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Âñòóï

Åëåê ò ðîìà ãí ³ ò íèé  ê ë àïàí  (ÅÌÊ) 
– åëåêòðîìåõàí ³÷íèé ïðèñòð³é,  ÿêèé 
âèêîðèñòîâóºòüñÿ äëÿ ïåðåêðèòòÿ\â³äêðèòòÿ 
ïîòîêó ðîáî÷îãî ò³ëà (ð³äèíè ÷è ãàçó) òðó-
áîïðîâîäîì. Â îñíîâ³ ðîáîòè ÅÌÊ ëåæèòü 
ñîëåíî¿äíà êîòóøêà, ïðè ïîäà÷³ ñòðóìó íà ÿêó 
îñåðäÿ âòÿãóºòüñÿ âñåðåäèíó, ³ çàëåæíî â³ä âè-
êîíàííÿ (íîðìàëüíî çàêðèòèé àáî â³äêðèòèé) 
â³äêðèâàº àáî çàêðèâàº ïðîïóñêíèé îòâ³ð. 

Â ëàáîðàòîð³¿ ÕÀ² àêòèâíî âåäóòüñÿ ðîç-
ðîáêè ÅÌÊ äëÿ ñèñòåì çáåðåæåííÿ òà ïîäà÷³ 
ðîáî÷îãî ò³ëà â åëåêòðîðåàêòèâíèõ ðóø³éíèõ 
óñòàíîâêàõ.

Ðîçðîáëþâàíèé êëàïàí ìàº íàñòóïí³ õàðàê-
òåðèñòèêè:

- òèï – íîðìàëüíî çàêðèòèé;
- íîì³íàëüíà íàïðóãà – Â;
- ì³í³ìàëüíà íàïðóãà óòðèìàííÿ – 7 Â;
- ïåðåïàä òèñêó äî 70 àòì.
Ìåòîþ äàíî¿ ðîáîòè º çá³ëüøåííÿ øâèäêîñò³ 

ñïðàöþâàííÿ ÅÌÊ çà ðàõóíîê îïòèì³çàö³¿ 
êîíñòðóêö³¿.

1. Ïîñòàíîâêà çàäà÷³

Öÿ ðîáîòà º ïðîäîâæåííÿì ðîáîòè [1], â 
ÿê³é ïðèâåäåíà ñõåìà êëàïàíà, ïðèíöèï éîãî 
ðîáîòè òà îñíîâí³ õàðàêòåðèñòèêè. Ïðåäñòàâ-
ëåíî îïèñ ÷èñåëüíî¿ ìîäåë³ ìàãí³òíî¿ ñèñòåìè 
êëàïàíà – ìàãí³òíèõ âëàñòèâîñòåé åëåìåíò³â, 
ñèë, ä³þ÷èõ íà ðóõîì³ åëåìåíòè êëàïàíà, çàêîí 
åëåêòðîæèâëåííÿ.  Äå ðåçóëüòàòàìè ðîçðàõóíêó 
º çàêîíè çì³íè ñèëè ïðèòÿãàííÿ ÿêîðÿ äî ñòà-
òîðà ç ÷àñîì, ïåðåì³ùåííÿ ÿêîðÿ ç ÷àñîì.  

Â äàí³é ðîáîò³ ïåðåäáà÷àºòüñÿ âèêîíàòè 
íàñòóïí³ çàäà÷³:
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Ïðîâåäåíî ðîçðàõóíîê ìàãí³òíî¿ ñèñòåìè åëåêòðîìàãí³òíîãî êëàïàíà. Åêñïåðèìåí-
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÷àñ â³äêðèòòÿ êëàïàíó. Êð³ì òîãî ðîçãëÿíóòî ìîæëèâ³ñòü çìåíøåííÿ ìàñè êëàïàíà.
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- äîñë³äèòè ê³íöåâî-åëåìåíòíó ìîäåëü 
ÅÌÊ òà ï³ä³áðàòè îïòèìàëüí³ ïàðàìåòðè ñ³òêè 
ê³íöåâèõ åëåìåíò³â;

- çð³âíÿòè äàí³ îòðèìàí³ ÷èñåëüíèì ðîç-
ðàõóíêîì òà åêñïåðèìåíòàëüíî, äëÿ ïåðåâ³ðêè 
äîñòîâ³ðíîñò³ ìîäåë³ ÅÌÊ;

- äîñë³äèòè âïëèâ ãåîìåòðè÷íèõ ïàðàìåòð³â 
íà ÷àñ â³äêðèòòÿ êëàïàíó, òà âèçíà÷èòè ïàðà-
ìåòðè, ùî ìàþòü çíà÷íèé âïëèâ;

- ïðîâåñòè ôàêòîðíèé åêñïåðèìåíò íà 
îñíîâ³ âèçíà÷åíèõ ïàðàìåòð³â òà ïîáóäóâàòè 
ìàòåìàòè÷íó ìîäåëü, ùî îïèñóº çàëåæí³ñòü 
÷àñó â³äêðèòòÿ êëàïàíó â³ä ãåîìåòðè÷íèõ 
ïàðàìåòð³â;

- îïòèì³çóâàòè ìàòåìàòè÷íó ìîäåëü òà 
âèçíà÷èòè òàê³ çíà÷åííÿ ãåîìåòðè÷íèõ 
ïàðàìåòð³â, ïðè ÿêèõ ÷àñ â³äêðèòòÿ êëàïàíó 
ì³í³ìàëüíèé.   

2. Äîñë³äæåííÿ ñ³òêè ê³íöåâî-åëåìåíòíî¿ 
ìîäåë³ ÅÌÊ

×èñåëüíèé ðîçðàõóíîê ÅÌÊ âèêîíóºòüñÿ 
â ïàêåò³ äëÿ ÷èñåëüíîãî ìîäåëþâàííÿ ANSYS 
Maxwell. Â ïðîöåñ³ ðîçðàõóíêó ðîçðàõóíêî-
âà îáëàñòü ðîçáèâàºòüñÿ òà îêðåì³ åëåìåíòè, 
ñóêóïí³ñòü öèõ åëåìåíò³â íàçèâàþòü ñ³òêîþ 
ê³íöåâèõ åëåìåíò³â.

Ïðè ïîñë³äîâíîìó çìåíøåíí³ ðîçì³ðó 
åëåìåíò³â ñ³òêè ðîçðàõóíêîâå çíà÷åííÿ ÷àñó 
ñïðàöþâàííÿ ñõîäèòüñÿ äî äåÿêîãî ñòàá³ëüíîãî 
çíà÷åííÿ, ÿêå ìàéæå íå çì³íþºòüñÿ ïðè ïîäàëü-
øîìó ïîäð³áíåííþ ñ³òêè (ðèñ. 1). Ç ³íøîãî áîêó, 
î÷åâèäíî, ùî ïðè ïîäð³áíåíí³ ñ³òêè ê³ëüê³ñòü 
åëåìåíò³â çá³ëüøóºòüñÿ ³ çðîñòàº ÷àñ çàòðà÷ó-
âàíèé íà ðîçðàõóíîê (ðèñ. 1). Òîìó íåîáõ³äíî 
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ï³ä³áðàòè ñ³òêó, ÿêà çàäîâîëüíèòü ÿê òî÷í³ñòü 
òàê ³ ÷àñ çàòðà÷óâàíèé íà ðîçðàõóíîê. 

Ðèñ. 1. Çàëåæí³ñòü ÷àñó ñïðàöþâàííÿ òà ÷àñó ðîçðàõóíêó 
â³ä ðîçì³ðó åëåìåíòó ñ³òêè

Ïðî ÿê³ñòü ìîäåë³ òàêîæ ñâ³ä÷èòü ðîçïîä³ë 
³íäóêòèâíîñò³ ìàãí³òíîãî ïîëÿ. ßê áà÷è-
ìî (òàáë. 1à), ïðè ñ³òö³ ç ðîçì³ðîì åëåìåíòó 
1 ìì, ñïîñòåð³ãàþòüñÿ íåð³âíîì³ðí³ ïåðåïà-
äè ³íäóêòèâíîñò³,  ³çîë³í³¿ íå ïëàâí³,  ìàþòü 
ð³çê³ ïåðåëîìè,  ï³êè,  ùî íå õàðàêòåðíî äëÿ 
ðîçïîä³ëó ìàãí³òíîãî ïîëÿ. Ïðè çìåíøåíí³ 
ðîçì³ðó ñ³òêè äî 0,1 ìì (òàáë. 1á)  ³çîë³í³¿ 
âèð³âíþþòüñÿ,  ñòàþòü ïëàâíèìè,  ùî â³äïîâ³äàº  
ïðèðîä³ ìàãí³òíîãî ïîëÿ.  Ïðîòå,  ÿê áà÷èìî ç 
ðèñ. 1 ïðè òàêîìó ðîçì³ð³ ñ³òêè çíà÷íî çðîñòàº  
÷àñ,  çàòðà÷óâàíèé íà ðîçðàõóíîê. 

Òàáëèöÿ 1. Ðîçïîä³ë ³íäóêòèâíîñò³ ìàãí³òíîãî 
ïîëÿ ïðè ð³çíèõ ðîçì³ðàõ åëåìåíò³â ñ³òêè

Характерний розмір окремого елементу сітки, мм
1 0,1

а б

Âàðòî âçÿòè äî óâàãè òàêîæ  òå,  ùî äëÿ 
åëåìåíò³â ñêëàäíî¿ êîíô³ãóðàö³¿,  àáî â îáëàñòÿõ 
äå â³äáóâàþòüñÿ äèíàì³÷í³ ïðîöåñè áàæàíî ìàòè 
äîñèòü äð³áíó ñ³òêó,  îñê³ëüêè â öèõ îáëàñòÿõ 

ïîð³âíÿíî âèñîêèé ãðàä³ºíò ìàãí³òíîãî ïîëÿ. 
Òîìó äëÿ âñ³õ åëåìåíò³â êëàïàíà êð³ì ÿêîðÿ 
òà îáëàñò³ éîãî ïåðåì³ùåííÿ äëÿ íàñòóïíèõ 
ðîçðàõóíê³â ðîçì³ð åëåìåíò³â ñ³òêè ïðèéíÿòî 
ð³âíèé 0,2 ìì,  à äëÿ ÿêîðÿ òà îáëàñò³ â ÿê³é â³í 
ïåðåì³ùóºòüñÿ – 0,05 ìì. 

3. Âåðèô³êàö³ÿ

Ïðîâåäåíî âåðèô³êàö³þ ìîäåë³ øëÿõîì 
ïîð³âíÿííÿ çíà÷åíü ñèëè ìàãí³òíîãî ïðèòÿ-
ãàííÿ ÿêîðÿ äî ñòàòîðà îòðèìàíèõ åêñïåðèìåí-
òàëüíèì òà ðîçðàõóíêîâèì ìåòîäàìè.

Åêñïåðèìåíò ïðîâîäèâñÿ íàñòóïíèì ÷è-
íîì. Äî ÿêîðÿ ðåàëüíî¿ êîíñòðóêö³¿ ïî ÷åðç³ 
ï³äâ³øóâàëèñÿ âàíòàæ³ ð³çíî¿ ìàñè, ÿê ïîêàçàíî 
íà ðèñ. 2. Äëÿ ³ì³òàö³¿ çàêðèòîãî ñòàíó êëàïàíà 
âèêîðèñòîâóâàëàñÿ ïðîêëàäêà, òîâùèíîþ ð³âí³é 
âåëè÷èí³ õîäó ÿêîðÿ. ßê³ð âñòàíîâëþâàâñÿ ïî 
öåíòðó çà äîïîìîãîþ öåíòðóâàëüíî¿ âòóëêè. 
Íà ñîëåíî¿ä ïîäàâàâñÿ ñòðóì äîñòàòíüî¿ ñèëè 
äëÿ óòðèìàííÿ âàíòàæó â ï³äâ³øåíîìó ñòàí³. 
Ïîò³ì ñèëà ñòðóìó ïîñòóïîâî çìåíøóâàëàñü, 
äî ìîìåíòó, êîëè ìàãí³òíà ñèëà ïðèòÿãàííÿ 
ñòàâàëà ìåíøîþ í³æ âàãà ï³äâ³øåíîãî òÿãàðöÿ ³ 
â³í â³äðèâàâñÿ. Â öåé ÷àñ ô³êñóâàëèñÿ çíà÷åííÿ 
ñòðóìó äëÿ êîæíîãî ç òÿãàðö³â. Àíàëîã³÷íèé 
ïðîöåñ áóëî çìîäåëüîâàíî çà äîïîìîãîþ 
ñòâîðåíî¿ ê³íöåâî-åëåìåíòíî¿ ìîäåë³.

Ðèñ. 2. Ñõåìà åêñïåðèìåíòó

Ðåçóëüòàòè îòðèìàí³ åêñïåðèìåíòàëüíèì òà 
ðîçðàõóíêîâèì ñïîñîáàìè ïðèâåäåí³ íà ðèñ. 3.

Ðèñ. 3. Çàëåæíîñò³ ìàêñèìàëüíîãî çíà÷åííÿ ìàãí³òíî¿ 
ñèëè â çàêðèòîìó ñòàí³ â³ä ÷èñëà àìïåð-âèòê³â,  îòðèìàí³ 

åêñïåðèìåíòàëüíî ³ òåîðåòè÷íî
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Ìàêñèìàëüíà ð³çíèöÿ íèìè ñêëàäàº  10%,  
öÿ ïîõèáêà º  äîïóñòèìîþ,  âîíà ïîâ’ÿçàíà ç 
íåìîæëèâ³ñòþ ³äåàëüíîãî â³äòâîðåííÿ ðåàëü-
íîãî îá’ºêòó â ìîäåë³,  âíàñë³äîê íàñòóïíèõ 
ôàêòîð³â:

- íåâèçíà÷åí³ñòü âëàñòèâîñòåé ìàòåð³àë³â, 
ñïðè÷èíåíà òèì, ùî â ðåàëüíèõ ìåòàëàõ 
çàâæäè íàÿâíà äåÿêà ê³ëüê³ñòü äîì³øîê, ïåâí³ 
äåôåêòè ñòðóêòóðè, âíàñë³äîê ÷îãî õàðàêòåðè-
ñòèêè îêðåìèõ çðàçê³â äåùî â³äð³çíÿþòüñÿ â³ä 
³äåàëüíèõ, ùî âèêîðèñòîâóþòüñÿ â ê³íöåâî-
åëåìåíòí³é ìîäåë³; 

- ðîçðàõóíêîâà ïîõèáêà,  âèêëèêàíà ïåðåõîäîì 
â³ä íåñê³í÷åííî ìàëèõ äî ñê³í÷åííèõ âåëè÷èí 
ê³íöåâèõ åëåìåíò³â;

- øîðñòê³ñòü ïîâåðõí³ íå äîçâîëÿº  äî-
ñÿãòè ³äåàëüíîãî êîíòàêòó ì³æ  åëåìåíòàìè 
êîíñòðóêö³¿,  â òîé ÷àñ ÿê â ê³íöåâî-åëåìåíòí³é 
ìîäåë³ êîíòàêò ââàæàºòüñÿ ³äåàëüíèì;

- ïîõèáêà âèì³ðþâàííÿ.

4. Äîñë³äæåííÿ âïëèâó ãåîìåòðè÷íèõ 
ïàðàìåòð³â íà õàðàêòåðèñòèêè ÅÌÊ

Â ðîáîòàõ [1,  2] âèÿâëåíî ìîæëèâîñò³ ïî-
êðàùåííÿ õàðàêòåðèñòèê êëàïàíà. Ïî-ïåðøå,  
äåÿê³ ãåîìåòðè÷í³ ïàðàìåòðè ìàþòü îïòèìàëüíå 
çíà÷åííÿ ç òî÷êè çîðó ìàêñèìóìó øâèäêîñò³ 
ñïðàöþâàííÿ êëàïàíà. Ïî-äðóãå,  á³ëüø³ñòü 
åëåìåíò³â ìàãí³òíî¿ ñèñòåìè íå çíàõîäèòüñÿ 
â ñòàí³ ìàãí³òíîãî íàñè÷åííÿ,  ùî äîçâîëÿº  
çíèçèòè ìàñó êëàïàíó çà ðàõóíîê çìåíøåííÿ 
òîâùèí åëåìåíò³â êîíñòðóêö³¿. 

Çðîçóì³ëî, ùî ð³çí³ ïàðàìåòðè ìàþòü ð³çíèé 
ñòóï³íü âïëèâó íà õàðàêòåðèñòèêè êëàïàíà. 
Äëÿ âèçíà÷åííÿ çíà÷èìèõ òà â³äñ³þâàííÿ ìàëî-
çíà÷óùèõ ïàðàìåòð³â, ïðîâåäåíî ðîçðàõóíêè 
ìàãí³òíî¿ ñèñòåìè êëàïàíà ç³ çì³íîþ îêðåìî 
êîæíîãî ç ïàðàìåòð³â, óêàçàíèõ íà ðèñ.  4. 

Ðèñ. 4. Îñíîâí³ ãåîìåòðè÷í³ ïàðàìåòðè ÅÌÊ

Ïàðàìåòðè âàð³þâàëèñÿ íà äâîõ ð³âíÿõ. Ðå-
çóëüòàòè ðîçðàõóíê³â ïðèâåäåí³ íà ðèñ. 5. Çíà-

÷óùèìè âèáðàíî ò³ ïàðàìåòðè,  çì³íà ÿêèõ íà 
10% ïðèçâîäèòü äî çì³íè ÷àñó â³äêðèòòÿ êëàïàíó 
á³ëüøå í³æ  íà 7%,  òàêèìè º  3 ïàðàìåòðè: 

- çîâí³øí³é ä³àìåòð îñåðäÿ (Â);
- ä³àìåòð,  ÿêèé âèçíà÷àº  øèðèíó ïîâ³òðÿíîãî 

çàçîðó (Å);
- ä³àìåòð ÿêîðÿ (F). 
Âàðòî â³äì³òèòè, ùî ïàðàìåòð Í, ÿêèé 

â³äîáðàæàº äîâæèíó êëàïàíó, ïîð³âíÿíî ñëàáêî 
âïëèâàº íà ÷àñ ñïðàöþâàííÿ. Öå äàº ìîæëèâ³ñòü 
çìåíøèòè ãàáàðèòè ³ ìàñó êëàïàíà. 

Ðèñ. 5. Âïëèâ ãåîìåòðè÷íèõ ïàðàìåòð³â íà ÷àñ  
ñïðàöþâàííÿ

ßê âèäíî ç ðèñ. 6 íà ìàñó âïëèâàþòü ïðàê-
òè÷íî âñ³ âèáðàí³ ïàðàìåòðè. Êð³ì òîãî ïðè 
çá³ëüøåíí³ B,  F ÷àñ ñïðàöþâàííÿ çìåíøóºòüñÿ,  
à ìàñà – çá³ëüøóºòüñÿ,  òîìó íåîáõ³äíî âèçíà-
÷èòè îïòèìàëüí³ çíà÷åííÿ öèõ ïàðàìåòð³â,  ÿê³ 
çàäîâîëüíÿòü íàñ çà ÷àñîì ³ çà ìàñîþ.

Ðèñ. 6. Âïëèâ ãåîìåòðè÷íèõ ïàðàìåòð³â íà ìàñó

Äëÿ âèçíà÷åííÿ îïòèìàëüíèõ çíà÷åíü 
ïàðàìåòð³â B, E,  F,  ÿê³ çàáåçïå÷óþòü ì³í³ìàëüíèé 
÷àñ â³äêðèòòÿ êëàïàíó,  çà äîïîìîãîþ ôàêòîð-
íîãî åêñïåðèìåíòó,  ïîáóäîâàíà ìàòåìàòè÷íà 
ìîäåëü,  ÿêà îïèñóº  çàëåæí³ñòü ÷àñó ñïðàöþ-
âàííÿ â³ä çíà÷åíü öèõ ïàðàìåòð³â.  
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5. Ôàêòîðíèé åêñïåðèìåíò

Äëÿ ïðîâåäåííÿ ôàêòîðíîãî åêñïåðèìåí-
òó âèáðàíî  îðòîãîíàëüíèé öåíòðàëüíèé 
êîìïîçèö³éíèé ïëàí äðóãîãî ïîðÿäêó. Ïåðåâà-
ãîþ öüîãî ïëàíó º òå, ùî â³í äîçâîëÿº çìåíøè-
òè ê³ëüê³ñòü äîñë³ä³â íåîáõ³äíèõ äëÿ ïîáóäîâè 
ìàòåìàòè÷íî¿ ìîäåë³. Òàê, äëÿ ïëàíó äðóãîãî 
ïîðÿäêó íåîáõ³äíî âàð³þâàòè ïàðàìåòðè ÿê 
ì³í³ìóì íà òðüîõ ð³âíÿõ, òîä³ ïðè òðüîõ ôàê-

òîðàõ (B, E, F) íåîáõ³äíî âèêîíàòè  
äîñë³ä³â , äå ð – ÷èñëî ð³âí³â âàð³þâàííÿ; 
k – ÷èñëî ôàêòîð³â. Êîìïîçèö³éíèé ïëàí 
äîçâîëÿº çìåíøèòè ÷èñëî äîñë³ä³â øëÿõîì âèêî-
ðèñòàííÿ ñïåö³àëüíèì ÷èíîì ï³ä³áðàíèõ «çîðÿ-
íèõ òî÷îê», âîíè çàáåçïå÷óþòü îðòîãîíàëüí³ñòü 
ïëàíó.

Çàãàëüíà ê³ëüê³ñòü äîñë³ä³â öåíòðàëü-
íèõ îðòîãîíàëüíèõ êîìïîçèö³éíèõ ïëàí³â 
âèçíà÷àºòüñÿ íàñòóïíîþ ôîðìóëîþ:

 ,   (1)

äå  – ÷èñëî äîñë³ä³â ó ÿäð³ ïëàíó ( ,  
ÿêùî ÿäðîì ïëàíó º  ïîâíèé ôàêòîðíèé åê-
ñïåðèìåíò); 

– ÷èñëî çîðÿíèõ òî÷îê;
– ÷èñëî ôàêòîð³â;

 – ÷èñëî äîñë³ä³â ó öåíòð³ ïëàíó. 

Òàêèì ÷èíîì áóëî ïðîâåäåíî  
äîñë³ä³â. 

Â ðåçóëüòàò³ îòðèìàíî íàñòóïíèé ïîë³íîì 
äðóãîãî ïîðÿäêó:

  

  

   (2)

äå t – ÷àñ â³äêðèòòÿ êëàïàíó; 

– ïàðàìåòð Â;

– ïàðàìåòð Å;

– ïàðàìåòð F.
Ìàêñèìàëüíà ðîçá³æí³ñòü ì³æ  çíà÷åííÿìè 

÷àñó â³äêðèòòÿ êëàïàíó îòðèìàíèìè ç âèêîðè-
ñòàííÿì ïîë³íîìó òà ê³íöåâî-åëåìåíòíî¿ ìîäåë³ 
ñêëàäàº  10%. Ñåðåäíº  àðèôìåòè÷íå çíà÷åí-
íÿ ðîçá³æíîñò³,  çà 15 äîñë³ä³â,  ñêëàäàº  4.3%.  
Îòðèìàíî¿ òî÷íîñò³ äîñòàòíüî äëÿ îïòèì³çàö³¿.

Îïòèì³çàö³ÿ áóëà ïðîâåäåíà â ïðîãðàì³ 
MATLAB çà äîïîìîãîþ ãåíåòè÷íîãî àëãîðèòìó. 
Ïðè ðåàë³çàö³¿ ïîøóêó ãåíåòè÷íèé àëãîðèòì 
îáðîáëÿº  îäíî÷àñíî äåê³ëüêà òî÷îê îáëàñò³ 
âèçíà÷åííÿ ôóíêö³¿,  à íå ïåðåõîäèòü â³ä òî÷êè 
äî òî÷êè ÿê â òðàäèö³éíèõ ìåòîäàõ. Òîìó â³í º  
åôåêòèâíèì â çàäà÷àõ,  äå òðåáà çíàéòè ãëîáàëü-
íèé îïòèìóì. 

Òàêèì ÷èíîì,  âèçíà÷åíî îïòèìàëüí³ çíà-
÷åííÿ ãåîìåòðè÷íèõ ïàðàìåòð³â. ×àñ â³äêðèòòÿ 
êëàïàíà ç îïòèìàëüíîþ êîíñòðóêö³ºþ ñòàíî-
âèòü 1,87 ìñ,  ùî íà 20% ìåíøå í³æ êëàïàíà-
ïðîòîòèïà.

Âèñíîâêè

Â  ðîáîò³ ïðåäñòàâëåíî ðåçóëüòàòè äîñë³äæåííÿ 
çì³íè ÷àñó â³äêðèòòÿ åëåêòðîìàãí³òíîãî 
êëàïàíó ç³ çì³íîþ òîâùèí ñò³íîê  éîãî 
åëåìåíò³â. Âñòàíîâëåíî ãåîìåòðè÷í³ ïàðàìå-
òðè, ÿê³ íàéá³ëüøèì ÷èíîì âïëèâàþòü íà ÷àñ 
â³äêðèòòÿ êëàïàíó.  Áóëà ïðîâåäåíà îïòèì³çàö³ÿ 
êîíñòðóêö³¿ ìàãí³òíî¿ ñèñòåìè êëàïàíó, â 
ðåçóëüòàò³ ÿêî¿ ÷àñ ñïðàöþâàííÿ çìåíøåíî íà 
20%. 
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Ïðîâåäåí ðàñ÷åò ìàãíèòíîé ñèñòåìû ýëåêòðîìàãíèòíîãî êëàïàíà. Ýêñïåðèìåíòàëüíî 
ïîäòâåðæäåíà êîððåêòíîñòü ðàñ÷åòíîé ìîäåëè. Ñ ïîìîùüþ ôàêòîðíîãî ýêñïåðèìåíòà 
èññëåäîâàíî âëèÿíèå èçìåíåíèÿ òîëùèí ñòåíîê îòäåëüíûõ ýëåìåíòîâ êîíñòðóêöèè íà 
âðåìÿ îòêðûòèÿ êëàïàíà. Ïîñòðîåíà ìàòåìàòè÷åñêàÿ ìîäåëü, îïèñûâàþùàÿ çàâèñè-
ìîñòü âðåìåíè îòêðûòèÿ êëàïàíà îò çíà÷åíèÿ ãåîìåòðè÷åñêèõ ïàðàìåòðîâ ýëåìåíòîâ 
êîíñòðóêöèè. Íà îñíîâå ïîëó÷åííîé ìîäåëè ïðîâåäåíà îïòèìèçàöèÿ êîíñòðóêöèè, â ñëåä-
ñòâèè ÷åãî óìåíüøåíî âðåìÿ îòêðûòèÿ êëàïàíà. Êðîìå òîãî, ðàññìîòðåíà âîçìîæíîñòü 
óìåíüøåíèÿ ìàññû êëàïàíà.
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O. L. Morhaliuk, M. Yu. T³tov, A. V. Loyan. Solenoid valve design optimisation

The paper represents the results of the solenoid valve optimization as well as steps, taken to 
complete the task, which are described below. The magnetic system of the solenoid valve was 
calculated by means of electromagnetic field simulation software – ANSYS Maxwell. An optimal 
element size of the finite element grid, which ensures the necessary accuracy and a satisfactory 
calculation time was selected.

To confirm the correctness of the finite element model, an experiment with a real solenoid 
valve was performed, in which the magnetic attraction force of the armature to the stator was 
determined. Obtained experimental data were compared with the data calculated on the finite 
element model. The maximum difference between these data is 10%, which is permissible in this 
case due to different types of errors. In this way the validity of the computational model of the 
solenoid valve is proved.

By performing calculations, each time changing value of separate geometrical parameter, the 
influence of each individual parameter on the duration of the valve opening time is determined. 
Identified significant and weakly significant parameters. As weakly significant parameters were 
chosen such, that change of 10% leads to a change in valve opening time less than 7%. These 
parameters were neglected for further calculations. Respectively, as significant parameters were 
chosen such, that change in 10% leads to a change in valve opening time more than 7%.  
Significant parameters was used to carry out a factor experiment according to the orthogonal 
central compositional plan of the second order, with the help of which obtained a polynomial of 
the second degree, which describes the dependence of the valve opening time on the value of each 
of the chosen geometric parameters.

By determining the optimum of the obtained polynomial, the values   of the geometric parameters, 
which ensure the minimum value of the valve opening time, are determined. As a result, the valve 
opening time reduced by twenty percent. In addition, the possibility of reducing the weight of the 
valve by reducing the wall thickness of the elements of the structure is considered.

Key words: solenoid valve, optimization, factorial experiment.
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