 0 ,2750  * I
Correlation: r = -0 ,9930
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Ïîñò³éíèé ñòðóì 

e = 19,650 + 0,04500 * I
Correlation: r = 0,95940
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g = 2,3300 + 0 ,20500 * I
Correlation: r = 0 ,99674
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h  = 4,6100 - 0 ,1050  * I
Correlation: r = -0,9707
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Ðèñóíîê 4 – Ãðàô³êè çàëåæíîñò³ ãåîìåòðè÷íèõ ïàðàìåòð³â âàëèêà â³ä ñèëè 

ñòðóìó ³íäóêö³¿ â îáîõ êîòóøêàõ 
 
 

ÂÈÑÍÎÂÊÈ 
Ïðè çá³ëüøåíí³ ñòðóìó êåðóþ÷îãî ìàãí³òíîãî ïîëÿ âèñîòà âàëèêà 

çá³ëüøóºòüñÿ, à ãëèáèíà ïðîïëàâëåííÿ çìåíøóºòüñÿ ïðè æèâëåíí³ 
êîòóøîê ÿê çì³ííèì, òàê ³ ïîñò³éíèì ñòðóìîì. Øèðèíà âàëèêà 
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çá³ëüøóºòüñÿ çà óìîâ æèâëåííÿ êîòóøîê ïîñò³éíèì ñòðóìîì òà 
çìåíøóºòüñÿ çà óìîâ ¿õ æèâëåííÿ çì³ííèì ñòðóìîì. Òàêîæ ³ç îòðèìàíèõ 
çàëåæíîñòåé áà÷èìî, ùî íà ïîñò³éíîìó ñòðóì³ ðåçóëüòàòè çì³íè ðîçì³ð³â 
âàëèê³â øâ³â á³ëüø ñóòòºâ³ ïîð³âíÿíî ç³ çì³ííèì ñòðóìîì. Ïðè öüîìó 
âïëèâ ìàãí³òíîãî ïîëÿ â³ä êîòóøêè ç öèë³íäðè÷íèì îñåðäÿì º á³ëüøèì, 
í³æ â³ä êîòóøêè ç ã-ïîä³áíèì îñåðäÿì. 

Íàéêðàù³ ðåçóëüòàòè áóëè îòðèìàí³ ïðè äîñÿãíåíí³ àñèìåòð³¿ 
ìàãí³òíîãî ïîëÿ, òîáòî ïðè âèêîðèñòàíí³ îáîõ êîòóøîê îäíî÷àñíî. Ó 
öüîìó âèïàäêó íà ïîñò³éíîìó ñòðóì³, ùî âèáðàíèé ÿê îïòèìàëüíèé, áóëî 
îòðèìàíî çá³ëüøåííÿ øèðèíè âàëèêà íà 25%, çá³ëüøåííÿ âèñîòè íà 45% 
ïðè îäíî÷àñíîìó çìåíøåíí³ ãëèáèíè ïðîïëàâëåííÿ á³ëüø í³æ óäâ³÷³. 

Çà ðåçóëüòàòàìè ïðîâåäåíèõ äîñë³äæåíü  ðîçðîáëåíî ïðèñòð³é äëÿ 
ââåäåííÿ àñèìåòðè÷íîãî ìàãí³òíîãî ïîëÿ; ðîçðîáëåíî ðåêîìåíäàö³¿ ùîäî 
âèêîðèñòàííÿ àñèìåòðè÷íîãî ìàãí³òíîãî ïîëÿ äëÿ êåðóâàííÿ ðîçì³ðàìè 
âàëèê³â ï³ä ÷àñ åëåêòðîäóãîâîãî íàïëàâëåííÿ ï³ä øàðîì ôëþñó; 
âèçíà÷åí³ òà çàïðîïîíîâàí³ àíàë³òè÷í³ çàëåæíîñò³, ÿê³ ñïðîùóþòü ïðîöåñ 
ïðèçíà÷åííÿ ðåæèì³â íàïëàâëåííÿ äëÿ ò³ë îáåðòàííÿ ìàëîãî òà 
ñåðåäíüîãî ä³àìåòðà. 

 
SUMMARY 

The analysis of results of experimental researches of the external magnetic fields of 
affecting a welding arc is implemented in the article. Perspective of the use of the asymmetric 
magnetic field for the management by the geometrical parameters of welding roller is shown. 
Analytical dependences which simplify the process of setting of the regimes of welding for the 
bodies of rotation of small and middle diameter are definite and offered. 
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